; cde3eN (v6T6<% MAGNETI C RECORDI NG MEDI UM THE METHOD OF MANUFACTURI NG
THE SAME, A muﬁ“mmml C STORAGE USI NG THE MAGNETI C RECORDI NG MEDI U
/FI el d of th’\ﬁ““ he present invention relates to a mag“mmm ‘m\m‘ﬁ“
‘recordi ng nmedi umgghe t he met hod of manufacturing the magnetic

medi um Specifically, the present invention relates to a nagneti cuseeor di ng
medi um used in an external storage of a conputer and such a nagnetic

storage and the nethod 10 of manufacturing such a magnetic recording
medi um The present invention relates also to a nagnetic storage usi ng t he

magnetic re hhed a i orm 1 Iy,
magneti c reg\g‘?‘gg I'ng l:gdl mmfﬁn vgﬁﬁgu[ﬁhagne ;E%: S%B?E@Qppa tuses
such an ext GMANUEA@TBEHND} THEDNPAME, ANDeMEt MAGNBETIC [HTORAGEYH
recording c Clt For neeting the demands_for high recording capacity, it
has been recM'S1 M@%@EQQ@W%I DHEM um to reli abi y exhibits a
hi gh recording density and it has been required for the 20 magnetic head to
facilitate reliable | ow height floating. To neet these requirenents,
vari ous conpositions and structures have been proposed for the nagnetic
| ayer of th magneg E recording medium various materials for the
nonmagnei c adeaidhe FY@“}O&’yer and various materials for the nonmagnetic
substrat e. T1ieHesARNR0h forl PllatddGo TABEAL T, {RERAAL BRH A hd OF
digital househol appl i ances now under opnment to e I nexpensi ve. For
realizing rragetépdmf mmfdi:mmmtheamagneﬂm recngilagrmghunecSpedificgllgd,et}mi ty and
conpati bl e vmth% E oatllntgéhel ht ma etic]i%gad vrlousa.
conposi ti ond & P}VGB 1P '3 eﬁla&rn 6sEGOTRE tREY AP 1t &Per  of
the magneti extaaal shoR ?e”&di edthpRE a8 SudRiaehhghstid StorddeamPiHeaeeHddc
under coati ng Iayer and various materials for the nonmagnetic substrate.
Al t houghloal Wi fasirigeassh & magprtioracarding apediny. Tbe pﬁwnﬁmmgm | c5
substrate, egi I has
been propose 8&?%%’%133{0 b Ba?ﬁ%&%%ﬁo&nﬁ englgl (,gs f1f)strgglt '89 ?%ﬂb?nérslﬁ?&ﬁ e sol ved
by the | nvemtesmbdﬂoabdvau litating | ower-height floating of the magnetic
head so that the to realized higher recording density in the nmagnetic
recording media may be fully utilized, it is required for the magnetic
recording nedia to be used reliably for a long period of time in severer
envi ronnment PridrtAits al so required for the magnetic recording media for

ces now under. devel opnent to be used reli abl y for

digital household ap n
a long périod offt RocP HLY | RORIGHENC TESORNDE PG MY 1 CEIYSi BABDEHinder
which the Mgfiekb appERALMSG AR ?)f@fﬁ‘al%’iﬁﬁ e RN YEY &Ry 40 C to

very hot a and 80 % (1n rel at| hum di'ty). Sone househol d
appl i ance rmalxbrh@t reequish eracheding heapagifpe tior m@cbnﬁlﬂg ﬁema@dbefomhiﬁhng

normally for ezdr}ilengy D c1t9 R% stb}%%n(i'ggﬁjl‘rga ?&Sth%erﬁgéﬁ&?c re%QPd{ﬁg 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



20 The tests conducted under the severe conditions described above have
reveal ed that fi'lmswelling (a kind of filmcleavages) is caused during the
tests of the magnetic recording nedia including the plastic substrates
presently available. 26 In view of the foregoing) it is a first object of
the invention to provide a magnetic recording nmedium that is used reliably
for a long period of tinme without causing any filmselling under severe

environnental condif.ions. ,It is a second object of .t i nvention to provide
L hod o - mEaPatiHaRT apd Srichutbs JivE besd BoRasLior dhe dabEU YR Phm | |
is athird Obth&tmﬁ)énétfber@cordithﬁ@Hitﬁﬁ‘ boripho \hsleridl BN Bid QofbRIEAsA: USi N

such a reliable nmagnetic recording medi um Means for solving the Problenms 5
Ext ensi ve andUndernsting lpyereand guriopsmatarinle tfer] thy nopmagnede substietent or

