2 1 March 2006 MAGNETI C RECORDI NG MEDI UM Background of the Invention: This
invention relates to a magnetic recordi ng nmedi um for use \ﬁiltl\nar% 2{g&gneti C
di sk apparatus for. carrying out information recording and reprolaum ng
operations. In order to achieve an increase in recording density of a HDD
(hard disk drive), a decrease in nediumnoise is indispensable. In the
past, the decrease in nmediumnoise is achieved by inproving a film
structure, a filmmaterial of a magnetic recording nmedium or reduction of
a product M t of the magnetic disk, wth the help of uninterrupted
i nprovenent in output characteristics of a magnetic head. The product M
t is a product of residual magnetization (M) of a magnetic |ayer of the
magnetic disk and a filmthickness (t) of the magnetic |ayer of the
magneti-c di sk. The reducti oMAGNETICRECORDINGMEDIEM ective in inproving
R'W (read/wite). characteristics but simultaneously causes a problemof a
thermal decay. characteristic..' The decrease in M - t, i.e., the
decrease in filmthickness of a magnetic |ayer brings about
m niaturization of the grain size of the magnetic 'layer, resulting in

reduction of the %gl um nEi i?' lHoweye ', mniaturized crystal grains no

| onger have a co :jcient to hold recorded

magneti zati on as g i .. This results.in a pheponmenon that the
recorded signal i@'émhﬂgﬁégé%%ﬁosa B"T’(Qﬁ‘@h@ﬁ%@"ﬁ@%’&?ﬁ@'@ &ﬁé&sﬁﬂ'tm%cay. I'n
order to prrﬁé(@mﬁct(mgkg RAED i , B the recorded .signal
i s attenuated, vari ousBP?l m s@ﬁ%ﬁh&gﬁqﬁﬁ'ﬁh S%?fgg'@o?miﬁpéﬂ WgR9i's
recently atdpesstict®.to one of the filmstructures which is called an AFC

(Anti 21 March 2006 2 Ferro-Coupled-film structure (see Japanese
Unexani ned Pat entn Buddritoaichinvedh indféisin¥edomiing dananasia HDEX Hbrd afkkPat ent

Publ i cati on JP 2001- 56923 A proposes a
drive), a decrease in medium noise is indispensable. In the past, the decrease
in medium noise is achieved by improving a film structure, a film material of a
magnetic recording medium, or reduction of a product Mr - t of the magnetic disk,
with the help of uninterrupted improvement in output chéracteristics ofa
magnetic head. 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 reducti_on inMr - tis extrémeiy effective in improving R/W
(read/write) characteristics but simultaneously causes a problem of a thermal
\ decay.characteristic.' The decrease in Mr - 1, i.e., the decrease in film thickness
of a magnetic layer brings about miniaturization of the grain size of the magnetic
fayer, 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 res'ults ina phehomenon 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 éalled an AFC (Anti-




magneti c recording nmediumin which a magnetic recording |layer fornmed on a
substrate has a nultilayer structure. Specifically, the ' ordi ng
| ayer is divided by a nonnmagnetic separation |ayer (Ru,n%ﬁﬁﬂ%?ﬁzgggthe
like) into upper and |ower magnetic |ayers. The upper and the | ower
magnetic recording |ayers divided by the nonnmagnetic separation |ayer have
magneti zing directions anti- parallel to each other. Wth this structure,

t he nagnetfietra-€ooplédriimystiuctiré fseccdaRinesBtUndkahitaedFataltTblication JP
characteristic. However, a filmusing the AFC structure is inevitably

i ncreased 2001-56G823aA).c | ayer thickness in total although the thernal decay
characteristic is excellent. The increase in nagnetic |ayer thickness
results in a ddapaagse Unexawinedi RatehbPublicajioardh2861-566928 A @oposdda

i ncrease in magnetic |ayer thickness also results in an increase in grain
size of t H@G%S'ﬁé?%fd!r@@edlunhln whiches, myagnetia secardinglayerdosved ohNa ratio) s
‘deteriorated., In addition, the output (LF (Low  Frequency)) and the pul se
Wi dt h (P\/\f”g?%a@e'?%sr Pd%\'t'k”d’eé|$§fb'9t‘£‘ﬁu§ ecifically.rthe snagnefiG egnosding layer

ner case 1SUbERATR 2 bBbiebRelE Sennirtiph TereriRG: [ el ey ”ﬁ@%‘éze
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ratio). | pariePlodeqseothbl. 'WRR tRs @.gﬁtcm?é, me%@@mcg@nﬁ@y@@wer eis

~provided a nmagnetic recording medi um conprising a che trengt hened

gl ass substalleneirthermgl dedayi dhiradteristid.f ace on which first and second
magnetic |layers and a spacer |ayer are at |east formed, each of said first

and sai d seconto@evehrcfiln2iifg therAfFdestructumyierise@bidinefeagetigh r omagnet i ¢
material, said spacer |ayer being fornmed between said first and said

second na@agnelc laygethicknassiindokal alihougit thedheonalgleetly chaxadtenisi is

| nteract] ggéell%%{. QII'hfei ilrjgrteagg?r? (rarEaigCnelti%%ae;erl?cﬁilcﬂr?esfsorresuIts in a decrease in
coercive force squareness ratio (S*). The. increase in magnetic layer thickness
also results in an increase in grain size of the magnetic layer. In this event, the

- medium noise (S/N ratio) is deteriorated. In addition, the output (LF (Low

Frequency)) and the pulse width (PW) are deteriorated also. Thus, such
recording/reproducing characteristics may fail to meet future demands for a
more and more increase in recording density. |

Summary of the Invention:

Example embodiments of the present invention may provide a magnetic
recordihg medium which is excellent in thermal decay characteristic and in
recording/reproducing characteristics such as a coercive force squareness ratio
(5%}, a puise width (PW), an output (LF), and fnedium noise (S/N ratio)..

