10 SEP 2004 METHOD OF DRYI NG THERMOPLASTI C NORBORNENE RESI N, THE SUBSTRATE
FOR MAGNETI C RECORDI NG MEDI A USI NG THE THERMOPLASTI C NORBORNENE RESI N, THE
MAGNETI C RECORDI NG MEDI UM USI NG THE SUBSTRATE, AND THE I\/ETH&JP Cgﬁf
MANUFACTURI NG THE MAGNETI C RECORDING MEDI UM Field of the Inv np [ %
present invention relates to a nethod of drying a thernoplastic norbornene
resin used as a raw material for the substrate of a magnetic recording
medi um nount ed on the external nenory of a conputer and such a nagnetic
menory for st Qi O i I so to a
substrate for %ngg%le(?jujgb?@%ﬁ%ng@%ﬁ%ﬁ?@B%@R@ﬁ nmop %st’i C

nor bor nene r esStHEUBSTRATREeFOB MAGHETICIRET @RDINE MBDEAtUBSIINGa

magneti c recordin i j_nc i C i e

i nvention and ﬁ&%@&%ﬁ%kﬁ@ﬁgﬁé%ﬁ@ fggi)%ﬁg%ﬁ@dl um
(hard di sk) URBOORPINGOMERITMCOTIN®ITHE tSeEMERATEONANBROfROUNd Of
the Invention As the capacities of the storage appar atuses that use
magnetic recAMBIAHO Re@FaMAN BIFACEUERING (THE fW(EHEﬂ'éCgRESQﬁDIN@ magneti c
heads have bq\ﬁﬂylwr ed to inprove the recording densities. For |owering
the flying héight of a magnetic head, it is required for the magnetic
recording nediumto have a very flat and snooth surface, that is to have a
very preci ]E,e aurf ce structure. For exanmple, it is required for the
convent i onaf 1A VEEtSt al substrate such as an al uni num (Al)
substrate to be machined precisely. Z 11 0 SEP

The present invention relates to a method of drying a thermoplastic
norbornene resin used as a raw material for the substrate of a magnetic
recording medium mounted on the external memory of a computer and such
a magnetic memory for storing digital data. The present invention relates
also to a substrate for magnetic recording media containing the
thermoplastic norbornene resin dried by the method according to the
invention, a magnetic recording medium including the substrate according
to the invention and a method of manufacturing the magnetic recording

medium (hard disk) using the substrate according to the invention.
Background of the Invention

As the capacities of the storage apparatuses that use magnetic
recording media become larger, the flying heights of the magnetic heads
have been lowered to improve the recording densities. For lowering the
flying height of a magnetic head, it is required for the magnetic recording
medium fo have a very flat and smooth surface, that is to have a very
precise surface structure. For example, it is required for the conventional
nonmagnetic metal substrate such as an aluminum (Al substrate to be

machined precisely.



The conventional nonmagnetic nmetal substrate and the conventional nagnetic
recordi ng nmedium using the conventional nonmagnetic netal substrate are
manufactured in the following way. Usually, a blank disk, prepaJ gdsppy a0
rolling a nolten nmetal, heating the rolled netal, annealing the heated
metal and machining the anneal ed netal to have the predeterm ned

di nensions, is used for a nonmagnetic substrate. The blank disk is

machi ned to havg, a predeterm ned i nner di ter and redet erm ned outer
i amet or . The f PO SEREThARal montienen stal Fubgheate anch I BIPRHRRT sk i s
i mproved bymagpeti€Grecdrdihg Mnédive! Ringl Ihé\doRentidiKknGSBapsetd! alcgs) on the
bl ank disk to inprove the surface hardness thereof. The surface of the

Ni - P | ayer fabsseate spemagmaqturaddndhe follavingfiihess Ra of 10A i s obt ai ned.
Fi nal | apping using dianond slurry is applied to the polished surface of
the bl ank disk. Laser zone textures are fornmed in the contact start stop
(CSS) zone of tHeuslysa blankidiel apateddtyercdlioeg a tehaltert metalpheqtingetight i s,
for exanple 0A and the..bu ensi,ty i or exanple, 30 x.30. Finally,
the superr atiedansBlindperune dhe GELRY etaband PhosRiRnE Re apiralid et |
nmagneti ¢ r egohaidhe TR HterDikdd G dhfioh6) & 1sRAEHC e HohfdghadebulRfrarB0 A in

t hi ckness, a Co-14Cr-4Ta magnetic_ |ayer of 300A in thickness and a carbon

protection Thaplankfissoa machined knbave amsedriponineddnspe digmeater apdther on
the subs! ! apfdct@imifBYMELE LAY e REROYard o DerfRILARS! SOyt hod.
of the as e e

The surface eposi anmnate 1I's burni's using a burnishing
t ape and a nfachorednklamlibdiskaist ilhpryoeed dy ROping) AnNGRnager iof 1Bgsrmeth on t he
burni shed surface by dip coating or by spin coating, resulting in a
magnet i ¢ r eEFERGSS isnBlatednonTbee ?Pé"{‘%dg‘i# oA aYe Gg? rigiriace W%\Wé%ﬁi onal

substrate ! oferBROPRE khrfabeGAE 0P MRS BOHeNtH RO Sufacd RGN0 the
Ra of 10A is obtained. Final lapping using diamond slurry is applied to the
polished surface of the blank disk. Laser zone textures are formed in the
contact start stop (CSS) zone of the thus obtained substrate such that the
bump height is, for example, 190A and the bump density is, for example,
30 x 30. Finally, the substrate is washed meticulously, resulting in a

substrate for magnetic recording media.

A chromium (Cr) undercoating layer of 500 A in thickness, a
Co-14Cr-ATa magnetic layer of 300A in thickness and a carbon protection
layer of 80A in thickness are deposited one after another on the substrate
for magnetic recording media by the DC sputtering method. The surface of
the as deposited laminate is burnished using a burnishing tape and a
fluorine lubricant layer of 20A in thickness is formed on the burnished
surface by dip coating or by spin coating, resulting in a magnetic recording

medium.

The method of manufacturing the conventional substrate for magnetic

recording media and the method of manufacturing the conventional



10SEP2004 magnetic recordi ng nmedi um are becom ng nore conplicated to neet
the recent requirenents for a higher recording density. Mreover, it is
required to manufacture a nagnetic recording mediumwth redug 5 2] @gwgmn
whi | e mai ntai ning high functions. Novel nmagnetic recording ne that use
a plastic substrate, have been proposed to neet these contradlctory
requirenents. The nethod, that manufactures a plastic substrate by nolding
and, at the sane tine, forng.the CSS zone t her eof th excell en

product i vi t Ea8R&tc FaceaflinggBedinm e beropting | PyrepsauRifateth dndreet Hecor di ng
media W th {Quht "RAMreReHES T8 CPHighelt OWRYSHding "tl%nQitﬁ‘StM&re%%}St ftafes

manuf actured by injection nolding “synthetic resin pellets are inferior to
the netal stdystredt wsmanufactirece magnetic sebeding wedbue witls redededswstsubst rat e

fromthe vig 0|nt of_s eflatne ands ot hness, Si ged
sur f ace. por PR Sugitaliing Hie §astiobnc e eREs EHOEbRR SARlEr sFAEYS hess
are caused tye ADpIhstig. suBbﬁ‘athQ@}ﬁié peurt pedFosedrtd bt thedk conadi®s:s ar e
hazardous for reali 2| ng a very flat and snooth surface, that the magnetic
recordi ng nEEUFRRESequired to have. The magnetic recording nmedi um for ned
on the substrate including the rugged portions and the mcro waviness is
al so hazardous for reading out data to the nmagnetic head and for witing
data fromthe nibeerdtbothethal mamyfactivats yavasticasubstrate piymoldéngyhndhead

ST 11 zed At Fhile RERS i ibe 8 (38 Plerebtioh Sx¥eok BRERAR BDL | ona

pl asti c subsdvaitegéoueaio” tnduerigily dpbvide Ymegnetichfecoringthedibesahdiong nedi um
Pol ycar bonat e reS| ns and pol y(nmethyl methacrylate) resins are used for the

mat eri al of MR fatuEng €ostBibst rate for magnetic recording nedia. In 3

However, the plastic substrates manufactured by injection molding
synthetic resin pellets are inferior to the metal substrates and the ceramic
substrates such as a glass substrate from the view points of surface flatness
and smoothness, since rugged surface portions of several pm in height
difference and micro waviness are caused by molding. The rugged portions
and the micro waviness are hazardous for realizing a very flat and smooth

surface, that the magnetic recording medium is required to have.

The magnetic recording medium formed on the substrate including the
rugged portions and the micro waviness is also hazardous for reading out
data to the magnetic head and for writing data from the magnetic head.
HEspecially when a low-flying-height head conducts continuous seek at a
high speed, the flight thereof is not stabilized and, in the end, head crush is
caused. Thus, the conventional plastic substrate impairs the durability of

the magnetic recording medium.

Polycarbonate resins and poly(methyl methacrylate) resins are used

for the material of the plastic substrate for magnetic recording media. In



10 SEP 2004 addition to these resins, thernoplastic norbornene resins are
used for the material of the plastic substrate for nagnetic recording
medi a. The thernoplastic norbornene resin, that exhibits excellent thernal
resistance, |ow hygroscopicity and excel | ent shape stabilityl BiSERIEBEUl to
pravi de excellent magnetic recordi ng nedia. However, the problens

descri bed above are posed also on the substrate nade of the thernoplastic
nor bornene resin. The comrerci al products of the thernoplastic norbornene
resin incl ¥Etippep thesporesing thermmlastic norhonpens resinsare gapd fardlex

suppl | ed 1 SARAIPBATAC D subldlascPIOD BB ReectBloddifa  GePr coont

I nvention As expl ai ne Ier, defects such as rugge ace portions of
several u thermohkisghmodbdribene mesinathhtnexhilmtsexdellest tharmad ausiethneer e easily

on the plasticg substrate forned i njpection: ol ding t S Ssu i ed

Cher nopl hst e HABBPREHE PRLI wieelépt Ghephe Rty iuierh & Aofe cer am o
substrate sielledSmaghbiasrecordisg tidea. Howe e geliroBleels dBcHbDEBoROr L1 ons
and micro waviness roughen the substrate surface. It is considered that

t he def ect s2ERA§e% d1so ke sybsiratsnsagde af tedbermoplestieaerbarrenegsiag
dependi ng on the amobunts of gases contained in the norbornene resin
pellets. The gases contained in the air are dissolved into the resin
pell ets whil e t'Heeresimersll eredwte ofytbbethiersdplassioahbsbornéme rresinn

pellets contain, a pheri.c.gas conpanents. such as 20 and CO2 at
Phe Tevel ottt BBECHEREL 1t SRTRG ittt pd Sl 7B ORER R oot i ¢
nor bor nene gl NidponBRTAILtdH2O and such nol ecul es that exhibit strong

polarity hardly penetrate into the thernoplastic norbornene resin.
Therefore, the thernoplastic norbornene resin is preferable due to its

hygroscopi chly IBHEtd 1ESIvER DY doPaneIaPRlGLAY O the other resins. 4

As explained earlier, defects such as rugged surface portions of several

g m in height difference and micro waviness are caused more easily on the

plastic substrate formed by injection-molding the as supplied thermoplastic
norbornene resin than on the metal substrate and the ceramic substrate
such as a glass substrate., The defects such as rugged portions and micro

waviness roughen the substrate surface.

It is considered that the defects such as rugged portions and micro
waviness are caused depending on the amounts of gases contained in the
norbornene resin pellets. The gases contained in the air are dissolved into
the resin pellets while the resin pellets are synthesized. Usually, the resin
pellets contain atmospheric gas components such as Nz, Oz, H20 and CO: at
the level of from several tens ppm to several %. Since the thermoplastic
norbornene resin is nonpolar, HsO and such molecules that exhibit strong
polarity hardly penetrate into the thermoplastic norbornene resin.
Therefore, the thermoplastic norbornene resin is preferable due to its

hygroscopicity much lower than the hygroscopicity of the other resins.



