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DESCRI PTI ON METHOD FOR TESTI NG MAGNETI C RECORDI NG
MEDI UM AND METHOD FOR PRODUCTI ON OF MAGNETI C RECORDI NG
wORIDBABOMINCLUDI NG TESTI NG STEP Cr oss Ref er enceP€DJP2007/072236
Rel ated Application: This application is an
application filed under 35 U S.C. 111 (a) claimng the
benefit pursuant to 35 U . S.C. 119(e)(l) of the filing
dat es of Japanese Patent Appl.ications No. 2006- 306472
filed Novenmber 13, 2006 and "NO. 2007-174765 filed July
3, 2007 pursuant to 35 U.S.C. 111 (b). Techni cal
Field: This invention r dPEYERIPTION net hod for testing
a magnetic recording nediumto be used as a nmagnetic
recordi ng and reproduction apparatus, i.e. the
METHQER| FEGR TESTING MAGNETIC RECORDINGhMEDIOM tAND METHOD FOR

prODLR DN Oe Bl BNERRC RecinBiE: MU EBNG ShtiG stee

The magnetic recordi ng and reproducti on apparat us
(hard disk drive) has reached the level of 150 G
Crass Referange toR¢lated Appliqaiewr di ng density. It is said that
i . v L . G Lk bencfi
annii pfalith RS hpticlion MIEPILIESS B3 C L FRT BlafhindThe benefi
purhenhtp 35 Gi8E. 6d 1 9@E)A) of the fibhg datesyofdapangsecRatent Appbeationg)No. 2006-

o 4 o 2R S5 S RG2S S 9

US.Osgima@)eti c recording and reproduction apparatus is

now being mainly configured by stacking a netal film

by the sputtering technique on a substrate intended
TedhlcaliSiflgi N t he magnetic recording medium form ng

thereon a protective film such as a carbon film and

c oaThis invehteonelatas do aweetiiad for testing aamagretic gegosding wedivar to be used

[ - nt,. t .

s § SRR olidihe afa Fenct it sHATMEE T e o e TR drive, and o
methpg Ifoc thiei prodwetion o€ al magnetic Iredordicg@mtedium irvhidirgya d¢sting step of the

[eco‘gtgiéwg mediumis followed by a step of testing the
testig mefeRd-of the nmgnetic recordi ng medi um for

protrusions.ln the magnetic recording and reproduction

apparatus using a floating magneti c head
Back%?oundArt: J J J

The magnetic recording and reproduction apparatus (hard disk drive) has reached the
level of 150 G bits/square inch in recording density. It is said that the recording density will
continue to increase at an annual rate of 30% in future. Thus, researches are being promoted
toward developing a magnetic recording medium that suits this increase in high recording
density.

The magnetic recording medium to be used for the magnetic recording and
reproduction apparatus is now being mainly configured by stacking a metal film by the
sputtering technique on a substrate intended for use in the magnetic recording medium,
forming thereon a protective film, such as a carbon film, and coating the protective film with a
perfluoropolyether compound that is a liquid lubricant.

In the process for producing this magnetic recording medium, the application of the
liquid lubricant to the magnetic recording medium is followed by a step of testing the surface

of the magnetic recording medium for protrusions.
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for the magnetic recording nmedium the nmagnetic head

is driven at a high speed and the dynam c pressure
wa@oeosespeent | y generat ed between the magneti ¢ heemJezoar/072236

the magnetic recording mediumis utilized for inducing

floatation of the magnetic head. Cenerally the

magnetic recording nediumis in the shape of a disk

and the magnetic head is nade to float by rotating the

magnetic recordi ng medi um at” %4 hi gh speed. Slnce t he

nunber of revolutions reaches 15000

r eviyl the imagaetiei isperdingiand repredustior apparprb using p dleating magretic head

C e

for HE bRt e btPARRL e e RAEE IR L MG E 3ide Spocd and the
dyrami¢ rpressura sconsejuehety gerderatedi Ibetween nthe roggmetic ihead aadcthe magnetic

coR 3 Bl B e S50 BBk 3 SRS, ety

magn#tit Qé‘dérdiﬁg id@iufBig itihk 6hdpe ©Ph disRAndafd HiBnketic Rdtis nddeto float by
of such protru3|ons and ot her extraneous subst ances
rotaing the maggetic rererdingrmedium; & 2 kigh speador Sinege thernsiher f revolutions

realif2s 1560 b BB Rutel fief és ndeQdf FRSRIIAS onttRe Sirpfale Hﬂhe magnetic
LEP LI AT i et 2 £

6049) Furt I n recent
recgrdargsmedlhm imaegs dtel probllemkthdrthv enaggetrghead w111 contact these protrusmns

T N T O T —

recﬂiﬂdigulmadltlﬁhe Withu iieof tof édﬁfdrﬂﬁﬂg)fhaﬁfhet iﬂl@fahé?of‘l&ﬁdnﬁgm&t recording
t he gnetic rw&ordl ng nedj has been l{%ecreasi

.y AS
mediupdis destitute AESUGR PFRIZIFOEH M) eXteALE sopangss 309 Blab e surface

is tbdd fof M PrBpdratiailed gﬁaé bRt Yret! fricRSmPR, ol 0p- Hﬁ»ﬂﬁeltll-%oom and
recor di ng madl umand the Trictional heat consequently

éef@lr'b%@@hduces a variation of the value of

B
headphasdlicen mr@@t@i |18 coheqpénea ofrdersificafionaf the npghéte recoding medium,

wavefor t.he naI regener.at ed
they Y QR RPPIPR AT GO BIb Bet ToRb Hiraf S eGPy g MG s been
decdasiha! | A9 ot RBuIBHBEAVIRChéaACEIIitied hgimel the) lsxafmstlm that form a fault
surface characteristics, a_met ho§ of adopting a

ineyigably mystgaen HheoTrensticipeording mediure apd ths {rictignal theat consequently
gerfPitbd TRHUAY ?%ﬁatﬁjn delife ﬁ:ﬂm reén%%ﬁer@énf SEthle I?ﬁé GF{emperature of

asperity of a testing is enpl oyed (refer,
memngioalgﬁprmﬂgblemnﬂm@@m{ heae Thisvaristivazentage thyl phenamenon of

n nti nef
varglﬁng I;] Slsﬁi m egur:g Ielélt I%anerggegc thd ﬁﬁqe V;}reamely tThe problem
of ﬂféﬁhﬂt ﬁpe«ﬁyof A$ hewejr @lﬁeﬁﬂngatlieemd@mtnc oéx:drdheg innativador tfe surface
t enper ature of

el enent. suc
e, 5fneﬁrﬂ¢sqfe§?ptﬁs&ﬁsﬁtwg£§a GEied vith 8 Heggensitve element and
maﬁi%@ $hd biv@ie lgAREREuded by MeMbmiall 8sRAGUSS LiREEhegHead is employed (refer,

for example, JP-A HEI 10-105908). The term “heat-sensitive element” as used in this

invention refers to the changing of physical properties, such as the value of resistance of the
element attendant on the increase of temperature of the element. The observation of such
changes of physical properties enables the heat sensitive element to detect the occurrence of
heat. The MR element, i.e. an element for reading the magnetic signal of the MR head, can be

used as a heat sensitive element.
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heat. The MR elenent, i.e. an elenment for reading the
magneti c signal of the MR head, can be used as a heat
wa@emsiosiowe el enent. The density grow h of the negnaRi067/072236
recordi ng nmedi um has been further advancing and the
space between the magnetic recodi ng nmedi um and the
head has been further decreasing. As a result, the
eval uati on of the surface characteristics of the ,
magneti c recordi ng nmedi um by3t'he use of a testing head
possessing a heat sensitive elenent has been further .
gai Fhedensify groyithi pf the magneticereearding mediim bas hega furthen advaicing and
thersgﬁ:c%r&lt\p&nqﬁg% & k&?diﬁ%ﬁle&’i LR the %hicpgashfe@g fur]gher decreasing.
possessing a hedt sensitive element, the anobunt o
As flresaftathe @maluatidneof ukeshrfase tlammterishesnofithe maginsicivetondingl medium by