have reveal ed 4 et i C [ .4 el 4dg ic
substrate hav f&\rll{g}?otélg? rdgﬁg]hqﬁﬁr% %@ég@:ég :ag‘?{' }3330 alfﬂ%étggé}eédﬁogg}rlgéﬁ ?m%%ggﬁélot
cause any bi | mubsteidte] mgpolydet felfin sebstrstep ke reorvatied glastinenbsteats, hbd
According to %fi rst aspect gf thﬁ;&i nvent i on, tgere is provided a magnetic
recordi ng mediP8HR PRACSET Freently fyrihedomagnetissipsiratennde of a plastic
resin, the nonmagnetic substrate including a trench in the vicinity of the
edge thereof, the trench extending al ong the edge of the nonmagnetic
substrate a nonmagneti ¢ undercoating |ayer on the nonmagnetic substrate 15
a magnetic | ayapblamse bewelved Mrdgndnyentitider coating | ayer a protection

| ayer on the magnet.l : |t Gy i t t ction
| ayer. Advant ageogtgkg?&?%a?n[gﬁ‘fgﬂ/gﬁlﬁeg rtgoﬁﬁlt]ggidfgtﬁ%n%o&%?% }%&% J’lbﬁt%rt%ﬁ and
20 100 nmior caezlpeed higheepédording\demsitycouhleymagiatic reeocling snedia ey he ea

within 2 mmfromthe, edge of the no netic substrate. 25 Advantageopusly,
the trench is f‘éﬁi’ é{%ﬁgeghét Ea’f‘?ﬂ“éﬁega&g?t h‘@?ﬁ%%ﬂ‘?f_@f‘#legslﬁﬁ@@r@taﬁ‘? “%E‘gor di ng
to a second aspR&RlyTbr & Méhg pRrEdd HfQime GH BERorb S ei¥iSOM Gk s At T8GRt eQhired

manuf acturi ng a magneti c recordi ng nedi umincluding a 30 nonmagnetic

substrate a ndoimabe enpgnatindeecosdingnapenisy dor digitalehousehold 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 [0006]

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



3. nonmagnetic substrate a magnetic | ayer above the nonmagnetic
undercoating |l ayer a protection |layer on the magnetic layer and a |liquid

| ubricant |ayer on the protection layer, the nmethod including the steps of
preparing a plastic substrate for the nonnagnetic substrate and forming a 5
trench extending along the edge of the plastic substrate in the vicinity of
t he edge of the pI asti Cc substrate. Advant ageously the trench forned is
from0.1 a mio 1 mlncxvldth and 10(% nm or %pehinfjm%h. 10 ..

Advant ageousl| S}“’ePHBnt e AEIYIqe; 2r BYagRatie ($1e1age g \§Uch 4 rolighes magnetife edge
of the nonnegpRbtdingwkstinat €. 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 nmagnetic storage including a nagnetic

recordi ng rredh,tér;}l go?‘qag%é @g leﬁlge magneti c recordi ng medi umincluding a
u 0

nonnegnetic s a plastic resin, the nonmagnetic substrate
i ncluding & trencBExtenstvwee anidcimiehyivef irvestigatgenst hendmfted tie theepedsent
extendi ng al ong the d e of th onmagneti c, substyate a_nonmagnetic

under coat i ng MEpEEOY af’?lé'eﬁ?ﬂflﬁigtﬁéflac %W#cafeéogflﬁﬁg‘ﬁ%@ﬁ“@lw 1B®dve the

nonmagnet i c uagﬁﬁaﬁgﬁéﬁlagummé &v&(?h%‘éﬁ&{hd AV VicHity B‘FtHEanget {erb@yer and
a liquid lubricant |ayer on the ection 25 layer. "Mbdes for carrying out

the Inventi ondmcztrveusmmnflimrswilmg wedefddersebend epaironmientaleondidionsn wit h
t he enmbodi nents of circular nmagnetic recording nmedia. 30
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 0.1z 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



4. First, the nmechanismthat causes filmswelling will be described. Wen
a magnetic recording nediumis left in a high tenperature and high humdity
envi ronment, noistures penetrate the constituent |ayers to the surface of

t he nonmagnetic substrate. If the nonmagnetic substrate is a 5 plastic
substrate (polynmer resin substrate), the noistures aggregate due to the
hydr ophobi ¢ nature of the plastic substrate and the aggregati ng noi stures
cause filmswelli ng. tV\hen l():%ntam' nants are ofl thea@urfa e of the .
nonmagnet i ¢ sOBREARRENC ¢ SROLEHEL nf nSPRENMY Kk [3YET ndPPYS &"brrﬂ??ﬁ@gnetm

aggr egati on otnfbRoaRhS 1ayeds a protettion TAHEAEHh Ghé SR Da @l iand Atigaidi ng to
the i nvention_prevent sgtﬁ% fi Iﬂnlgswel | ng{ﬁet hat \%ﬁd be g%sed asﬁdescri bed

