;e3eptmH6 Tt HK6 MAGNETI C RECORDI NG MEDI UM Background of the Invention:

magnet & ai Sk abparatus. For cacryi ng but i nf ormat s ontecor it o MMM

reproduci ng operations. In order to achieve an increase in recordi NGcooooz*
density of a HDD (hard disk drive), a decrease in nediumnoise is

i ndi spensable. In the past, the decrease in nmediumnoise is achieved by
inmproving a filmstructure, a filmmaterial of a nagnetic rec [ mmm“m\m
or reduction of a product M t of the magnetic disk, with th “‘mmﬁ““
uninterrupted inprovenent in output characteristics of a magnetic,gad. The
product M t is a product of residual magnetization (M) of a magnetic

| ayer of the nmagnetic disk and a filmthickness (t) of the magnetic |ayer
of the magnetic disk. The NAIGMNETIC RBCURDING MEBIUMNEly effective in
inmproving RFV11l (read/wite) characteristics but sinultaneously causes a
probl em of a thermal decay characteristic. The decrease in M t, i.e., the
decrease in filmthickness of a magnetic |ayer brings about mniaturization
of the grain size of the nmagnetic |ayer, resulting in reduction of the

medi um noi se. However, mniaturized crystal grains no longer have a

coercive force (HERKGH V&IH@Id recorded nagneti zation as a recorded

ot Pt cd. Ty o BronueRFAASE ) Rinaoa ot Bidy < e vl g oven:
vari ovs 11 TRl o opit BepdETE b bryrb s L6 FSihg sPaleh BRI, oc: e
to one of ngr_%tp;obg] structures which is called an AFC (Anti 2

Fer r o- Coupl m structure (see Japanese Unexamni ned Patent Publication

JP 2001- 56923 A) In ortizhp 8 asRieVB @rdntnede faredtrdingddrisity ioba HIBD2AAAT 8i6R23 A
proposes a magnetic recording nmediumin which a magnetic recording | ayer

formed on driseihstdedreasain mediunt nbizeds irdisperisabte. Speabe pastiithe/ decrease
magnetic recording layer is divided by a nonmagnetic separation |ayer (Ru,
Rh, Ir, orinmediymépisenis@chigved tynisnprovieg artighstruguresadiley matasiaippbar and
the I ower magnetic recording. | ayers divided by the non netic separation
| ayer haveMadRdErocorging m@gt‘in@)r@' reductionehia B’%dyﬁt M&éﬁgta)'?‘ﬁéf‘?gwthﬂﬁhi S

char act er | WEHAERE GubferEletod BRI 6T Rl PE TRy oot

Increased fhgnetichead. The product Mr - tis a product of residual magnetization (Mr) of

a magnetic layer of the magnetic disk and a film thickness (t) of the magnetic
layer of the magnetic disk.

The reduction in Mr - t is extremely effective in improving RIW
(read/write) characteristics but simultaneously causes a problem of a thermal
decay characteristic. The decrease in Mr * t, i.e., the decrease in film thickness
of a magnetic layer brings about miniaturization of the grain size of the magnetic
layer, resulting in reduction of the medium noise. However, miniaturized crystal
grains no longer have a coercive force (Hc) sufficient to hold recorded
magnetization as a recorded signal. This results in a phenomenon that the
recorded signal is attenuated. This phenomenon is called thermal decay.

In order to prevent the phenomenon (thermal decay) that the recorded
signal is attenuated, various film structures have been proposed. Attention is

recently attracted to one of the film structures which is called an AFC (Anti-



magnetic | ayer thickness in total although the thermal decay characteristic
is excellent. The increase in magnetic |ayer thickness results in a
decrease in coercive force squareness ratio (S*). The increase in magnetic
| ayer thickness also results in an increase in grain size of the magnetic

|l ayer. In this event, the nmediumnoise (S/Nratio) is deteriorated. In
addition) the output (LF (Low Frequency)) and the pulse width (PW are
deteriorated al so. Thus, such recording/reproducing characteristics my
fall to meet future demands for a nore afhd nore increase in recording
density. Summary of the Invention: It is therefore an object of this

. (i " L d ti . . whi ) L Lent. i
ther el _decay SREC AORBHTER Sruahe rerEeB e OB BE S ENBIRBBA ot i cs
such as a cogogglgggggr,ﬁie squareness ratio (S*), a pulse width (PW, an
out put (LF), and nmediumnoise (S/N ratio). Magnetic recordi ng nedi a

accordi-ng to this yaysidseQnexamiris PatbhioMablicdtion JP 200166923 Aqrepctesd medi um
conprising a substrate having a principal surface on which first and second
magneti c | ayenagnetid racorginganediapdn whioh aamnapeeticire¢ondingdayerformed on Be fir st
and t he second rﬁr&gneti c la romagnetic material, the

ers being of a [ 3 fe
spacer |ayer Y@ tef'lﬁsr?eﬁi‘u%'@}’ﬁéﬁtﬁuqt&fé- f Speeificaly t[‘ﬁ@‘%ﬁﬂeﬁﬁ'ﬂgﬂqy@r | ayers

tne second A S BRRRA el epaiat ief IR0 AT, SELIEHR) WS bk g
the antiferr QiaBRHb! MaBHelaBgers! NTRE ABberhd the RwRlrimEdrvl résdrting fayeks t he

substrate being providéd with concentric (or circunferential) textures (or

grooves) to ldinidedby trededrenagnetid separhtice layeuigdveasagsatidiipdirdctionspetter | ayer
has a uniformthickness. 2) A nmagnetic recording nediumas nentioned in the
par agr aph 1) ,Pafflal & pashether o YWt steustwa, g ceagnstig rersdingMmedigm iy i nci pal