10 SEP 2004 However, even the thernoplastic norbornene resin contains gas
conponents at the level of fromseveral ppmto several hundreds ppm
Usual ly, the resins inclusive of the thernoplastic norbornene § i
contain fromseveral tens ppb to several % of |OMFbOi|ing-pOi£{ 3&3%3@%
conponents such as the residue of the solvents for synthesizing the resin
and | ow nol ecul ar-wei ght aliphatic hydrocarbons. It is considered that the
surface defeggts such a% rﬂaggd ortions and nmicro wavi ness are caused

B BrmLoR

dependi ng al'§0 On tHE™ JeSHOTOTP BURERGI TEFIRFOBERIRE BBF RIAR WedbHhponent s.
I'n short, itatithecClensl sfer@eh tBadral PEnAteMRERRA! ih%nﬁ?éfsspﬁ%q Géﬁ%ll%,o‘eﬁe
pl asti1C norbor nene

boi I'i ng- poi nt organi c conponents contained in the ther
resi n cause 'eiReardugiye R the theygwnlastictioshernefie sesinreahtain frim shedrght

di fference ] LNGSS. ¢l .substrate surface. In this

speci fi cati 3‘% lgnc(?g(\ré%\fhgt/‘?moé ;%ﬂg'ﬁb?gm(%ﬁmggﬁ%ﬁé%f@pq%enﬁ% @‘b&t 8¢ teesi gnat e
the gases suedidas of\the Silvértd f6261tRB4iSinRaMel fRsinSn Bl dw-mbM&ulfLWeight .

"l ow boi | i ng-.ppi nt _.organi ¢ conponents” is used to designate the organic

resin conpoRbAbatie hvdsersrbense diisrensidprednthathdeasunface defectsnpwheat s. The
organi c resifp BASIHS 2 h BCHS L [ rbons. _having from3 to
14 carbon at ogrfésgegsngch as',S ?ggv é]ln%ggr‘?‘lé g@@slt %?%%é?dgfdgg&b‘f%gu@?g Og'nghe

by- pr oduct s agfounpeofidedoweimg-peint organit eniptalents) products of the resin
yi el ded by the oxidation of the norbornene resin such as aliphatic alcohol

conpounds having from3 to 14 carbon atons and carboxylic acid conpounds

having from 3 t fa Ihoemripag @h@m@redﬂaﬁatamm&ms@ﬁf&ogﬁﬁssm Eé YGG-
deteriorated antioxi dants_ yielded by deterioration of the antioxlidants

added to st 4BINBRIPHFEARI e REsOatABed N thethosmoplastic noBibrnéwy
synt hesi zi ngedifie . h 81 fi‘efeg’cslgllc%EBszgpg%ed portions of several u m in height

difference and micro waviness in the substrate surface.

In this specification, the term “atmospheric gas components” is used to

designate the gases such as Ns, Op and H;0 contained in the air.

The term “low-boiling-point organic components” is used to designate
the organic resin components (aliphatic components) and the aromatic
components. The organic resin components include aliphatic hydrocarbons
having from 3 to 14 carbon atoms such as raw materials, intermediate
products and by-products of the norbornene resin, and oxidation products of
the resin yielded by the oxidation of the norbornene resin such as aliphatic
alcohol compounds having from 3 to 14 carbon atoms and carboxylic acid
compounds having from 3 to 14 carbon atoms. The aromatic components
include deteriorated antioxidants yielded by deterioration of the
antioxidants added to stabilize the resin and residues of the solvents used

for synthesizing the resin.



The at nospheric gas conponents and the | ow boiling-point organic
conponents are referred to collectively as the "gas conponents". For
injection nmolding a thernopl astic norbornene resin, the resin is crashed
and molten in a heating cylinder with a screw heated at any t[drfb8ERtdRke
bet ween 300 and 380C. The nolten resin is injected into the cavity of a
nol ding die. Since the injection nolding machi ne has a closed structure
fromthe heatln,g cylinder to the inlet of the m)idln die,. the gases
generat ed bet weLhe PEBIOSPRETIS BAR FOPPoRantshand Hhet logrbqline-paing #§28ice have
no vay to esgifthentdSriRGad ﬁﬂco@l@@ﬁ@elﬁﬁ@ tBé %%fcﬁﬁl?ﬁﬂeﬂtg'g_et her with the
nolten resin to the cavity of the nolding t he cavity, the nolten
resin flows radially and outwards to fill the cavity. The nolten resin is
cool ed and sol f S e o he

gener at ed gas 1;;9,_1 H? 10 %;er&lgg %ér%%t%ér?ﬁr%és)]{%; %gwlae#nt% }Qgﬁ?} fs

out war ds geaarshm%ndgmc&&naﬁ:sm heating ©dindey . witls sascmulﬁeatadhatgag
generation causes def ects such S_rudg gsurface portiaons of several ,z m
in hei ght dfRRATREE betreey 00 Béén 85‘ e gpaliert resdn df, JIpetedy 188 Hife ol t en
resin. The S f I S mcro
wavi ness i ng%)‘ﬁ{ér Er)jf;%i a@dﬂ%?g{é}t :Sé%éegﬁn ¢ {nﬁ%&%&bisntla Fﬁét n%%gll#eﬁgrhgasegée?urface
roughness otrubtimre tifost the keatiffgerylinder mceslienindﬁmf ahe madPingride, B O gatéme

nor bor nene struc e of th esin | oXi easi .y under the, nolten
state ther eg?nﬁé%‘%elé‘ﬁw§% iﬁagmgéﬁh er 2 ‘géﬁ l%aﬁ '?I%éelﬂo ing die’have o

| ow nol ecul ﬂb-ﬂﬁ@y %Tesd%ﬁat m@sgén@@it@&rgas&%re Qtafﬁs@ér@é‘&@o hé’heeﬂitht e fluidity
of the nodified | ow nolecul ar-weig E{portlons and t he U|d|ty of the

nor bor nene F&dten rap@ ﬂowbeﬁamep%meem@ ingdie. [nfhe gyviby: ithg maltenesipdi f i ed

| ow nol ecul t [ esin
cause def ec?gwg?ﬁg&\}llyg%%&sl ?{3&% tgﬁgnﬂl)\?vgéng %}?J %’?‘Sﬁ%ﬁ?ﬁ%%ﬁ%un ties
cont ai ned &andtshBdifiedi rfroms the fshefaensiderafithe Iuevmy.sWheiltthe genedagedhgabor nene

resin. Th . . . .
©s € gmount is large, the molten resin flowing radially and outwards generates

gases also in the cavity. As a result, the gas generation causes defects such
as rugged surface portions of several ym in height difference. The gas
generation obstacles the flow of the molten resin. The obstruction against
the flow of the molten resin causes micro waviness in the radial direction of

the substrate and increased surface roughness of the substrate.

When the resin contains O2 and H20, the norbornene structure of the
resin is oxidized easily under the molten state thereof between 300 and
380 °C, causing modified low-molecular-weight portions therein. The
difference between the fluidity of the modified low-molecular-weight
portions and the fluidity of the norbornene resin and the difference between
the polarity of the modified low-molecular-weight portions and the polarity

of the norbornene resin cause defects.

The viscosity of the low-molecular-weight organic impurities contained

in the resin is different from the viscosity of the norbornene resin. The



[1 O SEP 2004 viscosity difference causes fluidity difference between the
| ow- ol ecul ar- wei ght organic inpurities and the molten resin in the
nol ding the. It is suspected that the |ow nol ecul ar-wei ght org
impurities work, due to the fluidity difference, as nuclei, bh@gﬁgnQW*
defects are caused. As described above, various |ow boiling-point gas
conponents contained in the norbornene resin pose many probl ens.
Quantitative analysis of the gas conponents cqntained in the. ngrbornene
resin is covigesitzadifigrenreveauses dhsdidrsliHeencs hehgegh RV aRdpCHlar
t her mopl ast | i APIROLIENE JutRidd. add'¥né GRdltdre rin lieiHuARIdihAIdi¥ CLiGRS
anal ysis conducted on a“polyolefin thernoplastic norbornene resin (ZEONEX
%88:? supogl s ettedrthii theolowZeolecdor-weight. orgamie imparigigsivpriraduety theand 2.
able 1 nients at nospheri.c. gas_co ' he resin sanples (ppm
N202H20 Lot hﬁ_@é@s‘@?ﬁﬁnfe’ n‘ﬁéﬁg%%rbg%g&g%géé%gi 1 Table 2 Contents of
organic inpurities (ppb) Aliphatic conponents (C6-Cl4)Aromati c conponents

Aliphatic Aliphatic al cohol Residues of aded hydrocarbonsand car boxylic
sol vent sant i oxi #antdgsaihed cahgySunyarious B%V%O‘ﬂng'pc’}/n gas components y

contained in the norbornene resin pose many problems.

Quantitative analysis of the gas components contained in the
norbornene resin is conducted to know the gas amounts in the conventional
thermoplastic norbornene resin. The results of the quantitative gas analysis
conducted on a polyolefin thermoplastic norbornene resin (ZEONEX 280R
supplied from Nippon Zeon Co., Litd.) are listed in Tables 1 and 2.

Table 1
Contents of atmospheric gas components in the resin samples (ppm)
Nz Oz H:20
Lot A 880 3565 10.2
Lot B 809 257 7.9
Lot C 623 230 5.1
Table 2
Contents of organic impurities (ppb)
Aliphatic components (Ce-C14) Aromatic components
Aliphatic Aliphatic alcohol | Residues of | Degraded
hydrocarbons and carboxylic solvents antioxidants
acid compounds
Lot A 100 60 40 20
Lot B 50 30 30 15
Lot C 30 10 20 10

The atmospheric gas components (Nz, O: and Hz0) in Table 1 are
analyzed in the following way. A resin pellet (16 mg) is heated from 30 to



Lot A100604020 Lot B50303015 Lot C30102010 The at nospheric gas conponents
(N2, 02 and H2O) in Table 1 are analyzed in the following way. A resin
pellet (15 ng) is heated from30 to 7 10 SEP 2004 300C at the heating rate
of 10C/ mi n under the degree of vacuumof 5 x 10-9 Torr or |owed $FP o

t hermal deconposition spectronmeter (TDS supplied fromESCO Ltd.). The
gases generated fromthe heated resin pellet are transferred to a

quadrupol e mass, spectroneter. N trqgen gas N2 is detected and neasured
quantit ati véP§ Catag flhe heatypg rate ofi I\F 7 mimundemthe fagreg ofyagwam 085 xrhe

organi c i npypi-§ i ' l.e 2..ar |l yzed.in the follow way., .. Resin
pellets of Llig g?sﬁa(&rrgloﬁ%gtlg %t%r%ga&mo%trl Ogna;ﬁ?e(?tr@éléeé%rwg% P lalti{%lée (ﬁf romthe
heat ed resi frope!RSE, kL) aDEORASE EOnaatddy roaPEhO heatbdereahs pelied aror gani c
gases are desorbed fromthe active carbon by the purge and trap (P & T)

met hod. The tpaskarsditog gaadrnede mass specirpmsten INGERZER 8as iNecis Aebgrged
quantitativ ] - R,gg;&gma - sneGt fronei,e - M5
suppl i ed frg%]xéﬁ%atﬁsgééz%q%%?%%. he re/ggl t's ’?ezs%ﬁﬁgezéﬂgr%’ %lgg::%z;b %—t gﬁd 2

i ndicate the/feligowi ng things. (1) Anong the atnospheric gas conponents,
the contents of N2 and 02 in the as supplied norbornene resin are high.
The content of H20 in the as supplied norbornene resin is nuch | ower than

those of N2 andufl. . LN\ ELwricHR Ok e ML 1010909 RCGE! BIBLES, xpansi on

and deformation™0 € resi e'resin Ts’éexp )
hi gh-t enper &Rewirepelleto#EY gr. 4:2) hddted caniCS The drgunidiRes icahersgédht
al i phati c hydrocarbons, that are the raw materials and the by-products of
t he nor bor néia thehgatednpsimpellets are absorbed to active carbon, The absorbed
organic gases are desorbed from the active carbon by the purge and trap (P
& T) method. The desorbed organic gases are analyzed qualitatively and
quantitatively with a gas chromatograph-mass spectrometer (P & T GC-MS

supplied from Shimadzu Corp.).
The results described in Tables 1 and 2 indicate the following things.

(1) Among the atmospheric gas components, the contents of Nz and Os
in the as supplied norbornene resin are high. The content of H:O in the as
supplied norbornene resin is much lower than those of N2 and O.. However,
H»0 of around 10 ppm accelerates expansion and deformation of the resin

when the resin is exposed to a high-temperature atmosphere.