above, from chibyisagtdaver e theprpeetiamlayeri tha ethadaislnding the steisref  The
mmgneti ¢ recopihgides RAKALHL M0 Int '}ﬁgﬁh‘r’g%gﬁ'c WLl 83 Bahpgrponet | ¢

substrate, a nonrmmagnet ¢ undercoati ng nonmagne
substrate, 5a teegokextendaypaloagthe edgeeofithe pagutatsubstrateincthatvicigityafehe a

protection |ayer on.th ghetic layer, and a liquid |ubricant |ayer on the
protection Iaégg‘? 0‘?@@ Iﬁﬁﬁﬁ State.-substrate is a plastic substrate

including a circular portion enbossed al nost concentrically with the outer
circunference of the 20 nonmagnetic substrate. The circul ar enbossed
portion is from OAfivantageously,(the trerich faided isfrdmi®@0 unatol.Odeapen widtldept h.

Caused fil m swell.i | ocal i zes t,o the enbossed portion of the plastic
substrate, si ABS ltoﬂgm@vé?fafee%dﬁ‘?ﬁp%t fromthe substrate and the water 25
comng fragmthe outside localize to the trench forned by enbossing.

Therefore, the trench is formed in the vicinity of and in parallel to the
edge of the magnefidyantagepaslngtheeteneh igvbrmednindtheatitea within 2emah fiogn f or med

by enbossing i it hi fromthe outer circunference or the
i nner circunf gﬁ%%@% @’tﬁ?ﬁl\éhhgéﬂgﬁfg@s&%%i ng nedium Preferably, the 30

trench is formed outside the data area, i.e. in the non-data area. Wen the
5 trench is forned near the outer cjrcunference, the non-data area
i ncl udes a sky-j ufgvapiagesusly nthe teench s Gumernepteide the data aresaof When t he

trench is 1f50r %Hgﬁg\%ﬁlf Q@bét%‘%lﬁ.r circunference, the non-data area i ncl udes
a. Ing o

the clunmp are the data area is prevented from causi ng by
formng an al nost one turn of a trench, 0.6 u min wdth and 100 nm or

deeper in depth, near .the ed of, a usual, pl astic substrate. The .area, in
whi oh swel |ing | s CRUSHE 1% PaitoRalrth,h P amishting. g as myotided 2
substrate or hbyagheeicisberage ifAidEH indgAsti€ redofding ifeditBombBRtedthePdoas M8
irradiation, it 1s preferable to . _ ,

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



use Ar gas, Oz gas or a mxture of Ar gas and Oz gas. Carboxylic acid is
coated by dip coating, vapor coating or spin coating. Comrercial products
such as APL6016T supplied fromMtsui 15 Chemicals, Inc., ZEONEX 280R
supplied N ppon Zeon Co., Ltd., and ARTON supplied fromJSR Corp. are used
for the nonmagnetic substrate, although other materials may be used with no
problem A turn of enbossing is conducted concentrically wth the

ci rcunference 20 L.CS t . (o) ) terials
descri bed above. Eg)rrseetgg%g%ggﬁishlethnag%rgr{égge%ef?fﬂg?‘gﬁgggr@p >ei)ei (isesﬁxgﬁer#gg by

i njection nol di ngWherby ntaymerie ¥8cordingdinddingn islefgirnadiigh témperatufeoded
thereof is machined such that the die.is suitable

f or formng substrate
havi ng a tren&gh Appd ’rﬁ&th\Yé‘P?F‘ePﬁemﬁﬁﬁ%rﬁquraéﬁﬁg? CapgiItug ’fg”ryﬁéﬂ tRy

using a di e hayd Barface?S tHeMidHmaetis REYstrARE 1] B¢ AGhRadic dubStratedistd ench
is formed by a stanper. A lamnate including at |east a nonmagnetic

under coat i Ag Dblassic subsiratmrolymemyesin gnbsthateh dheumeistures ageregsteaduao | ayer,

a protection | n e i & lLave | L.qui d i.C on
the protecti oﬁﬁl‘%lgﬁyyer OPfsl&%n?%r% dgfoﬁﬁ%hﬁelag{ggrr%é’ﬁlé%%c gs%gy‘ga?gé,re%%ggéurface
t her eof has besvisturenéftedilm ageltiagcWheadontanmantesrd én tige surfaerofghet i c
recordi ng medium The resulting magnetic recording_nediumis nountable on a

magnetic st or HGBOGENELIG 4 SEbSEFaIRe st GoRiIIUNARES . WerkeAso diupkelt Prempting

enbodi ment No g&ﬁg&g%ﬁ PLRsS filofst strates, each having a circul ar enbossed
1o portion 0.% ,u MmN W dt{?Ioan 5 mmin radius, a circular enbossed

portion 0.5 u min width and 45.5 nmin radius, a circular enbossed portion
0.5amin wdth d 46 .in radi us circul ar enbgssed rtion 0.5 um