surface -due t L.C res. falls within a range between 1.5 nm
and 10 nm bo%g(ﬁglﬁ%éﬁﬁ@%\%?‘weﬁa&\%géﬁcg%g{'?oughness Rmax, where Rmax is
defined as a maxi MyBwWaRERE RIfIMARIMFRBIHG ¥Rudireds Melftatlp HegedtRdWeen a

hi ghest point and a | owest point.” 3) A magnetic recordi ng nmedi um as

ment i oned i n magngtizriaygsr dnibkriesk inotalaithoagh thei thernps! debay Eharhctedisticcient r i ¢
textures is substantially equal to a grain size of the first and the second
magnet i c | ayéP&ellent. AThe Kiceaase in magnafic: pyaeiickresssrestits invhdecreass e

par agraph 1)) rej c y ex r adi. | l'ing
wthin a rangcé)\ggcg\(%gﬁé g&ffggﬁﬁéﬁé{'%% m ﬁ%ﬁ%fe%%@%& V\alggg{lglaﬁ,% %ﬁégnégé nm,
bot h i ncl usi \@so RIsufts IFRER Ricteask il gFdith Bite B tHeagitetitBA)droNRrkhisneVeRE the
paragraph 1 ), wherein the substrate is a glass substrate nade of gl ass)

t he concent r iroediort noisss (IANgatio)rie deteyiofadedre dn @dditionthasdpf(LE ileowy| ass

substrate. In order to satisfy the g]ide characteristic the nedium the
substrate is*d@ﬂ%?’%ﬁyﬁvré‘ﬁ‘bfaé’é%@d”ﬁg' éﬁVg}ﬂ’f-‘_ igrosated 59 sHig: SYR or der to
i ncrease the 5@7@ I i eously
pol i shed by trhg&ﬂs OP I'oad ‘@E‘Iﬁg‘éhg‘g%a e E%P%H?Iﬁ%%ga@g{rgg% n%r]mgg iéj%]ace of
t he subst r at anokd andedrdicidaiss In %bl@?diﬂ?leerh‘@t?. fine textures (protrusions)

(Rmax between 2 nmand 7 nm randomy forned.
Summary of the Invention:

It is therefore an object of this invention to provide a magnetic recording
medium which is excellent in thermal decay characteristic and in
recording/reproducing characteristics such as a coercive force squareness ratio
(S%), a pulse width (PW), an output (LF), and medium noise (S/N ratio).

Magnetic recording media according to this invention are as follows.

1) A magnetic recording medium comprising a substrate having a
principal surface on which first and second magnetic layers and a spacer layer

are at least formed, each of the first and the second magnetic layers being of a



4 1t is to be noted here that Rmax is a surface roughness defined in
Japanese Industrial Standard JI'S BO601 as a naxi mum hei ght representative
of a difference between a highest point and a | owest point of the surface.
On the other hand, in this invention, the glass substrate has the textures
(or grooves) forned on the substrate surface. Specifically, the substrate
surface has a uniformplane in a track direction and textures (succession
of peaks and valleys) regularly formed in a radial direction. in the
anti-ferrocoupled filmstructure, the figst and the second nagnetic |ayers
have magnetic nonents anti-parallel to each other so that the thermal decay
characteristic is inproved. In order to achieve an ideal anti-ferro-coupled
film it is ¢eedmaghetibaatedd, thel spateniagst Hendfotmed betwisanithe Jitst and thdre
second magnetic layers 5 and 7 are exactly parallel to each other and a
spacer | ayer sécantt magoeatiedaydre fatipduaiemahtiferramagnétiorenchangskiméesactiofor
conparison) two kinds of substrates with and without the concentric (or

ci r cunf er ent PEWeandRe firt and dhe geepndapanaticdayaredhe dest singnetiglayer being

anti-ferrocoypl fil . ea bstrate. the. u f each
Slbst rat e, athnupnS WS SR RedRic P Rle T BidrBkn. R AlbERelSyBios W or
readiwite) eRHeAGHRIrhABey pRvided iftidncehli' (BPARGiErehARP idkdEs (i um
using the substrate wth the concentric textures exhibited an Increase in
out put (LF) grsbvesetochave d predetesmirddesiefase ralghmessSs) tranthespaceplayeenent in
pul se width (PW as conpared with the magnetic recordi ng nmedi um using the
substrate wi hB8@unifeendlip@ssri c textures, i.e., an ordinary polished

|
b . The d foi is. . A . H
hover achi eved. | TREL AdvagiEl FEHIMgensuidR & BRhushedin b edraeh T, "

anti-ferro-c 1 rd holes a
synergi stic ef g%ﬁt ﬁ#h@d%%e&ﬁ%ﬁ%rﬁ#@gﬁ@g&%ﬁ?}S?\tsetqr@cg)? Féédﬁ&i%sd&%a%ggfed as
foll ows. The conciéntac texpabs fdie dvithirDa rarmdecbdtase i Benimeaniduroasm) batdont y
distributed. Therefore, a filmdeposited thereon reflects these textures.
As shown in mausive, ima sudagmraughness Rimepr, wheresRmex ig defingd@isrg maximuse i ne
textures are not.so snall. In each small part of the textyres, upper. and
over (the 1 PRGN SRS AT bR peben, 2 Pongrtear A copwe B, "0t her
so that the antifegyo i ﬁﬁgﬁ'- i J i in each
part. Thus, the si ‘ﬁ’&g&}gr |ért1i%7r§5§?ts ag&lghgjﬁﬁ%pﬁ{hgdﬁgﬁﬁékpﬁbﬁdl),

anti - f err omagvierein ecradial piteisofdthe concéritde texhees sasubbstantialiyhequel bsa gedie Wi t h

the concentric textures, the plane equal in size to the grainis fornmed in
the track di sizetqfdhe fiest and thesseqonddnagneticdayers and 4. Therefore, an

