1 7 JAN 20 6 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 Invention The present invention relates to a magnetic recording

medi um and the nethod of manufacturing the magnetic recordi g QgrNi 008
Specifically, the present invention relates to a magnetic recordi ng nedi um
used in an external storage of a conputer and such a magnetic storage and
the nethod 10 of nmanufacturing such a magnetic recordi ng medium The

present in i el a | C st e usi magpeti c
recordi ng ngfescraﬁﬁgjﬁﬁm Prw]w’w g nt | é}lﬁ?ﬁe&ﬁagn I C
recordi ng NRANEFRUTURING THEOSANEINANDG THR' MABRRYIE! SGESRAGH an
external storage of a conmputer are expected to exhibit a high recording
capaci ty. BSINGEFHHHAGNEERRBCORDINGMEDIEMdi ng capacity, it has been
required for the magnetic recording nedium to reliably exhibits a high
recording density and it has been required for the 20 nagnetic head to

facilitate reliable | ow height floating. To neet these requirenents,
vari ous conpositions and structures have been proposed for the magnetic

|l ayer aof thg) gﬂ@éi&g&ﬁ?fdi ng medium various materials for the
nonnmagneti ¢ undercoating | ayer and various materials for the nonmagnetic

substrate. |t Theiprdiapdnsabtienfretatbheo magaghéiic recadih g ehadidinaa b thor
di gital househo] d appliances now under devel opnent to be jnexpensive. For
real i zi ng Wb Pt marvdreiurngéhe ety reosdimenmedivac sngcHisallye s ty and

conpat i bl epﬁ@'s&-ﬁ't Ik ORl LAY Qg i aghﬁiargrﬁgﬂg tf-'e%op(ﬁ%%’ nﬁ’ﬁih%’%sjed in an
external storage of a computer and such a magnetic storage and the method

10 of manufacturing such a magnetic recording medium. The present invention
relates also to a magnetic storage using the magnetic recording medium

described above.

Prior Art

15 Recently, the magnetic recording media mounted on various magnetic
storage apparatuses such an external storage of a computer are expected to
exhibit a high recording capacity. For meeting the demands for high
recording capacity, it has been required for the magnetic recording medium
to reliably exhibits a high recording density and it has been required for the

20 magnetic head to facilitate reliable low-height floating. To meet these
requirements, various compositions and structures have been proposed for
the magnetic layer of the magnetic recording medium, various materials for
the nonmagnetic undercoating layer and various materials for the
nonmagnetic substrate. It is indispensable for the magnetic recording media

25  for digital household appliances now under development to be inexpensive.

For realizing magnetic recording media exhibiting a high recording

density and compatible with a low-floating-height magnetic head, various



1 7 JAN 2006 conpositions and structures have been proposed for the
magnetic | ayer of the magnetic recording nedium various materials for the
nonmagneti ¢ undercoating |ayer and various nmaterials for the nonmagnetic
substrate. Although al um num and glass are the main materials ¥&rJabh@llb
nonmagnetic 5 substrate, a polyner resin substrate, the so-called plastic
substrate, has been proposed recently for the nonmagnetic substrate.

Probl ens tg be solved b he I nvention For faciljtating | ower:hei ght

1 oat i ng of PRESTIRIRCANT. SHEIRIULRS DAY MeRB Drpgopeshifer, BB MRGHIAcS G g
density i nghhemyBapst & diaQ; @ di & % YeoW el b ot
required for thgg magnet icgﬁfriggor [ h%%he‘gﬁrga%lso%g%tegis%g foirf'eqh!eaél@gmfagém Edz;ilél ong
peri od of tinderdoatswybryer endivariowennsaterials fomlthe naguageeic kabstrhte.
magneti c riﬁ%c{‘igglg dia for di ?i tal househol d appliances now under .

devel opnentilt map jagul glasgrarg thermpape magrits dorthe ponmagnetic 15
envi r ongen C. hil.ons Lch,+ he magneat | econdi la are
used, eé?e%gb?t-r{%%’ veg yI%%ng I:eﬁﬁ{]%%gj (S)&@gé:’yt eotsoé:ﬁgeﬁuprggﬁﬁos%%% e’nggs%(i n

rel ative hbeeslptyposeSaBe ity SONNCh@FiRhbRGEE Bk Sste. T equire that the
magneti c recording nmedia be working nornmally for five years under the
condi tions described above. 20 The tests conducted under the severe
condi tions described above have revealed that filmswelling (a kind of

filmcleav I s _Gaused ri the ..tests of the magnetic recording nedia
i ncl udi ng ?g@ﬁ%*nﬁsttofbpe %cﬁgg‘?ﬁgttg‘g Inﬁ?’é@@f’lt ly available. 25 In view of the
foregoing, it iy ifaéili'iﬁﬁng%%&-h@?gﬁt&ﬁoé@f@'&T 'tﬁ@ th2g Rty Eig%‘fi %{)iﬂr;ﬁgg RBEI C

recording medium_ that is used reliably for a long perio
10  realized higher recording density in the magnetic recording media may be