IS tually used in th ard.di sk drive., Thuys, the . . . ..
theuSe a tinehesd Soststiok A deriattibineleraththes bokt HithshRiinine in rigidiey.
e InSthk RRalghtinabf hetmatneGdé Ratbidiep mediuRebP IR (146SoOMS testing head
the surface of the magnetic recqording nmediumas a
Possespiag a hepfesepiiiiecelement) the ampunt of Heatatinn e used 1§ lawegtban when the
m%%da i0 ‘:lEthaly‘ﬁseﬁ'iH!?ﬁé hzga'dggkrmwengm B th %esaﬁghgé@l?&gb%smg the heat
and consequently inpede accurate detection of the
senpitige relesieohsmis theh sigsalricd ceigotating en thegpotrugonseon i myface of the
ma%n;ge T g%}o&d%%%lgﬁaﬁ{?gta%%%gm e ggl?% flt,]ngzhlfsg{l{: gr% llegnfethgtqﬁis signal will bury
the(FjSﬁ@faI ufigifting! iﬁ_aflhe l}ilﬂdtyusioﬂ; :'ah@ cﬂl?iegﬁanﬂiyl dm@edeagzurate detection of the
et.ection entail the problemo egr adi ng e :
Profrutipng, P iﬂi“_ys"dgc? %€ thegrepste tecgig, 'Hﬁ‘%ﬁ'é‘di ey ragrusions on the
surfab¥ 6Pthie MaghSti iR ind m&Rh | piStiduliry ORLAINIGR tRf buf) in the noise
cﬁ;ow de a nethod for testing the magnetic recording .
andnesdangrdetgiction entagh thequrohlermyof dagrading ther reliphilityi af ghe magnetic recording
meﬁi jection of such fine protrusions. This inventors
ave perfornmed a diligent study with a viewto
cl afhif yivegtidrhs atraed et fobwing thisproblebl smsaogrirade a method for testing
consequent |,y found that .the noise included,in the.
theGRREIE BRI A o SER G Feaale ) Eathlios dfestiopofsuch fine
prof@iéiénst i ve el enment is actually not a sinple noise but
is caused by the swell forned on the surface of the
maghs itvepigbdiaye meriermed andiligens study anth deyipw te glogifring the cause for
i fAObIBAT il Bl AL MBulE ot MO o e UG HE IR from the
testirezhiead possessinga ldabsaositive clamentsss a¢tuallyomt asgnple adise but is caused by
ROS i t.he hea Siti I t ]
the 3R T e’ P stk o MR adins FoBB R Tobe e puell, though not
conctih P chertesging hexl whicl isdisedforadiingnhe amgheicdetozding chedinm and which
separating the signal originating.in the swell fro : ..
oSSR T i) SSTSEE TR (S D Pl ocad poeSuns e Meprosensitve
eleBtito SRMSH dign4€ aRll Ak Me-finEPrétndsibns Bh ki suifade SR magnetic recording

medium can be detected by separating the signal originating in the swell from the signal issued

from the testing head possessing the heat sensitive element. This invention has been

consequently perfected.
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consequently perfected. D scl osure of the Invention:

The present invention provides as the first aspect
wo besesfo4rn net hod for testing a magnetic recorBCTI@P2007/072236

medi um provi ded on a nonmagnetic substrate with at

| east a magnetic |ayer for surface characteristics by

the use of a testing head possessing a heat sensitive

el enent, conprising the steps of scanning a surface of

the nagnetic recordi ng nedi afh'with a testi ng head

possessing a heat sensitive elenent, separating a
Dlsghoglnapf@p%n‘mtm equency originating in swell on the

surfac r d

oi i Bretint iBGFBA160Nifest BCHET AP AREL WBEf A el for testing
magretit reirding noedivurh prewdddacre a ofonmagneta gubstrate with cat deasg a magnenc

lay(inﬁ'gr %lg% %&?@ﬁ%ﬁly tﬁ% us[] e éf%sélgg geaéics%)é%essnugé nbﬁag sensmve element,

compHéRip! the Btepd) 8f sdaigihy daarfhdtCofMmbit Rd@néic feb&dingiédium w1th a testing
aspect, the signal of |ow frequency has a wavel en

gt

heag fpossgssing & h%ﬁr&m%emmwareww §@1ﬂrq§mefseqa§ncwfglgmatmg in

swdllbd $h m&s& ékrlﬁé %n Jrfgh fﬁédlhn‘ﬁsﬁbxﬁ%@ SIRANeh| Efnltfed from the
recor ng 11 5] um pr nonmagnetl C Substrate

testwigt headytand alatetting prawsacrson| thy syrface of themhagnetic recording medium from

.charact er.i stics by.t.he a_testing head
= sigg S ef Hthenid el S e BRI oy 1 51 ng ¢ he

st gp&h@ﬁedéﬁdiﬁipeﬁgdahs uquerﬂg@ thfit inhkﬁd&@ﬁ elliadtlﬁ?od sforhe dirstGspect, the
: umw th a testing head_ possessing a heat sensitive
S‘gggmmﬂ%‘é‘ﬂfé{rh&f A AgY e%ﬂ"gﬁ%? U oF 0% r equency

or | Bl A{dnton alko ?rcfv?d%ts QE tHRIthRd adpeaitheresi d mEﬂh@E‘erh@stmg a magnetic

ignal emtted fromthe testing head, and detecting
recgdmgrmsdlemsprewdpm ensmmmneﬂc strbéﬂatag’ﬁét pcleas comagnegic layer for
su 'cﬂgﬁlét&? & b§'| IaaLLse t%n rl?eg Psdifi 8! fiaf 4 t'i\%r element,
ep. tion tc’

e separating”’s e inve het “provi
conipsingathe stepaepeatning arsadicesofitbe Irr[agnétm:r retading ngedium w1th a testing

netic recordin di um provi ded. on
heal GHRETEA G5 RETSEYP Bt e aE » Sisal S OP Jfeddiiy tginating n a
factohatha€thad swéll FoSmhNe difkal datedifrom theésting hbiashd detectmg protrusions
on Elpssessn n a heat sensitive elenent, conprisin

speacsy ofdhe HrREAgICecqrding aredgim figm wgﬂfétqfé"%*bg%ql&p%remammg
aﬁmsgﬂargsﬁl{g@t&, testing head possessing a heat sensitive
el enent, separating a signal of |ow frequency
or |'§lmalventg)n| furtherpiloviles tahehes fourthcaspedt théreofnamagmethod: for testing a
e | | n .
madgBi riceping e B’ G R noRina bl SUBGHED ip o feat @ magnetc
layéirlfgfmirfaeértltalrawbrfsfmsrbyttheuie&ﬁ‘hItﬂ;gng headl podeskssing a heat sensitive element,
t he surface of . the magneti ¢. recor.din

rusi ons O ‘
ﬂﬁ@‘& l{gntFlP SRS 3 gaamg asi ﬁcfeg the magnet(r:’c recording medium v%th a testing

head possessing a heat sensitive element, separating a signal of low frequency originating in

swell on the surface of the magnetic recording medium or a signal of low frequency
originating in a factor other than the swell from a signal emitted from the testing head,
detecting protrusions on the surface of the magnetic recording medium from a signal of high
frequency remaining after the separating step, and excluding a magnetic recording medium
containing protrusions having a prescribed height as a reject.