anti-ferro-coupled,filmis for u .Sl in. It is
supposed that suc h4.f déambgm‘:ttﬁ-rgg&f'k{%@%@pﬁcésc%'ggflﬂeéﬁn%}ep%}%ﬂgpg‘rﬁgnt ation
of the upper WwRGSRthE cORERtrid texiur®s RARCA rddha Pitth Rling Wit & Pan e@nout put
(LF) and an inprovenent in coercive force squareness ratio (S*) and pul se

w dth (PW. Thaosumvand @.05pen dansely,roptweems sinr and 60 em)sbathdihohissheed to t he
i nprovenent in i n-gl ane orientation alone, the anti-ferro-coupled filmcan

be i nproved not onPy AdNBgRelGrecerdinamadigm asmentiened ipiye BaagEAREG);) i

t hermal deca J I SEC LIRL.AN th s enr ! ange
interaction i n@%@ﬁﬁ% gp\b?ﬁ@tg P?ggp'ﬁ‘ggﬁgﬁ%‘% He}’ﬁ{egtﬁidcl)ans.s’ f&éa’%rg&gté& &@ggai ns
are observed gh¥ direbtiPfoRfibg bh A siffRE 0 b Ghss sswee.(TEM , the shape of a
pitch seens to affect the grain growmh in a transversal (radial) direction.

As the pitch i s smim brder ta satisfy thierglige ehatactaristit of thedhediumi thecsubstrategads t o
be suppressed so that the grains are smaller in size as, a whole. Therefore)
by appr opri atgangrallyjsublectag toHairier-surfacs peligbindex inpler tq inereasethiye grain

YN ratio cadBHoRRF aRgb et sst ity Yl 6 R0 sols Bttt "Che
grains are t Qﬂﬂfs'gfdnééS% Bﬁt%hir{g%?&hém' Tﬁ’@%&%ﬁﬁ&é@tﬁflﬁ% Sbtaihed by

det eri or at ed. 0 e textures Is excessively large, a'thin

protection fithigteetiniqus haotine eikrirs ¢Ruteusids) (Reraxdmtwedn 2 hen amdnatr)c
recording medium This results in deterioration of the anticorrosion
char act eri st irandomly formed.




6 In this invention, the "pitch" represents a space (horizontal distance)
bet ween the peaks of the textures. In this invention, the substrate surface
has the uniformplane in the track direction and the peaks and the vall eys
of the textures substantially regularly forned in the radial direction. The
pitch represents the space (horizontal distance) between the peaks or the
valleys in the radial direction. In this invention, the surface roughness
and the pitch are preferably nmeasured by an atomic force mcroscope (AFM.
By the use of the results neasured by thg AFM it is possible to observe a
fine structure or configuration of the substrate surface, in particular, a
fine structure of a scale as small as a grain size. It is believed that the

textures al so servdtisto benoled Hemptiat Antsx i9a dubfacg Iragghneys Haefireed igener al |y,
the gl ass substrate before deposition of filnms is subjected to scrub

cl eani ng usi ndgpanese kelustriabBtangara JISB0S0das ameimunvkeightgepiesertativa ehces on
the surface of the su%ztrate. J_Bcall .. however: suych cbeani ng nmay not
sufficiently %digrRncehetwesna highest poiptand g lowegtpIRtefige SWERFS he di f f er ence

in storage locatio Q ri . it C natl

contam nants) In a&%@%h@ﬁ%@‘% r‘,nqﬂﬁér'\gqng? Q’ tﬁg%@%s&tsi}%gﬁ%ih%% t@%_te%uéegurface
of the substre@tgrodves) trfed bRitfe sult@ratll Siric8NCSpbaifiSally esubsRabt | on of the
substrate prior to cleaning is reflected on the substrate surface after

cl eani ng. Hovsurface Hag & unifiormldriecintectdakrdiection ahe testlres (Suceessior ece, t he

I mpurities on the substrate surface can be nechanically polished and

renoved. By oRRRkswadiveHeys regpianly rmad in ¢ sadid difestioncdpdhg ARt i s seen
L (e UL B i PR R S B b PR SE P B (o
brings about {hBfentd Al ParkNeltd eBERbMeP SO Al iR thetiiS! ddbaY RparRMristdsS! N
ratio. Brief Description of the Drawing: Figs. 1 through 4 are views for
descri bi ng animgiréveat. dh osdertgachieve ae ieatiamifemedcaupldtefing ¢ isdeshied that,
structure; Fig. 5 shows a magnetic recording nmedi um according to Exanple 1
of this invend$ Bustratedin Bigs hatis fisst andihe segpnddnagnaticdayers Sang7 areg| ass
substrate ill &?&cil?%gpallgﬂo@a%h o":t‘r;ler and a spacer layer 6 interposed therebetween has

a uniform thickness.

For comparison, two kinds of substrates with and without the concentric

(or circumferential) textures (or grooves) were prepared and the anti-ferro-

coupled film was formed on each substrate. By the use of each substrate, a

magnetic recording medium was produced and tested for R/W (or read/write)

characteristics. As a result, the magnetic recording medium using the

substrate with the concentric textures exhibited an increase in output (LF) and

coercive force squareness ratio (S*) and an improvement in pulse width (PW) as

compared with the magnetic recording medium using the substrate without the

concentric textures, i.e., an ordinary polished substrate. The degree of

improvement is so great as existing films have never achieved. This is

presumably because a combination of the anti-ferro-coupled film structure and

the concentric textures provides a synergistic effect.