fully utilized, it is required for the magnetic recording media to be used
reliably for a long period of time in severer environments. It is also required
for the magnetic recording media for digital household appliances now under
development to be used reliably for a long period of time in severer
15  environments. The conditions, under which the magnetic recording media

are used, extend from very cold —40 °C to very hot and humid 80 ‘C and

80 % (in relative humidity). Some household appliance makers require that
the magnetic recording media be working normally for five years under the
conditions described above.
20
The tests conducted under the severe conditions described above have
revealed that film swelling (a kind of film cleavages) is caused during the
tests of the magnetic recording media including the plastic substrates
presently available.
25
In view of the foregoing, it is a first object of the invention to provide a
magnetic recording medium, that is used reliably for a long period of time
without causing any film selling under severe environmental conditions. It
is a second object of the invention to provide a method of manufacturing

30 such a reliable magnetic recording medium. It is a third object of the



Wi t hout causing any filmselling under severe environnental conditions. It
is a second object of the invention to provide a nethod of manufacturing 30
such a reliable nagnetic recording medium It is a third object of the 2 1
7 JAN 2006 invention to provide a magnetic storage using such fazrginN aiphe
magnetic recording nedium Means for solving the Problens 5 Extensive and
i ntensive investigations conducted by the present i nventor have reveal ed
that a magnet re ordln medi um i ncl . honmagneti ¢ substrate having
a trench i H“faﬁ’é Pn‘?’t(’)}’ % ﬁ%a%‘bt‘&éc {8 Iag fusmﬁo%‘é St r%‘é%@@ nEPL
svel |'i ng upgerdimemsanghe environmental conditions. 10 Accordlng to a first
aspect of the invention, there is provided a magnetic recording medi um

i ncl udi ng: a nonnagnetic substrate nmade of a plastic resin, the nonmagnetic
substrate [pcludjng a,trench in the vicinity of the edge thereof t he
trench ext ngdon pelving hee Supklests t he nonmagnet i ¢ substrate a

nonn’agr}%tl ¢ un@&%&g&% ng ha¥§{e Qe Iplvgguéqg(gl??st I(’%n feélc Yo rtheI %}%%engneti ¢

| ayer above the nonnagne I'c uhdercoa n the

nmagnetic | i@mtoRithvd kéwsdled | tHaki ﬁaﬂltagln@?t’l%r r&Rrdig PIAiIfAL | RRIudiages .
Advant ageously, the trench is from0.1y mto 1.0 ,u min width an 20 100

nm or deep@fningguepe tﬁubAmﬂéﬁtla@engsa jrenchein thenviciniyiof theecdgeethateofi n 2
mnfromthg dll%gt of theﬁ na&%ﬁg &@ub%rate 25 Advant ous{i% t he
trench is BUESTYSLHUTE At L8 T IRE UREer fBR SEYTE GV QR MY SONEEORSHi ng t o
a second aspect of the invention, there is provided a
10 According to a first aspect of the invention, there is provided a
magnetic recording medium including: a nonmagnetic substrate made of a
plastic resin, the nonmagnetic substrate including a trench in the vicinity of
the edge thereof, the trench extending along the edge of the nonmagnetic
substrate; a nonmagnetic undercoating layer on the nonmagnetic substrate;
15 a magnetic layer above the nonmagnetic undercoating layer; a protection
layer on the magnetic layer; and a liquid lubricant layer on the protection

layer.

Advantageously, the trench is from 0.1y m to 1.0 g m in width and

20 100 nm or deeper in depth.

Advantageously, the trench is in the area within 2 mm from the edge

of the nonmagnetic substrate.

25 Advantageously, the trench is outside the data area of the

nonmagnetic substrate.

According to a second aspect of the invention, there is provided a
method of manufacturing a magnetic recording medium including a

30 nonmagnetic substrate; a nonmagnetic undercoating layer on the



met hod of manufacturing a magnetic recording nmediumincluding a 30
nonmagneti ¢ substrate; a nonmagnetic undercoating |layer on the 3 1 7 JAN
2006 nonmagneti c substrate; a magnetic | ayer above the nonmagnetic
undercoating layer; a protection |layer on the magnetic |ayer; dndl JANl 20081i d
| ubricant |ayer on the protection layer, the nethod including the steps of
preparing a plastic substrate for the nonmagnetic substrate; and formng a

5 trench extendigtrg]% al ong the ,edg{e of the. plﬁatstic ubstrate in the vicinity
of the edJEBY&REICy| SHESEALE St r RABNCAY alWVRE e OVG, tee PPBWARTFHFMed is

from 0. 1 i uflibfeohtihe thyBhi R ofldbion? Mot Ofh R o SRARCTayR: ABRCA lihld edge

Advant ageously, thetrénch i ormed 1°'n the area

of the nonhegheiritclayebotr ehe pradution dagetisthe niefkod facleding therstgsk ofit si de
the data area of the 15 nonmagnetic substrate. According to a third aspect
of the i nvBFRaNE anelastic subsaieider the nagmagnetistsmbatiatenand dorming a

magnetic r rdin di um. nount ed t hereon f he neti ¢, recordin di um
i ncl udi%g gr%glgnr%{g letie a?ﬂ%%w%?gg%ﬁgéh%ﬂ%wag%%? o &EE i"h‘flnﬁﬁe"? the
nonnagnet i gdsdbBtHeAb R stifeLbSirAt @ trench in the vicinity of the edge
thereof, the trench extending along the edge of the nonmagnetic substrate;
a nonmagneti c undercoating |ayer on the nonmagnetic substrate; a magnetic
| ayer above the nonmagnetjc undercoajing |ayer; a_protection |ayer on the
magnet i c Iayergdé'ﬁ'é}t qOU§ &ﬁPﬁﬁq%ahm%’érfr%‘H ¢-he 1819t kBt #dn m?’?‘:ldltgyer.