(2) The contents of low-molecular-weight aliphatic hydrocarbons, that
are the raw materials and the by-products of the norbornene resin, and the
contents of aliphatic alcohol compounds and carboxylic acid compounds
(oxidation products of the resin) are high. The as supplied norbornene resin
also contains aromatic components such as degradation products of the
antioxidant yielded by the degradation of the antioxidant added to stabilize

the resin and residues of the solvents used for synthesizing the resin.



contents of aliphatic al cohol conpounds and carboxylic acid conpounds
(oxidation products of the resin) are high. The as supplied norbornene
resin also contains aronmatic conmponents such as degradati on prddggR s20m4
the antioxidant yielded by the degradati on of the antioxidant added to
stabilize the resin and residues of the solvents used for synthesizing the
resin. 8 10 SEP 2004 To exam ne how t he gas conponents descri bed above
affect the substrate surface de of norbornene resin, experinmental

substrates are 'RuffATBICURGN &8 néAth GPRBARCIHE sdecHRed t BROVAUAHRE Bt° r ugged
surface pogih@psetrtfle SHRSIITA@hokddBe Mebin® MBI iRRAE1( WbstiaRed AR M adi al

direction of the experinmental substrate and the average surface roughness
(Ra) in themadgdphlungdiriedc modyproéne fresiox padi thennaimbenbeft roggesl anefaceasur ed.

Table 3 |is : r U : . portions
(318 m LoP HiBGHD b Runl M pedo B bt P80 ot Ribtbter o
rugged sur f dhie epmeriments] isabseateuied] thindedrage saplace abughriess Giﬁ;ﬁbfﬁﬂtheThe mcro
honcont act  SHILAIeaTT BEHS SERMHESSal Beturte CAR Mo A0 A3Ghness
Test er suppkheghstiiigm Chapman I nstrunents). As Table 3 indicates, 700 or
nore rugged portions of 1,u mor nore in height difference are caused in

the surfaces of the experinental substrates. The observed m cro wavi ness
i s higher than 850 A. And, the observed ‘

Table 3

Numbers of rugged | Wa (A) | Ra (&)
portions (>1 p m)

Lot A 1200 1000 13.5
Lot B 900 920 12.5
Lot C 700 870 12.0

The number of rugged surface portions is measured under an optical
microscope. The micro waviness (Wa) and the surface roughness (Ra) are
measured with a noncontact optical surface roughness tester (Chapman

Surface Roughness Tester supplied from Chapman Instruments).

As Table 3 indicates, 700 or more rugged portions of 1 x m or more in
height difference are caused in the surfaces of the experimental substrates.
The observed micro waviness is higher than 850 A. And, the observed
average surface roughness is 12 A  or higher. Errors are caused
corresponding to the defective portions in the magnetic recording medium
manufactured using the substrate having such defective surface portions.
When the micro waviness is high or the surface roughness of the magnetic
recording medium is large, the magnetic head fails to float at the start of

flight or the head floating is damaged, finally causing head crash.



average surface roughness is 12 A or higher. Errors are caused
corresponding to the defective portions in the magnetic recordi ng nmedi um
manuf act ured using the substrate having such defective surface portions.
When the mcro waviness is high or the surface roughness of the nagnetic
recording nediumis large, the nmagnetic head fails to fl oat ag I$¥§ i t of
flight or the head floating is damaged, finally causing head cras 3

SE P 2404 The results of the anal yses on the atnospheric gas conponents and
the | ow boiling-point organic conponents and the results of the

measur enent s orrhm@smg”r&eche%fnamgg@ﬁt]ﬁ?@ﬁﬂl&&sﬁent;%ss Boitip ShelRY hAgRSe and the

surface roughness indicate that |ess rugged surface portions are caused
and the mi dewbedingrnist arganiheonsporfeate and dhhneseltiavkthnmessegnients he

substrate n y chd he resin aty canta ins |l ess

at nospheri cgﬁggﬁs %g#%%geﬁt Iédérgng é ggngohﬁ"b &va%neﬁ.? adlia Q?‘n 5’“’&8%onent S.

Therefore, irbuglmsolivdizate that lesheuggsl Gﬁfmwgﬁfﬁorﬁoﬂieaba{mmdhd lblge r esi n

cause rugged . portions an Cro wavi ne;s in the surf én q%:‘e t he substrate
S

for magnet | Quicr0, W3V Hess, R EARYBERCIhAres IIBRTOVE fspbstrate, ot her

words, it isnafiFAstuest By 1ﬁ]'@@|ﬁoﬁﬂﬁl‘%lﬂlﬁﬁ theRedifThit YIrRARS 188Y SnfiRpRSmic t he
nDIten resin flows in the nolding die cavity while yielding gases, causing

rugged surf 3@@corpﬁmenmgndfle@elowﬂmﬂmgxpmmt 9 ediig hempionenss.chhwaeford, gher nicro
wavi ness a”?ﬁ oﬂ*xﬁﬂ?rthﬁy té@cﬁaa[&x t%ﬁ?s diGahRedt € tﬁgsrlﬁz%ﬂﬁ]aﬁge trﬁ%k&i flow

Ther ef or e, I'S expec as componen nopl astic
nor bor nene [pestucmsaanad rexeoy echvindse muggemrﬁaceftﬁ'clmepmhstmm for i’ﬂagnmlcr o]

wavi ness and the. surf gee ! ess of the substrate_for ti.c.recording
o &t || BTGBt nf SORPET L, SUPSR eI . 20 GBS FATG adt of o
t her ][mpi ast Ic@ns1Methﬂ@%eﬁQ&éifbrpfyaiﬂyl@ldmb&s@seﬁ&he%meuh%%ﬁa fiswsised to
manuf acture a

in the molding die cavity while yielding gases, causing rugged surface

portions of several um in height difference, higher micro waviness and

higher surface roughness due to the obstructed resin flow.

Therefore, it is expected that if the gas components in the
thermoplastic norbornene resin are removed, the rugged surface portions,
the micro waviness and the surface roughness of the substrate for

magnetic recording media will be reduced.

It is also expected that if a substrate made of a thermoplastic
norbornene resin containing less gas components is used to manufacture a
magnetic recording medinm including a laminate for magnetic data
recording on the substrate, the magnetic recording medium will be
provided with a very flat and smooth surface having extremely few micro
defects, reduced waviness and reduced surface roughness. The magnetic
storage medium having a very flat and smooth surface, that facilitates

excellent head flight, will be reliable and durable.

10



magneti c recording nmediumincluding a |am nate for magnetic data recording
on the substrate, the magnetic recording nediumw ||l be provided with a
very flat and snooth surface having extrenely few mcro defects, reduced
wavi ness and reduced surface roughness. The magnetic storagejnga%'FFrgﬁ;avi ng
a very flat and snmooth surface, that facilitates excellent head i ght,
will be reliable and durable. 10 10 SEP 21 In view of the foregoing, it is
a first object of the invention to provide  a nmethod of dryin

ther nopl asti c nly BEFErEe fergppingolt ig@nﬂélisbpbieﬁfg ‘_?fH%‘e g o é‘é?gidg?orrponent s
therein bel Q%S&%P%fgﬁiﬁ?'& thdrindpladicS REDBaNY Riin Fr LHRrbITYENHON tO

provide a very relia astic substrate, that contains | ess rugged
portions anspdcific gascompanentsabereindelow certrin levelnf t he t hernopl astic

nor bornene resin, the specific gas conponents therein are suppressed bel ow
certain levels by the method of drying described above. It is a third
object of the invention to provide a nagnetic recording nediumusing the

pl astic substraje described, aboyve. Mrre in detail, it is t hird object
of the inventi gi? €& Tﬁ%@‘?ﬁg]e&t H% Wventien go Bf?l‘ﬂd?réd‘feﬁ)hrﬁf\‘g@e pﬁg % very
flat and S”B%Q?rai%a',rtfhﬁi?@oﬂ’ﬂah{)h ]{e§§§u§ééﬁ%@ti9ﬁ’§ bh®Nsw aiehol WAYIRESS Gue WAVI Ness

and exhi bits excellent durability against continuous _and high-speed head
seek. |t. i sthe fisriof theothjesmoplaistic morbernene iresint epinsoilgegas ¢ARITRGNET

facturi th [ ' ' [ : f
ol vi ng. e bl et ireresebn 8O SniFER I U (RECRBBRCor IBSRE 0T

present i ndedtiribed abawe reveal ed that the foregoing objects of the
invention are achieved by adjusting the gas conponents contained in a
t her nopl astic

It is a third object of the invention to provide a magnetic recording
medium using the plastic substrate described above. More in detail, it is the
third object of the invention to provide a magnetic recording medium that
has a very flat and smooth surface with less rugged portions and low micro
waviness and exhibits excellent durability against continuous and

high-speed head seek.

It is a fourth object of the invention to provide a method of

manufacturing the magnetic recording medium described above.
Means for solving the Problems

The extensive and intensive studies conducted by the present
inventors have revealed that the foregoing objects of the invention are
achieved by adjusting the gas components contained in a thermoplastic
norbornene resin below certain levels by a specific drying method, and by

manufacturing a magnetic recording medium using the dried resin.

i1



nor bornene resin below certain |levels by a specific drying nmethod, and by
manuf acturing a magnetic recording nmediumusing the dried resin. 11 1D SEP
According to a first aspect of the invention, there is provided a nethod
of drying a thernoplastic norbornene resin, the met hod i ncl udip g%% g

t he thernopl astic norbornene resin under vacuum or under the | w
pressure and under vacuumto renbve at m)spheri c gas conponents i ncl uding

N2, 02 and H20 nd ly QW b0| in oi.n anl onent s ani.c
pur 1 0) Ui A Sbal b R AR Shi povidsi A iRk
cont ai ned i of amng%tmrmﬂph@id mbr@n@mm&nbanemﬂudemdm drying

- nol ecul ar - ht al i phatic_hydrocarbons and oxi dati on products of the
resin such %rmha%nw@ﬁtgen&ntpsa%ﬁl@éﬁmmeu%lqaf eedgrothri srdinpey

aromati ¢ COPRARERY Sard) Gl t/fatau{rﬁswul%&&t biRospHeVRNkSs ﬁﬁs’pé hts
synthesi zing the resin. Advant ageous { the drying under t I nary
&m@da w

pressure islnchadingt 8, Qut aady He Sothiagwednt 8@rganic 1a@@)onemts t he

dryi ng unde u d d ree_of vacuum of 20 Pa or

| ower and atEO %% mn!l er%tg qﬁélugv\eé %Qaggﬁfﬂ &Omﬁﬁarﬁnga;egﬂoﬁ €t he

t her nopl ast t:@mpoxidms remaines in th@rrt:ﬁnnTheaetlt;eratlctdamptmynfsgmchlaieoro“zo ppm or
| oner, 02 of 20 ppm or .l ower, H20 of 1 r, aliphatic conponents,
that are |ov¥‘§‘8F‘ﬁPﬁ§’e&}t ntalb?l@f&f“ﬁ @yem&p\’é’ﬁt%ﬂ ogidasionpy FtSI gladhe | n
total, and sQABich G9NPREI! éomﬁ&?adsaaﬁdttﬁbetﬁﬁr abi@WeoRPblAY-PRE Nt
organi ¢ conmponents, of 20 ppb or lower in total. According to a second

aspect of t h@mm@ntqnmpnenbﬂerl@chgleprtbm tesid wes plf athte csobueinss rwged ffor
magneti c. reggﬁt(}t_ll 55% ngt(ilx'ﬁ g@nuf actured by injection nolding the

thernDpIastl Sin dried by any of the nmethods described
above.

Advantageously, the drying under the ordinary pressure is conducted
at any temperature between 80 and 120°C, and the drying under vacuum is
conducted under the degree of vacuum of 20 Pa or lower and at any

temperature between 80 and 120°C.

Advantageously, the thermoplastic norbornene resin contains, after
the drying, N3 of 20 ppm or lower, O; of 20 ppm or lower, H2O of 1 ppm or
lower, aliphatic components, that are low-boiling-point organic components,
of 20 ppb or lower in total, and aromatic components, that are the other low-

boiling-point organic components, of 20 ppb or lower in total.