The mechanism of the synergistic effect is supposed as follows. The
ordinary polished substrate has fine textures randomly distributed. Therefore, a

film deposited thereon reflects these textures. As shown in Fig. 2, as compared



Figs. 7A and 7B show a texture apparatus of a tape type used in Exanple 1;
and Fig. 8 shows an AFM i nmage of the surface of a glass substrate in

Conpar ative Exanple 1. Description of the Preferred Enbodi nent: Now, a
magneti c recordi ng nmedi umaccording to this invention will be described in
conjunction wth specific exanples. Examip a 1 Referring to Fig. 5, a
magneti c recordi ng nmedium according to Exanple 1 includes a substrate

(gl ass substrate} 1 having a principal surface on which a precoat |ayer 2,
a seed layer 3, an underlying |layer 4, asgfirst magnetic |ayer 5, a spacer

| ayer 6, a second magnetic layer 7, a protection layer 8, and a |ubrication
| ayer 9 are successively deposited and |lamnated in this order. Each of the

first and thewilethensizerapmgtdire 71 ayiefine fexturds dré sotab smdlier iweagnshakpart
material. The sgacer | ayer 6 is formed between the first and the second

magneti c | aye@fdhe texidres, gpper andqutrwdtrs&mtbmgmd) agnetiatayers aneer act i on
between the firs nd the seco ﬁgegnetlc | ayers 5 and 7. The, first

magnetic | aye?a@h‘?l 0 £gFh eﬁ‘ﬁ'{ F‘BF qt aiersepgnatic Sxabangs interaction iy e
I nteraction. %ﬁgbl 'hba% 5 [T ag sO{hegsthfpegé%?r?ﬂsgaga%%ﬁmeoF §etr5?gﬁ\aﬁf an

al um nosilica asscemc Ty stten rovi ded

concentric teggﬁtufe@f@ngggrﬁ[,@gy@gmbgmng a maxi mum hei ght (Rmax) of 3.4nm and
a pitch of 8 02wm (nmeasured by an atom c force m croscope (AFM). Fig.

6 shows an AFM i mag,én tie other Isand, actheaiubsinate gViththe suheantidd extlresitlee pr ecoat

| ayer 2 conprises a Cr alloy anorphous fil|m (havi ng a thickness of 300
angstrons). Thaneegdalinpize tstl&)awn igdarmg¢ lAﬂh%ltra@Jy ifagtians ag Hvstrated ing a

t hi ckness of tro The unde conprises,.a GGWthin
11 m (havi ng S8 A dos Tl ahgereisomd o £ aRR LR Py o
crystal struckigé o te drif. 1l busRaaatha s'u@b(?dea%nttfé?rogég ﬂé’%uﬂlin@QmL ayer 4
has a conposition ratio of 90 at% C and 10 at % Wunderlying | ayer
4 i s deposi t eplabg ospntatien ohthei upper mageetigiagers iropioived,aesdltify ifbdh CO2 and Ar

in order to pronote mniaturization of crystal grains of the CrWunderlying
| ayer 4. The W‘PWGMSH@PF @ﬁ)éyaﬁnsmmwm%m epereivs fore AAYArEASSHAIP ng a

thickness of a3 aRGPLIS WA (PW)T ThuE whilethe 3xshihg APENT NG D GRarREL&ET Ur e

to the improvement in in-plane orientation alone, the anti-ferro-coupled film can
be improved not only in output (LF) and pulse width (PW) but also in thermal
decay characteristic by improving the anti-ferromagnetic exchange interaction in
addition to the in-plane orlentation.

As far as the grains are observed by a transmission electron microscope
(TEM), the shape of a pitch seems to affect the grain growth in a transversal
(radial) direction. As the pitch is smaller, the grain growth in the radial direction
tends to be suppressed so that the grains are smaller in size as a whole.
Therefore, by appropriately adjusting the pitch of the textures, the average grain
size and the variance of the grain size can be reduced. As a result, the S/N
ratio can be improved. However, if the pitch is excessively small, the grains are
too small so that the thermal decay characteristic is deteriorated. If the height
of the textures is excessively large, a thin protection film can not completely
cover the surface of the magnetic recording medium. This results in

deterioration of the anticorrosion characteristic.



The CoCr thin filmhas a conposition of 82 at% Co and 18 at% Cr. The spacer
| ayer 6 conprises a Ru film (having a thickness of 7 angstrons). The second
magnetic |ayer 7 conprises a CoCrPtB alloy thin film (having a thickness of
150 angstrons). The contents of Co, Cr, Pt, and B are equal to 61 at% 20
at% 12 at% and 7 at% respectively. The protection |layer 8 serves to
prevent deterioration of the magnetic |ayer due to the contact wth a
magneti ¢ head. The protection |ayer 8 conprises a hydrogenated carbon film
having a thickness of 45 angstroms. The lgubrication |ayer 9 conprises a
liquid |ubricant of pertluoro polyether and serves to buffer the contact
with the nmagnetic head. The lubrication |layer 9 has a thickness of 8
angstrons. Next, ddsthis pventionjthd “piteh’hmegdresehtsaa speiceqtoridontal aistancey t he
magneti c recordi ng nmedi um havi ng t he above-nentioned structure. At first,
the gl ass subkgtweer thepeaksatihadextiures.r dndhininventiay thesuhstairesutagedason

exchange. The surface of the, glass substrate was jected to

Er _ecihsi on po|‘f‘§rﬂ%ﬁ§f.r"i1 %%iégg'lémeeﬁ’?‘f recleR and W@@naﬁﬂ%f’ﬁ'&yé oﬁﬂluﬁ:num
eight ( R”ax)tfe%urg%émg&rl é@[ﬁﬂ;%ug%yfgm%d Q\'tﬁggac{%l ngfe\%f;fj%r{é f)r'l%dpit‘aﬂ the

princi pal surtace aratus o _ flerring to Fig.
7, the texturepriatsthdspate thdri2bftal diBRinEEEsbtivBefit T ks br fiasvallegPinndl e 101
for fixedly supporting the glass substrate 1, a slurry dropping port 102
for feedi ng atheabdiakditextioand a tape 103 wound around a roller 104. The

gl ass substrate 1 fixed to the spindle 101 is rotated and the abrasive
(di anond abr asi ve ¢ #igiveatiomdhasudacerayahnassianddne pitely arg preterafly j s

surface. and ancapnBe b PREioRa ARkischP APl ) BRIk v BB 5y Fhe
tape 103 woundeasstebythe AFM, li95 pd&éible tH'8BservE@ fMRNERRIUE Br BorHIRURIOAT €
formed on the principal surface of the glass substrate 1. The roller 104

wi t h t he tapeofib8 subsirate shdaes impalrticslar, @t fatecsiruatura opa sdale esranmadicasrat at i on
speed so that a new surface of the tape 103 is always brought into contact
with the subs®®@Ht¥28. Then, on the principal surface of the glass substrate