“n-wi dth and 14 miBeAiREERl fechRbnE S i G r g Bote BiteBREN PRy ot b
and 14.5 mm i Rhé dlinuswelding, shat wotlldabe @ahasis 8¢l desiriiednakbve, &rof causthgt h and
15 mMm 15 in radius, are fabricated. Swellings caused in the magneti.c

recor di ng nedidad fuseher qygeents flme plsasages from mansingn dheonagreicoicardings nm
50 nm 75 nm 100 ccdb?Bing ™o B idethtlU 1RICIRLS Motfifa gHIR siifeRs | £al

m cr oscope.
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
embossed almost concentrically with the outer circumference of the

20 nonmagnetic substrate. The circular embossed portion is from 0.1 z m to 1.0

pm in width and 100 nm or deeper in depth.

Caused film swelling localizes to the embossed 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 embossing.
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
embossing in the area within 2 mm from the outer circumference or the
inner circumference of the magnetic recording medium. Preferably, the

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



Swel i ngs caused in the magnetic recording nedia according to the 20 first
enbodi nent ‘are observed in the follow ng way. The nmagnetic recordi ng nedi a
obtained are left for one hour at 25 Cin the humdity of 25 % Then, the
magnetic recording nmedia are left for one hour at 80 C. Then, the nagnetic
recording nedia are left for four hours at 80 Cin the humdity of 80 %
Then, the humdity is changed from80 %to 25 5 % for one hour, and the

magneti c recording. nedia are | eft for, one_hour aj 80 in the humjdity of 5
% Then, t ho HEBFICS Briogd S1ar fe HEGT SaRBIFEREe thp TOBTRhAIAINRIARg ¢
Then, the tenpgrRiW GrdaSocianges shfrodfdfngand Ilgﬁ@ Numtdiwted thotehe jOne

hour. Then, the magnetic recording nedia are left for one hour at 25 Cin
the hum dity fokmad%ea¥hhe inhdrecitonnifersmedi thearm-data aree indudesnde tlaniphe
tenperature of 25 C and the humidity of 26 % Then, the swellings caused in
the magnetic #@ording media are observed under the optical microscope. 5
When t he egbossing depth is 100 nm or deeper, swellings |localize to the
trenches fornmed bg enbossi ng. Except for the area between 45 nm and 46 nm
in radius and t heSWeBingoek thaedata apen inmarevsnied fiom sansisg nformipgldamg i s

not caused wh h SS4 thy i 00 g(%e r Q t hou

swel I ings | ocgﬁézsésflgg?ﬁle&#gﬁeﬁﬁgi(g%“ 2’% %}%éwrag{r’]dc e_sgglo rréae&pg%/me%lg’si ng,
the depth thepeg tleSed] mqsuahgldsﬁwubsﬁﬁf@ THEhdaNGH wHigh GeRletk & SO in
the area, the radius thereof is 45 mmor shorter. \Wen the enbossing depth

is 20 nm swefausedsisnarnoweddey imadiatimsgt plasmat toether sulkstrarts adebhenting

enbodi nent  No nat i ¢ .pl el t.es ach_having a,Git ar ,epbossed
portion Otlg aggng%lg’riﬁ\i/é igﬁlﬁ @?ﬁ%{%&gg%ﬁnb%r pol%?ﬁlg, méad\é??%ﬂllgrls gﬁ%%?;’é%pogorti on
0.5 a min w did Aanghsd®.ngasi 6r hadixtare af Ak rgaul &id O¥hess Sdrbaiylicoridid u m
in wdth and 14 in radius, and a circular enbossed portion 0.5 u min 20
wi dth and 14. @%&mﬂd%m%}& JAROT GOBFING QF SBIN CHAEMEi ngs caused in the
magneti c recording nmedia, the respective enbossing depths thereof are 20
nm 26 nm 60 nm 75 nm 100 nm 126 nm and 150 nm are observed under
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 embossing is conducted concentrically with the circumference

20 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 having a

25 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
the magnetic layer and a liquid lubricant layer on the protection layer is

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



ah optical mcroscope. 25 Swellings caused in the magnetic recordi ng nedi a
according to the second enbodi nent are observed in the foll ow ng way. The
magneti c recordi ng nmedia obtained are left for one hour at 25 Cin the