In accordance with an aspect of the present invention, there is provided a
magnetic recording medium comprising a chemically strengthened glass |
substrate having a princi'pal surface on which first and second magnetic layers

- and a spacer layer are at least formed, each of said fil_'st and said second




controlling said antiferronmagnetic exchange interaction, the principal
surface of said substrate being provided with concentri Czﬁ%%ﬂdﬁ%oéo have
a predeterm ned surface roughness so that said spacer |layer has a uniform
t hi ckness, said concentric textures formng a plane which extends in a
trick direction and which is substanti®lly equal to the grain size of said
magnetic |layers, said concentric textures having a radial pitch

subst ant i ahdgnetiguayers delriteola firforabgeetitf maginil, srma?éé@r lhpetSHeing To sati sfy
the glide characteristic of the nmedium the substrate nay be subjected to

mirror suiféraeas betweshi said fifh andaithsecdritemlnetigzyets for induciigy amount  of
substrates may be sinultaneously polished by the use of a |arge-scale
pol i shi ng 2abisatomagnetiviaxchange ddersictionesaid fistt moagnetiat layerdobiby fari s
technique has .fine textures (protrusions) (Rwax between 2 nmand 7 nm
random y CERKRENG said antifgrrpmagpeticiexehangerinteraetion, ithe arigcipaksisfacewfhness
defined in .Rjaﬂare e |.ndustr. al S@‘andard JI S B0O601 as a maxi nmum hei ght
r epr esent 564 rate,beingRrpyfed Wit cRiseniicteyhies to,Bave asmedetermines: poi nt
_ of t-he su I ubst.rate of ex | e epbodi ments of the present
- inventi on%Ir'rfgg%ao%%P%gg%é)ﬁﬁ $6ld BRACY 1BYRdas ?UF‘&E@“ YHCKNRSSs 58 r at e
. surface. I - SUr have. a _.unifo Lane in a
Crack di r ancanic Satines foRfing e aEhENTR KB I NGR firdeitPLga WhESG! ar | y
formed i nigag Atk ' | {BR. : - ed. i Lcture,
he i st il SaUeet B8 ore g ot el Rt Sail cofpghent

© anti - par atéx@lrob Mot RAdIAT pifth dubtaritifly eblaf he GRERNIAIG gy eristic 1S

i nproved. I n order to achieve an iEjea ant'l -ferro- coup m it is
desired thmignetis ldylelsistrated in Fig. 1, the first and the second nagnetic
| ayers 5 and 7 are exactly parallel to each other and a spacer |ayer 6

i nterposed t heFelsatisfydhe iglide zharacteristictdiitied nrsiium 2the\dutsiratdRfaybe For

- conparison, two kinds of substrates with and wi thout the concentric (or
- ci r cunf er gyhieeteyl to axitrar-surface pglisiingsho inereaserthpahrdighpdt, tahargent i - f er r o-
coupled fil mwas,_ formed on each substrate. By the use of each substrate, a
. amount of substrates may be simultaneously polished by the use of a large-scale
.polishing apparatus. The surface of the substrate obtained by this technique has
fine textures (protrusions) (Rmax between 2 nm and 7 nm) randomly formed.
| It is to be noted here that Rmax is a surface roughness defined in
Japanese Industrial Standard JiS B0601 as a maximum height representative of
a difference between a highest point and a lowest point of the surface.
| The glass substrate of example embodiments of the presént iﬁvention '
may have the textures (or grooves) formed on the substrate surface.
Specifi_cal!y, the substrate surface may have a uniform plane in a track direction
and textures (succession of peaks and valleys) regularly formed in a radial
direction. In the anti-ferro-coupled film structure, the first and the second
magnetic layers have magnetic moments anti-parallel to each other sd that the
thermal decay characteristic is improved. In order to achieve an ideal anti-ferro-
coupled film, it is desired that, as illustrated in Fig. 1, the first and the second

magnetic layers 5 and 7 are exactly parallel to each other and a spacer layer 6

“interposed therebetween has a uniform thickness.




magneti c recordi ng nmedi um was produced and tested for RFRW(or read/wite)
characteristics. As a result, the nmagnetic recording nmedi ymyeghingogdhe
substrate w th the concentric textures exhibited an increase I n output
(LF) and coercive force squareness ratio (S*) and an inprovenent in pul se
width (PW as conpared with the nagnet4c recordi ng medi um using the
‘substrate without the concentric textures, i.e., an ordinary polished

substrate. The Rig@oltpapison| WY KM@FeNsubstrates WithdndPwitSenlitthe %ﬁnﬁéﬂltﬁﬁ have
never achieved. This is presumably because a conbi nation of the

anti - f er r djoccinplnaféréntial) tektures (Bregreaves). wdre prepseit dndtHeaitfed®-pr ovi des a
synergi stic effect. The mechanismof the synergistic effect is supposed as
fol | ows. Tedplegifilimsay faroladstre dashibabstedte. Byshd use of eathisabstratedam y
distributed. Therefore, a filmdeposited thereon reflects these textures.
As shown imagnejic recorsing megitne wasipmeeed 20d degedifer-RM dosieadiwfiteh gr ai n
71, the fipe textyres ,are not so snall. In each small part of the
t ext ures, 6{?&?9'&%@51 B reguihdhe magnelisrecording mediom meingthesubstyaies ar e
o that th tiferromagnetic hange i nteraction

Pe st LbW@ﬁﬁ%@OﬁkgﬁﬁiﬁﬁﬁﬁPf@ E_PHH@F&{] AR InGraare MEUPHt @ﬁaefdscoggcme_sum or
Substr at o e RCRRLeneSRTE i 4 T MroUeent n el Mo PR < (0" o
Trerof or o ometed Bt e UAREAE LGS TH I meBRuh ehit hBsTBRle bhBeatiodor e
grain. |tcbﬁcérﬁﬂ@@é&ﬁrefsbﬁé.,§H‘H?dﬁwg§§ft)?léﬁ?ﬂ%id'§ﬂsfr9f@% 68! I ng, i n-

Ly
plane orientation of the upper mm ayer I's 1nproved, resulting in an

i ncrease impyemént (460 gt agrexisPhTNRBHHvel Mbvep aERicVEed [ PRig §s squar eness
ratio (S*) and pulse wdth (PW. Thus, while the existing filmstructure
i's addr espezbumably becauge acembMation ofithe adtidefbicotipRid fifm sthiiere 4P
anti-Ferro-coupled filmcan be inproved not only 1n-output (LF) and pul se -
wi dt h ( PWheoeancgingric fextures pratidesie sypergisticasffexti stic by i nproving the
anti-ferromagneti c exchange interaction in addition to the in-plane

ori entation. The mechanism of the synergistic effect is supposed as foliows. The

ordinary polished substrate has fine textures randomly distributed. Therefore, a

film deposited thereon reflects these textures. As shown in Fig. 2, as compared
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~inpurities. .Actual |y, depending upon the difference in st