L Lhe precoat | aygti heblits ARPflel @Hlesisd SEvH IR R orfne o 11 ot

magnetic | ayer 5, e spacer Tayer econd” magnet | and the

protection | aygss Surdie W@i thel dagtenbsiratbhdiretdepositien of filmsss at i ¢
opposed sputtering apparatus. he underlying | ayer 4 was deposited by

sputtering i nsubjedtadib gereb ateaninghusirg arf alkali- @8tergerh in pndet tectemmvelciganic 8 was
deposited by sputtering in a m xed gas at m)spher? f Ar+H2. The remaini ng

| ayers were naeg oh\ing sutfacs piihe SHDSIFAtEnakeGals Vet SHShRERRNGr Ar.
Then, the per%%’?\%?ﬁq@@hiéﬁﬁﬂ@m&é%é %Fﬁrit}@@.s gﬁg%ﬂg%eggr#ggﬁ gP{)@E ction layer

8 by dipping to ubrication Tayer I sk as the

magnet i ¢ r ecodifferepicetl slerageascatiindstofage gériodygmidity (odésticehtratiorodft ai ned had
the coercive force (Hc) of 3474 Ce) the coercive force squareness ratio
(S*) of 0. 76,cartamnantsltn ainRyspheria ar.thmstate ioé contaminalipaon thesyriage af2. 3

nsec, the S/ Nh%%uibgtrgge v%8é|3 d%Pe’rs.anPhé Qi%ersein Q ?A sx?#é[c%u(}ondition of the substrate
prior to cleaning is reflected on the substrate surface after cleaning.

However, by forming the textures on the substrate surface, the impurities
on the substrate surface can be mechanically polished and removed. By
observation using an atomic force microscope (AFM), it is seen that the
substrate with appropriate textures no longer keeps the surface morphology of
the glass. The removal of the impurities on the substrate brings about the

uniformity in grain growth and the improvement in S/N ratio.



10 attenuation of 0.037 -dB/ decade as the thermal decay characteristic.
Thus, the thernal decay characteristic was excellent. In addition)
excellent results were obtained for all of the recording/reproducing
characteristics including the coercive force squareness ratio (S*), the
pul se width (PW, the S/Nratio, and the output (LF). These characteristics
are excell ent presunmably because the concentric grooves forned on the
surface of the glass substrate inproves the in-plane orientation of the
magnetic | ayer and the textures contribujye to suppress size distribution of
magneti c grains. These characteristics were neasured in the foll ow ng
manner. _ Also in foll ow ng exanpl es and conparative exanpl es, neasurenent
was nmade by the saBrefiBésuwigtion dhibe rawingve force (Hc) and the coercive
force Squareness ratio (S*) were nmeasured by a vibrating sanple

magnet onet er ( VSM Figen1 ihreughv# arsdewaiorslesatbing an effactsd afnaereticryy and

t hermal decay characteristic, the ercive force (Hc) is preferably as high
as possi bl e. '%8@9&%(#'9@ WW@%&QP@HE@?'MH o (S*) is an index

ragneti ¢ or i ns. | CERGPAPYS S dEICc IR e SR AR RO IR Y, e

reproduct i on iy timentioh;F) Was neasured by a read wite analyzer (Quzik). As
far as other el ectromagnetic conversion characteristics are mai ntained, the
solitary wave r epr bifL 6tshows antARM indade ofitbe purdceratial glassssubistybtediugiadad bl e i n
order to inprove the reproduction output of a recorded signal. The solitary
wave pul se vM"EiﬂQ-@PV\BO: half wdth of a solitary signal waveforn) was

nmeasured in the fo i . he r ife I Guzi k) with
an MR (magnet or esi ﬂq%&?g‘wg?y %“ég?(?){“é{ﬁfpﬁg%l%%héﬁ }%@q‘@%ﬁéﬁé'\%s
extracted. P{B@nWe 108i@i ned as the width of a solitary waveformat 50% of
a peak value of the output signal with respect to ground (0). For a high
recordi ng density, FiWBGhowsmmeAMdinhye atthersarfaceof pgless Isbibstrakairs | s because
a smaller 11 pulse width allows a greater nunber of pulses (signals) to
be witten i FUNRYAREVEE PG -t he other hand, a greater value of PW0
causes an interfer%@g&j&%tnv&?ﬁe 'lg_?gyé"%bjﬁq%&( signal s) to produce an

' TS wWave

error upon readi ng-the srgnat . erference deteriorates the
error rate. The S/ No2hirRagiftlicVBeHHinG tndtiurhRRcoramw tafthis fvaRBbl &Arbd Guzi k) .
A magnetic head used in the neasurenent is a GVR (G ant Magnetic

Resi st ance) iesdribed in confEvietior wito dpecificexkmplee havi ng a flyi ng hei ght of
20nm The GVWR head _has wite track width of 2.0-mand a read track wi dth
of 0.5wm At the rgéém&ab density (520 kfci), a carrier signal was

recorded on the rrag{é%rhﬁ? g&?ﬁ;@ﬁ&%@ghymﬁﬁﬁg ?\%mu% acé@&hg% E%u'%@ef rom

the DC frequency region recor requency regi on wa

noni tored by 1tiReludes aGubstraeqglaes Bulbstalta)Zenaviida printipal surfce ahiwhiviaa
cal cul ated. Cenerally, the inprovenent of 0.5d8 in S/Nratio contributes to

t he i npr ovendiecast layecs: a/sead layer 8, arvoderlying layerst, m/firstanagrptislang, @at i o
prevents occurrence of a si nal rea igegl eﬁror q(}u& tg r senée Ioe;.trt\ue noi se
So that the GPRGP RYRIE. & SEcnpAnASReLR IRver f; & RraiedigndrVy Bagnd Alyorication

achi eved. layer 9 are successively deposited and laminated in this order. Each of the first

and the second magnetic layers 5 and 7 is of a ferromagnetic material. The
spacer layer 6 is formed between the first and the second magnetic layers 5 and
7 for inducing antiferromagnetic exchange interaction between the first and the
second magnetic layers 5 and 7. The first magnetic layer 5 is for controlling the
antiferromagnetic exchange interaction.