hum dity of 25 % Then, the magnetic recording nedia are |left for one hour
at 80 C. Then, the magnetic recording nedia are left for four hours at 30
80 Cin the humdity of 80 % Then, the humdity is changed from80 %to 8
5 % for one houy, d, t.he magnetic, recordi nedia are,left for one hour at
80 C in the HEMSIFIGELABRY e eoRiune in fENARIGHEFFOTABEGREHRE  medi a are | of t
for four hours at -40 C. Then, the tenperature is changed to 25 C and the
hum dity to 6% for one hour. Then, the magnetic recording nedia are 5 |eft
for one hour at Jhegesnltingemiagnetde recording mediTheis mewrtableson g anafinetions ar e
returned to t r : he humdity of 25 % Then, the
swel |'i ngs caugg%&%?%??r@tt%goﬁg%ﬁlﬁgra %Ir&glllérig medi a are observed under the
optical mcroscope. to Although swellings localize to the trenches forned
by enbossiing when t he enbossing depth is 50 nm or deeper, sone swellings
are caused algo,in the area, the radius thereof is 45.5 mmor shorted. Wen
t he embossi ngﬁlﬁgﬁ‘?lmngs 20 nm swellings are caused in almpst all the areas.
15 Third enbodi nent Nonmagnetic plastic substrates, each having a circul ar
enbossed portion 0.5 a min width and 45.5 mmin radius, a circular
enbossed por tFisst embpdiment n wi dth and 46 mmin radius, a circular enbossed

portion 0.6 u mi | : ' [ a2 Clrg d
portion 0.5 u m iIﬂo%gé\n&c}?ﬂ%é#ﬁmﬁg&#gnlé?%lh%bg’,lﬁ%r% C?%Bﬁrcgg@gssﬁhe
enbossi ngidepidrtion .5 hen e syiéth hné 450nmpneidias,salbitular @snhssedPortitn 25 nm

50 nm 75 nm 100 nm 126 nm and 150 nm The respective nonmagnetic
substrate arel-praaiewigth andiids of mayineradjug, RAYirgilanewbesshd pgetiomfd u mhen,

th I 1i . d_i h ti . di ia j.ncluding. th

Foepective nORAETEARD HB6 P PEubch SFETAeBPoRR RHPRITuL SR NTD: n (he
magnet ! c 1 eCopd 99 nfifith 3a@FE0L Uik AeliBsdd Ao BIPBI BN ifiCapPegEVEd 1N
the foll ow ng way. e magnet I c recording nedia obtalned are’lé or one

hour at 25 C fim id fadihg dHdM dirkyla®fentsdéd Jdiion .58 niBYREEICaR® eS8 mehNg
media are left for one hour at 80 C. Then, the magnetic recording nmedia are
| eft for tourinmadis, are &bricated. Sveelhngs chiusgd i tIBOmMEgndherecording madiagi ty i s
changed from80 %to.6 % for one,hour,, and.the nefd c_recordi medi a are
ert Tor one HBoRGvte s seig fbthe mheiRes <5 20 B8 Tentr, SDon g M

recordi ng mediGo ahe12®8hin, and 150 nm, are observed under an optical microscope.

Swellings caused in the magnetic recording media according to the
20 first 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
80 °C in the humidity of 80 %. Then, the humidity is changed from 80 % to

25 5 % for one hour, and the magnetic recording media are left for one hour at
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 26 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



for four hours at -40 C. Then, the tenperature is changed to 25 C and the
humdity to 6% for one hour. Then, the nagnetic recording nedia are |eft

for one hour at 25 Cin the humdity of 6 % Then, the test conditions are
returned to the tenperature of 26 C and the hunidity of 26 % The to

foregoi ng RF gl ow di scharge treatnent 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 fornmed by enbossing, and.any,swelljng is. not served outside
the trench arEeastgmelif i predatania seaB, b anachd BuriulEes SO0 | v
connection with t r afer, r%@b L J|nt e ; :
nodi fi cations ar e’iqﬁc;ebﬂ\;i g}Les S?V%ﬁ% osgéj% i ?IZ Pnfn?%éetégp%\?m&?mépﬂ%%%aﬁei ng the
true spirits dfsetved undearthe opticdlmidedsaope. t he i nventi on has been descri bed

in connection with the 20 nonnmagnetic substrate for the circular magnetic
media including a circular trench, the center thereof coincides with the

center of ghe outwheaitheWHhids8REEddpthtiBe 00NMAr orCdde@ bl S¥eRags Rlcalifteto
circul ar nonmagnetic substrate. However, the invention is applicable also
to a magneti ctheaenches farmed by eabossigaelreent detothei arga tstiveen £ mm,andl e,

the areas in el 0t t [ d f tic
enbossed. Pr e?‘é;‘ri% |1§’,‘Q’t %s éﬁ%géeV%th%%ﬁggee%ngf%r%atrﬁie@gg%e{% f%%agi%{fedges
or the areas swtliingas hbecambd wdremsthartbexsiagdiepth &l Oognmlve deeparel | ng

direction of the magnetic tape are enbossed. 30 10 Advant ageous Effects

of the Invention As described above, a magnetic recording nedium that does

not cause; any SuRhbafld sWEBRIgs 1608128 t6RKb WMRIRE R tEERFHnchO formled 1P ai ned
by formng a trench inthe vicinity of the edge of a plastic substrate. In

detai |, a magpwbpssingciivedienthnihuireot ist %tnndde*_gsl_wdkomaus@narawe_ékims areg in
the data areaynder, sexeps envl HR0TERAlmeondil 1808, SHONAS W d YRIY Ol d

envi ronnent o a very'ho humd” eénvironnment 0 0 and 80
% i s obtai neémbyssing depth ia 20mancdwelfingsraf chuvedrird aindosd all the iapeas, dt h and