According to a second aspect of the invention, there is provided a
plastic substrate for magnetic recording media manufactured by injection
molding the thermoplastic norbornene resin dried by any of the methods

described above.

12



12 10 SEP 2004 Advant ageously, the substrate contains in the surface
thereof 100 or Iless rugged portions of 1 u mx 1,u mor wder in area.
Advant ageously, the straightness Pa in the radial direction OfL bth
substrate is 1 u mor less, the mcro waviness of the substrat% FE38h or
| ower, and the average surface roughness of the substrate is 5A or |ower.
According to a third aspect of the invention, there is provi ded a nagnetic

ecor 00 e gy, & SMBLER Gnll SR R0 &7

pl astic substra

| ubri cant | RgerugpedtpoetipiObRrh hpﬂllm@ﬁ',w1ﬂblelrﬁmsl rate be| ng the plastic
substrate descri bed above. Advantageously, the output of a strain gauge is
0.5 g or less at the end of continuous and hi gh speed head seek tests
conducted for 24 hr on the magnetic recording nediumrotating at 4500 rpm
using a lowflying-height head, the flying height thereof is 1 u ".
According to a Advitagempbet thef strhgghitmessnPa oim, thdeadial slipectivh defdtke et hod

f fact . t di di i i th
teps of - dPYIREE if Mok Mot 1668 e BIEeAHOTEE et o gL ate robHUN Goscr | bed
above, | 0} ehhieas Dbl Sebchiea itk atobbRia l%'f@ﬁéé fhstBRE ROERCREIGRSI N Lo form

a plastic substrate form magne ayer ove tic substrate,
formng a protection |ayer on the nagnetic Iayer and form ng a |lubricant

| ayer on the protec _IOI’I | aye 13 1 0 SEP 2DR Modes for carr out the
| nvention Now t €0 st gt t E‘&Flr’ﬁpr?ﬁt @gttlitehgl"ﬁ%‘?&mt{‘?%vé%w M 13 be

described. magnetic recording medium including: a substrate, a magnetic layer above
the plastic substrate, a protection layer on the magnetic layer, and a
lubricant layer on the protection layer, the substrate being the plastic

substrate described above.

Advantageously, the output of a strain gauge is 0.5 g or less at the end
of continuous and high speed head seek tests conducted for 24 hr on the
magnetic recording medium rotating at 4500 rpm using a low-flying-height
head, the flying height thereofis 1 u”.

According to a fourth aspect of the invention, there is provided a
method of manufacturing a magnetic recording medium, the method
including the steps of drying a thermoplastic norbornene resin by the
method described above, injection-molding the dried thermoplastic
norbornene resin to form a plastic substrate, forming a magnetic layer above
the plastic substrate, forming a protection layer on the magnetic layer, and

forming a lubricant layer on the protection layer.
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First, a nethod of drying a thernoplastic norbornene resin according to
the invention will be described. The results of the foregoi ng anal yses

i ndi cate that the gas conmponents, that cause rugged portions,, mcro

wavi ness and a rough surface, include atnospheric gas conpone11H1935§uéW as
N2 and 02 that are gases at the room tenperature and organi c conponents
having 6 or nore carbon atons that are liquids at the roomtenperature.
Thus, the boiling points of the gas conponents that should be renoved from
t he t her nopMades doneatyyingeaet thednyvenfiienri bute in a wide tenperature range.
The pellet of the thernoplastic norbornene resinis 1.5 mmor nore in

t hi ckness. Therefore, for renoving the gas conponents not only formthe
surface porti onNotuthal modéy dor tdaeryingnowtalthpopresents in¥entinn resl rbepel | et s,
it is consi erﬁg hat it is effective to dry the resin pellets not only
under the oftfi°HaFS pressure but al so under vacuum Therefore, the method
of drying the resin according to the invention dries the thernoplastic

nor bornene resin solely under vacuum or under the ordinary pressure and
under vacuum TRt emebidach ¢1ying AoiberBarlasds parbaraeng g #5eEF Ehe degr ee

of vacuum o{oﬁgigg%%q%gmge%sﬁg%&terrper ature between 80 and 120C for any

peri od between ing the thernoplastic norbornene resin
under the ordinary pressure, the resin is dried at any tenperature between

80 and 120C for_an ri bet ween 12 . and. 2 r. hough, it | referabl e
to dry the resi Wﬁﬁﬁﬁéﬁtﬁﬁgh%?ﬂfeﬁﬁﬁ anglyses if cagﬁah#n%lgr&gé:(?fjné%ng%tfgyi ng the
resin sol el yhundRise VRGEEPRPESSs, MRickd viakifeseEh @ beopgbhdefcefdicladeyi ng the
resin under the ordinary pressure, the resin may be dried in the air or in

a N2 at nosphtmespharicrassgompeacrisesuebsale pad for ot fap €apessahthealPoBe shaped

Wi th any temperature and organic components having 6 or more carbon atoms that

are liquids at the room temperature. Thus, the boiling points of the gas
components that should be removed from the thermoplastic norbornene
resin distribute in a wide temperature range. The pellet of the thermoplastic
norbornene resin is 1.5 mm or more in thickness. Therefore, for removing
the gas components not only form the surface portions but also from the
central portions of the resin pellets, it is considered that it is effective to dry
the resin pellets not only under the ordinary pressure but also under

vacuum.

Therefore, the method of drying the resin according to the invention
dries the thermoplastic norbornene resin solely under vacuum or under the
ordinary pressure and under vacuum. The thermoplastic norbornene resin
is dried under the degree of vacuum of 20 Pa or lower at any temperature
between 80 and 120°C for any period between 2 and 16 hr. For drying the
thermoplastic norbornene resin under the ordinary pressure, the resin is
dried at any temperature between 80 and 120°C for any period between 12
and 24 hr. Although it is preferable to dry the resin under the ordinary

pressure and under vacuum, drying the resin solely under vacuum poses no

14



shape as far as the shape is favorable for drying the resin, it is
preferable to shape the resin with pellets. For drying the thernoplastic
nor bornene resin solely under vacuum it is preferable to dry the resin at
80C for 16 hr or longer, at 100C for 8 hr or longer, or at 120 (CSERrop hr
or .longer. For drying the thernoplastic norbornene resin under the

ordi nary pressure and under vacuumit is preferable to dry the resin under
t he ordi nar r%r&%s re at.n8 C for 24 hrth ang. under Vacutéﬁn at .100C for 8 hr
or |onger; tn S0t het BARs §re5iL Ui dptethe Qrdingarbressuse, the reghly MAYRS vacuum
at 100C f or dBielirin 9ke hivn@dh;a Npgehodphere. or di nary pressure at 100C for 24 hr
and under vacuum at 80C for 8 hr or |onger; under the ordinary pressure at
100C for 24 hr and under vacuum at 100C for 4 hr or |onger; under the
ordi nary pressupghated 206k : 4 Folg hr or

| onger; under the orgi na%; ﬁ%@g%#g mgt%irll%%%% ﬁﬁ%ﬁ}'ﬁ?%&ﬁ%&ﬁﬁ%@ra acuum at
100C for 2 Bhapsas Bmgerthe shape defavordhde fordirpiagythpresinyitds prefedi for 24 hr
and under v t. 120 y period between 2 and 4 hr. The drying

t enper at ur eggwkﬁere%l%y‘%r’f{gl%reggfspod may be conbi ned appropriately within the
ranges of the tenperatures and the periods described above. After drying
t he thernopl astic nor.bornene resin by the nethod ccording to the

i nvention, the LE“%E@HP% tﬁ? %%@%ﬁ%’scrﬂ?é ?T(Peﬁ%lé'e%ﬁr?ﬁa]& Heder warguphdt

| ow- boi | ngiPpieRirapleddtrs tROTRIAANBE RS REAOY Tohiger GERBEY Yo 8 REEL ai N

| evel s. 15 10 SEP 2004 In detail, the content of N2'is preferably 20 ppm or

| ower, the torgeenbr af 10Q°Q0fgppdn br drolemger.t Rer ahrpimnthe ahetidplastipm or
| ower, the total contents of | ow nolecul ar-wei ght alriéghati ¢ hydrocarbons
and oxi dat i SATHHBeRR: resiBf undee the Ardinagy prasswE comb unssrprsHy ahds

carboxylic 3eith 42O URI$he FeBBPunder the ordinary pressure at 80°C for 24 hr

and under vacuum at 100°C for 8 hr or longer; under the ordinary pressure

at 100°C for 12 hr and under vacuum at 100°C for 8 hr or longer; under the
ordinary pressure at 100°C for 24 hr and under vacuum at 80°C for 8 hr or
longer; under the ordinary pressure at 100°C for 24 hr and under vacuum
at 100°C for 4 hr or longer; under the ordinary pressure at 120°C for 24 hr
and under vacuum at 80°C for 4 hr or longer; under the ordinary pressure
at 120°C for 24 hr and under vacuum at 100°C for 2 hr or longer; or under
the ordinary pressure at 120°C for 24 hr and under vacuum at 120°C for

any period between 2 and 4 hr. The drying temperature and the drying
period may be combined appropriately within the ranges of the

temperatures and the periods described above.

After drying the thermoplastic norbornene resin by the method
according to the invention, the contents of the atmospheric gas components
and the low-boiling-point organic components are below the respective

certain levels.
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or lower, and the total contents of aromatic conponents 20 ppb or |ower.
Now a plastic substrate for magnetic recording nedia according to the

invention will be described. The plastic substrate for magnetic recording
medi a according to the invention is nade of a thernoplastic norfdosEe ey
resin. In detail, the plastic substrate for nmagnetic recordi ng nedia

according to the invention uses the thernoplastic norbornene resin dried
by the nethod of drxtng accordipg%to t he inpvention dgfcriqu above. The
substrate for nﬁfgﬂ%‘ﬁl thecontarhgt Nedt areierablin gl F00PBIPHRF thepeideRton

mol di ng accegf di DO phfh b BweB MBI chRn s HEHD 8$hnf oS 1eReE! HeQotal colfky act ured
by using a nolding die, the stanper thereof is fixed to a commercially

suppl i ed i npélav-melerplar-weishh cliphetiarhydsgcasbons agd taxédation produstspel at ur e,

the injecti | oSl [ | ropriate
val ues. Theagbe?re%gnfeg?%{r]gssggﬁ hﬂ%ﬁs‘{%ﬁ%%%?;g a@%&hg%%ﬁfﬁoéﬁﬁ%%d??@ I'de of the
nol di ng di eonlowvesednd tich totdlumhtgnts BHa roeeatigomponbrtsr2sppb off lowpeer at ure i s

set at 350C, the injection speed at 170 nm's, and the closing pressure at
70 kg / cnR. Typically, the tenperatures of the stationary side and the

nobi | e side of Na& MBldbiiRGuBbs@at Rr18d gridtic F3rdiry mEdRSAdciRneto B MM i n

diameter and 1.27 mm.in thickness is manufacture under these conditions.
The pref er abreensigpsvilhie descriredinthe @lagicosulishepterden anasmesic deperding t he

invention i L s f f - SUr rtions)
of 16 0 Sy s b e MVkimnl 8060 4k Snb AR WO RRRRET || O
t he preferalésn substrate, the straightness Pa in the radial direction
thereof is I'Umor less, the mcro waviness Wa 500A or |ower, and the
average surface roughness 5 A or | ower.

In detail, the plastic substrate for magnetic recording media according
to the invention uses the thermoplastic norbornene resin dried by the

method of drying according to the invention described above.

The substrate for magnetic recording media is manufactured by
injection molding according to the invention. The plastic substrate is
manufactured by using a molding die, the stamper thereof is fixed to a
commercially supplied injection molding machine and by setting the resin
temperature, the injection speed and the closing pressure at respective
appropriate values. The temperatures of the stafionary side and the mobile
side of the molding die are set individually. For example, the resin
temperature is set at 350°C, the injection speed at 170 mm s, and the
closing pressure at 70 kg . cm? Typically, the temperatures of the
stationary side and the mobile side of the molding die are set at 130°C. A

substrate of 95 mm in diameter and 1.27 mm in thickness is manufactured

under these conditions.