The principal surface of the glass substrate 1 is made of an
aluminosilicate glass chemically strengthened and is provided with concentric

textures or grooves having a maximum height (Rmax) of 3.4nm and a pitch of



The overwrite characteristic (ON was simlarly neasured by the use of the
read wite anal yzer (Quzik). The overwite characteristic is preferably as
hi gh as possible in the sense of preventing the degradation In yield due to
an insufficient witing ability of the head upon assenbling the HDD. The

t hermal decay characteristic was neasured in the follow ng manner. In order
to accurately evaluate only the signal attenuation due to the thermal decay
of the magnetic recordi ng medi um w thout the influence of thermal-offtrack
(the phenonenon such that thermal expansigon of a head suspension causes
deviation or offset of the magnetic head with respect to the track on the
magneti c recording nmedium resulting in signal attenuation), preparation is
made of an MR).DBaA (Madsired dyanadomid forced@icrégtobpd (MAMPh Figvsi dheweradck wi dt h
is at least twice a read track wdth. The MR head is set 1n a head/disk
mechani sm i n AFM image gttheraurfage bhitie glasssubistratesynet i ¢ di sk as the magnetic
recordi ng nedi um obt ai ned as nenti oned abqgve. Then, the head/ di sk nmechani sm

is put into an envilP8RFesRakjavend corprees R IRy AnorRhavs il dbavingaor der to
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tenperature, (ﬁa{,iﬁa(g/t%kﬁ@sﬁcdfraggiatnlggﬁ&gg)_a wite signal to the wite device

of the MR head to"wite the signall 1nto the magnetic disk. |Inmediately
after the signal i Fhenindeeying tayer §iconmrises atCrinthimfilnh thavingreethickndsséf | s
read through the read device of the MR head, anplified by the read/wite
circuit) and tMeangsirams) aad igjintended taimperexe aarysigl shsicture af thetisstsi gnal

| uat i i on. || | f th i gnal
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condition of the above-nmention e environne

kept at a ter@aididgeas athogphéredn @, 715% CELaidAND dléestotprorabtet he signal
witten in the magnetic disk is_100 KFl ux/inch. The MR head used in this

neasur ement Haiajuiigatioa of castal araimsmoldhe Lr-pndeglvingdlayerirdck wi dth of 0. 5wm
a wite gap length.of .0 .20 a, rea a enqt 1l D, a a flying
nei ght “of oonm at P84S ROerE ELE PisBRA e sty Ra §ilpfhess
recording ”EdtbfLEE‘éMb%trBFrBSjEG@QZQ%t%:PBP@f@FdnYé‘gr%ﬁé'mb%tr&ct'uFb.t he manner
simlar to Exanple™ except that no concentric grooves were forned by the
use of a texture afperGéCsthinffila Hesecodmpesitién of 8Batsh Cosand 8%4th8 Crage of the
surface of a glass_substrate in Conparative Exanple 1. As seen_fromFig. 8)
protrusions are rarfdf8fPaceayRiP eempHtesa Bydilng (having adhicknasspidnet i ¢ di sk

t hus obt ai ned 3%9 oercive force (Hc) of 3331 Ce, the coercive force
squar eness rati f’%@? of 0.66, the output (LF) of 1.02 nV, the pulse width

(PW of 12.9 nsec, Thaeseaoht hﬁgheti@fay%?%oﬁ%ﬂse@d GIGHPEB BNy thRuimut
attenuation of 0.086 -dB/decade as the thermal decay characteristic. 13
(having a thickness of 150 angstroms). The contents of Co, Cr, Pt, and B are
equal to 61 at%, 20 at%, 12 at%, and 7 at%, respectively.
The protection layer 8 serves to prevent deterioration of the magnetic
layer due to the contact with a magnetic head. The protection layer 8
comprises a hydrogenated carbon film having a thickness of 45 angstroms.
The lubrication layer 9 comprises a liquid lubricant of perfluoro polyether and
serves to buffer the contact with the magnetic head. The lubrication layer 9 has
a thickness of 8 angstroms.
Next, description will be made of a method of producing the magnetic
recording medium having the above-mentioned structure. At first, the glass

substrate was chemically strengthened by low-temperature ion exchange. The



It wll be understood that, by form ng the concentric grooves on the
surface of the glass substrate as in Exanple 1, the nagnetic disk is
excellent in thermal decay characteristic and particularly inproved in
coercive force squareness ratio (S*), output (LF), and S/N ratio Next,
magneti c recording nmedia were produced in the manner simlar to Exanple 1
except that the concentric grooves have a maxi num hei ght (Rmax) of 5nm
(Exampl e 2), 5nm (Exanple 3), |10nm (Exanple 4), 1.4nm (Reference Exanple 1
), and 11 nm (Reference Exanple 2). The gaxi mum hei ght (Rmax) of the
grooves was adjusted by appropriately selecting the texturing conditions
(grain size of the abrasive grains, processing pressure, and so on) of the
t ext ure apparginepabsurtadeagfehé glass silssitate Was sobjectetido prdcisiorspolishingt t he
magneti c recordi ng nmedi a accordi ng to Exanpl es, Conparative Exanple) and
Ref er ence ExahjfireaftereasicentricriiconesHbavimry s maxinoumeigighti(Rmek] k3.4 nm and

S[ mVJ[ nsec] [ dBI L B/ decade)] Exanpl e 10. 343.434740. 761. 2712. 329. 9- 0. 037Exanpl e
2 a pitch of 0.02um) were formed on the principal surface by a texture apparatus of

a tape type.