Modes or 625 6 o A4 achBSe LYEDL O
10
Advantageously, the trench is formed in the area within 2 mm from

the edge of the nonmagnetic substrate.

Advantageously, the trench is formed outside the data area of the

15 nonmagnetic substrate,

According to a third aspect of the invention, there is provided a
magnetic storage including a magnetic recording medium mounted thereon,
the magnetic recording medium including a nonmagnetic substrate made of

20 a plastic resin, the nonmagnetic substrate including a trench in the vicinity
of the edge thereof, the trench extending along the edge of the nonmagnetic
substrate; a nonmagnetic undercoating layer on the nonmagnetic substrate;
a magnetic layer above the nonmagnetic undercoating layer; a protection
layer on the magnetic layer; and a liquid lubricant layer on the protection

25 layer.

Modes for carrying out the Invention
Now the invention will be described below in connection with the
embodiments of circular magnetic recording media.

30



Now t he invention wll be described below in connection with the

enbodi nents of circular magnetic recording nedia. 30 4 1 7 JAN 2006 First,
t he nechani smthat causes filmswelling will be described. Wen a magnetic
recording mediumis left in a high tenperature and high hum diy an 2006
environment, noistures penetrate the constituent layers to the surface of
t he nonmagnetic substrate. |If the nonmagnetic substrate is a 5 plastic

substrate (pol resin ubstr t he |stures re ate dueto t he
hydr ophobi ¢ na%ﬁg%é? the ?Wé prisa ¢ aaéa‘)s‘éﬁ)‘bﬂeﬁéiﬁl%‘ﬂ@u‘t%wﬂg BRf- moi stures

cause film sweldng., M@gﬁeﬁB% gﬁe(ﬁqﬁn 01406 uﬁlfg‘%cl% n%%xlatﬂﬁre and

nonn'agnetlc substrate e COI’] S V\DI’ as nuc pro

aggr egat i ohigh Huneidity shviresmeh, ﬁhﬁsﬂmg@qieh@tﬁa@mhdld@ﬂsﬁeﬁ@ma@@@mdl ng to
t he invention pr events the filmswelling, that would be caused as

descri bed Hpvpvurfape ehthansnmpenstie substrate. bf theenermaihetic suhstrgts it aom

causi ng, tic .reco d|n n t he i nven n_i.ncl udes
o honmaneb TR Bt e RPN R B Ehdbe cUst PRy 28 BFeRle e to
nonmagnet i ¢hé Ul@?dﬂo@h@blca HIRGRELIC thb aYlatRD Qibshiate NORIBNE! dgupdangoat i ng
| ayer, a protection |ayer on the nmagnetic layer, and a l1quid |ubricant

| ayer on ttm)lwlxneaec&umﬁlm;swelhf[geWhmnmg;lammanwbm oatthe issirfacplodghe c

substrate incl udi ng rcuI ar portion debossed al nost cancentrically with
the outer BPPEGSEPE lénéé‘ 6tfrafenet FORMEGIRANE U raft DUGRE BYROIEE

debossed p Jt" to 1.0 g min width and 100 nm or deeper
I n dept h. %%}le%gtﬁpﬁl mtg\i!\)en? l%ﬁb ocalizes to the debossed portion of the

pl astim

The magnetic recording medium according to the invention prevents

the film swelling, that would be caused as described above, from causing

and further prevents film cleavages from causing. The magnetic recording

medium according to the invention includes a nonmagnetic substrate, a

15 nonmagnetic undercoating layer on the nonmagnetic substrate, a magnetic

layer above the nonmagnetic undercoating layer, a protection layer on the

magnetic layer, and a liquid lubricant layer on the protection layer. The
nonmagnetic substrate is a plastic substrate including a circular portion

debossed almost concentrically with the outer circumference of the

20 nonmagnetic substrate. The circular debossed portion is from 0.1 um to 1.0

¢ m in width and 100 nm or deeper in depth.