“air,

"~ As far as. the grains are observed by a transmni ssion el ectron microscope

(TEM, the shape of a pitch seens to affect the grain gro N Y '
transversal (radial) direction. As the pitch is snaller,%ﬁ%ér&%g?% growt h

inthe 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 SIN ratio can be inproved.
However., if the pitch is excessively smagl, 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 filmcan not '
conpl etely ¥iadhe size of argraing Tothetfine toRoRStdre nbESEEEANY RN G, qu}g
results in df: erioration of the anticorrosion characteristic. 5 rch
CitRXIEFRS: YRperand loyer @ihe firstandthersesond)Tnageetic heyorg arat al
di-st ance) bebg&@ﬁ”%he ﬁe ks of thﬁ textures. The substrate surface may have
the uni f or m PPRIcaRe Oi5reh RING s dhatdhe aptifegamagreticrxchangesinteractionds val | eys of
the textures ' e riy forned.ip,the radial direction. The
‘pitch represgsriltt5 gﬁ?ﬁg%?ggééaﬁ'hgﬁ@oméaﬁm%?SE%EE?Cfﬁmmhﬁet;séamgnor t he
val | eys in tarti-fendbinsdgneticceGpiing8 61! N this invention, the surface roughness

~and the pitch may be nmeasured by an atomic force mcroscope (AFM. By the
“use of the resul terﬂ'iﬁsmthedhm)d,lmm‘3s&EMratbthih&h@%ﬁééﬁlt&ﬂé?tu?&s,?ﬁe%’e a fine
cu

structure or Iconfi‘g} ratjon of the substrate surface, in parti ar, a fine
structure of P18 EQHY A sizeda the grainds dermed ipithetrackt difestibe dsilesdraltdwpih t he

textures als +1,0 e impurities on the glass surface. Cenerally,
| .'@e gl ass sulgg?'%%{ﬁd %T iﬁg}r%frg'%ﬁﬂ %et‘?@ﬁ?%‘p!ﬂ‘nfhﬁés igpmed dhroughatdithe on bef or e

eposi i on afizd bf 6 gréinS URIE GO 1R HB RSP R en Al Bk

detergent in order to renove gani ¢ subst ances
substrate. LRjaRg ONentatioreefdhe mpeﬁmabt@am!Qﬁar@h‘nme\becﬁyégduﬁigqﬂtahy renove the
p

st orage = perfg§ashifREpw(Lfband an @‘@mcwamenﬁn@bemmetfememtaﬁéigegﬁ L;%ﬁ;lsgﬂér ic
the stags and pulse width (PW). Thus, while the existing film structure is addressed
to the impravement 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
additio_n to the in-plane orientation.
As far as the grains are observed by a transmission electron hicroscope

(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

tendg to be suppressed so -that the grains are smaller in size as a whole.
Therefare, by apprqpriately adjusting the pitch of the textufes, the average grain
size and the variance of the grain size can be reduced, .As a resulf, the S/N
ratio can be improved. Howeyer, if the pitch Is excessively small, the grains are
100 small so that the thermal decay characteristic is deteriorated. If thé 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.




of contami nation on the surface of the substrate widely differs. The
difference in surface condition of the substrate prior to)qgapbdes s
reflected on the substrate surface after cleaning. However, by formng the
textures on the substrate surface, the inpurities on the substrate surface
can be. nechanically polished and renovied. By observation using an atomc
force mcroscope (AFM, it is seen that the substrate with appropriate
textures no | orgéhis keepsioh thesSpitERCreprasapio heguce (héMwrédiafistandde renoval |
of the inpurities on the substrate brings about the uniformty in grain
growt h andetween the peaieesftihe texSuits. Thesubsiratdswuface0aby haBeitied uRKsem i ption
of 'the Drawi ng. Fi (%s. 1 through 4 are views for describing an effect of a
magnet i ¢ P 9ithe Uiaskidinectien and the peaics s?dlthﬂh ualheiyslhfgh(_a Eeﬂhtgﬁs aGmaﬁnet ic
recordin diumaccording to Exanple 1 of this Invention; Fig. shows an
AFM i maggsH Sﬁaﬁﬁa&ﬁ%&'y%fmae@l"a% kaginl dirgetion.| Thespitehy epresenisthe 5; Fi gs.

7A and 7B _sh t ratus of a tape type used,in Exanple 1; and
Flo. 8 shSRACA NN IAhRARIS) HRIEeR the poaks ar teacliovein hededialr

Conpar at i Y le 1. Description of the Preferred Enmbodi ment: Now, a _
magneti ¢ recordi'ng medi um according to this invention wll be described in

magnet ¢ recor it gh mantcn ARGERHARe rovdtBess dhg e HERItale ndareed &

(gl ass SUBFtdnaétGMic forba¥iic8sope (ﬁ@ﬂ@fﬁi%ﬁ'}% Lfl%‘%zgfs@e 8 ll“%lal's” ae&g?‘teal ayer

2, a seed layer 3, an underlying magne ayer
spacer | ap@EM, Gt isposeth GRS bdileddtAlictdre 6 dUNPbBRItIoRLtRY Slib&rat@nd

| ubrication
: surface, in particular, a fine structure o_f a scale as small as a grain size.
it is believed that the textures also serve to remove impurities on the
glass surface. Generally, the glass substrate of example embodiments of the
present invention before deposition of films is subjected to scrub cleaning using
an alkali detergent in order to remove organic substances on the surface of the
substrate. Locally, however, such cléaning may not sufficiently remove the
~impurities. Actually, depending upon the difference in storage location, storage
period, humidity (or concentration of contaminants) in atmospheric air, the state
of contamination on the surface of the substrate widely differs. The difference in
surface condition of the substrate prior fo 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 polis.hed and removed. By
observation using an atomic force microscope (AFM), it is seen that the
substrate with appropriate textures no longer rke'éps 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.




| ayer 9 are successively deposited and lamnated in this order. Each of the

first and the second magnetic layers 5 and 7 is of a ferrzqrﬁg%ﬁ .(96

material. The spacer layer 6 is formed between the first an € second
magnetic layers 5 and 7 for inducing antiferromagnetic exchange

I nteraction between the first and the second nagnetic |layers 5 and 7. The

first magnetic layer 5 is for controlling the antiferronagnetic exchange

i nteraction. The principal surface of the glass substrate 1 is made of an

alum nosilicate glass chenmically strengtpened and is provided with

concentric textures or grooves having a maxi nrum hei ght (Rmax) of 3.4nm and

a pitch of 21 I\/arch 2006 8 0.02m (rreasured by an atom c force m croscope

(AFM). Fig. 6 o plion_ofthe Dydwinhe surface of the gl ass substrate 1.