The preferable substrate for magnetic recording media according to the

invention includes less than 100 surface defects (rugged surface portions) of
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Now a magnetic recordi ng nmedi um according to the invention wll be

descri bed. The magnetic recordi ng nedi um according to the invention enpl oys
t he above described substrate nmanufactured by injection-nolding the

t her nopl astic norbornene resin dried by the foregoing net hod EfU%VEViM
according to the invention. Brief Description of the Drawing Fig. 1 1s a
cross sectional view of a magnetic recording nmedium according to the

invention. Referring nowto Fig. 1, the nmagnetic recordi ng medi um accordi ng
to the invéktPoh Lim® eraedder pi ases i shesufiace therenticFosythenpratenable nol di ng

the therno i rhor. i.n.drie . the fgregqi.ng net hod accordi ng
to the invg%@%)dr{:,g’ %’% #ﬁ‘gﬁ%ﬁj# g? énlta?/é?ﬂﬁ?%ﬁe&ﬁoél %e&%{?il gé‘&?)gf ?%f‘?’e 1, a
nonmagnet i ¢ thep@dro v ind26Wh BOSATBH IR, ARY Bhe SverBdBOIRl foukRY&S 5 on the
nonmagnetic |layer 3, a protection layer 5 on the magnetic |layer 4, and a

li qui d | ubrifcamtloweryer 6 on the protection layer 5. The internediate |ayer
2, the nonmagnetic layer 3, the magnetic |layer 4, the protection |ayer 5,
and the liquid lubricant layer 6 are nade of the respective conventional
materials. In dfodi h.m Té}:i%tic%@m%& Hefid @ ¥REordihe 1P hifentiy SHinngde, for
exanpl e, of titanium (Ti). The nonmagnetic layer 3 I's an undercoating | ayer
17 [i0 SEP dewribgde, for exanple, of chromium (Cr). The magnetic layer 4 is
an alloy layer of a cobalt (Co) alloy such as Co-Cr-Pt and Co-Cr-Ta. The
protection layer 5 is made of carbon. The liquid lubricant |ayer 6 is nade

of a fluorine Thbrmagndticteebrdisg peedihonepedingt foethe Mvehtibghigleydragneti c
recordi ng di u;g)] accqQrdipng.to the invention has been described wth

reference t&P%iaPove, desarivgd s sprdrate c manyfactured by injection-molding the
thermoplastic norbornene resin dried by the foregoing method of drying

according to the invention.

Brief Description of the Drawing

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

according to the invention.

Referring now to Fig. 1, the magnetic recording medium according to
the invention includes a plastic substrate 1 made by injection-molding the
thermoplastic norbornene resin dried by the foregoing method according to
the invention, an intermediate layer 2 on the plastic substrate 1, a
nonmagnetic layer 3 on the intermediate layer 2, a magnetic layer 4 on the
nonmagnetic layer 3, a protection layer 5 on the magnetic layer 4, and a
liquid lubricant layer 6 on the protection layer 6. The intermediate layer 2,
the nonmagnetic layer 3, the magnetic layer 4, the protection layer 5, and
the liquid Iubricant layer 6 are made of the respective conventional
materials. In detail, the intermediate layer 2 is a metal layer made, for

example, of titanium (Ti). The nonmagnetic layer 3 is an undercoating layer
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possi bl e considering the use thereof. For exanple, the internedi ate |ayer 2
may be omtted. The magnetic recording nediumis shaped wth any shape
suitable to the instrunment or the apparatus, thereon the magnetic
recording nediumis nounted. The magnetic recordi ng nedi um f Gt DasEPaCHA di sk
drive (HDD) is shaped with a circular plate (disk). The magnetic recording
medi um according to the invention exhibits excellent durability and

stability for head seek_under the hjgh-speed and . conti.nuous, test using a
71 oat i g heBadSFoT CERBDHhGHERCEIRBOSHY THF ReanaNs 14eE drigARdIcy eves

i nvention, ghe ouhpito)ofild stich3ls'CHOHEE 2R @8-CRTaNTUE p36RktLibiS layRE &f er abl y
0.5 g or less. Now a nethod of manufacturi ngaa magnetic recordi ng medi um

accordi ng ti niedei pf/ earhomn Thd ligyéd dubricadeliyerHe 1aempdel obfa FIMEct uring a

magnetic regQrdi d] Wi@het O the invention includes the steps of
drying a th@%&%ﬁﬂggﬁcéﬁ%ﬁg@ﬁ r%lls'i n, injection nolding the dried

norbornene resin to forma plastic substrate, and formng at |east a
magneti c | ayer, protection layer and a ljquid |ubrica l.ayer..one after
anot her on the ﬁﬁggk’@]& tg%’éﬁ%ﬁt TeCoy %n%etdé %%Oﬁﬁf}ﬁ&%?%gﬂm%r nene
resin is drhgg HeRdefedabedMvith WiERnct @ Pigi Nakyridds [Medifi®ftRnd0@4k pressure
and under vacuumto efficiently renove _gas conponents contained in the

nor bor nene pessible cPReidering shaafe tharsph Hox eapmpde, 4he doterpediade o¥e The

pl astic substrate i.s smanufactured by injection nolding as described above.
In the stepg}aﬁef%rfdr%?er?g, a lamnate that facilitates magnetically storing
data is forned on the plastic substrate in the foll ow ng way. An

Intermediate | aéf‘ﬁtra n%aénsetfcorreggr il?gnm%dpul.n(ilsié IsﬁafeLab%Etrtlaéx?y S apsepsulfi{a%rlé e A
the instrument or the apparatus, thereon the magnetic recording medium is
mounted. The magnetic recording medium for a hard disk drive (HHDD) is

shaped with a circular plate (disk).

The magnetic recording medium according to the invention exhibits
excellent durability and stability for head seek under the high-speed and
continuous test using a floating head. For the magnetic recording medium
according to the invention, the output of a strain gauge after 24 hour seek is

preferably 0.5 g or less.

Now a method of manufacturing a magnetic recording medium

according to the invention will be described.

The method of manufacturing a magnetic recording medium according
to the invention includes the steps oft drying a thermoplastic norbornene
resin, injection molding the dried norbornene resin to form a plastic
substrate, and forming at least a magnetic layer, a protection layer and a
liquid lubricant layer one after another on the plastic substrate. In the step

of drying, the norbornene resin is dried under vacuum or under the ordinary
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nonmagneti ¢ undercoating layer 3 is formed on the internediate |ayer 2. A
magnetic layer 4 is formed on the nonmagnetic |layer 3. A protection |ayer 5
is formed on the magnetic layer 4. Finally, a liquid |ubricant Iayer 6 is
formed on the protection layer 5 by coating a |ubricant sol uti ggppﬁﬁpd
by diluting a lubricant with a solvent. Preferably, the nonmagne
undercoating layer 3 is a O layer. Preferably, the magnetic layer 4 is a
Co-14Cr-4Ta |l oy layer. The Cr nonmagnetic undercoating layer 3 is forned
by sputteri nzgessmeeanct:gndmawm aefifistentlyaelmye Igay epmyonants comtaihedy
Sputtering. . @1 &gwnep%gtectlon |l ayer 5 is formed by sputtering. The
car bon protec a erey nalnly contai ns usual graphite, or the carbon
protection layer 5 is a dianond |ike carbon (DLC) | ayer. Nitrogen may be

added to the carpon rotection, | 5, Th ric i s formed by
di p coating or {EB FiprogRE Fesiy S et %Sr%ﬁcy}%efh A oY e ke substriee

perfl uor 0poié/ﬁﬁﬂﬁfacfmggﬁmﬁhbﬁ%olaln%rﬁs'ﬂé%bﬂm abave: A, AM2001 supplied
from Ausi nont S. P UM SA suppl ied from Dai ki n Industries Ltd., or

DEMUNUM SP  supplied from Dai kin Industries Ltd.). 19 [1. O SEP The

internediate |ay e k I . nagnetic
| ayer 4, the pr Eh ste’hgﬁaﬂg@ ,%ﬁébﬁﬁ%’t@ﬂﬁ%ﬁI?a%%l%t?@qsa@égﬁeéﬁ:gpgngsn hi ck as
t he respect dyg qeuﬁimq@lardrs the tpltw&stinorsubsth'htenah whg nillowingcwadi B nedi a.

The constitution of tﬁe | am na% not Ilmted fo tha{) descrl bed above.
For exanpl e™eraediats faye €nist Clrﬁ’@ sOR He Blagter ARbRtAte PifRPteriggsds no

probl em on BEmIBEEE hﬁdéﬁcﬁé’tﬁﬂg ﬂﬂze?%dis%}mNPWnttﬁl@ 1hﬂa\f&1@Hia%‘ 1Welrlo, e

described nore in detail below in connection he enbodi'nents t hereof.
magnetic layer 4'is formed on the nonmagnetic layer 3 A protection layer 5

is formed on the magnetic layer 4. Finally, a liquid lubricant layer 6 is
formed on the protection layer 5 by coating a lubricant solution prepared by

diluting a lubricant with a solvent.

Preferably, the nonmagnetic undercoating layer 3 is a Cr layer.

Preferably, the magnetic layer 4 is a Co-14Cr-4Ta lloy layer.

The Cr nonmagnetic undercoating layer 3 is formed by sputtering. The
Co0-14Cr-4Ta magnetic alloy layer 4 is formed by sputtering. The carbon
protection layer 5 is formed by sputtering. The carbon protection layer 5
mainly contains usual graphite, or the carbon protection layer 5 is a
diamond like carbon (DLC) layer. Nitrogen may be added to the carbon
protection layer 5. The lubricant layer 6 is formed by dip coating or by spin
coating. Preferably, the lubricant is perfluoropolyether (ZDOL supplied
from Ausimont S.P.A, AM2001 supplied from Ausimont S.P.A,
DEMUNUM-SA supplied from Daikin Industries Ltd., or DEMUNUM-SP
supplied from Daikin Industries Ltd.).
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In drying norbornene resin pellets, drying nethods, drying tenperatures
and drying periods of tinme are changed and examned as |isted in Table 4.
It is to be understood that the invention is not limted to ':T{E

enbodi ments descri bed herein, and that various changes and il PER N s
may be effected therein by one skilled in the art without departing from
the scope or spirit of the invention as defined in the appended clains. 20
10 SEP 2004 Table 4 Methods of drying resin pellets Methods of Dryi ng under
the ordi nary DrVhegntemtediatedayen 3 rtbs suonenggnetisdirstenespngrlay¢28, e or

(S per BB FabS R e R 80 oL S TR O S5
Enbodi nent 2iek hedhe resp?ofife Ethndipm ey in3izt dvdsleBtional Ghdsretiaadtordittg 4Met hod

4--1004 Enbodinent 5Met hod 5--1008 Enbodi ment 6Met hod 6----1202 Enbodi nent
7Met hod 7- - Ingdia.

The constitution of the laminate is not limited to that described above.
For example, the laminate that lacks the intermediate layer 2 poses no

problem on the magnetic recording medium.

Now the invention will be described more in detail below in connection

with the embodiments thereof.

In drying norbornene resin pellets, drying methods, drying
temperatures and drying periods of time are changed and examined as
listed in Table 4.