The invention additionally provides as the fifth aspect thereof a method for testing a

magnetic recording medium provided on a nonmagnetic substrate with at least a magnetic
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frequency remaining after the separating step, and

excl udi ng a magneti c recordi ng nedi um cont ai ni ng
w@e@sios®ibns havi ng a prescri bed hei ght as a re{BmR2007/072236

The invention additionally provides as the fifth

aspect thereof a nmethod for testing a magnetic

recordi ng nmedi um provi ded on a nonmagneti c substrate

with at |east a magneticl ayer, for surface

characteristics by the use of "a testing head

posse a heat. sensitive el enent, conpr.isi t he,
layer; ebsglffg rﬁacsawﬁ? pegcf adesting beqcppssasyine o B%’d Sefsittye element,
corﬁimimg%wsﬁebs of §&ﬁﬁmg9 SERCE PORS GRBhosk RchBRl MEdsh tWiktea testing

el ement , Earatln a signal originating in collision
headf pagsessing iad qat) sensitive| elemed, separating assignad cosigofatingén collision of a

col?rﬂgg %I‘tlc?e Ega?rgsﬁnq}géqgfrgi?g :OWE h %&Fﬂc%@&?ﬁé 1Féoqnléln gx(lfl of high

freqixeh@c_fromga siged] lenitted fiem she featieg béady Betecnmgrmellmn the surface of the

recodi ng. medium froma sigpal of |ow frequen
magnetig rwpﬂ@g Medym fram gﬁpwf TQUERCY TEmAl &sa%émhﬁae@mng step,
and'Bx8R8ink G rﬁ%@n@ﬁ&'ie@&dﬂi@dﬁé&ﬁﬁnﬁ estitAhibigRGel WRicedifty & RAEMKEdAevel as a
prescribed 1evel as a reject. In the sixth aspect of
ﬂn%me |nvent|on t hat |ncludes the met hod of the first

per or mé&ﬁ@%@% egglng t er &gq'?f E‘gthﬁhasstﬁ% ﬁfSt aspect, the
sepamadng s$tep ai&tdmdctmg stsp eqe plesfoqnmdhmmgmd)audpasg ﬁhedm ladqngtpass filter and

| ter I he s ent pect of
thedhis®i S BFTTTIED SpR pbptsuten gt RBITR HRE t b ¢ o
aspiathe sdvefthsSpt af the Gnvehdh that REludadths tnfklﬂloﬂrdf the third aspect, the
performed usjing a bandpass filter or a highpass, filter

sepating Hep deledingisieg ase Resiorgedhuying? hundpassi Htgr ar phighpass gter and the
detédtlhé Stlep & e?fohﬁm | Mnhﬁz{ss ﬁlt@r <§r|?1QO@b&'§ tghe@spect of

he |nvent|on that 1 ncludes the nethod of the fifth

as pledhe etghth @egarozﬁtthmgwsttt@p th«’lthdEd@dtlib n‘g‘wﬂlﬂieﬁ the &fth aspect, the

rned f||t r i
sep%ﬁ 1n§ Stepd nl} Illﬁ ft%garg g’r ot es 5121 ci1qanc€f‘pa,ss e%%ig l(%:vrﬁagsr filter.

t her lmﬁvéhtlﬁﬁtﬁlitd[ér peovideb @s phearinth tasmaet tiereaf aguteidi for the production
recordi ng nedi um.provid on a non i C Su at e i
of {rgaott HLRETE MO R TES A Ton HEERY RAEETRe RO lpast & magnetic

layérwhéteRshd Methbe Sicludes B idiakly Aethol Of fhelfiét agsect . Thi s
invention, in connection with the magnetic recording
me dThisrinventien, inseaanegtion withhe magrrsicirecording merlivg terhe uSed as in the
ma E 9&%?&1!1%&%9%5&9%0&1%&1‘1&9 fst cggec{eg td B&Wiﬂ%g 3B E s tin g the
or testl magnetic rec¢ording nediumthat 1s
magrepiabt@rdifig ceeden ithag 1s mnabbrqftdetﬁctimgl suchnproguedrissandsswells as the

he. [
conyRoR S e B e dPiradeuss R nRLBAE Bfetoct o0 ot hagyom effct
of enfi@idg Pbssibi Pesvisich aﬁasmb:lhed o0 ttieS podudfonaof® tpsefi®© recording

the production of a magnetic recording
medium of high reliability.

_u..

The above and other objects, characteristic features and advantages of the present
invention will become apparent to those skilled in the art from the description to be given

herein below with reference to the accompanying drawings.
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medi um of high reliability. The above and ot her

obj ects, characteristic features and advantages of the
w@e@s®ero4i nvention will becone apparent to thoBET/JP2007/072236

skilled in the art fromthe description to be given

herein below with reference to the acconpanyi ng

drawi ngs. Brief Description of the Drawings: FIG 1 is

a schematic view illustrating the sectional structure
of a magnetic recoding nedium™of this invention. FIG
2 is:a schematic viewillustrating the structure of a

BrigbRereripton efdhe Bravgngsad reproduction apparatus of this
I VR 1105 {chémark: ki%walgétﬁgfngme' Jekﬁkﬁ{a[ Sldatte G r?ﬁl%netic recoding
e | mt valu S

rel ation between t ower e and the
medauti of this invebbeordpass filter. FIG 4 is a diagram

il ratin he rel ati bet ween the |lower |imit. )

val BB of 14 AshelfateCv M lsoalind B stalfy dhh sl regording and
repi®tueldrodpperatiis OF tHisino&tionBest Mbde for carrying out the

Invention: This invention is directed to, a m=f,t hod f or

t esFiGhg 1a adiagram iilkustrating the sejatigndhetvess the ayesy lignt yplue and the S/N

ratioQta lifesubstrate with at |east a nagnetic |ayer
for the surface characteristics of the medium by using
a t B} idnga deaghnpilusteatimgiee rglatiombetweers theilowerdimitrealve of a bandpass
The t hod ' t steps.of scanning the surface
ﬁlt%rfanfiﬁge Sﬁ%egar?éﬁ‘f’éi‘#‘zfﬁ%%e P‘ﬁbe PR with a testi ng head
possessing a heat sensitive elenment, separating a

signal of |ow fr ency. originating in the swell on
Bei‘ﬂﬂ“%lf?‘?%ﬁ‘é’"@foufﬁg%ﬂ’&ﬁﬁ%ﬁ c recording nedium fromthe

si OTRik iRVAnkibAds fdiRBlei NG 4 asdidadfdraadingd IndlRbES réddeding medium

protrusions on the surface of the magnetic recording

providgd uen far oan-magneficasubstrate withf stelpastna ymagnetie nlaygy fart the surface
. . | T

ol SEALITH ARG W 3 E0 DS B85 B Mt e

methiot ltompases dme/stepsi afisadnningdithe surfage o€ the raaghetio sdsbrling medium with a

recording density, to be.heightened to 5 to 10 ti .
teskifE DRSS 21 Rt SEFRIAYen Eitrent SengtatiheR SigRAl il frequency
origiflatifi iMOthe &R&I1tdnV theturfacabf Bietmgielit Metokdifig ViRddifn @om the signal
resi stance in proportion as.the tenperature is

emitied fiora he toptag hepd pndh detedlingaRuusions; 88 (ks Seifpce of the magnetic
recBdint th&u Fron£siBRA e high HeGGAcH kédthifTRE hHEN thdsepRiatign at

a high speed during the course” of reproduction,

t heThk¢ MBeheadtis ¢hagactenizechbithelfact that dpassessen bigh sersitivity as compared
wit.h rd %%%&éoﬁﬁ inductive head and enables the recording density to be heightened to 5 to
10 times. The MR head, on the other hand, is at a disadvantage in being sensitive to heat and
varying its value of resistance in proportion as the temperature is increased. When the head
contacts a protrusion existing on the magnetic recording medium in motion at a high speed
during the course of reproduction, therefore, it instantaneously generates heat to increase the
value of resistance of the MR element, vary the output voltage level of the reproduced signal,
and render the magnetic signal difficult to read. This phenomenon is called “thermal aspenity.”
The method for testing the surface characteristics according. to this invention is directed to

detecting the thermal asperity by using a testing head possessing a heat sensitive element and

examining the magnetic recording medium for protrusions formed on its surface.
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val ue of resistance of the MR elenent, vary the output
vol tage | evel of the reproduced signal, and render the
woragneesdel si gnal difficult to read. This phenoP&nareodz072236

called "thermal asperity.” The nethod for testing the
surface characteristics according to this invention is
directed to detecting the thermal asperity by using a
testing head possessing a heat sensitive el enment and
exam ni ng the magnetic recordi'ng nediun1for

protrUS|ons formed on its surface. preferred
enbevnbRte e@ﬁedtembgdlm%?ﬁ thigrinygntipn b‘@“ I'he deseribaskbajey adih reference