Caused film swelling localizes to the debossed portion of the plastic
substrate, since the water coming out from the substrate and the water

25 coming from the outside localize to the trench formed by debossing.
Therefore, the trench is formed in the vicinity of and in parallel to the edge

of the magnetic recording medium. More in detail, the trench is formed by
debossing in the area within 2 mm from the outer circumference or the inner
circumference of the magnetic recording medium. Preferably, the trench is

30 formed outside the data area, i.e. in the non-data area. When the



substrate, since the water comng out fromthe substrate and the water 25
comng fromthe outside localize to the trench forned by debossing.
Therefore, the trench is forned in the vicinity of and in parallel to the
edge of the magnetic recording nedium Mre in detail, the tdehdfNdib
formed by debossing in the area within 2 mmfromthe outer circunference
or the inner circunference of the magnetic recordi ng nmedium Preferably,

the trench,is ,30 fornmed outside the datg area, .i.e. in the non-data area.
Wien the 5tTenchFAMOBBOR DeAs fBR quer GirkRminkezces e BOR-gate AFed HIGH §%c®, the

non-dat a aétﬁﬁéﬁftﬁﬁgéni%ﬁsc@the%ﬁéhj sﬂi@oﬁﬁ&ﬁg‘e’{het ne @i,ee?re%‘HWHéi{‘%é‘grte%ﬁﬁ i/ UL

area. Wen forme ear | I'nner Ci rcunference, € non-data
area incl udisnddfiest YR® indée@rcPmRhks Nghethol Hatslakea dAAdLS tRS eMaRp ed
fromcausing by formng an alnost one turn of a trench, 0.5,j min wdth
and 100 nnmewra.deeper in depth, near the edge of a usual plastic substrate.
The area, in which swelling is caused, is narrowed by irradiating plasna
to the Substrate or by coating 10 carboxylic acid. For the treatnent by
plasma irradi aQilinkof r r o v SR Sea 2y o Xt ure of
Ar gas and 02 gas.1 ll&r%io%ﬂoid%%caﬁgkﬁg Bléec}}aé?@%&ggl i‘foa coagﬁﬁg?dr\l}glg rglgoati ng
or spin coalmog. orfsoturerofi atrepehd0 G S SHCRidh AL 00 1in suRREpedid depihM t sui
15 Chemical s, Inc., ZEONEX 280R supplied N ppon Zeon Co., Ltd., and ARTON
suppl i ed frean JisReGge wf mnsuat edastae sthetratnfBymeres, subdtichtswellingtisough
other materials nay be us W.th no.probhlem A turn of debossing is

conduct ed %?F@Bnt‘? i‘@éFﬁ’Ve@qth lﬁrﬁélé‘é‘gg cﬂq?%ﬁﬁf for Ehe subptrate, 8H§%%@%‘i18g
substrgj e gR¥sxPlic 30, Horlile RhGHLAL By plasma irradiation, it is preferable to

use Ar gas, Oz gas or a mixture of Ar gas and O gas. Carboxylic acid is

coated by dip coating, vapor coating or spin coating.

Commercial products such as APL6015T supplied from Mitsui
15  Chemicals, Inc., ZEONEX 280R supplied Nippon Zeon Co., Ltd., and
ARTON supplied from JSR Corp. are used for the nonmagnetic substrate,

although other materials may be used with no problem.

A turn of debossing is conducted concentrically with the

20 circumference of a nonmagnetic substrate made of any of the materials
described above. For example, the nonmagnetic substrate is formed by
injection molding or by compression molding using a die, the surface thereof

is machined such that the die is suitable for forming a substrate having a
trench. Alternatively, the nonmagnetic substrate is formed by using a die

25 having a mirror-polished inner surface and, then, a trench is formed by a

stamper.

A laminate including at least a nonmagnetic undercoating layer, a
magnetic layer on the nonmagnetic undercoating layer, a protection layer on
30 the magnetic layer and a liquid lubricant layer on the protection layer is

formed on the nonmagnetic substrate, the surface thereof has been treated

6



descri bed above. For exanple, the nonmagnetic substrate is formed by
injection nolding or by conpression nolding using a die, the surface
thereof is machined such that the die is suitable for formng substrate
having a trench. Alternatively, the nonmagnetic substrate is ﬁ%?ﬁéﬂ

using a die 25 having a mrror-polished inner surface and, then, a trench
is formed by a stanper. A lamnate including at | east a nonnmagnetic
undercoating | ayer,.a magnetic |layer on the nonmagnetic undercoati ng

|l ayer, a pRbugstibed phyw. resulima Wea magneticracaydinganedisn.i qui d | ubri cant
| ayer on the protection layer is fornmed on the nonmagnetic substrate, the
surface thereof has been treated 6 9 7 JAN 2006 as descri bed above,

resul ting in aTRogruliing e6FcitNOrdBEdi® mERRH ES thbigblRenet iagheeier di ng
mediumis nmountable on a magnetic storage of a data processing apparatus.
5 Enbodi neftoyageEof stdadaipodésssing Mopanagnet i ¢ pl astic substrates, each having
a circul ar debossed portion 0.5 min wdth and 45 mmin radius, a

ci rcul alg debossed portion 10 0.5,u min width and 45.5 nmin radius, a
circul ar debossed portion 0.5,i inin wdth and 46 mmin radius, a circular
debossed p@EtbSinfdnds. U in in wdth and 14 mmin radius, a circular
debossed portion 0.5 ,uinin wdth and 14.5 mmin radius, and a circular
debossed p@itsi em®ddimgnitn in width and 15 nm in radius, are fabricated.
Swel I'i ngs caus in the magnet.ic recording di.a, .15 the, respeﬁt' ve

debossi ng dept NOTERAgRAYIC plastio swhstyates; gachy haying sappirculagodahgsseds nm

and 150 nm, %6, B95LLY 9 WRRA' 2R 48Phinf 3h Jgd‘f{lé’,S& Wfeular debossed portion