The precoat |ayer ris a O all oy anorphous film (having a

t hi ckness of 300 g 4I'ﬁ'@ ‘Qé\éﬁlquei’fée(cﬂllmg:mpﬂemeﬁamgﬁenal l oy thin

film (havi ngge@rd stLr . The underlying | ayer 4
conpri ses a C}V\yt"ﬂ? 1£ | ?}ﬁ'ﬁéaﬂﬁ?ﬂﬁvﬁﬁwess of 100 angstrons) and is

i ntended to inprovEg.ad shoed &mainklE} o?du’?é g%eggln{)%té%t@dlng?g/ggﬁigﬁha%fgr atS % W e

Cr W under | yi n? | ayer 4 has a conposi |on
~The O W undethisjinventioayer 4 is deposited by sputtering in a mxed gas
at nosphere of 0,75% CO2 and Ar in order to pronote mniaturization of

crystal grains of Rithd® showsamaFMjinage bahersufaca i él%ﬁuﬁ&ﬁﬂ?ﬁlh?rég@’ er 22
<

conprises a ; hin film(having a thickness 25 angstrons

o at% of a ferrotfiagnetic hcp structure. The CoCr th|n filmhas a conposition

of 82 at% Co and pel-g' onprises a Ru film (having
a thickness of 7 @ngstr@dgagﬁkﬁwﬁéﬁﬁoﬂ% %ﬁ?fiﬂmﬁévpezumr. ses a
CoCrPtB al | cﬁxarrllpleﬂfarhdn (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% respectivel yth 8 shows an AFM image of the surface of a glass substrate in
Comparative Example 1.

ription of the Preferred E iment:

Now, a magnetic recording medium accofding to this invention will be
described in conjunction with specific examples.

Example 1
Referring to Fig. 5, a magnetic recordmg medium according to Example
| 1 includes a substrate (glass substrate) 1 having a principal surface on which a
| precoat Iayer 2, aseed layer 3, an underlying layer 4, a first magnetic tayer 5, a
spacer layer 6, a second magnetic layer 7, a protection layer 8 and a {ubrication
fayer 9 are successnveiy deposnted 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 Iayérs 5 and
7 for inducing antiferromagnetic exchange interaction between the firét and the
. second magnetic layers Sand7. The first magnetic layer 5 is fbr 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




|

- successi vel ymgineirﬁosi ted hy the use of a static opposed spu

The protection |ayer 8 serves to prevent deterioration of the magnetic

| ayer due to the contact with a magnetic head. The prot ectil%g lﬁ §{) 8
conprises a hydrogenated carbon filmhaving a thickness of ag é Q ons.
The lubrication |layer 9 conprises a liquid |ubricant of perfluoro polyether

‘and serves to buffer the contact with the nagnetic head. The lubrication

| ayer 9 has - a thickness of 8 angstrons. Next, description wll be made of
a met hod of producing the magnetic recordi ng nedium having the
above-nentioned structure.. At first, thg glass substrate was chemcally
strengthened by | owtenperature ion exchange. The 21 March 2006 9 pri nci pal
surface of the glass substrate was subjected to precision polishing.
Thereaf ter, c%ﬁgwﬁt(measmed(by&m dtomig fOﬂ:eﬁancBH@()le' ht ngf 3.4 nm
and - a pitch le_. 0.02m e formed on the principa urf ace by Hoxt ur e
appar at us of aMt"QﬁQePilé\'@.suﬁéP%pfﬂ‘!ﬁgllaasEFEibgtraté,“t.the texture apparatus of a
i ndl e 101 for fixedly supporting the

d i h
_ Bﬁggst Zﬁgs}tjf:t eI 2 Eﬁgrﬁ%%%%éff’@%ﬁs@ﬁswprm a@orhesd filny (kavirga asi ve, and

a tape 103 Wahiekhays¥iado | 1 T |l ass supstrate 1 fixed to the
spindle 101 is rotated a%gbt&#erﬁ@brﬁ?&geg‘f@ﬁ%éﬁtfﬁﬂ’%%%\féaljﬁ)/aﬂ]rﬁsﬁllhvavi ng an
aver age grai r{haf\'rilzgsadﬂic%ébsoﬂs{pgnggﬁﬂll]g)gd fromthe slurry dropping port
102 to the tape 103. The principal surface and an opposite surface of the

gl ass substrate ar En@lagderingpyernbcornprsekQBCNTUAR fihﬁ_r(ﬁél{lﬁg h@tﬁ?ﬁﬂsg %F 3%’4
pa e