to % gﬁﬁ g?the acconmpanyi ng drawings. FIG 1
ust ates a preferred enbodi nent of a magnetic
r ecBlgh. i gllwstrdies aptedervdi extbodiment ofiw magietic rgn@dmaimﬁsiiulfr trewhich this
net rec d|un1 hown ,i n .aWl Ng_res
invp R B, e, TRREea e bl S5t 5 *he) Sreet s from
stadkineLs non-nRAghétiRlddbl Meerl 2 \aeihaghetib dayer B] ﬁ]lpl'cdedtwb NdyefAtand a liquid
l.ayer 5 sequentially on a non- aﬁftlc substrate 1. As
IUble?élt HORL hipgHentially Q%gf"i‘ -gagneticisybsiptech this i nvention
rel & g% namﬂsgdeﬁc QbYs@thBETtoPWh12R \this gn@nabd raidts, lwh& R obtained by
Ni P alloy forned on a substrate nade of a netal
having afilonof N@mlNlﬁsllw foomed\pn aubsirate ozade bEa metallic mterlal such as Al
or A al?fox,e%%n e Qtrr?agi!ietscﬂsai)st}ﬁ m%?ls%ad% of a non-metallic material,
non al i c e er|aI ass cera
suchiak igt43s), cegdnhit Csilicoma sibicele carbﬂbbﬂiﬁb(ﬁf or’ @8in| mambys wed. What results

used. t results from pavi Imof NNP or NiP
frog g percitimett S0 os N, po% Bipeding shbsidte e atadionnpetalli matera
gdedal may be used. As the non-netallic material,
one kind selected fromthe group consisting of glass
andAs theinoaringizllic matenal, ane 5@8@91901#11 &iom the evqup\gopsistinggif glass and
r S e
sm&}ﬁ f)l%ﬁ%sggq&ﬁ éel)?l?msfron# tt}ééo 2/16%%'65& ur atfk%/ | %rgg i é I{ % particularly
favg!lahbst,o weygddsalihiterss ofl et and darabﬂphou’s ‘glleaéasnaystblélzed glass or

am«l'nipEr%us§g$'af§§smayaFJ1 %;(;bé? &Bl ass ene ag% Sg%g Suerpg’se soda lime glass,

aluﬁn}ndﬁbfé@ﬁ¢§phﬂﬁ@ﬁsQtﬁﬁ&gﬁﬁﬁsm&tiﬂ lglegls rg@}s?é tidc D&)é&%éibﬂyttilgﬁed glass,
.glas ithiumpased crystallized gl ass may be use
al‘&!é’-‘ eﬁWé tallized ghasy maybe Bs¢fani ¢ substrate,

gengf dle MRS FoPtHeNBelinilt Qubstate, SeMrAL urpRY alifhifthh! B&dE, sinters
nitride as a main conmponent, and fiber-reinforced

having sili¢oanitride pe o magmgonponent anil fibagrreinfosced artiadescthereof may be cited.

Fonhtﬁe %ﬁ&%gé pgh%]@‘&?rh?% P%Hﬁr%h%%ﬁﬁﬂ@ Inﬁ%r ?:ngeg? h@%ﬁuiréd to meet the
tren’gﬁt:og/ﬁit:de?m:é?gg} gﬂmg rhe@g mmi the mubsdgnatiesibsirse 1 as| mqueeld toheighten

ﬁ‘aﬁf?@f}}n& Su@g aipgc Ein ?licamnfl%qu{: Su )\en\gll fi i rquured to have

average surface roughness Ra of 0.5 nm or less, preferably 0.3 nm or less.

On the non-magnetic substrate, the non-magnetic under layer 2 is formed. Cr alloy, for
example, is used for the non-magnetic under layer 2.

As the materials for the magnetic layer 3 in this invention, Co-Cr-Ta-based, Co-Cr-Pt-
based, Co-Cr-Pt-Ta-based and Co-Cr-Pt-B-Ta-based alloys are used.

For the protective layer 4 in this invention, simple substances, such as carbon and SiC
and materials having them as main components, can be used. The thickness of the protective

layer 4 limited in the range of 1 nm to 10 nm proves advantageous from the viewpoint of
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aver age surface roughness Ra of 0.5 nmor |ess,

preferably 0.3 nmor less. On the non-magnetic
waensisate, the non-nmagnetic under |ayer 2 is POT/omd07/072236

Cr alloy, for exanple, is used for the non-magnetic

under layer 2. As the materials for the magnetic |ayer

3 in this invention, Co-Cr-Ta-based, Co-Cr-Ptbased,

Co- Cr-R-Ta- based and Co- Cr- Pt- B- Ta- based al |l oys are

used For the protective layér 4 in this invention

e substances, .sych as carbo
redpgins fhea%%nﬁa%mgmsﬁ% 3 Phe case pf use B’&fﬂﬁﬁ moa aﬁhwg refoping density
andTQﬁlaﬁahg kiReaFatifityl MPhePiefth efaiidic! spYGhg Husdel Hefehd nieﬁlnst A€ distance
range of 1 nmto 10 nm proves advantageous fromthe
fromj thep aad{witer elémentngf tthe megmetic | head pansli ity imegnefec dayse 3. The
ele&io&x%?ﬁﬁt%’] go%veltspﬁec g{%?igéét%nlf %Iﬂl#ﬁ&p I{eg(:%ng{dg#]a%aesﬁﬁg ?ﬂa‘g}{e’ac spacmg
decsgaassi ng"” used herein neans the dlstance fromthe

re;%’etﬁ”sb%?aﬁigﬁ l*ﬁﬂéi @F@Wr $1é% P eadg?q‘{}gtpé Praiective layer. The

thickAeds IF e Tigdid q‘wrﬁmﬁniw 6L£Mis iNveHtioR petars €o B8 irl {he range of 1.5 nm to
magneti c spaci ng decreases. In this invention, the

2, 5|ninq VAgithe ligniddubricant g gerfigotogolyetherecemprundhis ugeds fasekarpple.
! ayPihis il tfoﬁ' Gk n@\?ﬁmﬁfl ttﬁ% Jul'ﬂw %hllrga&lﬁl%gt u%éyﬁ{e Pefstmg head
this T nventioh ers g I'n the range of
posBesSingna hast sdnsmlve qalemlenlt ubrmemnte, the fmtxbhal olreap geyersthed rdurmg the
used,

colfiGeT Bt Proy iR <2, S ALPsapagels resBNEi Ehpmealains the testing

heade GblebgtHeansl RPSEES SN thedpheddineS@NSF tvaHatid offelhd sighal waveform
measure the frictional heat generated during the

repragpeadshyotie dasting Beask ardsevahuatsihe Heinessrand swoptiness of the surface of the

ma E?édo?dﬁ@ﬁ@&i@%rﬂ%r@éﬂltﬁ&%i@%ﬁ the testing head,
tect thermal asperity, he phenonmenon of

v ar Thet festmgoifead ipossshsiftathe Meﬁwtmereém@u e dds pasetihused with a low
am&fn% tcﬁ r@oata% gn as c?m;?aﬁve% %‘leﬂl% QSncilhgrEsngé %seagfjcﬁ' % iﬂngds Within an

e Surrace € nagnefic recor
ordirfagy had liskadrives i Bpsides tHEMgﬁabsxtnglﬁguigeadh@odhﬁsxs bf]tjletsbﬁ'ace of the
heat sen$|t|ve el enent this case i s use ar g level of
maghehig fecosding jmedium |a§?f“§is‘ PIEGQR LRSI o‘ﬁ%ﬂ P P1§°W evel

amplitudSBaseed RfoWR TG gid] bhihe 1640 16 Hbfbmipliti s Bkdikconsidered as a

drive. Besides the signal originating in the collision
devige naie genpmiedebycthe testingragpdrossessing:d heatragnsititsi element, the amplifier,

ancﬁﬂ@'hf&ev.é? o@g@ﬂpﬂﬁ d%ie[g%? ﬁ&’@mﬁeen illo%éd% 1 &}QQ'thx%Elro% yoltage and

nown. This si
hasttiven buablé m/dasltec@th«mmial oflidw lbveed dbe toncadlomei ofer mxlalhsroauswn against

oSSR AL AL e bl 9,020 Possessing

The present inventors, however have found that the signal heretofore considered as the
device noise includes a component originating in the swell of the surface of the magnetic
recording medium. The signal due to the swell is emitted without inducing contact with the
testing head. Though the reason for the emission of this signal has not been elucidated, the
present inventors offer an explanation based on the supposition that the transfer of heat via the
intervening air between the testing head possessing a heat sensitive element and the surface of
the magnetic recerding medium results in varying the temperature of the heat sensitive element

and inducing the emission.
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and the like. As a result, the detector has not been
allowed to lower its threshold voltage and has been
waie@Blosootp det ect the signal of |ow level due POT/JIP2007/072236
collision of a small protrusion against the testing
head possessing a heat sensitive elenent. The present
i nventors, however, have found that the signa
her et of ore consi dered as the device noise includes a
conmponent originating in thé%wel | of the surface of
the _magnetic recording medium The signal due to the .
swelhe Peesenti inVeIMory ke Prasesscph epsting ithe tmagnetie fererding medium
n Thau e 04 ok
Pl ) oS sV B HaP AR OBk, 87, SEhioathe frequency
comppnenttcomputefl ffrom the seglb bbthe surface lofithednagnetidrgcording medium from the