10 O5um in' width and 45.5 mm in radius, a circular debossed portion 0.5 1 m
in width and 46 mm in radius, a circular debossed portion 0.5 4 m in width
and 14 mm in radius, a circular debossed portion 0.5 u m in width and 14.5
mm in radius, and a circular debossed portion 0.5z m in width and 15 mm
in radius, are fabricated. Swellings caused in the magnetic recording media,
15  the respective debossing depths thereof are 20 nm, 25 nm, 50 nm, 75 nm,

100 nm, 125 nm, and 150 nm, are observed under an optical microscope.

Swellings caused in the magnetic recording media according to the
first embodiment are observed in the following way.

20 The magnetic recording media obtained are left for one hour at 25 C
in the humidity of 25 %. Then, the magnetic recording media are left for one
hour at 80 °C. Then, the magnetic recording media are left for four hours at
80 C in the humidity of 80 %. Then, the humidity is changed from 80 % to
5 % for one hour, and the magnetic recording media are left for one hour at

25 80 C in the humidity of 5 %. Then, the magnetic recording media are left
for four hours at —40 “C. Then, the temperature is changed to 25 °C and
the humidity to 5% for one hour. Then, the magnetic recording media are

left for one hour at 25 C in the humidity of 5 %. Then, the test conditions



Swel i ngs caused in the magnetic recording nedia according to the first
enbodi nent are observed in the follow ng way. 20 The nagnetic recording
nmedi a obtained are left for one hour at 25 C in the humdity of 25 %
Then, the magnetic recording nedia are left for one hour at g07 GANTEOH,
the magnetic recording nedia are left for four hours at 80 Cin the
humdity of 80 % Then, the humdity is changed from 80 %to 5 % for one
hour, and the magneti.c

di f t 25 80 Ci
s P AR el ol T v o
h -40 Crp h 2 1 di
tgurSOS/o ?E)r one ho-ﬁg?len etlﬁgB%cgahlg ICH%’ etgl ?gg%%lengdl gco%d%‘éj Hil%f r(%’Llr%(ranoniaty

hour at ZSOEsermeahﬁld@wfhdlowmgfnﬁcr%gc@@en the test conditions 7 1 7 JAN
2006 are returned to the tenperature of 25 C and the humdity of 25 %

Then, the swellings caused |n t he magnetl c recording nedia are observed
under t he opti debossi.ng depth.,is 1

deeper, stel | i 3@%"‘? &@5 Sﬁlélg il%\g; ?u é’s‘nf%"r ﬁ‘%%’eﬁy syebiyes ﬁﬁaﬂ@EBpt f or
the area begoermchas AR hy fetbikin 1 &l 4ngm and
15 mmin radi us, Can§/ swe |y§g l%?Sgbn t@%ﬁg§g wﬂlen t %ggs%ﬁg g‘ép? IS
100 nm or dée‘pm in ¥adihd hndgjhesamalal bétgseenotalmae ahd Iihamm o padiuesaaf t he
trenches forrrﬁd by deb035| n tf}wgept h.thereof is 75 nm or shall ower,
some swel | PHEUING 8 notfpasad arkan the dehosgingadentheis 109 nm qrdaepgr- i s 45 nm or

shorter. Wien the debossing depth is 20 nm swellings are caused in al npost
all the areas. 15 Second enbodi nent Nonmagnetic plastic substrates, each

havi ngi@ ci rCUlA@thcﬂ%bD§W@ﬂmQ@Qbéal% f Phdvidhitles\bOile arReécHEs Boriiad By
radius, a circula bossed portion
debossing, the depth thereof is 756 nm or shallower, some swellings are
caused also in the area, the radius thereof is 45 mm or shorter. When the

debossing depth is 20 nm, swellings are caused in almost all the areas.

15  Second embodiment
Nonmagnetic plastic substrates, each having a circular debossed
portion 0.5 4 m in width and 45.5 mm in radius, a circular debossed portion
0.5 # m in width and 46 mm in radius, a circular debossed portion 0.5z m in
width and 14 mm in radius, and a circular debossed portion 0.5 u m in width
20 and 14.5 mm in radius, are fabricated. Swellings caused in the magnetic
recording media, the respective debossing depths thereof are 20 nm, 25 nm,
50 nm, 75 nm, 100 nm, 125 nm, and 150 nm, are observed under an optical

microscope.

25 Swellings caused in the magnetic recording media according to the
second embodiment are observed in the following way.