Thus, the coqungjrit%:q{ar ooves are formed on the princi surface o
gl ass subst r at'e “PISHGRs) - ig interredlotimprove a arystal SBuctonend thé fef ear ond i s

rotated at appy €0 o) eed so that-a new surface of the
tape 103 is al \,%ﬁsﬁé %?%Lﬁh?”?eﬁ{’ﬁ*’c“&ﬁﬁﬁﬁm ¥eh 4has aseamposition ratio oHeM, on t he
princi pal sueface antl 10ha%oass h i precoat, layer 2,  the seed
| ayer 3, the underlying |ayer 2?%”@9?@@19%2&'??%3?@9 SPURerindBcer
layer 6, theaddtiseshgasatymespherd af0eT5%.CENEnd AeinSrabeR! 'reﬁ'loké?yer 8 were |

urization of crystal grains of the Crw underlying layer 4. °ring apparatus.
The first magnetic layer 5 comprises a CoCr thin film (having a thickness
- of 25 angstroms) (Cr < 22 at%) of a ferromaéneﬁ'c hep structure.
The CoCr thin film has a composition of 82 at% Co and 18 at% Cr.
The spacer layer 6 comprises a Ru film {having a thickness of 7
angstroms). '
The second magnetic‘ layer 7 comprises a CoCrPiB alloy thih film
(having a thickness of 150 angstroms). The contents of Co, Cr, Pt, and B are
equal to 61 at%, 20 Aat%,‘ 12 at%, énd .7 at%, respectively.
The protection !ayef 8 serves to prevent deteriorationr of the magnetfc
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 perfiucro polyether and
serves to buifer the Qontact 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_aboye-mentioned structure. At first, the glass

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




The underlying | ayer 4 was deposited by sputtering in a m xed gas

at nosphere of Ar+CO2. The protection |ayer 8 was deposi tedzelb%/[ S ?{bbgri ng in
a m xed gas atnosphere of Ar+H2. The remmi ning | ayers wer 5?@ d by

sputtering in an inactive gas atnosphere of Ar. Then, the perfluoro
pol.yether lubricant was applied on the protection |ayer 8 by dipping to
formthe lubrication |ayer 9. Thus, a magnetic disk as the magnetic
‘recordi ng medi um was obt ai ned. The magnetic di sk thus obtained had the
coercive force (Hc) of 3474 Ce, the.coegcive force squareness ratio (S*)
of 0.76, the output (LF) of 1.27 mV, the pulse width (PW of 12.3 nsec,
the SINratio of 29.9 dB, and the signal output 21 March 2006 10

attenuation cﬂTmOIPQBSMrfad:Blorﬂﬂmglassamﬁshatetwéwe(ﬂé‘&ﬁi’p B@foﬁg'}oﬂéﬁlﬁ ic. Thus,
the thernal .rc?’ﬁca‘_}}slq characteristic was excell ent I'n d| t1on, el | ent
resul ts were ' "GHECREENERIIGDIOGYRS (Hewinges vy heighpmmax)g;fghﬁﬁ;ﬁ%grl stics
I ncl udi ng th% uareness ratio (S*), the pulse width (PW,

the SINrati 6 ﬁ@ﬁ&’?m@“ﬁﬁ&f@gﬁf&wmm ther pdripal surfacs by & txture apparatusast! | ent

presunmabl y bgqa ehe concentric grooves forned on the surface of the
gl ass substrate |§Sroves the in-plane orientation of the magnetic-I|ayer

and the textures cReferiryfosFig.7, mmﬁéa@%@m%?&éﬁ&ﬁ%ﬁgﬁﬁﬁﬁmuC A so

gr ains. These characteristics, were neas

in fol | owi ngtdramspidianal mrrfmedlgtsummra el gisos SUBBRSIEM egpsmg)@rﬁ ge by

- the same rreth& ?"'{he coercive force (Hc) and the coercive rce ar eness

~ ratio (S%) 30 dapding By abrasive; o rﬂ@ammwoun@aﬁmmﬂﬁimﬂel(m\/p In view
of the inpr and t hermal decay characteristic,

t he coerci ve?@g%gsw%tfé&ﬁ%&eg?%p%’&dé 181 gﬁfog@;eq)ae@m@ram coerci ve
force squar e@ationidhb ¥ | ane or| ent ati on
and magnetic, i so?at i O%S&Eg%‘girqg‘?ﬂgaﬂa%gﬁéggﬁ%ﬁg%oqofg‘ﬁ@ i sppplied hi gher
value is pre’lr@matbﬁ‘ slurryidzopihg paut ¥ 028 thelta POSLC LTI i é‘r

F ﬂer el ectr'omagnetic

gﬁﬁig; §.d Ogy 3pproes%e su?'lt\:.'erlceF cen‘ tﬁg %llasgesLbst%Jté Iallfe clarﬁsf)e:i ?);/ tl?j “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 deposxted by sputtering in a mixed gas atmosphetre |
of Ar+CO,. The protection layer 8 was deposited by sputtenng 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 Iubricént was
applied on the protection layer 8 by dipping to form the lubrication tayer 9 Thus,
a magnetic disk as the magnetic recording medium wés obtainéd.
The magnetic disk thus obtained had the coercive force (Hc) of 3474 Oe,
the coercive force squareness ratio (5*) 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.




‘preferably as small as possible. This is

characteristics are maintained, the solitary wave reproduction output (LF)
Is preferably as high as possible in order to inprove th?r %rggga&tion
output of a recorded signal. The solitary wave pul se wid ﬂl\? oY hal f
width of a solitary signal waveform was neasured in the follow ng manner.
By the read wite analyzer (Guzik) with an MR (nmagnetoresistive) head, a

solitary reproduction signal was extracted. PWO0 was obtained as the

wi dth of a solitary waveformat 50% of a peak value of the output signal
Wi th respect to ground (0). For a high rﬁﬁordi ng density, PW0 is
ecause a smaller 21 March 2006 11

-pul se width allows a greater nunber of pulses (signals) to be witten in a

~same area. @itentation ofd).03vdB/detable @altEs f”é?ﬂnﬁﬁ‘g&%% B%%gﬁe@éﬁcgﬁ '@llrﬂgotp{a upon

i nterference, between adjacent pul ses (signa pro
readi ng the dhAl decasghorastenistionvasi excelidrer emcgidiRhes@IakES: dﬂ%@ ror
the read wite anal yzer ?éUZI ? A

- rate. The S/ tip, wa asured b
" magnetic heaEl b@%ﬁﬁoﬁaﬁﬂg&ﬁéﬁﬁﬁ’@ Aprodycing chiagiGristics iMlgdiag it Resi st ance)

head with a G\R ' Vi ce ving a flying height of 20nm The GWR
head has a wri tgi@?g%%%hgl%ﬁggsf mg'.od[gﬁr Ifecpulse widin Vil fhanB/iN ratiofand then At
the recordi ogtpdeqas)ty (520 kfci), a carrier signal was recorded on the
magneti c recordi ng medium Thereafter, medium noise fromthe DC frequency
region to the 1.2Thesesharatieristits emu@aeYort éﬁ!ﬁlﬁt@? b Y ne use of
a spectrum anal észgi Then, the S/Nratio \?gs ca ﬁ%@é‘%.&?’&%ﬁéﬁ“}' , the
i mpr ovenent 8fOOVEs QEF’r?"ShNSHéatta)ofdbaIgtasblstlbﬁratt@irhbt@véé@fe%—%%@t of 2