Referring to Fig. 7, the texture apparatus of a tape type used in Example
1 has a spindle 101 for fixedly supporting the glass substrate 1, a slurry dropping
port 102 for feeding an abrasive, and a tape 103 wound around a roller 104.
The glass substrate 1 fixed to the spindle 101 is rotated and the abrasive
(diamond abrasive grains having an average grain size of 0.1um) is supplied

. from the slurry dropping port 102 to the tape 103. The principal surface and an

opposite surface of the glass substrate are clamped by the tape 103 wound
around the roller 104. Thus, the concentric grooves are formed on the principal
surface of the glass substrate 1. The roller 104 with the tape 103 wound
therearond is rotated at a predetermined rotation speed so that a new surface of
the tape 103 is always brought into contact with the substrate 1.

Then, on the principal surface of the glass substrate 1, the precoat layer
2, the seed layer 3, the underlying layer 4, the first magnetic layer 5, the spacer
layer 6, the second magnetic layer 7, and the protection layer 8 were
successively deposited by the use of a static opposed sputtering apparatus.
The underlying layer 4 was deposited by sputtering in a mixed gas atmosphere
of Ar+CO,. The protection layer 8 was deposited by sputtering in a mixed gas
atmosphere of Ar+H,. The remaining layers were deposited by sputtering in an
inactive gas atmosphere of Ar. Then, the perfluoro polyether lubricant was
applied on the protection layer 8 by dipping to form the lubrication layer9. Thus,
a magnetic disk as the magnetic recording medium was obtained.

The magnetic disk thus obtained had the coercive force (Hc) of 3474 Oe,
the coercive force squareness ratio (S*) of 0.76, the output (LF) of 1.27 mV, the
pulse width (PW) of 12.3 nsec, the S/N ratio of 29.9 dB, and the signal output



Rmex=Il . 5nnp. 181. 533750. 721. 1812. 629. 6- 0. 058Exanpl e 3

Rmax=5nnp. 485. 034220. 741. 2112. 529. 7- 0. 052Exanpl e 40 g010 0347276 01 2812
629 9-0

036Rmax=l Onm ...... Conpar at i veExanpl e0. 608. 033310. 661. 0212. 928. 8- 0. 086w t ho
ut textureReference Exanple 10.111.433610.721.1712.729. 5-0. 063Ref erence
Exanpl e 21, p011. 033680. 761. 2912. 729. 6- 0. 042 14 As seen from Table 1, in
case where the concentric grooves have a maxi num hei ght (Rmax) snaller than
1.5 nm the surface norphol ogy of the glggs is kept so that the texture
plane in the track direction is not sufficiently flat. Therefore, anong the
recordi ng/ reproduci ng characteristics, the pulse wwdth (PW and the S/N

ratio tend t oateiuatib® bhb.037 LdB/aasRIe LI théendrastalLcnaractenitic( RTae, tid t he

grooves exceeds 10 nm the distance between the head and a part of the
grai ns grown thermalldesay charactesistic was excellent. t Hi additiemtexceilent resuith were
I nsufficient witi ng ability of the head or the increase in noise

(o

conponent , t hebtaineddorplafihe ragpraing/rapsedusing eharagiesistics ircluding the

recordi ng/ reproduci characteri st.i tend to deteri,arate ccordingly, the
o mum hel ghPORTEIE RToB PavATEn SR LR (5 oG Pulse g Fld BN TatE e
surface pref eéﬁth(ljr:Zl s within a range between 1.5 nmand 10 nm As

descri bed above, a nagnetic recordi ng nedi um according to this

These characteristics are excellent presumably because the concentric
grooves formed on the surface of the glass substrate improves the in-plane
orientation of the magnetic layer and the textures contribute to suppress size
distribution of magnetic grains. These characteristics were measured in the
following manner. _Also in following examples and comparative examples,
measurement was made by the same methods.

The coercive force (Hc) and the coercive force squareness ratio (S*)
were measured by a vibrating sample magnetometer (VSM). In view of the
improvement in pulse width (PW) and thermal decay characteristic, the coercive
force (Hc) Is preferably as high as possible. The coercive force squareriess
ratio (S*) is an index representing in-plane orientation and magnetic isolation
between the magnetic grains. Generally, a higher value is preferable.

The solitary wave reproduction output (LF) was measured by a read
write analyzer (Guzik). As far as other electromagnetic conversion
characteristics are maintained, the solitary wave reproduction output (LF) is
preferably as high as possible in order to improve the reproduction output of a
recorded signal.

The solitary wave pulse width (PW50: half width of a solitary signal
waveform) was measured in the following manner. By the read write analyzer
(Guzik) with an MR (magnetoresistive) head, a solitary reproduction signal was
extracted. PWS50 was obtained as the width of a solitary waveform at 50% of a
peak value of the output signal with respect to ground (0). For a high recording

density, PW50 is preferably as small as possible. This is because a smaller



i nvention includes a substrate having a principal surface on which first
and second magnetic |ayers and a spacer |ayer are at |east forned. Each of
the first and the second nmagnetic layers is of a ferronmagnetic nmaterial.
The spacer layer is formed between the first and the second magnetic | ayers
for inducing antiferromagneti c exchange interaction between the first and
the second nagnetic |ayers. The first nagnetic layer is for controlling the
antiferromagneti c exchange interaction. The principal surface of the
substrate is provided with concentric texfures to have a predeternined
surface roughness so that the spacer layer has a uniformthickness. It is
therefore possible to obtain the magnetic recordi ng nmedi umexcellent in
thermal decaypépiwrith 8Nows b gréReMRirhberof pliskS ¢G1HIS)A6 bRMMEEAGH B%ame
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In order to accurately evaluate only the signal attenuation due to the thermal
decay of the magnetic recording medium without the influence of thermal-off-
track (the phenomenon such that thermal expansion of a head suspension
causes deviation or offset of the magnetic head with respect to the track on the
magnetic recording medium, resulting in signal attenuation), preparation is made
of an MR head having a read/write device in which a write track width is at least