It is to be understood that the invention is not limited to the
embodiments described herein, and that wvarious changes and
modifications may be effected therein by one skilled in the art without
departing from the scope or spirit of the invention as defined in the

appended claims.
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Enbodi ment 8Met hod 8--1402 Enbodi nent 9Met hod 980241008 Enbodi nent 10Met hod
10100121008 Enbodi ment 11Met hod 1110024-- Enbodi ment 12Met hod 1210024804
Enbodi nent 13Met hod 1310024808 Enbodi nent 14Met hod 14100241002 Enbodi ment
15Met hod 15100241004 Enbodi ment 16Met hod 1612024-- Enbodi rrenf; %r t?@ﬁi
1712024802 Enbodi nrent 18Met hod 1812024804 Enbodi nent 19Met hot™ 197 002
Enbodi nent 20Met hod 20120241004 Enbodi nent 21Met hod 21120241202 Enbodi nent
22Met hod 22120241204 Enbodi ment 23Met hod 2314024-- Enbodi nent 1

Ther mopl asti c norbornene resin pellets of 2 kg are dried by the drying
method 1 under the degree of vacuum gf,R0; Pa or lower. A part of the dried
resin pellets are used to neasure thé gas contents therein for the

eval uati on descri bed | ater. MEﬁhoﬂ@SE&’ﬂsﬁﬁgr@smlpaHetsc substrate of 95 nm | n

di anet er apd—4+—2F+rrH th.cknc " ' ..u.u." ed—h _u's e 8 dté“;‘alc &
the stanpel thereof is ods g ressure §II2 mys ? @& L?d_,!.\r{ Iil"a or 10%r)dl nJ
machi ne W t h. t he nmaxi gﬁd nJ eCt ey e b teips. T 15 festh
tenperatur¢ is set at 8 t he (abﬁj &EMP8n §1g§qhgt :-Eé) rﬁﬁ S, ”};%nﬁrls({ﬁbng
pressure at 07“ "I%’cnﬁ, R ey — —
omparative Non
Embodiment 1 | Method 1 — — 80 8
Embodiment 2 | Method 2 — — 80 16
Embodiment 3 | Method 3 — — 100 2
Embodiment 4 | Method 4 — — 100 4
Embodiment 5 | Method 5 — — 100 8
Embodiment 6 | Method 6 — — 120 2
Embodiment 7 | Method 7 — — 120 4
Embodiment 8 | Method 8 — — 140 2
Embodiment 9 | Method 9 80 24 100 8
Embodiment 10 Method F0 100 12 100 8
Embodiment 11 | Method 11 100 24 — —
Embodiment 12 | Method 12 100 24 80 4
Embodiment 13 | Method 13 100 24 80 8
Embodiment 14 | Method 14 100 24 100 2
Embodiment 15 | Method 15 100 24 100 4
Embodiment 16 | Method 16 120 24 — —_
Embodiment 17 | Method 17 120 24 80 2
Embodiment 18 | Method 18 120 24 80 4
Embodiment 19 | Method 12 120 24 100 2
Embodiment 20 | Method 20 120 24 100 4
Embodiment 21 | Method 21 120 24 120 2
Embodiment 22 | Method 22 120 24 120 4
Embodiment 23 | Method 23 140 24 — —

Embodiment 1

Thermoplastic norbornene resin pellets of 2 kg are dried by the drying
method 1 under the degree of vacuum of 20 Pa or lower. A part of the dried
resin pellets are used to measure the gas contents therein for the evaluation

described later.
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tenperature of the stationary side of the nolding die at 130C and the
tenperature of the nobile side of the nolding die at 130C. Enbodi nents 2
through 8 Resin pellets are dried in the sane way as according to the
enbodi nent 1 except that the resin pellets are dried by any of[4tphgrpreiods
2 through 8 described in Table 4, and substrates for magnetic recording
nmedi a are obtained using the resin pellets dried by the nmethods 2 through
8. In the drying nmethods 2 through 8, the degree of vacuumis set at 20 Pa
or |ower. EnbodintesticsubsitateafBs 28mRegliamptdr|andsl.8¥ endringdidkmeshis sane way
as accordin th e di. ment 1.exce hat.the rgsin | L.et re dried
by any of t eatn%&cﬁlg?g ngisﬁ%&gﬁmﬁnge(gé‘r ?:lﬁ)eegta}mnp fa eée%fjﬁaﬁ&iﬁ & rates
for magnet i comimendigliy gsuppidd aigecicaabtavldett ushelgnt heitheshe pekiwts dried by
the methods. 9 through. 23. In drying_the resin pellets under_ the ordinary
pressure, tHﬁe‘itE’é‘ilﬁgﬁ@WB’E%S“’%&r‘g @ty £ge reein LHPRIGHRTS 1asRLDARe: theor dryi ng

the resin pel. r u h e } t Pa or
over 22 Nt &l WP st TR HE £ ThF ool el 18 KSR B U
accordi ng t geraperafiret fetiemeRdionany sidd of tthe GHEARID dies aphBBiMmead thd he
followng way. A C undercoating layer of 500 A i1n thickness is deposited

by sputteri tamperatire of ths mobtle spleayfahe tholdingalielantyBd™G. any of the
enbodi ments | through 23, a Co-14Cr-4Ta nmagnetic |ayer of 300A in
t hi ckness on the Cr undercoating |layer, and a carbon protection |ayer of

80A in thi cgmaiﬂgngs@t@?gi c layer. After depositing these |ayers, the
surface of € carbon protectron layer is burnished with a burnishing
tape, and a fluorine |ubricant
Resin pellets are dried in the same way as according to the

embodiment 1 except that the resin pellets are dried by any of the methods

2 through 8 described in Table 4, and substrates for magnetic recording

media are obtained using the resin pellets dried by the methods 2 through 8.

In the drying methods 2 through 8, the degree of vacuum is set at 20 Pa or

lower.

Embodiments 9 through 23

Resin pellets are dried in the same way as according to the
embodiment 1 except that the resin pellets are dried by any of the methods
9 through 23 described in Table 4, and substrates for magnetic recording
media are obtained using the resin pellets dried by the methods 9 through
23. In drying the resin pellets under the ordinary pressure, the resin pellets
are dried in a nitrogen atmosphere. For drying the resin pellets under

vacuum, the degree of vacuum is set at 20 Pa or lower.
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(FOVBLI NZz- DOL supplied from Ausinmont S.P. A and such a commercially
supplied fluorine lubricant) is spin coated on the burnished carbon
protection layer, resulting in a magnetic recordi ng medium Conparative
exanple 1 A substrate according to the conparative exanple 1 i-ppodfipaimed in
the sanme way as the substrate according to the enbodi nent 1 except at
the resin pellets are not dried according to the conparative exanple 1.
Conparative exanple 2 A magnetic recordi ng nmedi um according to the

conpar at i veEsbadiphentd 24ithralghodthed by forming a lanminate in the sane way as
according to the enbodinent 24 on the substrate prepared according to the
conparative exanple 1. 23 L 0 SEP Eval uati ons The contents of gas

conmponents in tAemsgsdtit RedldASmAAH8E arEaiMH Rthryoof the@ntivaedenimas 1
t hrough 23 and cg%aratlve exa 1 are measure. _The nunber of rugged

npl e , .
portions i nth1qeskdprisshtadred Hothafollowmewag, & fdrwderepating lawer #1200, "pel | et s

dried accordin : J 2 ‘W I anple 1,
st rai ght nesg{ (%agtﬂ}%ggﬂsgqggﬁpg%@%fr%'cispgﬁgﬂgg ﬁugﬂgr%spec |E feé%f)e?;(r at es,
m cro wavi nessrdivg) té nasubst thd eeibediaeass Rnthrowgler2iyeas Cofacr-4Taughness
are neasured. The contents of the gas conponents are neasured by _the

met hods  de¥@ERBEE 1a¥prcy ilarrh\mqmssramt@@ Yr gpdersoatyng lagerpahd & t he
rugged surface por

rverage surtiestisitidevdr of ROAL B shRher 8F ol MAPRE BT AR "

gglnlngfts i gpedi&?cgslitéﬂ' it’t,lrlllﬁs@-laﬂ-&@s, QBBt SiMrSceOfof 1IN ERABROPRABANS lhjbrt e resin
burnished with a burnishing tape, and a fluorine Ilubricant
(FOMBLINZ-DOL supplied from Aﬁsimont S.P.A and such a commercially
supplied fluorine lubricant) is spin coated on the burnished carbon

protection layer, resulting in a magnetic recording medium.

Comparative example 1

A substrate according to the comparative example 1 is obtained in the
same way as the substrate according to the embodiment 1 except that the

resin pellets are not dried according to the comparative example 1.

Comparative example 2

A magnetic recording medium according to the comparative example 2
is obtained by forming a laminate in the same way as according to the
embodiment 24 on the substrate prepared according to the comparative

example 1.
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Tabl e 5. The nunber of the rugged surface portions, the straightness, the
m cro wavi ness and the average surface roughness in the surfaces of the
substrates manufactured by injection nolding are listed in Table 6. AM 24
11 0 SEP 2004 Table 5 Contents of the gas conponents in resin |ef Isgpsams
At mospheric gas conponents Low boiling-point organic (ppm conponents (ppb)
Al i phatic Methods of hydrocarbons, Aromatic dryi ngN202H2 Oal cohol and
conmponent s carboxylic acid conpounds. ConparativeNon880.0360.010. 016060
Enbodi nent 1Met hod 148. 020. 01. 03020 Enbodi nent 2Met hod 219. 213. 50. 81815
Enbodi ment é%%h"&gn 200. 050. 02. 55243 Enbodi nent 4Met hod 445. 035. 01. 13018
Enbodi ment tfod 516. 310. 30. 71512 Enbodi ment 6Met hod 690. 022. 01. 04032

The contents of gas components in the resin pellets dried according to
the embodiments 1 through 23 and comparative example 1 are measure.
The number of rugged portions in the surface of the substrates prepared
using the resin pellets dried according to the embodiments 1 through 23 and
comparative example 1, straightness (Pa) in the radial directions of the
respective substrates, micro waviness (Wa) in substrate surfaces, and

average surface roughness are measured.

The contents of the gas components are measured by the methods
described in connection with Tables 1 and 2. The number of the rugged
surface portions, the straightness, the micro waviness and the average
surface roughness are measured by the methods described in connection
with Table 3.

The contents of the gas components in the resin pellets are listed in
Table 5. The number of the rugged surface portions, the straightness, the
micro waviness and the average surface roughness in the surfaces of the

substrates manufactured by injection molding are listed in Table 6.
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Enbodi ment 7Met hod 718. 515. 00. 81510 Enbodi nent 8Met hod 816. 09. 20. 64841
Enbodi nent 9Met hod 918. 015. 50. 92018 Enbodi nent 10Met hod 1017. 514. 00. 71815
Enbodi nent 11Met hod 11100. 035. 01. 61918 Enbodi nent 12Met hod

1275. 028.
1460. 020.
1665. 019.

18Met hod
20Met hod
22Met hod

10SEP2004 Table 6

01.11917
00. 91817
51. 21715
1814. 014.
2013. 012.
2212. 011.

Enbodi ment 13Met hod
Enbodi ment 15Met hod
Enbodi nent 17Met hod
50. 81510 Enbodi nment
80. 71715 Enbodi nment
50. 62520 Enbodi mentp,Z2aMet hod 2325. 517. 50. 94530 25
Rugged surface portions,

1319. 017. 50. 81515 Enbodi ﬂé 14Met hod
1518. 511. 20. 81513 Enbodﬂiﬁ EP; @&t hod
1725. 015. 50. 851512 Enbodi nent

19Met hod 1914.513. 80. 71313 Enbodi ment
21Met hod 2113.012. 00. 71816 Enbodi nent

strai ght ness, mcro wavi ness and

aver age surface roughn@elstenmrhfdhs gaé@mupbmelgsunmnaeﬂle#basurenents with a

Chapman Sun
Strai ght nes

£ oo al s Ay N AN YA oo ot r\
race—opttcarmerose JI.7-"§‘t7mos| Her'lc as 'com onents : Ew-goﬂm C-ggniticvr anic
s Mcro Roughness v (ppfn) i componenti (ppb)g
Methods of Aliphatic Aromatic
drying N, 0, H,O | hydro-carbons, components

alcohol and

carboxylic

acid compounds.
Comparative Non 880.0 360.0 10.0 160 60
Embodiment 1 | Method 1 48.0 20.0 1.0 30 20
Emboediment 2 | Method 2 19.2 13.5 0.8 18 15
Embodiment 3 | Method 3 200.0 50.0 2.5 52 43
Embodiment 4 | Method 4 45.0 35.0 1.1 30 18
Embodiment 5 | Method 5 16.3 10.3 0.7 15 12
Embodiment 6 | Method 6 90.0 22.0 1.0 40 32
Embodiment 7 | Method 7 18.5 15.0 0.8 15 10
Embodiment 8 |Method 8 16.0 9.2 0.6 48 41
Embodiment 9 | Method 9 18.0 15.5 0.9 20 18
Embodiment 10 | Method 10 17.5 14.0 0.7 18 15
Embodiment 11 | Method 11 100.0 35.0 1.6 19 18
Embodiment 12 | Method 12 75.0 28.0 1.1 19 17
Embodiment 13 Method 13 19.0 17.5 0.8 15 156
Embodiment 14 | Method 14 60.0 20.0 0.9 18 17
Embodiment 15 | Method 15 185 11.2 0.8 15 13
Embodiment 16 | Method 16 65.0 19.5 1.2 17 15
Embodiment 17 | Method 17 25.0 15.5 0.85 15 12
Embodiment 18 | Method 18 14.0 14.5 0.8 15 10
Embodiment 19 | Method 19 14.5 13.8 0.7 13 13
Embodiment 20 | Method 20 13.0 12.8 0.7 17 15
Embodiment 21 | Method 21 13.0 12.0 0.7 18 16
Embodiment 22 | Method 22 12.0 11.5 0.6 25 20
Embodiment 23 | Method 23 25.5 17.5 0.9 45 30
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dryingportions (> 1 u m(u mwavi