The magnetic recording media obtained are left for one hour at 25 C

in the humidity of 25 %. Then, the magnetic recording media are left for one

hour at 80 °C. Then, the magnetic recording media are left for four hours at

30 80 C in the humidity of 80 %. Then, the humidity is changed from 80 % to



0.5,u min width and 46 mmin radius, a circular debossed portion 0.5 p m
in width and 14 mmin radius, and a circul ar debossed portion 0.5 u min
width 20 and 14.5 mmin radius, are fabricated. Swellings caused in the
magnetic recording nedia, the respective debossi ng depths thet 2aJANash 20
nm 25 nm 50 nm 75 nm 100 nm 125 nm and 150 nm are observed under an
optical mcroscope. 25 Swellings caused in the magnetic recording nedi a
accordi ng ) the s cond e tg]gi nment are observed jn th fIt%llowi rﬁg way. The
magneti c r &cOrial Age sdira 28t thefaagapiac resarding madda gae detsdongnghopp at e

hum dity 0ho2e % o ERE, TRYNRL i CGRE L AG, IREL AecRlihd Biohid Qb 30 DouT

at 80 C. Then, e magnetic recording ra a our hours at 30

80 C in the o dhdrsOht 80400°CTHERN tHE AMTSutvrd & @fhﬁgg@ggt fopm8angoto 8

1 JAN 20D5 5 % for one hour, and the nmagnetic recor ia are left for

one hour athe 3rkidity th&W s ghé dhodlr. Th¥n, Themaghéetidagieting rreds dirag
nmedia are left for four hours at -40 C. Then, the tenperature is changed

to 25 O anteft foreomemionitag 25 “Gonf the bnmityrof AherTherhdheeignetorditionsr di ng
nedia are 5 left for one hour at 25 Cin the humdjty of 5 % Then, the
test condi BForeturged tpekhgr beaaperaturfeof eapbr andy theohumidity A£G He vdity

of 25 % Then, he swel lings caused in the netic¢ recordin dig are
observed ultbrveliies fRveed Tithe JBeepatic T6CA HodBruBWn Phrsepb et e 1o
the trenchgg bptieRdnRros@pessi ng when the debossing depth is 50 nmor
deeper, sone swellings are caused also in the area, the radius thereof is
45.5 mm or shorted. Wen the debossing depth is 20 nm swellings are
caused in al no all .the eas, Third enmbodi ngnt .
10 itlthough swe {ngs IOCE:II]?ZG to the trencgeg‘%ormed by debossing when
the debossing depth is 50 nm or deeper, some swellings are caused also in
the area, the radius thereof is 45.5 mm or shorted. When the debossing

depth is 20 nm, swellings are caused in almost all the areas.

15  Third embodiment
Nonmagnetic plastic substrates, each having a circular debossed
portion 0.5 u m in width and 45.5 mm in radius, a circular debossed portion
0.5 ¢ m in width and 46 mm in radius, a circular debossed portion 0.5y m in
width and 14 mm in radius, and a circular debossed portion 0.5 x m in width
20 and 14.5 mm in radius, are fabricated. The debossing depths in the
respective nonmagnetic substrates are 20 nm. 25 nm, 50 nm, 75 nm, 100 nm,
125 nm, and 150 nm. The respective nonmagnetic substrate are treated by
radio frequency (RF) glow discharge, and, then, the swellings caused in the
magnetic recording media including the respective nonmagnetic substrates

25  are observed.

Swellings caused in the magnetic recording media according to the

third embodiment are observed in the following way.

30 The magnetic recording media obtained are left for one hour at 25 °C



Nonmagneti c plastic substrates, each having a circul ar debossed portion
0.5 12 min wdth and 45.5 mMmin radius, a circul ar debossed portion 0.5
,uUumin wdth and 46 mmin radius, a circul ar debossed portion 0.5 min
width and 14 nmin radius, and a circul ar debossed portion 0.B7FuJAN 286w dt h
20 and 14.5 mmin radius, are fabricated. The debossing depths in the
respective nonmagneti c substrates are 20 nm 25 nm 50 nm 75 nm 100 nm

radi 0 1 r cqtRAR) HORHG! ehFRPE CHheF ¢he R P otpco HOECHERIA Hgs Lo ate n  he
magnet i r%ﬁ!’r%‘t@%} "(?dTﬁeﬁ ”t‘HeUxﬂh eﬁ@?‘c E&ﬁﬂ‘?ﬁh&e‘ﬁ‘?a ’&95' 5 FurhiRaL 3t es

25 are observed | 1 ngs cause etic rec ing media accord|ng

to the thigoderhade MithidteoPBE S V'?Heh NeHBufnQd it @Haﬁ@é/d £fr3dh BoesBgnetic
recordi ng nedia obtained are |eft for one hour at™25 C 91 7 JAN 2006 in

t he hum di ﬁy%cfbr 2he %houthend theemnggeet irecordtgy dicdia medileft doeohefHout @t one
hour at 80 Then, the magnetlc recording nedia are left for four hours at

80 Cinbth80 h&}rﬂwby hypmgbtyof $h%n There tharmagestic seemdingpthadiamrgdefioto 5
% f d th di ng medi left f h t 5
80 C in thidF f%r?f”q‘vsoffet 54 %éh@ re%?ﬁ SRR Eg 2R b &N éf?

for f . ch to 25

hon i ty 1 S0 A e B ant Mok IRRRELHE Snb en i Rl bty 306, of ('

for one holsft #&r &fe ﬁouf‘ a5 P@rmndtﬁeyhafménﬁof@% ThE t‘h%sﬂesﬁﬁﬂﬁdﬂtio%s are
returned to the tenperature of 25 C and thée hum dity of 25 % The 10

f oregoi ng &Fe gbbwnddstohthigeeipesdtmestofi 35 COndndtibe Auntifiey R pHWer Tak 100
Win Ar gas of 100 %for 10 sec. Swellings are observed in the vicinity of
t he trkhchégegengdiFiglow discharge treatment is conducted at the RF power of 100

W in Ar gas of 100 % for 10 sec.