-@it/inch2 igy dj; densj.ty. A higher S/N ratio prevents occurrence of
a si gnal reagnérﬁﬁf?c;n Jﬂﬂﬁ% {IC-

ing error aEgg gt thegexiuras qepiribuiteste supatessisizeer ror rat e
is inproved digtlibatibi | [ty is. achieved. . The overwite
oo %gé@?érﬁclcﬂé s o208 r%‘@r@ﬁ}erﬁqgs.wgée Breasygdinkad wite

characteristic (ON ri'y meas

to an

~anal yzer ( Guiplitying Tannev.er Asd trﬁoﬂdi\@ih?@xﬁﬁ{pﬁsi dic%"ﬁ;a?%ﬁ{,eia%aﬁ’f’g%e hi gh as

- possible in the sense of preventing

he degradatio
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 squareness

| ratio (8% is an index representing in-plarie orientation and magnatic isolation
bgtween the magnetic grains. Generally, a higher value is preferablé.
| | The solitary wave reproduction output (LF) was measured by'a read
_ write analyzer (Guzik). As far as other electromagnetic conversion
characteristics are maintaihed, the solitary wave reproductionr output (LF} is
preferably as high as possible in order to imprqve'the -reprbduction outpui ofa
recorded signal, '

The solitary wave pulse width ‘(PW50: haif width of a solitary .signal

waveform) was measured in the foliowing manner. By the read write ahaiyzer

- {Guzik) with an MR (magnetoresistive) head, a solitary reproduction signal was
extracted. | PW50 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 -




insufficient witing ability of the head upon assenbling the HDD. The
thermal decay characteristic was neasured in the foll ow ng gﬁngﬁaé I n
order to accurately evaluate only the signal attenuation &I LY ¢ her mal
decay of the magnetic recording nediumw thout the influence of

thermal -of f- track (the phenonenon such that thermal expansion of a head
suspensi on ‘causes deviation or offset of the nagnetic head with respect to
the track on the magnetic recording nedium resulting in signal at
tenuation), preparation is nade of an I\ﬁ head having a read/wite device
in which a wite track width is at least™ .twice a read track width. The MR
head is set in a head/disk nechanismin a 2 1 March 2006- 12 system t oget her

wi th the magrgisecwidiisilions 4 hRABIRRH j | um obt ai ned as
mentioned above. Then, the ?ad/diskﬂe?ngiﬁ%%ésg%%ggzgﬂH?W’ﬁeﬁﬂ‘asame

envi r onnment alare&nkOe e otbbt himd; & greatervanabiPR/st e the
‘head/ di sk rr%c ani s%,to a hi gh-t.e%?rperature envi Pgﬁ%ﬁén{m%ﬁé?ﬁ I nterior
of the envi SHH%‘%H Ja‘f%PU|3§S§$lﬂml$)it@@tb(mceanmmﬁabaﬁfr%iﬁﬂFB%iqfﬁwe, a

' e MR head

read/ wite ci ' wite signal to the wite device of
to wite the@%éa\feﬁ?rﬁ?%ﬁ encrdpienqrategiteg errpmiatali at el y after the signal

is witten, the si {41t ' neti.c disk is read through the
read device of the-gl\/wﬁéﬂ%\gé(}fo \g%sp{nlﬁg %‘@gdt‘}ﬁ?%@“w&%ﬁwwc (Gugddsi tA and then
measur ed by magngtiaheayasathinithg nitkshy ] i I val yating portion
records an apjplitude val ue of t@?gﬁwgtﬁﬁﬂg@antpﬁﬁ%%@r%ﬁgﬁ &) me

i nterval . ThB°&d withp GMR reptddugingalevice hagiag &if i em r
exanpl e, by &Q #sée of . a spectrum anal yzelr!.rJ As%tgﬂ*e&%hg%??%hnﬁﬁémﬁ
above- menti o e%d $HR W%ﬁ&‘ widia of 2 Aunrandreereaditrack midthof b&Rim. atA1dhe

Erg gﬁg : ?Eug ?Slffbcgﬂﬂl%g&%gm%(? ﬁféﬂ,r g %eﬁﬁg%t SS'E@Q{%Q& Oiltigg glag\lliwatlhéjﬁ ggeln'? }122
oot hof S0 oau O Hcater eyt Hifh B ATl gt o1
20nm at a p dhe 163 X renerding drequenay regiohaas rhonRRERbY ¥ FRLAGR Epe%trum
o analyzer. Then, the S/N ratio was calculated. Generally, the i'mprcvement of
0.5dB in S/N ratio contributes to the imprcvemeﬁt of 2 Gbltfinch? in recording
density. A higher S/N ratic prevents occurrence of a signal reading eror due to
~ presence of the noise so that the error rate is improved and a high recording
density is achieved. .
| | The overwrite characteristic (OW) was similarly measured by the use of
_- the read write analyzer (Guzik). The overwrite characteristic is preferably as |
, high as possible in the sense of preventing the degradation in yield due to‘an
insufficient writing ability of the head upon aésembling the HDD,
The thermal decay characteristic was meastired in -the following manner.
In order to accurately evaluate only the signal attenuation due to the thermal
decay of the magnetic recording medium without the influence of thermai-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 reéd/write device in which a write track width is at least