-ness W (A (A) Conparative

1Non12001. 70100013. 5 Enbodi nent 1Met hod 12501. 126808. 8 Enbodi nent 2Met hod
2900. 934904. 8 Enbodi nent 3Met hod 35001. 4078010. 0 Enbodi nent 4|\/Et hod

42001. 356507. 5 Enbodi nent 5Met hod 5300. 602702. 8 Enbodi nent 6

thagp 20

63501. 0565010. 2 Enbodi nent 7Met hod 7500. 803203. 5 Enbodi nment 8Met hod

81250. 955205. 5 Enbodi nent 9Met hod 9500. 704204. 2 Enbodi nent 10Met hod

10550. 754204. 0 Enbodi nent 11Met hod 111200. 955806. 5 Enbodi nent 12Met hod

121101. 005906. 2 Enbodi nrent 13Met hod 13400. 822803. 4 Enmbodi nent 14Met hod

14850. 905206. 0 Enbodi ment 15Met hod 15%%@6852903 8 Embodi nent 16Met hod
7

16950. 925205. 7 Enbodi nent 17Method 1

0.904805. 3 Enbodi nent 18Met hod

18250. 60250 Rugg&irvotaceirtib8s/astoghthess @nl’émaﬂn@sﬂﬁﬂ)d‘rmgﬁz st ﬂmughness

20550. 6220
221200. 722
i ndi cat e,

P2—oO—+Erboth ren At—24Hvet "Eou Lt.LGEn 6502202 OO til-; %é;;;;l; gurface

$02. 4 Enbodi nq\tﬁ;ethgdéwgi I&g;g@%m 4 §§' g?ﬁ l‘iléle;%%. sl; apr'es 5N

the rugged syrd 91 E umb&r of rugged] Straig thess Micro Roughness

portions (> 14 m) (zm) wavi-ness Wa (A)
(A)

Comparative 1 Non 1200 1.70 1000 1356
Embodiment 1 Methed 1 250 1.12 680 88
Embodiment 2 | Method 2 90 0.93 490 4.8
Embodiment 3 | Method 3 500 1.40 780 10.0
Embodiment 4 | Method 4 200 1.356 650 7.5
Embodiment 5 | Method 5 30 0.60 270 2.8
Embodiment 6 | Method 6 350 1.05 650 10.2
Embodiment 7 | Method 7 50 0.80 320 3.5
Embodiment 8 | Method 8 125 0.95 520 5.5
Embodiment 9 | Method 9 50 0.70 420 4.2
Embodiment 10 | Method 10 55 0.75 420 4.0
Embodiment 11 | Method 11 120 0.95 580 6.5
Embodiment 12 | Method 12 110 1.00 590 6.2
Embodiment 13 | Method 13 40 0.82 280 3.4
Embodiment 14 Method 14 85 0.90 520 6.0
Embodiment 15 | Method 15 45 0.85 290 3.8
Emboediment 16 | Method 16 95 0.92 520 5.7
Embodiment 17 | Method 17 80 0.90 480 5.3
Embodiment 18 | Method 18 25 0.60 250 2.5
Embodiment 19 | Method 19 20 0.52 210 2.2
Embodiment 20 | Method 20 55 0.62 200 2.0
Embodiment 21 | Method 21 85 0.60 220 2.0
Embodiment 22 | Method 22 120 0.72 250 2.4
Embodiment 23 | Method 23 150 0.95 520 4.8

As Tables 5 and 6 indicate, the rugged surface portions in the surface

of the substrate for magnetic recording media are reduced and, at the same

time, the straightness in the radial direction of the substrate, the micro

waviness and the surface roughness are improved with reducing gas

contents in the resin.
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of the substrate for magnetic recording nedia are reduced and, at the sane
time, the straightness in the radial direction of the substrate, the mcro
wavi ness and the surface roughness are inproved with reducin gas contents
in the resin. 26 10SEP2004 By adjusting the content of N2 at ?‘]2 SEF 20k

| ower, the content of 02 at 20 ppmor |ower, the content of H2ZO at 1 ppm
or lower, the total contents of aliphatic conponents at 20 ppb or | ower,
and the total contents of aromatic _conponents at 20 ppb or |ower, the
rugged surface %@r‘%‘ﬂﬁ?%n%?b@ coppantes Necpt ?&Pﬂlgc)rdﬁwwwgt? cotfent of @i ght ness i n

the radial @pn bP vy, EEcoMO sl ?g é én'an of'}l]o@e?,r tﬂei@?qsl ctﬂﬁgern f%f 0

wavi ness at 500 A or |ower and the sur roughness ower. More
in detai|l, abphadccempinentaetsddiphgrt lowehemhtimdiotaontéhts bf arsnitic

i ndicate, t i cteristigs includi t he nunber of the yugged
surface por{e :é%ﬂggfér{tggtgte &&?}g%rtl:%vs%’ %FEWeE&BE@F%P%rth%EéPPP%S cro
wavi ness andt h@ oslsbade strlighmessiatie il diedtiby of thé Bebdthfe 2@ under
vacuum at 80C for, 16 hr, .at 100C for 8 h, or at 120C for 4 hr. As the

resul ts accdtBiNdesso tRhRIEANEIIRASS £t §OP Adiok laveey andée gusfacetoughness

characteri 52&8? ioﬁ‘ﬂvb‘rﬂj ng the nunber of the rugged surface portions, the
strai ght ness of the substrate surface, the mcro waviness and the surface
roughness are obtained by drying the resin under the ordinary pressure at

80C for 24 hr apd under vacuum at 100C for 8 hr. As the results according
to the embodi meftt®® B dgfdl 25 thegegriseacceriing ée theeembedimente i § pnds?

i ncl udi ; : : ' th i ght f
he Substr al ioin Pede PR cherania i GERRRE b Nnbet S Byt o o

obt ai ned bysuxfagd myrtibms, r e Btraiglemethfofl RAbN e SaHMHEe, Athel erd OF 24 hr
and under vacuum at 88C fofr 8 hr or at 100C far. 4 hr. As the results
accordi ng t §AVHESS and the surface roughness are obtained by drying the resin under

vacuum at 80°C for 16 hr, at 100°C for 8 h, or at 120°C for 4 hr.

As the results according to the embodiment 9 indicates, the desired
characteristics including the number of the rugged surface portions, the
straightness of the substrate surface, the micro waviness and the surface
roughness are obtained by drying the resin under the ordinary pressure at
80°C for 24 hr and under vacuum at 100°C for 8 hr. As the results according
to the embodiments 13 and 15 indicate, the desired characteristics including
the number of the rugged surface portions, the straightness of the substrate

surface, the micro waviness and the surface roughness are obtained by
drying the resin under the ordinary pressure at 100°C for 24 hr and under
vacuum at 80°C for 8 hr or at 100°C for 4 hr. As the results according to the
embodiments 18, 19 and 21 indicate, the desired characteristics including
the number of the rugged surface portions, the straightness of the substrate
surface, the micro waviness and the surface roughness are obtained by
drying the resin under the ordinary pressure at 120°C for 24 hr and under

vacuum at 80°C for 4 hr, at 100°C for 2 hr or at 120°C for 2 hr.
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enbodi nents 18, 19 and 21 indicate, the desired characteristics including
the nunber of the rugged surface portions, the straightness of the
substrate surface, the mcro waviness and the surface roughness are
obtained by drying the resin under the ordinary pressure at 120CSgmropR4 hr
and under vacuum at 80C for 4 hr, at 100C for 2 hr or at 120C for 2 hr. 27
10 SEP 2004 The thernnplastic norbornene resin is dried nore effectively by
conbi ning the dr under the ordinary pressure and the dryin under
vacuum I n ot her %@? hstisa QOERATBERR ntesins tiaydned duexs effectively oy

pel I ets are chammMAH tﬁerc&gﬁiag BaLY Phy oRYinGAMBLAIE LO EYANhANARE, | the
ordinary pressure and th ryl ng under vacu e resu

enbodi nent s vacu@. dndoth8r iwaidsatles gabtdomp@hentsestagiug)dpé];enucthgasesuonponent S

d d t t h t enper.at or at ng tine,
The dryi ng. SPuach g PSR, Alnf et oy SERELTE RS hRinel uplEs B,
deconposi t i endiabry peessesd and tH@QIr@&EgeuﬂdertMuhﬁW - boi | i ng- poi nt organic

conponents and, especially, increase of the rugged surface portions.
Conti nuous and hi gh speed head seek durability tests for a |lowflying

hei ght head ar e AgoRduehac QR tﬁ@@mﬂa&rﬁ@éﬂtg g Q@%@Iz@qnaﬁ@f f{gﬁ%@gﬁ%@g to

t he enbodi ments 24 through 46 and the conparative exa
conti nuous amom@il%ﬁé%dom@ade@eekredm@@ed|m9r8t bxtd;ymatmdemthegil on the

basis of th t rabili of t.he tjc recordi medi um
and the stag?&lb%tﬂ%t §Olgaa th)klgn 3 net |!:1 L q’taﬁqmlglgﬁfepé'leg‘?%la \{?r?zh each -
ot her. The d:mmiamgtmms c&ﬂ@hsl‘ﬂhgfmsb@ﬁﬂniméﬂmﬁaﬁ'lthéuéﬂﬂj irllici'eﬁsbeﬁttﬁe Uw | Ihzed
the fact that .the output of a strain gayge noving with the magnetic head is
changed by t?]i’%{‘E%HPHEtorgﬁmcch@%? ?g He&ﬁpf‘é%‘ﬂzllyb HBcheasR) &4 tbérlf“iga% in the
di sk surfacgurfibeps@itnishuous and hi gh speed head seek durability tests

Continuous and high speed head seek durability tests for a low-flying
height head are conducted on the magnetic recording medium according
to the embodiments 24 through 46 and the comparative example 2. The
continuous and high speed head seek durability tests are conducted on the
basis of the finding that the durability of the magnetic recording medium
and the stable flight of the magnetic head are closely related with each
other. The continuous and high speed head seek durability tests utilize
the fact that the output of a strain gauge moving with the magnetic head is
changed by the contact of the magnetic head and the rugged portions in the
disk surface. The continuous and high speed head seek durability tests
measure the outputs of the strain gauge to determine the durability of the

magnetic recording media.

In detail, the continuous and high-speed head seek durability tests
read the outputs (g) of a strain gauge as the indications of the resistance
against friction caused in a high temperature and high humidity

environment between a giant magneto-resistive (GMR) head (for the flying

28



measure the outputs of the strain gauge to determne the durability of the
magnetic recording nedia. In detail, the continuous and hi gh-speed head
seek durability tests read the outputs (g) of a strain gauge as the

i ndi cati ons of the resistance against friction caused in a hijgh SEP 200%
tenperature and high humdity environnment between a giant

magnet o-resi stive (GWR) head (for the flying 28 10 SEP 2004 hei ght of 1.0,u
" and for reading out the data stored at the bit density of 10 Ghit/in2)
and a nmagnehdichf 6£ 004 "ngndlfctkreading ddvRhbelada ctorediat shabitidsnsitgypéd® head

seek continuously for 24 hr at the output frequency of 40,0 Hz wthin the
radi al rang@bitefindeand 9. wagnaticrrecaling ﬁ#ﬁkof’meh@MPaéﬂé‘i cendyct? 3 gy di sk

rotating at 45 rgm_ The t.ests.ar.e dugt ' G y
suppl i ed co?ﬂqea&ﬁ?@ sepk COnUPRpISEEd E‘?E"gta(e%rt%?sou%{‘?fégq?eﬁhgﬂmégh?grz for
Tribol ogy | @ethin theaaRs Wahge deewbdrs10@ i Tatd ¢4 mialbf ¢h? Regndtics of head

seek tests on nagnetic recording nedia M gods of O“ﬁ? s, of strain gauge
at the dryi mj@}‘ﬂinﬁfdlﬁher%%tékgtaésqu%)m@)n% ¢ dEFIFENG i4EHR 224Met hod

1* Enbodi ne - ' | H féMet hod 4*
Enbodi nment g%ﬁé?ﬁ%%ﬁggyéghéﬁﬁb |ﬁgﬁggggﬁégﬁﬁ%mggsgzgfg?gﬂﬁ?ﬁgowgghod 70. 33

Center for Tribology Inc.). The results are listed in Table 7.