Swellings are observed in the vicinity of the trenches formed by
debossing, and any swelling is not observed outside the trench areas.
15
Although the invention has been described in connection with the
preferred embodiments thereof, changes and modifications are obvious to
those skilled in the art without departing the true spirits of the invention,
In detail, the invention has been described in connection with the
20 nonmagnetic substrate for the circular magnetic media including a circular
trench, the center thereof coincides with the center of the outer
circumference or the inner circumference of the circular nonmagnetic
substrate. However, the invention is applicable also to a magnetic tape and
such other magnetic recording media. For example, the areas in the vicinity
25 of the side edges of a magnetic tape are debossed. Preferably, the areas
within 2 mm from the respective side edges or the areas outside the data

area and extending along the traveling direction of the magnetic tape are
debossed.

30

10



debossing, and any swelling is not observed outside the trench areas. 15

Al t hough the invention has been described in connection with the preferred
enbodi ments t hereof, changes and nodifications are obvious to those
skilled in the art without departing the true spirits of the iggegh#@0s In
detail, the invention has been described in connection with the 20
nonmagneti c substrate for the circular magnetic media including a circul ar
trench, the center thereqof coi c#ﬂgs with the center of the outer
circunfere aﬁﬁﬂﬁﬁésiﬁﬁgﬂméi urk€r YENEPDt he circul ar nonnagneti c
substrate. However, the invention is applicable also to a magnetic tape and
such other magnetic recording nedia. For exanple, the areas in the vicinity
25 of the sideAsdirsribéd aboegnehh Lgrictieraabadidghassrmn, il dvealiot.calbe ar eas
within 2 mnmfromthe respective side edges or the areas outside the data
area and eRREfWehdnauadgr sheeter eivaromyentalonditions, is pbtaingddyi rmane are
debossed. 30,10 .1 .7 N 2006, Ad t ageous Effects of .the |nuent,i on, As
descri t;?éd gbg'\‘?g?hamné@%e‘fl%u?ye X?ﬂ}enggﬁ%cﬂfu% fllaﬁ@f RIS Vlélagg%ﬂ’ ahy

svel |1 ng upfighetieiReSrdnY hedBA! thatCAN hbPRIusd anPéReNeE By thOdALAg S5 a
trench in the vicinity of the edge of a plastic subStrate. 1n detail, a

magnet i ¢ r e dimdprmediers dnvatondnestabotomtitisasamunchwels| iingai wetshecolidt a

area under severe environ tal.  conditions, such as.in a very cqld
envi ronrren?nwomé@taﬁd—ég@@%%ffe@h o & 'Q@HW%@%@O atd 80 9

| Soobtalneg by Lol ng At pench, om0 hin 1940 16,/h fh Widhlagge 10

100 nm or )
10 100 nm or deeper in depth, by debossing.

15
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15 20 11 1 7 JAN 2006 What is clainmed is: 1. A magnetic recording nedi um
conprising: a nonmagnetic substrate nmade of a plastic resin, the
nonmagneti c substrate having a trench extending along the vicinity of an
edge of the 5 nonmagnetic substrate; a nonmagnetic undercoagijngah &908r on
t he nonmagnetic substrate, the nonmagnetic undercoating |ayer coating the
trench; a magnetic |ayer on the nonnagnetic undercoating |ayer; a

pr ot ectionWa er on the pagnetic layer; and 10 a liquid lubricant |ayer on
t he protec B llsé"r{l}éme erein said medi um having a substrate with said
trench exhibits reduced swelling caused by absorbed noi sture conpared to a

medi um haviing & mayhstic aGritHpidisRl Guip8Rel: 2. The magnetic recording
medi um according to Caiml, erein the 15 trench is from0.1 mto 1.0 u

min w dth andalognmagoetidespmtrate deplehof 3 plasicregaiat ither saondineticredi um
according t aim1l, wherein the trench is 0.5 u min wdth and, 100 nm or
deeper in 6@1}%’15.“392113% Aulgrach extending Alpngetha Marty: of AR Qd(gedfd%liﬁ 1,
wherein: th LS e area within 2 mmfromthe edge of the
nonrragn%et i gon%ggggg%ﬁg%@gwg The magnetic recordi ng medi um according to

A aim 1, whereamdrigaghditd diescoatitd Ueirhm dld doantiitid fshdipnepgnet i c

substrate. 6. A nmethod of manufacturing a nmagnetic recordi ng nmedi um
i ncl udi ng Bonmagnetic undercoating layer coating the trench;

a magnetic layer on the nonmagnetic undercoating layer;

a protection layer on the magnetic layer; and

10 a liquid lubricant layer on the protection layer;

wherein said medium having a substrate with said trench exhibits reduced
swelling caused by absorbed moisture compared to a medium having a

substrate without said trench.