100 nm or deeper in depth, by enbossing. 15 20 11

15  Second embodiment

Nonmagnetic plastic substrates, each having a circular embossed

portion 0.5 2 m in width and 45.5 mm in radius, a circular embossed portion

0.5 ¢ m in width and 46 mm in radius, a circular embossed portion 0.5 x m in

width and 14 mm in radius, and a circular embossed portion 0.5 m in

20 width and 14.6 mm in radius, are fabricated. Swellings caused in the

magnetic recording media, the respective embossing depths thereof are 20

nm, 26 nm, 50 nm, 75 nm, 100 nm, 126 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



What is clainmed is. 1. A magnetic recording nmedi umconprising: a
nonnmagneti ¢ substrate made of a plastic resin, the nonnagnetic 5 substrate
conprising a trench in the vicinity of the edge thereof, the trench
extendi ng al ong the edge of the nonmagnetic substrate a nonmagnetic
undercoating | ayer on the nonmagnetic substrate a magnetic | ayer above the
nonnmagneti c undercoating | ayer a protection Iayer on the nagnetic | ayer and

toaliquidl cant .| ayer t he rotectl r etlc

recor di ng ned#Jﬁhic%’ﬁr}Eﬂ‘% ‘g %Bitmmw %@ata]rg,]l%fg "SOIF ?Hroati am
to 1.0 ,u mi QOWCdmhtlﬁ”l%lﬁQﬁtW@f D%, dﬁ?fﬁ?rthb rin&k&ﬂ:h'& redord e mIEBENGEd feft
recordi ng medi um according to Caiml, wherein the trench is in the area
within 2 nmm f foorfothaoeriget of40 fe. Themuthretenpeiftuse s thaiged . 25T e amignet i ¢
recordi ng nedi um accordl ng to Claim1, wherein the trench is outside the
data area of thfe vicfor aner hewe Then, the magnetia recordne mediaatag a
magneti ¢ eco %fz,gomoﬁmai%' ¥liingna ONARING & THBR! A AspeapRIRANCt i C

under coat i ng ayer on 0 nonnaghéeti Cc 'su a I’TB. ne I C layer above

t he nonmagnet hfe +HIAAHCEORY ihROtehié@htute RF 25T QA thawmlaitytérezmg melehC | ayer
and a liquid lubricant |ayer on the protection |ayer, the nethod conprising

the steps of phepaellingsxapselsin chesmmeuceetardmmmedmmgnbsamedsunéer ate
and formng a tre c:h ext ending al ong the edge of the plastic substrate in
25 the vici an 1cta}|£a %rc?@%’pST the plastic substrate. 6. The net hod
according to Cla|m6 V\/nereln the step of formng 12 conprises formng
the trench fromO,1 a mto min width and 100 nm or deeper in depth.

f7 The me'ﬁ?nod accéiféphghﬁwemnsﬁﬂmhzmém Weﬂﬁ@%ﬁogpe@bywmbﬁﬁwggdﬁmi ses
nonmagnet 1o s b pRapEingaefHER o A Ot fedfBl o8 PAEEE SO bad A0 e o1 o

of form ng cotip ases thermadig thHeeedfr8nth5 auitns brighoted ddthenatiraembodsiveg
nonmagneti c sybstrate, 9. A netic st e conprising: to a magnetic
recordi ng rredaﬁl?ﬁﬁ‘n‘ﬁ@ﬁt%’ %"FF%HE eret%élse(? Tmost all E‘e aress.

15 Third embodiment

Nonmagnetic plastic substrates, each having a circular embossed

portion 0.5 m in width and 45.5 mm in radius, a circular embossed portion

0.5 2 m in width and 46 mm in radius, a circular embossed portion 0.5 2 m in
width and 14 mm in radius, and a circular embossed portion 0.5y m in

20 width and 14.5 mm in radius, are fabricated. The embossing 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.