. sypposition that.the transfer, of heat. via the . .
sigh BTG i i e S PecT iy Sleltig, 83 i prgrosion on
theh@facs N hd mdgneticeesitingneledibe bdsidesiglee obnviehonatg rdetected signal

_necordinq mediumresults in va¥ ing the tenperatyre of .
origipgingdn @ 1a7ge pratiugion on dhkiriage of the deagnelle fefeding medium. The signal

origmtﬁfgi i3"thd REnRE §76MRIsidn M MeCbutface Bf HLmMBEREE ST8cRding medium has
esting the magnetic recordi ng nedi um possessing a ,
herptofire sheas i widuly ainderestimatéth deparde it tis pbustedpline the noise during the
excludi ng the freq ! . .
corS 8 9 S B ARG T S ol recoring
mefliuanpdshiag shig tating nthérefode, fhao nthel pwdsibdny thag thechaldtoontacts the minute

proisio, gn A 0o B RANRR G ETTERBPUD A HEMETR A hesd crush or the

likdesi des the conventionally detected signal originating
in a large protrusion on the surface of the magnetic ‘
r ecBetisnthisiayention iy Hireaiedytoaa methiodifpratesting a magpaiicipeasdiag medium
loH 3 rfof- i n% 14,56 FRGRAET bk 1 d
oSS R RE B 58 % IS PR 6] SRR s
liquod delrmant layersfobsnifas chardcteristicsi e using iantgstingehead possessing a heat

conventi on course of testi.ng. e, har.d di sk .drive
senf R ST S e et e R e o e s
of P8 9%dgA@id RtsrdingShédign withedseHigh Sccufia$ aé Pessibhs by Béanhing the surface
éhat_the head contacts the mnute protrusio onaihg
of thes egRECaFoof e FEGHNED SeParR688 AGIEAg! RENURE ke SHEN eEe surface of

theNRAMed HebrdRle thifuth!thdin thEdighal ERithed! fFoAe Bel ©&ingShead possessing the
directed to a nethod for testing a magnetic recording )
heatsetisitive stemeint] agd dlategtingothe prefrisionconsthp serfape of \he magnetic recording

me{aﬁgﬁr}aaéq SPAREEhS bAYRIng RePhOLGERLRY | aver, and a

ayer “for surface characteristics by

usi Thusathiesiventipnhe ddegied tes siethypd fohtestingse maptdticaecording medium

el nt. The nmethoqd js essentially directed to .
PreEE 0 O REPE RSR 6 VA DhPL  & PAIE Ter 4 rotecing layer, and a
liqiB AG8rdakit Ia?&ofo(ﬂlsﬂ.ﬁ’aéﬁi&laﬁﬁtéﬂsﬁ& By ubinghh REGAY BEdd PSssessing a heat

possi bl e by scanni ng the surface . .
sensitive element. "The method essentially comprises detecting the protrusion on the surface of
the magnetic recording medium with as high accuracy as possible by scanning the surface of
the magnetic recording medium, separating a signal originating in the swell of the surface of
the magnetic recording medium from the signal emitted from the testing head possessing the
heat sensitive element, and detecting the swell on the surface of the magnetic recording

medium from the signal originating in the separated swell.
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of the magnetic recording nmedium separating a signal
originating in the swell of the surface of the
woragRe®esiel r ecor di ng nmedi um from the signal em peCEAPHOTOTR236
the testing head possessing the heat sensitive
el enment, and detecting the protrusion on the surface
of the nmagnetic recordi ng nedi um based on the signa
remaining after the separatlfg Thus, this invention
is directed to a nmethod for stlngamagnetic
recordi ng medi um provi ded on a non- netic substrate
wi t Fhexexpression “swekh gndhe surfage of theamag 16 deGOrgjng Fpdum™ as used in
[ C
i fiteflich it ho £ B piA L AR 1BV omparatively Jong wavelength
(loWef&tquemﬁ iirt thcaamgeeeme&dui@léo pBt hﬁhh blghéﬂtel slapnetic recording medium

GRS gngrity orvts thofRRaF it Racinkl Gt B arise

duri2sthié ProBeddof §fbﬂﬁé’cidﬁgafh RebstrtelfaCese o theheagheretdding medlum
recor di ng medi um separating a signal originating
u

t he Thaendulgfion; (javel) of ugh of lonBewhislmgth ©ried Gigigsutface of the
ma, fcq'gchr&ﬂ@xﬂ&l& o h3 Bdus&{™hd E%cfﬂ'&ﬁ@‘o‘aféﬁl B&ﬁﬂer}ﬂe RERCfollows this

0Ssessi ng t eat sensitive e and etectlng
undubagiopwe$inceo thet deesnswgfoacﬂe of fthe h@gtm:yruemrdlngeu@hdnrlgls been further

advgﬁgpg %; tg])ﬁéﬂr‘]cgsz n, thg : Ié{%ngtiact Iepegrdl n, 1 2e§1éusnggnc[ ﬁ'} el(ljead has been
furtiegdekdaSinp Sovedter) i mﬁdumw thasthe s@dll that hdsi ieverposed anyrproblem has

SRS A TG0 3‘5'&%03' Bl @g‘gtaryf %@Eb{sggégﬁé%%@g)he%p?ﬁeﬂngaheat

sensRiNEBlefa€edi Ng 40 nm The high-level magnetic
recordi ng medi um havi ng such a gently slopin
undbieest thensigtal sariginating omdhevavell engthp sne‘a@oﬁ%tgr@emwen@ recording
S
k? ?macfet ?H %é Q(?SHH% ﬂga%snéosggs#}% gﬁllgg% d Iﬁgnlté&f rr%l me ent is .Hg]ch that the
freqmadcy fiof dre (ignat bhiginaxingsinche awélb mgceedmg Itlmgweléngthmaormed on the
rface of the tic r.e d|u
surtalf of e {BEGReRt 1o Ue QPO BRSNS A iy SYbeffy V denotes
thetAghitudel oF elel S¥tiphetaNG&odityCofttas Slhzig)ietw f0bidingf mediém and the testing
magneti.c recordi ng nmedi um has been further advancing
heagd possepsing; p heat sensttive slemeneduring ths saursef diedpsig Onehs #fimption of V

= B3Mstd e AR JPeRsi 1bhgfna@ﬁg:{n%wan hW%veléﬁgthxofm

i's assumed that the swell at has never posed any

- umporghédrerant éemmppmahe surfase af Qngmagnqtln redoeding medmm isfcomputed to be

37§ %IS-ItzI glesbsy W‘n tru@xoh {hggsuptg dop ﬁ1sesn$1§ eﬁg rgcotpc?ﬁé medium

SGnSl lve elenen e SIg orlglna
corftautd theaesttnlgdleﬁdl Ipbmmgf the hﬁ:amﬁbgnﬁtle elemeni g slgnahed‘utmi from the

and detected he testi n ssessi ng a. heat :
tes A PO BUEIR DoRt SorS e SR SIHECH PEiBIRGY. Y opfhe base line
to ﬁiegﬁék 9 rdbghﬂm(ﬁd ag lhBuéH"&ep‘éﬁ@ihé X e ehaBteliftifts of the testing head

wavel ength | formed
possessing the heat sensitive element ThlS signal in terms of frequency is computed from the
reciprocal of the length of the signal to be a high frequency of 600 kHz, a large frequency as
compared with the components of the signal originating in the swell.