twice a read track width. The MR head is set in a head/disk mechanism in a
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system together with the magnetic disk as the magnetic recording medium
obtained as mentioned above. Then, the head/disk mechanism is put into an
environmental tank controllable in temperature in order to expose the head/disk
mechanism to a high-temperature environment. When the interior of the
environmental tank is stabilized at a preselected temperature, a read/write circuit
sends a write signal to the write device of the MR head to write the signal into the
magnetic disk. Immediately after the signal is written, the signal written in the
magnetic disk is read through the read device of the MR head, amplified by the
read/write circuit, and then measured by a signal evaluating portion. The signal -
evaluating portion records an amplitude value of the read signal at a -
predeterminéd time interval. The signal evaluating portion carries out
measurement, for example, by the use of a spectrum analyzer.

As the condition of the above-mentioned measurement, the
environmental tank is kept at a temperature of 60°C and the recording density of
the signal written in the magnetic disk is 100 KFlux/inch. The MR head used in
this measurement has a write track width of 2.0um, a read track width of 0.5um,
a write gap length of 0.20um, a read gap length of 0.11um, and a flying height of
20nm at a part of the read/write device.

Comparative Example 1

Next, a magnetic recording medium was produced as Comparative
Example 1 in the manner similar to Example 1 except that no concentric grooves
were formed by the use of a texture apparatus of a tape type. Fig. 8 shows an
AFM image of the surface of a glass substrate in Comparative Example 1. As
seen from Fig. 8, protrusions are randomly formed on the glass substrate.

The magnetic disk thus obtained had a coercive force (Hc) of 3331 Oe,
the coercive force squareness ratio (S*) of 0.66, the output (LF) of 1.02 mV, the
pulse width (PW) of 12.9 nsec, the S/N ratio of 28.8 dB, and the signal output

attenuation of 0.086 -dB/decade as the thermal decay characteristic.
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It will be understood that, by forming the concentric grooves on the

surface of the glass substrate as in Example 1, the magnetic disk is excellent in
thermal decay characteristic and particularly improved in coercive force
squareness ratio (S*), output (LF), and S/N ratio

Examples 2-4 and Reference Examples 1-2

Next, magnetic recording media were produced in the manner similar to
Example 1 except that the concentric grooves have a maximum height (Rmax)
of 5nm (Example 2), 5nm (Example 3), 10nm (Example 4), 1.4nm (Reference
Example 1), and 11nm (Reference Example 2). The maximum height (Rmax)
of the grooves was adjusted by appropriately selecting the texturing conditions
(grain size of the abrasive grains, processing pressure, and so on) of the texture
apparatus of a tape type. Table 1 shows characteristics of the magnetic

recording media according to Examples, Comparative Example, and Reference

Examples.
Table 1

e [ [ e T o [ g o Tom | e

[hm] | [nm] | [Oe€] [mV] | [nsec] | [dB] (dB/decade]
Example 1 0.34 3.4 3474 | 0.76 | 1.27 12.3 29.9 -0.037
Example 2
Rmax=1.5nm 0.18 1.5 3375 | 0.72 | 1.18 | 126 | 29.6 -0.058
Example 3 )
Rmax=5nm 0.48 5.0 3422 | 0.74 | 1.21 | 125 | 29.7 0.052
Example 4
Rmax=10nm 0.90 | 10.0 3472 | 076 | 1.28 | 126 | 29.9 -0.036
Comparative
Example 0.60 8.0 3331 | 066 | 1.02 | 129 | 28.8 -0.086
without texture
Reference
Example 1 0.1 1.4 3361 | 0.72 | 117 | 127 | 295 0.063
Reference
Example 2 1.00 | 11.0 3368 | 0.76 | 1.29 | 127 | 29.6 -0.042
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10" 0" ot K- 10% 0" 0& Q) -Lon 1M b1 )i,i% case where the concentric grooves have a
maximum height (Rmax) smaller than 1.5 nm, the surface morphology of the
glass is kept so that the texture plane in the track direction is not sufficiently flat.
Therefore, among the recording/reproducing characteristics, the pulse width
(PW) and the S/N ratio tend to deteriorate. In case where the maximum height
(Rmax) of the grooves exceeds 10 nm, the distance between the head and a
part of the grains grown in valleys of the grooves. In this event, due to the
insufficient writing ability of the head or the increase in noise component, the
pulse width (PW) and the S/N ratio in the recording/reproducing characteristics
tend to deteriorate. Accordingly, the maximum height (Rmax) of the concentric
grooves formed on the substrate surface preferably falls within a range between
1.5 nmand 10 nm.

As described above, a magnetic recording medium according to this
invention includes a substrate having a principal surface on which first and
second magnetic layers and a spacer layer are at least formed. Each of the
first and the second magnetic layers is of a ferromagnetic material. The spacer
layer Is formed between the first and the second magnetic layers for inducing
antiferromagnetic exchange interaction between the first and the second
magnetic layers. The first magnetic layer is for controlling the antiferromagnetic
exchange interaction. The principal surface of the substrate is provided with
concentric textures to have a predetermined surface roughness so that the
spacer layer has a uniform thickness. It is therefore possible to obtain the
magnetic recording medium excellent in thermal decay characteristic as well as
in recording/reproducing characteristics such as the coercive force squareness

ratio (S*), the pulse width (PW), the output (LF), and the medium noise (S/N).
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