Table 7

Results of head seek tests on magnetic recording media

Methods of | Outputs of strain gauge at the
drying end of the seek test (g)

Comparative 2 Non *

Embodiment 24 | Method 1 *

Embodiment 25 | Method 2 0.48
Embodiment 26 | Method 3 *

Embodiment 27 | Method 4 ¥

Embodiment 28 | Method 5 0.25
Embodiment 29 | Method 6 *

Embodiment 30 | Method 7 0.83
Embodiment 31 | Method 8 1.20
Embodiment 32 | Method 9 0.46
Embodiment 33 | Method 10 0.44
Embodiment 34 | Method 11 1.10
Embodiment 35 | Method 12 0.85
Embodiment 36 | Method 13 0.30
Embodiment 37 | Method 14 0.60
Embodiment 38 | Method 15 0.50
Embodiment 39 | Method 16 0.62
Embodiment 40 | Method 17 0.56
Embodiment 41 | Method 18 0.20
Embodiment 42 | Method 19 0.20
Embodiment 43 | Method 20 0.28
Embodiment 44 | Method 21 0.43
Embodiment 45 | Method 22 0.65
Embodiment 46 | Method 23 *

* Impossible to measure since the head fails to float.
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Enbodi nent 31Met hod 81. 20 Enbodi nent 32Met hod 90. 46 Enbodi nent 33Met hod
100. 44 Enbodi nent 34Met hod 111. 10 Enbodi nent 35Met hod 120. 85 Enbodi nent
36Met hod 130. 30 Enbodi nent 37Met hod 140. 60 Enbodi nent 38Met hod 150. 50
Enbodi ment 39Met hod 160. 62 Enbodi ment 40Met hod 170. 56 Enmbodi netit D458repied
180. 20 Enmbodi nent 42Met hod 190. 20 Embodi nent 43Met hod 200. 28 Enbodi nent
44Met hod- 210. 43 Enbodi nent 45Met hod 220. 65 Enbodi nent 46Met hod 23* *

| mpossi bl e to mgasyre since the head fails to float. 29 10 SEP 20% As
ngl es 6 and 7%3%”%@%%@5 andel RFASE; the mashefiqpcarsing mediwmuischidingny of

the substrat@g,oftthe su¥SIetsSd A eﬂoglltri’ag@ﬁ?rﬁ&?s $hé %ltl%.Q%g 88 g dre

radial directions, the mcro waviness an e surface rotghriess ereof are
i nproved, exhtisl dreetiens tenmitroaraveets ahd the furfyce ronghieéssitherdoh@rdragnet i ¢

recordin ' My t.ng. t sty at ith. 100_or, |l ess rugged surface
port i ons,g ?E%bg({ore ?ﬂ é }ltﬁggg%xic%??lﬁzﬁ?agdf%ﬂ% Eﬂ‘ﬁ'ag’élf%?'oﬁntdﬁé?lio’fheo %El@;“f m or
| ess, the mreordingavediess infludidgAhersubsivate aig 108 oS Whatgse@uamess of 5A
or lower, exhibits exce|lent continuous head seek durability, for that the

out put of tREer4qnsyithe gHaightnessonsthe wmdialediseciionetherdnd of 4.0z ot ondiéssuous head

the micro waviness of 500A or lower and the surface roughness of 5A or
lower, exhibits excellent continuous head seek durability, for that the
output of the strain gauge is 0.5 g or less after the 24 hr continuous head
seek. The head and the disk with few rugged surface portions, improved
straightness in the radial directions, improved micro waviness and
improved surface roughness contact with each other less frequently in the
low-flying-height, continuous and high speed head seek tests and facilitate
excellent head flight.

Thus, the magnetic recording medium according to the invention
exhibits excellent durability and reliability in continuous and high-speed

head seek tests. -
Advantageous Effect of the Invention

As described above, the atmospheric gas components (such as Na, O,
and H:0), and the low-boiling-point organic components (including
deterioration products and oxidation products of the norbornene resin such
as aliphatic hydrocarbons, alcohol compounds and carboxylic acid
compounds and aromatic components such as deteriorated antioxidants and
residues of the solvents for synthesizing the resin) contained in the

thermoplastic norbornene resin are suppressed below certain levels.
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seek. The head and the disk with few rugged surface portions, inproved
straightness in the radial directions, inproved mcro wavi ness and

i nproved surface roughness contact with each other |ess frequently in the

| ow-f | yi ng-hei ght, continuous and hi gh speed head seek tests amfgf '?miate
excel l ent head flight. Thus, the magnetic recordi ng nmedi um according to the
invention exhibits excellent durability and reliability in continuous and
hi gh-speed head seek tests. Advantageous Effect of the |Invention As

descri bed aboveThe kebsitate Sphmaignetiarecoshing medis agording 4e theinvgptiomnd H20) ,
and the | owboi l.i ng- poi, nt . or gani open I i iaration
products anala&lfac%%e@nb r 0d4¢ Osn'%]r(]ﬁﬁﬁg ﬁl(;%r Eg?%%gﬁ#gés iq%rbs%ghﬁé alg'lgla i phatic
hydr ocar bongriedbsofiel metiqioandsdiap doahe Haxertion, daisda peerispdy mbchaéwed ar omati ¢

conponents such as deteriorated anti,oxi dants and residues af the solvents
for synt hes?‘i‘i%%‘& 'tstf?é? FRLRIS S’nf‘égg’?gds‘?r Ctehﬁort]toﬂérar?glgf’g@pfté RrRhene
resin are syppiMssed bel oW Geatdi dirk@ienl Bf 3R sQbRERe20Bhria subst rate for
magneti c recordi ng nmedia according to the invention, manufactured by

i nj ect i on- nwiaginegs ehé inpeeveduatce corghisstnene resin dried by the method
according to the invention, has a precisely machined surface that contains
few rugged surface portions and exhibits inproved straightness in the

radi al directioffhef mhgaedtihstording medinoy edcoriiarg to vidrei heeatiand thajpr oved

f hr; . Th I, [ dj edi,ur di t
e AR EOETRALE WL AL R ERAh e P Wb g
conti nuous Qﬂé%dhi&ﬂabﬁﬂ%ec@st@}lfs%ﬂrbi‘éﬁiée%dsver%r?reﬂ:ﬂﬂt preci se and very

reliable. The manufactufing nmethod according to the invention facilitates

The manufacturing method according to the invention facilitates
manufacturing very precise and very reliable magnetic recording media

with excellent mass productivity and with low manufacturing costs.
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manuf acturing very precise and very reliable magnetic recording nedia wth
excel l ent mass productivity and with | ow manufacturing costs. 31 10 SEP
2004 What is clainmed is: 1. A nethod of further drying a thernoqkisggﬁ
norbornene resin in pellet formfor use in the manufacture of t 200
substrate of a magnetic recording nedium the nmethod conprising: drying
the norbornene resin in pellet formunder vacuumis conducted under the
degree of vacuumof 20 Pa or lower and at any tenperature between 80 and
120C, wher n thg_ génnplastlc nor bornene resin contains, after the
drying, N2 ¥ | ower, 02 of 20 ppm or | ower, H20 of 1 ppm or

| owner, aIiphatlc conponents that are | ow boiling- point organi c
conponents of 20 or lower in total, and aromatic conponents, that are

the ot her 1 ovrAbT@ﬁthcrngbﬁmﬁher odlgralm @ deapoplats, n@ﬂ)ommermobesm ihavedlet i n

total. stl sub rate etic,recpr u

subot rat e P50 B3 Eparacph Pt tnd oot Aot SHFEFR Al St bene

nor bor neneme@itind, th bREh&Y cohprisehfod described in Aaiml. 3. The plastic
substrate according to Claim?2, wherein the substrate contains in the

surface thereof 100 or | ess rugged portrons of Lumx 1 ii mor wder in

area. 4. The plas subst ate accordi n i wherein the
o rai ghinecs BHARE SpRUOREHBIReRC R Ddn! Belel Toftn, M (vadiEm s o,

|l ess, the m Cé@dmvemasﬂe@fthe ddiRes WiStdcalitn iof F00A &F 1dv@éftehndaﬂdahiﬂe
average surface roughness of the substrate is 5 A or |ower. 32
temperafure between 80 and 120°C,

wherein the thermoplastic norbornene resin contains, after the drying, N2 of
20 ppm or lower, Oz of 20 ppm or lower, H20 of 1 ppm or lower, aliphatic
components, that are low-boiling-point organic components, of 20 ppb or
lower in total, and aromatic components, that are the other low-boiling-point

organic components, of 20 ppb or lower in total.

2. A plastic substrate for a magnetic recording medium, the substrate
being manufactured by injection molding the thermoplastic norbornene resin

dried by the method described in Claim 1.

3. The plastic substrate according to Claim 2, wherein the substrate

contains in the surface thereof 100 or less rugged portionsof 11 m x 14 m or

wider in area.

4. The plastic substrate according to Claim 2, wherein the straightness Pa

in the radial direction of the substrate is 1 u m or less, the micro waviness of
the substrate is 500A or lower, and the average surface roughness of the

substrate is 5 A or lower.
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10SEP2004 5. The plastic substrate according to Claim3, wherein the
straightness Pa in the radial direction of the substrate is 1 ii mor

| ess, the mcro waviness of the substrate is 500 A or |lower, and the
aver age surface roughness of the substrate is 5 A or |ower. @. A‘Fﬁ@ﬁetic
recordi ng nmedi um conprising: a substrate, a magnetic |ayer a dbéE

pl astic substrate, a protection |layer on the nagnetic |ayer, and a

| ubricant |layer on the protection layer, the substrate being the plastic
substrate described in any of Clains 2 through 5. 7. The magnetic
recordi ng nmedi um according to Claim6, wherein the output of a strain
gauge is 0.5 g or less at the end of continuous and hi gh- speed head seek
tests conducted for 24 hr on the magnetic recording nedium rotating at
4500 rpmusing a | owflying-hei ght head, the fIying height thereof is
lii". 33 10 SEP 2004 8. A nethod of nanufacturln ghetic recordlng
medi um t he nehAdkasticobstrate geeording topfslagm: 3 dv}}qrngl féletﬂ’féﬁ‘lﬁbb‘ll%t e

nor bor nenef ﬁd?fﬂ cﬁjfle%tfgﬁtc&%ﬂe gﬁﬁ&ﬁ'b&eg lllpgl (9 l%%éntﬂie n!u@i’oefirtah | SQB{‘ ding the

dried thernD asti ¢ norbornene resin, orma C Substrate,

formng a ﬁlﬁgﬁﬁistﬁté &/500 Ab@NE)v&é?eaH&@ﬁé h@er’f‘a%@%hiﬁk@rougflﬁ{e%h Bgtld protection
| ayer on the magnetic |ayer, and formng a lubricant [ayer on the

pr ot ect i onsubwjxate is 5 A or lower.

6. A magnetic recording medium comprising:

a substrate,

a magnetic layer above the plastic substrate,

a protection layer on the magnetic layer, and

a lubricant layer on the protection layer,

the substrate being the plastic substrate described in any of Claims 2
through 5.

7. The magnetic recording medium according to Claim 6, wherein the
output of a strain gauge is 0.5 g or less at the end of continuous and high-
speed head seek tests conducted for 24 hr on the magnetic recording medium
rotating at 4500 rpm using a low-flying-height head, the flying height thereof
islp”.
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8. A method of manufacturing a magnetic recording medium, the method

comprising the steps of:

drying a thermoplastic norbornene resin by the method described in

Claim 1,

injection-molding the dried thermoplastic norbornene resin, whereby to

form a plastic substrate,
forming a magnetic layer above the plastic substrate,
forming a protection layer on the magnetic layer, and

forming a lubricant layer on the protection layer.
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