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



magneti c recordi ng nmedi umincluding a nonmagnetic substrate made of a
plastic resin, the nonnmagnetic substrate conprising a trench in the
vicinity of the edge thereof, the trench extending along the edge of the
nonmagneti ¢ substrate 15 a nonmagneti c undercoating | ayer on the
nonmagneti ¢ substrate a nmagnetic | ayer above the nonmagnetic undercoati ng

| ayer a protection | ayer on the magnetic layer and a liquid lubricant |ayer

02 Lrljls(cgr ot ect I e hur}guﬁty 0210 251 ‘? Tﬁe t\ﬁe magrfét{% r%'gérldn'xa‘gz médl\g a'{‘i'ze l'A}"’c'Af‘or2 brfé (
, XOMR} xsni d Zhﬁﬁ’q] 568 at cehelina etk GatdalfhedaCat st ¥8d fak wRhesical caj ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cTa] cLa! - 3QK>] . p\ A{ vql gb] X] ca] ca] ca] ca] ca]c

a] ca] ca] ca] caBOe{’pgai thee] Inahodaby] cﬁa@O:%V]I&mhpd}echx}mhinaisoﬁ]angéd:ﬁ}omBOaﬂ t@] cal ca
I Cu #HIH

%g%gg} %W@X%mone( hquny and the magnetis recqrdinecapdia avg) left)fenprapeny ek ca) ca

Jcal cal cal ga) ggleatatd Eaksalyel 534 orher) SRl aaksaloRbsAkEE LRk hidia "

2€22A33333* At Siya b Idhivélh bl 40 ca] Tabsaileaealratuialis ahangd & 281°Cadmn] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"aLca] ca] ca] ca] ca] ca] ca! 5' 6l 667S7X7v9: =
>>>>7?b @\ AAABENBEeity to 5% for one hour. Then, the magnetic recordmg media are

T R U T e L
sy e Slanatlon l shapsp el sl

%18 ()-! @B T BF globdM@thdrze @éh@m&t (9 corlduct1AHh@REpover bl 2] 2!

f 5@ 0% & %m-& "T109%R' ()-! (& "' 109& S
10%&() (5)100/ iR gasoHOO% or 10 sec. -4 -

Swellings are observed in the vicinity of the trenches formed by
embossing, 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 embossed. 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

embossed.

30
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bC L 10%& ()- 109%& ()-LGLO%& ()- 10m 10m 10m : L10%r& () - S6nl0%m& ()- +w
dEbCl sf  10%&' ()-Y !'10%& ()- =~ 109%& ()-F:!109%& ()-9109%& ()- 109%& ()-
, x0a?bCl' ! 6s0 10%&' ()-!1F - 10%& ()-fs+ 109%& ()-s*
109& ()- (109 ()-3' 109& ()- oMOPQRxnDC! ! &310% & ()- 10 10
101 9" 10%& () - Y6M 10%& ()- @ 10%& ()-3 10%& ()--T3| Z,
mMbCys$10% & ()-!3M10% (& ()- 'SMLI0% (& ()- 9'10% & ()-!Bs 10% (& ()-F s
109%& () - F3QKa?nbCl 134M 10% (& ()-210% & ()-!;

TT10% (& ()-L*10% & ()-yS)10% & ()- . & 10%{& ()->]1bClyl0% & ()-L1I0%K & () -
100/‘( & () -9310Kf¢akthpehi Bfbcts of the Inventio
10(F9s10% & () - . pdEBC! 3&10% & () - y10% & () 9F10%& ()-y10% & () - 3310%& 0)-
Ly10% & () - \ AdELC! L@ 10% & ()-L'410% & ()- & '10% & ()-Ls$GLO% & (

e e ) s g AP 7

109%& () - G 40( adP ewelingdsd i ds8vére- en\v1ronmental condltlons is obtained by forming
dryrofl=! (6y* ! 10%& () |\ FI M10%& () -1 L0%& () - FSM 10% () - nt 2FSM 10%&
() - nF109& ()adhregct i theyvicinity o e e ge of a p astlc substrate. In' detail;

magnetic recording medium, that does not cause any swelling in the data
area under severe environmental conditions, such as in a very cold

environment of —40°C and a very hot and humid environment of 80 C
10 and 80 %, is obtained by forming a trench, from 0.1 zm to 1.0 x m in width

and 100 nm or deeper in depth, by embossing.

15
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$$~ @ (| @10%<& ()-310%& ()- 10 10

101 9t 109%&' () - Y* 1 109%& ()- & (Y* 1 10%&' () - &SN$$$/ WBEE~ @ (9 10%<& () -

FO! 109%<& ()-9 10%& () - &310%<& () - &S

10%<&' () - S10%<&' () - 9908} &8&@ dE~ @ (f $10%<& ()-9s! 10%<& ()-9 10%& ()-
LO! 109%<& ()-f10%& ()-910%& ()-@"' " (((:))dE~ @ (L&3410%& ()-yl10%& () -
F. 109%<& ()-9, 310%& ()-9' 310%& ()- S& ! 10%& ()-))* *I*"*#xa**xp@ (! (
10%b& ()-zm0%& ()- 10< 10<