twice a read track wi_dth. The MR head is set 'in a 'head/disk mechanism in a




[ [ [ tive Exanmple 1
magneti c recordi ng medium was produced as Conpara
?ﬁxtheananger simlar to Exanple 1 except that no concent;szQ%$g¥®§ gﬁre
formed by the use of a texture apparatus of a tape type. Fig. S Fmsl s
AFM i mage of the surface of a gl ass substra;e IndCan?Lgtérgsgxgggsfraie
seen fromFig. 8, protrusions are randomy formed on e
ic di i force (Hc) of 3331 Ce, e
The magnetic disk thus obtained had a coercive oo (0 ot 1 s
ci force squareness ratio (S*) of 0.66, the outpu _ . ,
-fﬁgrcbﬁﬁse mﬁdthq(FMv of 12.9 nsec, theyS/Nratio of 28.8 dB, and the
signal output attenuation of 0.086 -dB/decade as the thernal de?ay _ e
characteristic. 21 March 2006 13 It will be understood that, by Eg;n1rg :
concentric gﬁYﬁiemstogethehwitlll murh_agﬁ?et{él;]diél&% ﬂgﬁ%@ﬁg&%@@@g ?ie[drl@.n andnp ,
tic disk is excellent in erma _ S
: th .”fé‘ﬁi’ir : y°€ ; eRticnedrabove. f There teoheadidieR mercﬁhhi@m(i§P.),t, ing4put (LF),
'gnd S/N rati . I -4 Reference Ex 1 1-2 Next, magnetic recordlnﬁ
medi a were pgg\g@%ﬁﬁ?rﬁ@%@ @hle & iemparature lnmdmﬂomfbsem( Exgﬁgﬁme % t Sﬁm
[ ' hei ght ( Rmax .0 nm ( ,
fEQSﬁBfL' g) gm%eréﬁ? g%@%&%"ﬁ h'iQ nzz\é’heﬁilaﬁwwmtonptthand 11nm
! . . V\as
Sl USt od by appron o ai s SRRIPHILRE PRSI Mpetiiis, repd e ign iz
adj usted by appropriately s _
of the abr astangisgrattitesignal tecibe siritg devies SLHE MR REad B Witk tf?% sipﬁ@ u§1;§3||&§{ °

f tape type. Table 1 shows characteristics o
recor git ﬁ; géH%%"%@ﬁ%Pd@m@%ﬁlumﬂeeme stigna b watittere; tHRx igRAISvritieASh Ref erence

| Ef(ﬁ"rﬂpl[ o] Sgﬁﬁ%gm?ﬁ%é{fg e Eééﬁ&éwée”g? 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 -
predetermingd time interval, The signal evaluating portion carries out
Mmeasurement, for example, by the use of a specirum 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 KFluxfinch. The MR head used in
this measurement has a write track width 6f 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 fiying height of

| 20nm at a part of the read/write device. ' |

Next, a magnetic reéordihg medium was produced as Comparative -
Example 1 in the manner similar to Example 1 except that ho 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 Exampie 1. As
seen from Fig. 8, protrusions are randomly formed on the glass substrate.

The magnetic disk thus obtained had a coercive force (He) of 3331 Qe,

the coercive force squareness ratio (8*) of 0.66, the output (LF) of 1.02 mV, the
puise width (PW) of 12.9 nsec, the S/N ratio of 28.8 dB, and the signél output

attenuation of 0.086 -dB/decade as the thermal decay characteristic,




|

Exanpl e 10. 343. 434740. 761. 2712. 329. 9-0. 037 Exanple 2

Rmax=1. 5nn0. 181. 533750. 721. 1812. 629. 6- 0. 058 Exanple 3 21 March 2006
Rmax_5nn0. 485. 034220. 741. 2112. 529. 7-0. 052 Exanple 4 . arc

Rmax=10nnD. 9010. 034720. 761. 2812. 629. 9- 0. 036 Conparati ve

Exanpl e0. 608. 033310. 661.°0212. 928. 8- 0. 086 wi t hout texture Reference Exanpl e

10. 111. 433610. 721.1712. 729. 5- 0. 063 Ref erence Exanpl e
2.1.0011. 033680. 761. 2912. 729. 6- 0. 042 21 March 2006 14 As seen from Tabl e 1,

i n case where the concentric grooves ha\t(?1 a maxi mum hei ght (Rrax) snall er
e

than 1.5 nm the surface norphol ogy of tl glass is kept so that the
texture plane in the track direction is not sufficiently flat. Therefore,

anong the recordi rigﬁvﬂlﬂmmdjeest&ﬂjml&ﬁfb%qbﬁ'ﬁlhﬁttﬂééonc%ﬁﬁic J)ocv%svﬂ dﬁlg (PW - and

the SINratio tend to deteriorate. In case where X1 mim elght ( Rmax)
of the groov%‘éff@edééh%glaes sulystriatecaslinsExenople Hethearagridiie dikas eredlient ,npart of

the grains g ‘n val }.le s. of the grooves. In this event, due to th
i nsuf fici ent r\ﬁf'ﬁ? qﬁ?alﬁﬁ fiagtprigiic @%D%Q@lﬂdy !mmevemmmeme forewi se

conmponent , dth \Iratlolnthe

recor di ng/ re Gau S §e':a%£41§ E&(‘Jﬂgﬁce d %% deteriorate. Accordi ngl y,
the maxi mum he| ghte RS 2-Qf sgfooves formed on the
substrate surface preferab arge between 1.5 nmand 10

‘nm As descri bed Mma@eﬁﬁmdlﬁgh%‘cﬁﬁ%w r@@gééﬂ“h &Haﬂh@ps 2 {6' S

I nvention includes a substrate having a pri nC| pal ace -on I'C st
and Example 1 except that the concentric grooves have a maxumum height (Flmax)

.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 abraéive 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
{Fia Rmax | He S* LF | PW | SN tgermal
nm] | [nm Oe ecay
| | ] | [nm] | [ _ ] [mV] | [nsec] | [dB] ' [dB/decade]
‘Example 1 034 | 34 3474 {076 {127 | 123 29.9 -0.037
Example 2 ' . |
Rmax=15nm | 018 | 15 | 3375 | 072 | 1.18 | 126 | 206 | -0.058
[ Example 3 |