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

15  trenchis from 0.1z m to 1.0 1 m in width and 100 nm or deeper in depth.

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

trench is 0.5 x m in width and 100 nm or deeper in depth.

4. The magnetic recording medium according to Claim 1, wherein the
trench is in the area within 2 mm from the edge of the nonmagnetic

20 substrate.

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

trench is outside the data area of the nonmagnetic substrate.

6. A method of manufacturing a magnetic recording medium including a
nonmagnetic substrate; a nonmagnetic undercoating layer on the
26 nonmagnetic substrate; a magnetic layer on the nonmagnetic undercoating
layer; a protection layer on the magnetic layer; and a liquid lubricant layer

on the protection layer, the method comprising the steps of:

12



nonmagneti ¢ substrate; a nonmagnetic undercoating |ayer on the 25
nonnmagneti ¢ substrate; a magnetic |ayer on the nonmagneti c undercoati ng

| ayer; a protection |ayer on the nagnetic layer; and a |iquid |ubricant

| ayer on the protection |ayer, the method conprising the stepd JotAN120617
JAN 20 % providing the nonmagnetic substrate conposed of plastic; formng a
trench extending along the vicinity of an edge of the plastic substrate;

and form ng the naonmagneti c undercoating |ayer on the nonnagnetic 5
substrate, thepﬁ%ﬂaé%gli“? E%Wé@ﬁ&&lﬁﬁuﬂ?@gﬂa&%‘i’m@@%ﬁd olgplagBct rench; wherein

sai d nmedi um haying: a ' ' epch .exhi-hi t e I'1ing
caused by abso\rf%@gn%o?g?ﬁ% %%%gg?ﬁ;%afd g%aéﬂﬁeg}cl;}lnﬁ?gg\@?hgé%re %@%ﬁ?lg{‘? {({aiﬁ

wi t hout sakdbdtigiRcland7. The nethod according to Claim®6, wherein the step
of formng 10 conprises formng the trench fromO.1,uinto 1.01i inin
wi dth and 100 nm or deeper in depth. 8. The nethod according to claim®6,
wherei n the tr &farngs the snonmagngticwuadprepaginendayen om dbepapnmagaeheh. 9.

The nethod i to claim$, erein the step..of formng. 15 conprises
form ng> « nECURERtEn o, Rt St e PR B e P e
nonmagneti c substrate. 10. The nethod according to Claim®6, wherein the

step of fowleddin GAANHEEREN IRVIHEG SlIestidRNGINOsH 8l denélIexHAfies AdRReQf the
nonmagnetic substrate. 20 11. A magnetic storage device conprising: a
magneti c révelighganse by mbaenbed vhdston, cathparmsigteta onedium having a

substrate without said trench.

7. The method according to Claim 6, wherein the step of forming

10 comprises forming the trench from 0.1 xm to 1.0 pm in width and 100 nm

or deeper in depth.

8. The method according to claim 6, wherein the trench is 0.5 m in

width and 100 nm or deeper in depth.

9. The method according to claim 6, wherein the step of forming
15 comprises forming the trench in the area within 2 mm from the edge of the

nonmagnetic substrate.

10. The method according to Claim 6, wherein the step of forming
comprises forming the trench outside the data area of the nonmagnetic

substrate.

20 11. A magnetic storage device comprising:
a magnetic recording medium mounted thereon, the magnetic
recording medium including:
a nonmagnetic substrate made of a plastic resin, the nonmagnetic
substrate having a trench extending along the vicinity of an edge of the
25 nonmagnetic substrate;
a nonmagnetic undercoating layer on the nonmagnetic substrate, the

nonmagnetic undercoating layer coating the trench;

13



recordi ng nmedi umincluding a nonmagneti ¢ substrate nade of a plastic resin,
t he nonmagnetic substrate having a trench extending along the vicinity of
an edge of the 25 nonmagnetic substrate; a nonnagnetic undercoating |ayer
on the nonmagnetic substrate, the nonnmagnetic undercoating Iagﬂe‘?r Jég'@% g
the trench; 13 17 JAN 2006 a magnetic | ayer on the nonmagnetic undercoati ng
| ayer; a protection |ayer on the magnetic layer; and a liquid |ubricant

| ayer on the protecti or;t.l gaé,er; erein said .madidum hﬁvi ﬂg a.substrate with
sai d trench exhi Bi'TesPEY LG °8 HRPRREES BIRKFOaHOE BE moi st ur e
conpared to a medigridi@ibnay8r of YRS i Abfettd IRekiampi d trench. 10 14

a liquid lubricant layer on the protection layer;

wherein said medium having a substrate with said trench exhibits reduced
5 swelling caused by absorbed moisture compared to a medium having a

substrate without said trench.

10

14