In the method for testing the magnetic recording medium by using the testing head

possessing the heat sensitive element, it is made possible by separating with a highpass filter or

a bandpass filter the signal component of low frequency originating in the swell of the surface

of the magnetic recording medium from the signal emitted from the testing head possessing the
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surface of the magnetic recording nediumsatisfies
this relation, f = V/I, wherein V denotes the
woragriosaede of the peripheral velocity of the nagnaER2067/072236
recordi ng medi um and the testing head possessing a
heat sensitive el enent during the course of the test.
On the assunption of V = 15 nisec, the frequency f of
the signal originating in the swell having a :
wavel ength | of 40 mmor nore and forned on the

surface of this magnetic recordlng medi umis conpute
heat gensaivg7elemppt, & deiesisthe\yignal. theh S0t SigprbexesRdIpg 00 iz, ﬂchly
[
corbi S TRARGY L AMEOH AL Eghi: g
medihm lsasgin eh teasignad df ﬂmglnfremanc)emmgng afier tgbgggmg;qngand to detect

sel%cF Yr%lyf% E) ﬁqsgfelﬂlsét | t\égth‘%:cﬁe 1sjon ?tis]% ma gﬁktaga%}lst the rn'ﬁ%bn&’ the magnetic
recérdingGhedianecAs hm@;uilrbﬂthecdlh&[tﬁm‘al@igr&l tcﬁﬁpdhfenﬂ; e signal origgnating in

head posses g the heat sensitiye ele Thi
2 mifie plotrusop Bidbn by the Saab 5! fs g Rz SR 76 400 kilz can be

clediBdeicpR@al of the length of the S|gnal to be a high
fre uency of 600 kHz, a |arge frequency as conpared
is nvensinmyan deapplisd to the noisgrisgnabefl ysneatficrftpapencyether than the
o ndeib i
sw?ai@%% 8 sl £ Agipiel et e b ARG U head, amplifier or the
liket dilbwWaethé pasarietaf meﬂgiae haniig alftequmcyﬁ’aihnp Gh@t bf éO(bsz it is made
separating . wth a. highpass filter or a ban
pospIE or SHRATIB o ATt G ReTh e B Rog Tu, A, o g1 femaining
aftelr (iR ngﬁonof the surface of the nagnetic recording
mediumfromthe signal emtted fromthe testing head
podaethei dejectinn efathesprtpsipn cthe | magnetic reeprding ereﬁdlthecomammg a
profitsi8ithavind's R &?ﬁcaheci%lgnﬁlch%% GREENE 9 f éqg?] Fnord, IR IbY excluded as a
cont al ni ny co nmponents’ originating in the protrusion on
rejeche surface of the magnetic recodi ng nedlun1based on

Lo WG ChebBls LBk B DI Il S v o

provide tifeGhddneti©recoiding M@diif that @chibiss hipie rSiabflﬂyJ ﬁlaﬁ fattsih&l heretofore.

netic.recordj medi.um As a result
corkrither.ghie rg?tb?fgfor Sstip e reeneic espiing m lwa. Byattsingghe testing
heaH rb@séslhfig‘ttﬁe l%zﬁt SeHSition e[b'nﬂ:ﬂﬁ Nt ti’é’ rﬁdﬂ@ pusSBR! by 8¥RkatRly e signal
frequenc short o can be clearly

comonentt sug! am %grnaﬁv%fq@quenPYCfaﬂlnséh@p of 2R kHg orlawahr@ﬂ methe swell of
I I
the S{lljtg&?o fQI{;]e ﬁ)aé\lgei%] ' Lx%g dlIl n%ﬁg?ﬁo% gﬁerstl%%?%gl{t%g flzingﬁl% testing head

possessihg ahe héxt sematie elajpentf uoedetwt atthagnletik eecal‘dlmg\mdihm generating a

(sl aagn fhe PptaBbity saranBer Brdl EIE By TS iRERliCn uses this

sigifll 36 @haltifte dRS OwELl Fdtthedl dmume sRfféd bSiheMmigretit réordih® ARdium and

remai ni ng after. the separation,
detect and exclude as a reject the magnetic recording medium containing swell of such level as

poses the problem that the MR head incurs difficulty in following the swell within the hard
disk drive. In the case of noise resembling this swell, it can be discerned by the reproducibility
of a signal.

FIG. 2 illustrates one example of the magnetic recording and reproduction apparatus
using the magnetic recording medium mentioned above. The magnetic recording and

reproduction apparatus illustrated here is provided with a magnetic recording medium 10
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In the detection of the protrusion, the magnetic

recordi ng nmedi um containing a protrusion having a
W@ p@sios49e1 hei ght, such as a height of 6 nm or PCI/@ER20C@I72236

be excluded as a reject. By using this method for

testing the magnetic recording nmedium it is nmade

possible to provide the nmagnetic recordi ng nedi um t hat

exhibits higher reliability an attai ned heretofore.

Further, in the nmethod for testing the nagnetic

recordi ng nedium by using the testing head possessi n%, .
wqﬁﬂereﬁéatd%%sm abaye, & g mediumsdrivgpartstor getatigpally driving the
BRIk R IR e ATRIBEI (34E A LR romain
in thevmlagnetic redoedisgimediom 1Y, a hpasl drivgpettild forarausing thy magdetimbead 12 to

be pQBLLORHY 1Bt AbLCTGhRRAERUERE b 8P and repoducing

sig}f&l@?&kiﬁngr seentiagThe Géobﬂ‘li@ﬂﬁg ﬁbfddgcifig |s'f@h|@18pr6mkihg system 14 is
romthe consequent|y separate i gn of | ow . )

adapted 4, BIOCGSS dpa eg@%ﬁk)é?w thrprisiogandiend gregrﬁ%q.rdmg sighal| tp fegmagnetic

head® béest g{enl%gro‘aﬂcédrk@%rﬁp fbACHe Haghbifc ABANEY 4xfd send the resultant

recordi ng nmedi um and detect and exclude as a reject

signal to agxtenid recor di ng nedi um cont ai ni ng swel |l of such

| ev S . h r t d i ..

ai 11 855 PHERER AR 3 8 HRThRled; Offn Mo URSs WiEHESrgsisgive (MR
elenientugilizing at dignt cpetofesisance(GMRp effidct aga trépredueed: Element, but also a
nl el RGeS PA) Bt i, B Se%hBhe o s i
recbRAGR dthiig) @nthe BB OFHE LiteOsT tBO TMIR bl ehiSdnable Afther addition to high

magneti c recordi ng medi um nenti oned above. The

recopgiigelensityr ecor di ng and reproducti on appar at us
il r re S [ i : i j
oo R e LA B el ol O UE AN h and the
effeve of uime drethod forprodutingdhe mumgacticoregpidingomedinmgcaritaning the testing
netic.recording nmedi um 10, a nagneii c head 12 for '
meﬁgg&?@kﬁaﬁﬁﬂ%’(&éﬁ?‘gdﬂg\ TSEPreno E)Qr%et’ﬁg%}e[ n the nagnetic
recordi ng medi um 10, a head drive part 13 for causing

the magnetic head 12 to be noved relative to the
Examgpitdtli ¢ recording nedium 10, and a recording and

r epE&ditie! Réh-RlaPRtic SULSEAS S hi GnforStidRs %léss JMRtrat8 CARGH BY HOYA
and reproduci ng signal processing s%/s em 14 is adapted .
Corporation oas aisetht Bhie iglass subsirate meapised 2 axm ar oufside skiampeterh @5 mm in

ins{dﬁ‘&%%ke'?ggﬂ.%@hrﬁ&aélﬁgﬂﬂa&@ tic head 12 or process
e n

reproduced sig romthé magnetic head 12 and
senthis kebstrete s aerttured gwashed thordughlyxindrdried, andsset imea DC magnetron

sp%tgrﬂé%i%\g(éeg flggqe\];éi (ﬁ\%ﬁgg a(?appalrl)oﬁgr%%gatiml tatt]ld nsgfd ‘%He}( tke trade name of
“C3010”). The device was evacuated till a vacuum of 2 x 10”7 Torr (2.7 x 10° Pa) and Cr-Mn
alloy (Cr: 70 at% and Mn: 30 at%) was stacked thereon in a thickness of 6 nm as a non-
magnetic under layer by using a target of this alloy. By using a target made of Co-Cr-Pt-B
alloy (Co: 60at%, Cr: 20 at%, Pt: 13 at% and B: 7 at%), a Co-Cr-Pt-B alloy layer was formed
in a film thickness of 17 nm as a magnetic layer, followed by stacking of a protective film
(carbon) in a thickness of 3 nm. The Ar pressure during the film formation was set at 3 mTorr
(0.4 Pa). Subsequently, a lubricant of perfluoropolyether was applied in a thickness of 2 nm
by the dipping method to form the liquid lubricant layer.
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el ement utilizing a giant magnetoresi stance (GWR)

effect as a reproduced el enent, but also a tunnel
wor@setoiesi stance (TMR) el enent utilizing thePdVIRP2007/072236

effect and made to fit 'high recording density can be

used. The use of the TMR el enent enabl es further

addition to high recording density. Now, the nethod

for testing the magnetic rec:ﬁ]di ng nmedi um of this

invention and the effect of “the nethod for producing

the magnetic recording mediumcontaining the testing .