Rmaxcsnm | 048 | 50 [ 8422 | 074 | 121 | 125 | 207 | -0.082
Example 4 | | —
Rmax=10nm 090 | 10.0 3472 | 0.76 | i.28 12.6 29.9 -0.036
Comparative ' . _ '
Egample 0.60 8.0 3331 066 | 1.02]| 129 28.8 -0.086
without texture
Reference ;
Example 1 7 0.11 1.4 3361 072 [ 117 | 127 29.5 -0.063
Reference _
Example2 | 100 | 11.0 | 3368 | 0.76 | 1.29 | 127 | 206 | -0.042




second magnetic layers and a spacer |ayer are at |east forned. Each of the
first and the second magnetic layers is of a ferronagneticﬂrﬁtm[echizﬁ 5 The
spacer layer is formed between the first and the second rmaghetic layers
for inducing ant ferronmagnetic exchange interaction between the first and
the second nmagnetic |ayers. The first nmagnetic layer Is for controlling
the. antiferronagnetic exchange interaction. The principal surface of the
substrate is provided with concentric textures to have a predeterm ned
surface roughness so that the spacer- lgyer has a uniformthickness. It is
therefore possible to obtain the magnet i% recordi ng nmedi um excellent in
~thermal decay characteristic as well as in recording/reproducing
characteristics susbsasgnfrbg T ¢ %@ reness ratio (S*), the

pul se width (PW, the out gﬁ]t (LF)?’,mg:laf Mgreﬁggi%ﬁﬂ? iGgropeshaver narch

ohemically Styengtpencd ol ek haltmanal L6 AR Sl ROt P e "o

~which first af?asg%%c&t)%ﬁbe texturezpjaresin dmstracksdiReson isay&rsuﬁibénﬂ}ﬂétea“

f or med, each-l-ﬂf3 e?%i d_fi rsrijh and said second magnetic layers being of a
ferromagneti ¢ Hat ari Arong Hierecputking/repiapacingsharpcteristics dhépiive et ai d i r st

and sai d sec : of i nducin anti ferromagneti c exchange

i nteracti on, g:;‘gl) gﬁt? Pﬁ%mn%agiégéﬁdciq d8reiioTgiS: ng" ¢35e whes themaximyns height

ant i f er r omag(Rmax) cfxishgraces Bk ty . pringipal surface of said
substrate beliafrr}]rg grovi qg‘drwvmet h ﬁ%é%'&hggﬁﬁ%?e&e%@Q heagieBdét er mi ned
surface rougP@égtthe@rainagraven h valisyest thayeioveas 1R tmgie(,gﬁph&%it&*ﬁ?ess, sai d
-concentric tﬁxt@r.es formng_a plane which extends 1n a tfick direction and
which is subSYHACPLNINCRRNEY of thethradgr sherinsiease bf noisé domBERGIL he! ayer s,
sai d concent g Vi a.radial pitch substantially equal to the
grain size o’?m&éea*wmﬁé?{]gh? g&éFasf'.‘ﬁri?heﬂeﬁﬂ'gif@ffﬁﬁfqdé@iog@ha@ctmidﬁcﬂn as

- claimed in denad o detedbiate! &R f ' : ace roughness of the
principal surface due to sa.?{"jﬁ%’@&ﬁ?ﬁiﬁﬂfﬁﬁgwﬁﬁf 'B?’Ssof\m??ﬁweatfﬁcange
bet ween 1.5 dig@v@sdomaechon tltmsstltbstmé Sisrtaee préferadly falls within a range between

1.5 nm and 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. Eac‘h 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 thé second
~magnetic layers. The first magnetic Iayer is for controlling the antiferromagnetic
exchange interaction. The principal surface of the substrate is provided with
concentric textures to have a predetermined surface roughﬁess so that the
spacer layer has a uniform thickness. It is therefore possible to obtain the
magnetic recording medium excellent in thermal decay characteristic és 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)




surface roughness Rmax, where Rmax is defined as a maxi num hei ght
representative of a difference between a hi ghest point an%l%&%ﬁﬁﬁéé poi nt .
3. A magnetic recording nmediumas clainmed in.claim1, wheréein thé
concentric textures have a radial pitchsfalling within a range between
0.00511m and 0.05pm both inclusive. 4. A magnetic recording nmedi um as
claimed in claiml, wherein said substrate is a glass substrate made of

gl ass, said concentric textures are directly forned on a surface of said
gl ass substrate. MAGNETI C RECORDI NG MEDI UM Abstract of the Disclosure
In a magnetic recording nediumincluding a substrate (1) havi'ng a
principal surface on which first and second magnetic layers (6*and 7) and a
spacer | ayeWHAS) ISBIAIMED ISast formed, each of the first and the second
magnetic |ayers being of a ferromagnetic material, the spacer |ayer being
fornmed between t1heAf‘%§9§‘ﬁf"aW&°'[dmﬁ rgedigmEompesing achemiselisstfengthenedici ng

ant i f er r omagliass substratexwivinggeprinolpal atfabe bn DAichERE dnbi@ebdddshagiigict he second

Concent 1 o Fiste ent apabir e BR st Rl ey Sl T B sl BEGRY 10, " o

concentric fextyres to have, a prede race : t hat the
spacer |aye aﬁ%%{'ciayﬁﬁﬁ beypg,prq #F@R‘ﬁﬂ%t!c rrglenal; sald spacghlByeibainger is for
cont rol | i ngfofed betweer Faid firsy aed said seswit-magmetio fayerdbi inducing

antiferromagnetic exchange interaction, said first magnetic layer being for

controlling said antiferromagnetic exchange interaction, the principal surface of

said substrate being provided with concentric textures to have a predetermined

surface roughness so that said spacer layer has a uniform thickness, said

- Goncentric textures forming a plane which extends in a trick direction and which

is substantially equal to the grain size of said magnetic layers, said concentric

textures having a radial pitch substantially equal to the grain size of said

magnetic layers.

2. Amagnetic recording medium as claimed in claim 1, wherein said
predetermined surface roughness of the principal surface due to said concentric
textures falls within a range between 1.5 nm and 10 nm, both inclusive, in a
surface roughness Rmax, where Rmax is defined as a maximum height
representative of a difference between a highest point and a lowest point.

3. A magnetic recording medium as claimed in ¢laim 1, wherein the
concentric textures have a radial pitch falling within a range between 0.005um
and 0.05pm, both inclusive.

4, A magnetic recording medium as claimed in claim 1, wherein said
substrate is a glass substrate made of glass, said concentric texiures are directly
formed on a surface of said glass substrate,