10<39s10%<& ()-3L69! 10%<&' ()-L4410%<& ()-**** - . ~\:b@! %M 10%b& ()-!(:!10
YBbBb& ()- ! T:!10%b& ()- #:!10%J=& ()-

| 109%0& () - F 19¢ad'i§ plaithég 4H00000uj @ ! 10%<& ()- 10b 10b

10b9s10%& () - 1310%& () - &M 10%& ()-!, - ¥M 10%bFb& ()-0' 1N111

2e2dE] _@! &MLO%&, () - &S 10968 () - & 10%& () -1, 10%<& ()-

10%<&’ ()-@108&&' %%A*o%f%‘”ﬂg‘% m@’!"éﬂ Fm%%f&?g() f10%<& () -

10%<& () - 910%<& (i ohnd ic( Substrate made of a 8lastlc resm the nonmagnetlc
M 10%<& ()-*4w4A45N555dE] @ ! LY+109%& g) L) 10%&
10%<&' () - &1 180kstrat ysggpp@m ¢tyenghn the vicinity of the edge thereof, the trench

109 () ;gg;gg@g&@g@@%@%@%@% (imandRS e

. L1 10%<& () - S7U7Vd WibXiragmetic idérchdtifglaser oh tHé hefmaghétic subistib@ém<& ()-!|
10%<<& ()- 10< 10< 10<F9 0Us& % ;< ==>>>7 X
10<F9° 109%& () - ! | &SNS a(b§ etha_we%eé&t(r)desfﬁ:%twﬂwm&- ()-

110%& ()-s!l@! i%‘%é%/ﬁ&l $ 3 TRe MA@ iic IRTFSJ 090310% & () -9 10% & ()-!
104 (& ()-9 10% & ( 109%€& ()- 10<710<b@\ AAABC'?K: 10< & !'10% &' ()-!;
4109% (& ()10310% &aayqutc@mha'mt ia)yeyno%&p(rqtec layeeq (& () - FCNCC+D EEEaBK:
2. The magnetic recording medium according to Claim 1, wherein the

trench is from 0.1 x m to 1.0 x m in width and 100 nm or deeper in depth.

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

15 substrate.

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

trench is outside the data area of the nonmagnetic substrate.

5. The method of manufacturing a magnetic recording medium including
a nonmagnetic substrate; a nonmagnetic undercoating layer on the
20 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 method comprising the steps of:
preparing a plastic substrate for the nonmagnetic substrate; and
forming a trench extending along the edge of the plastic substrate in

25  the vicinity of the edge of the plastic substrate.

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

12



10<F 710% & ()- 3 10% & ()-!'13. M 10% (& ()- " +310% & () -

109% & ()-L(410% & ()- EEEEECEEFi G-\: 10<!( “9!'10% (& ()-! 9! 10% (& ()-'A
9l 109% (& ()-99109% & ()- 10( 10( 10(1910% & ()-i G GoG GsG QUG @ 10<! (! |
109& ()- & 109% & ()- 10( 10( 10(1 :10% & ()-3.10%& ()-3

"109% & ()- GEH{ HHUI 1 i Jz[ <b@ 10<! 9310% & () - 9@10% & ()-!T 10% & ()-!T
109%4(4( & ()-9S109% & ()-!1 10% (& ()- iJwIJ}KSLMOM [ <b@ 10<! " 6310% & ()-!I

F(s!10% (& ()-& 6 .F(s! 10% & : F(s!10% (& ()-&L9$

é% & (§ ( 3! é)l@m@ %ﬁ%ﬁm év %&u%;(fsﬂod/a&m@n Wjdth and 100 nm

10% (& ()-3"1 %%%p%% & ()- 10( 10( 10(!:10% & ()-NNO?CcOQ( PA<_@ 10<! !
L! 109% ( & () - XQ’% -9f 109&' ()- ,9'10% & ()-! ,9110%t& ()-&
10% & () - (P_Pi PP E @10<!!Y :10% & f ) 1094 & () - s$10%& () - s$10%{& ()-
9" 10% & ()- 71 10%pe: @pthodnaesraiing' fea armgl £3] whereiip aidien gtep3 p€ "formingdi ng

3300 TEa) nebeices fHERML A, SRR i HRAMAC ORKES oA e Gk o lipad no

Bt DTINRTVXZ\ " nbthhg)&icaaxbstAte.H
03Axd! $%@ ) *. 0e2* 4557: >b@:Ei GG JOVN( PQ<=>? @BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ °

6Ti mes New Ro al Co h Root,, Ent ryWor dDocu
Tugne (e B 01 5haseol ack i e AT U NCBORST AR, P forping
comprises formmg the trench outside the data area of the nonmagnetic

substrate.

9. A magnetic storage comprising:
10 a magnetic recording medium mounted thereon, the
magnetic recording medium including
a nonmagnetic substrate made of a plastic resin, the
nonmagnetic substrate comprising a trench in the vicinity of the edge
thereof, the trench extending along the edge of the nonmagnetic substrate;
15 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 layer.

20

13