et PRt t@i baing tested SfoF ithse surface ghpipctgristies rhyr be aise of tthe gﬂstmg head

I o 200: lo§ia SObRSA e

posSSR CheE XEHIRNE e (B helfhelle RecfRAHIE RS R Cabove were
subyetedute dltk: teSthwith glghids testebssingit deadk pouided vwith ayprezaelectric element to

oput si.de di aneter ,. 25 in.inside dianpter and 1.270. .
xSl D R LG Jucta fonua Bigs e, SORAOs e T BHdS heieht (the
distaRce edwédnothe s ¥ndathd rlignetc rexbliiediimy oDthen@d &iasaBt at 0.25

_sputtering device (made by Anel va (Japan) Corporation
ningkhd sol d under the trade name of "C3010"). The device
WaSA GYAC b@%#h' b g A thet Had fissbd BRY test(dlscfib¥d 26b
S Pa) ancgqq - a+cl oy&?qg: 70 at % a%ﬁsl\/h: _ 3_0S at_%}:al was _Ve were
subgrected kod thehglideotesi tp detetmiok rtbe surfiices characteristicnosing a testing head

magnet i.c_under | ayer by usin t ar,get of..t hi [ 1.0y, .

o eiIE P et T oo el o JoSh Bl et vas
set Ql(i').Zﬂ Q}n@h,%he Flice 1%1\8:1 @;h%lﬂésﬁoﬂicle\?el aiél?duriﬁg @&-s@:}mﬁtg &F the surface of
alloy |ayer s formed in a fi thickness of 17 nmas ..
a g'df?rﬁ‘@ﬁ'&t’icée@%_% {ne#'&}m | “iﬁpfjégn%\t@ﬂ 8 p%tssfﬁs’é‘gél&etr?fe\%se“smve
eledbht o (RS ﬁ@%ediﬁ}naastrgje%ﬂlﬁscﬁs&f om ¥ Rigrd! %nﬁﬁedoliﬁ%%lpﬁt%trusion in

during the filmformati on was set at %mTorr 0.4 Pa).

resiRuse éqy thermuitgut fepn ither testingt head m&essimgatmﬁwy@hiéve whement) was set
§ Cod i R ) Y ‘

SRR Tl el HAREE 2l OB S UG Bhorsion o

0.25 @atchgarfdathe bhas cemert af thediear seasiave element s seha 14ssemdf The signal

sl S M 53R 15 P e RS G R b

filt&roPi1 06 kHS td 300011617 BEWaybit dvaRiaGbr. d&s the Fésalt of tHid\@vatuakiemGix of the
rovided with a pjezoelectri¢c elenment to expel such.

106 mggratic Jesasdine dnedda Wit ebseryRe 49 PPFRESS AHRIE SiHNais ¥spssiing the slice
levaln€ gl ide height (the distance between the head and

the magnetic recording nmediunm of the head was set at

0.25 minch. A total of 100 nagnetic recording nmedia
Exgrrl?ﬁél-tiz."d passed the test descri bed above were

The six magnetic recording media that had been observed to have output signals
exceeding the slice level were evaluated herein. The evaluating conditions of Example 1-1
were further rigidified herein by setting the glide height at 0.19 uihch and the slide level at
40%. The bandpass filter was set at 400 kHz to 3000 kHz. The six magnetic recording media
were invariably found to have the output signals from the testing head possessing the heat
sensitive element falling below the slice level. The signals emitted from the magnetic
recording media in Example 1-1 and exceeding the slice level were invariably thought to
originate in the swell on the surface of the magnetic recording medium and the magnitudes of
these swells were thought to be on the level capable of being followed by the testing head

possessing the heat sensitive element. The results indicate that it is made possible by



10

15

20

25

subjected to the glide test to determ ne the surface

characteristics using a testing head possessing a heat
W@ emsiosiowe el ement. As regards the conditions BET/IIR067/072236

test, the glide height was set at 0.22 minch, the

slice level (the threshold |evel used during the

scanni ng of the surface of a given nagnetic recording

medi um by the use of the te_su_ng head possessing the

heat sensitive elenent to find the nedium as

. rej.ect.ab] e based on the,si | emtt th

inclsfuigs R lowver Ay oel By dandmsy Rier Bom o0 kit AR Kile tp dgorease the
igtik® JE thRQSeH TBMPEndn BroRihé tes@iShdall \BssRS & heM@ensile el d
_Slg_lfkshg% gif@ t he sfngg%l er?i ttettj t\ilh‘gzn t _\t?gs heﬁlgg,sﬂs?g i _nnt he eeme.mtan

it i genseanentn rendpted pessitlp tnfusthgr igididy thmtestingocopditions by, lowering the
sioBlEvel 3 WAen G Heidt in Mo CVAfalGR b BE R feiflly ALaTPRlestf the heat
senpisselsmemy t he heat sensitive el enent was passed

th . d Al f,100 kHz .t 000 ,kHz
iy 63 iusPRleE A TRtalin bt et iy o Fepnpa el snd the sy
rati6 | wWitlDrespbt té Gfle RBMAEMitted o dhd) gestifgl ihaad/\?f)ﬁes@h@ei hest sensitive

to possess output. signals exceeding the slice |evel. .
elementyihe npiss. of thessignal epiilpdeirem thetesting hegd Roasessing the heatpensitive

eleRERNs ARREMYAH 1P HeaWFelP Uhibion) BN Me scdcs g{# M8 thdlfetic recording

sl'ice level viere evaluated herein. The eval uating ' -
mediomdi Theomesulis ndicatpthat evaluationeoff the theeghtenied SINT fatidl is achieved by

in efit] e gl i 1,0, i nch, an .
remf Bty bR ek e, BB ot 1 sfidol rflitby BB the teting
head POssktsdingt :0hea0ODs kive elethbt. By using@rtanhdpass AirerofisokHrad 260 kHz, for
wer e i.nvari abl foue:]d t o, have fthe ért put signals from

example, {tiSmpdePessile 1 gfélgglmﬂigtes e el algfsi t i ve el ement
f al¥rgng sh@bvs?‘ﬂﬁetﬁk@glﬁ'ah& ﬁ1e! Exfdter &fhedé‘téc%lﬂé pro®ifibh 8 the surface of
fromthe magnetic recording nedia in Exanple 1-1 and

the magaetisi raeprdme madiuin the evalyation undershe eanditionm ef/Examples 1-1 and 1-
2. Thé HLBRY 4nd'the hﬁﬁe&‘ggk ma?}%%%%nfﬁ% §%§g@h@;§e§§,§f?%ﬁ AFM the

recordi ng medi um a
surface of thh anagnétid wedrdingrmedinen [afierethe esgdadtion. dFhebresulty indicate that the

f.al | d.b he.t.estin ead posses t he heat ) .
neigsR ot 1 4 3tbeleh e e @R RSP AT 04 B oGS BY rgmoving with o
bandpdie s shdbkwelb¥ompoas ot theesigmahemittddfromothe ttiggnetic recording

_andpass_filf‘er from100 kHz to 400 kHz to decrease
medINE POSIERANE heat prasitiye elemegtponent from the testing

head possessing the heat sensitive elenent and it is

consequent|ly rendered possible to further rigidify the
Indtl?émlimlléﬂhf\;‘iyti ons by lowering the slice level and the

gl i . . r Usi .  na. he

o< i ch Il M4 g bt Do i RGP e rested
for such fine protrusions and swells as have never been evaluated by the conventional

technique. This invention, therefore, enables provision of products of further added reliability
and proves highly useful for the industry.



FIG 3 illustrates the relation between the | ower
limt of the bandpass filter and the SINratio wth

WO e@post4t 0 the signal emitted fromthe testi neChaRpdo7/072236
possessi ng a heat sensitive el enent The noi se of the
signal emtted fromthe testing head possessing the
heat sensitive elenent is due mainly to the swell
(exclusion) of the surface oI t he magnetic recording
medi um The resul ts indicatelihat eval uation of the
hei ghtened S/N ratio is achieved by renoving with a
bandpass filter the swell EeM¥hent fromthe signa
emtted fromthe testing head possessing a heat
sensitive elenent. By using a bandpass filter of 50
kHzl.t o 20fekhdd forf testingaompdretic r¢coidingmaediupgaevitdédeon ®nonmagnetic

sel ectiv det ect .the swell .al one. FT hows t.h .
subfAeE it b Ipkst et e BF it BRragarics Py T I o Aqpting head
poskdising 4 héaaGens@tfvelelenehB @0@ptising teQte@s 6f Medi umin the

eval uati on under the conditions of Exanples 1-1 and 1-

2. Seamning3 gHface qfitheppagaptgrecerdingrmediwm yyitly 3 testing-hegd passessing a
heaP&h&itifedeR¥ntmeasuring with AFM the surface of the

magneti c recordi ng medium after the eval uation. The

r essgparatingroiignal ef lomafrequiercyrasigismating ardls welleordthe surfase o the magnetic

t he detect abl [.0t usi oul.d .be. decreased by
reclr g BRed PP M SRR R P Bal B ARE G et |

f r cderdcting piogisibnscuiil thé ulface ofithie Meagh@xipvetdrding @tedivdh figm a signal of

) di um possessi heat sensitive elenent. Industria
hlgli'\frﬁweeagﬁemamg %?Fr %éePaéétfﬂgrﬁéeﬂmt hod of this

i nvention, the magnetic recordi ng nedium can be tested

for such fine protrusions and swells as have never _
beeh evd methad foy testiag dbemagnstisneecordmghmedjua, acrpiding to claim 1,
' I; ¢ A oducts of

wher B of 4 Ry WP S Rl e Ut ) R ool 001 1 1 o
the industry. CLAIMS 1. A nethod for testing a magnetic

SR TR RO T AT T —

sub§thiité Hith Qf leastiaGEadnétié et ol s@fface ch@attefidich 8Rhe use of a testing head
possessing a heat sensitive el enment, conprising the

PossesEpg a rat SEsHivRiC et sampaYRs B stepgOfagnet i ¢ recor di ng
medichRinY 4 Surict 8F e MthgRERIrPOIRRSREIISM AvithSAes iy Yiall pY&essing a
el enent ;" separating a signal of low frequency

heatyengitimaelementi n swel | on the surface of the magnetic
" CCRpA I8 B 60 BeblbncS | Hari A § B R W swel rom he

signal emitted from the testing head; and

detecting protrusions on the surface of the magnetic recording medium from a signal of

high frequency remaining after the separating step.

4, A method for testing a magnetic recording medium provided on a nonmagnetic
substrate with at least a magnetic layer for surface characteristics by the use of a testing head
possessing a heat sensitive element, comprising the steps of:

scanning a surface of the magnetic recording medium with a testing head possessing a

heat sensitive element;



detecting protrusions on the surface of the magnetic
recordi ng nedium froma signal of high frequency

wo eossiopiony after the separating step. 2. A net POTIF2007/072236
testing the magnetic recordi ng nmedi um according to
claim1, wherein the signal of |ow frequency has a
wavel ength of 40 nmor nore. 3. A nethod for testing a
magneti ¢ recordi ng medi um provi ded on a nonmagnetic
substrate with at |east a maghetic layer for surface

characteristics by the use of .a testi he
posssparatingp sigval of love logefy fiequengyconiginatipg in S%%h‘m @g Sgace|pf the magnetic

rec&rtlﬁl@?néaflum 39? gh%ﬂ Of ﬁw@ﬁ'&{u@ﬁ@y SgiddtiRg WY RSior 6theP®ah Heell from
nmedi-um w t h esti ng head possessing a heat sensitive

a sighad mrited @Pﬁleaeﬂtlngh@d& gnal of |ow frequency
or | c%gﬁcgtl n% | gw?srf tor of hf t@%g%%g%gfng%nedﬁ%%ﬁamasignal of

Si g etectin

higlp fréduenoy feftining iﬁaﬂﬁyeba@mngm&eg hed magneti c recording
medium froma signal qQf hi fre uenc remaunlﬂg afte
theexs@ fuea MRgnetieiseording mn St BEqffuRigns, having a “prescribed

heiglR 99 £tdj&ct! ecor di ng medi um pr OVI ded on a nonmagnetic
substrate with at |east a magnetic |ayer for surface
characteristics by the use of a testing head

POSSESS ' l(] gna ngt?ca}ecgl% hledifim® %@U@E{le on’d H&irh@nr g% trate with at

st eps of: anni ng ace
leasﬂm dmagmam l‘ayerafot ﬁsfacmglakmilspcsstgehe qu:jof'aa testatg l&a«hpoﬂses\smg a heat

nt separating, a Si of | ow frequency
Se"ﬂPY"g‘Fﬁ'&?‘?tn r‘i‘ﬂﬁjsgﬁgbefsfﬂ'?%?he surface of the magnetic
I eCRfirHina SWetice BY e raghbGddiordingl it &Gt eYting head possessing a
originating in a factor other than the swell froma

heatsegsitive elgmented from t he testing head; detecting
r t i
o &%B#néﬂfu&gﬂé sigfall J?%arﬁﬂﬁ% ﬁﬁsomél i Bfa TBGARG! 4ridle sgmgt% surface of

rom SI g requency remai ning after

the magnmpqdmggnghlgp ‘o1 arsd;nelxqzﬂ high frgqlgenqyag'n@ta signal emitted from the
test c?l ng medi um cont ai ni ng protrusions having a

Bllg i bed height as a reject. 5. A magnetic recording

me cetsating oweldl eﬁl Muafaéwaﬁm. nelgheticsiebsditiginedivid fiorata signal of low
| east a yagn Féj”?r for surface characteristics by

fre‘k“ﬁ'écytfg’é‘aﬁ'fngaa é HigdteBo¥¥essi ng a heat sensitive
el eBRHingOMREesit 'ﬂ&ohfi}% mbdil® Bhiaining swell exceeding a prescribed level

as a reject.

6. A method for testing a magnetic recording medium according to claim 1, the

separating step and detecting step are performed using a bandpass filter or a highpass filter.

7. A method for testing a magnetic recording medium according to claim 3, the

separating step and detecting step are performed using a bandpass filter or a highpass filter.

8. A method for testing a magnetic recording medium according to claim 5, the

separating step and detecting step are performed using a bandpass filter or a lowpass filter.



scanning a surface of the magnetic recordi ng nedi um

Wth a testing head possessing a heat sensitive
web@s®sil separati ng a signal originating in cpCH/iE00mM072236

of a colliding article against the surface of the

magneti c recordi ng nmedi um or a signal of high

frequency froma signal emtted fromthe testing head;

detecting swell on the surfa?§ of the nmagnetic

recedi ng nediumfrom a signal’"of | ow frequency

remai ning after the separating step;. and excludjng a .

magfet i cArmetBed)forghepmdustionoef 2 maerrficsireeriingapedivin pgovided on a

V . g .

A ol Bl Bt b eflcic rer G e rhol FRA R he esting
mettedacetrding tstleym hnd det ecting step are performed using

a bandpass filter or a highpass filter. 7. A nethod

for testing a magnetic recordi ng nedi um according to

claim 3, the separating step and detecting step are

performed using a bandpass filter or a highpass

filter. 8. A nmethod for testing a magnetic recording

medi um according to claimb5, the separating step and

detecting step are perforned using a bandpass filter

or a lowpass filter.9. A nethod for the production of

a magnetic recording nmedi um provi ded on a non-nagnetic

substrate with at | east a magnetic |ayer, wherein the

met hod includes the testing nethod according to claim

1.



