2 1 March 2006 MAGNETI C RECORDI NG MEDI UM Backgr ound of the Invent lon: This

I nvention relates to a magnetic recordi ng nedi umfor use w Wnetlc
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
| nprovenent in output characteristics of a nagnetic 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 oMAGNERICREGORDINGHBDIEM 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 magneti c | ayer brings about
mniaturization of the grain size of the magnetic '|ayer, resulting in

reduction of the %gl um nEI i?' lHoweyer m ni aturized crystal grains no

| onger have a co icient to hold recorded

magneti zati on as Thi s suI t hepo nenon that t he
recorded si gnal |1€sh'%1 hﬂgﬁegh%%aﬂosa ﬁ%?P agtgdaﬁﬁf@at deRitidcay. In
order to prey&tid disk BBEIRAGD B the recorded .signal

i s attenuat eci var i ousBPQ I"m s@ﬁ%@h&aﬁg&ﬁ@'ﬁh g gg'@oamifefpéﬂ HER9 s
recently atdplemﬁm to one of the film structures whi ch is called an AFC

(Anti 21 March 2006 2 Ferro-Coupled-film structure (see Japanese
Unexani ned Pat entin Buddritoaichisveldh increase in recording density of a HDD (hard disk

drlve) 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
r decay.characteristtc.' 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 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 éalled an AFC (Anti-




2001- 56923 A). Japanese Unexanined Patent Publication JP 2001-56923 A
proposes a magnetic recording nediumin which a magneti C.fl?ﬁ%rcﬂbaﬁﬁ | ayer
formed on a substrate has a multilayer structure. Specifically, the
magnetic recording layer is divided by a nonmagnetic separation |ayer (Ru,
Rh, Ir, or the like) into upper and |der magnetic |ayers. The upper and
the | ower magnetic recording |ayers divided by the nonmagnetic separation
| ayer hav&emagBetpledsimg kstrecmif@(léée’v‘mcfianelé_@wgi@'mih@d FRESht R ficatiol b this
structure, the magnetic recording nediumis excellent in thermal decay
“char act er i200126938wkler, a fil musing the AFC structure is inevitably

I ncreased in magnetic |ayer thickness in total although the thermal decay
char act eri st i c JRBaneseEnexaminethRatent Publication JR20Rt-56923 Yepropbsekness
results in a decrease in coercive force squareness ratio (S*). The _
increase MaAdglirdecerding medium dxwbich a magpetie setardingrlayer forred@sea i n grai n
'size of the nthis eyent, the nmediumnoise (S/'Nratio) is

deterior aFHB%g%e%%%Ph?éﬁ!’ayp}ﬁétrb'ﬁ‘-ﬂﬁt Spepificel thereaegRetis fecosdingtlagenul se
char act or 15 8VEiE4TaCA PEhBefi SBoerin 1t BmabR By oni iER iabngt
embod; menfdapeHagRefERTels, Th Mo b BB e el MBS ng
Fecordi ngr R Heorihonchc it BTN ha Ve hREBliaRh reBHEns Bfar eness

ratio  (Spiralldl Rubsh Sthet WP His sﬁﬂcﬂ#é,ptt&%erﬁ HetichBEoril HEdRhss (S/N

~ratio). In accordance with an aspect of present 1 nvention, there is

provi ded exceflephitt therrmalcdscdynthar@éterstic:onpri sing a chemcally strengt hened
gl ass substrate having a principal surface on which first and second

magnet i ¢ | ayer lowandr, @ filpensing they AFCasteucttird isandvitablyndreasadhnof said first
and said second 21 March 2006
magnetic layer thickness in total although the thermal decay characteristic is
| excellent. The increase in magnetic layer thickness results 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 ahd 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




3 magnetic layers being of a ferromagnetic material, said spacer |ayer
being formed between said first and said second magneti c 5l a¥gER 2664
inducing antiferromagnetic exchange interaction, said first nmagnetic |ayer
being for controlling said antiferromagnetic exchange interaction, the
principal surface of said substrate belng provided with concentric
textures to have a predeterm ned surface roughness so that said spacer

| ayer has meagreticdayers betrinefa fert@hdgnstitwetzl Gdi®spacadaf@vEing a pl ane
which extends in a trick direction and which is substantially equal to the
grai n si zdorotedsbeiveengsaid ficstlaagesaid sseordi magnetid fayers foriiduohsy havi ng a
radial pitch substantially equal to the grain size of said nagnetic
| ayers. T@n§t@arosmagnatic aychaage interaction; said firsimagretitddyembeingéorsubst r at e
may be subj eci,ed to mrror surface polishing. To increase the throughput,
a | arge afBOkeling Sé‘@b%,ﬁtlfaftre@aﬁﬁ?tl%eﬁ@?ange;lateé@@t]g:ry :]Impnﬁwtpal ?yfadgf)fgsedog ya
| arge-scal_e. | i shi appargtys.. The surface of the substrate obtaine
t hi g t echﬁ?@t)ﬁ‘%’?hépe Q&HS Fﬁ@%‘ﬁﬁa &dth epnsentris f@ﬁ%&fe% f@‘rﬁﬁV%étRKé"éﬁe?“Wand 7
nm rando LI 1S.10 be noted here that Rmax .is a surface
. r%ghness%ﬁ?éégéﬁlai' eS%&BiH@Q%a'&ﬁBﬁg?rﬁﬁ)ﬁ?r fﬁ%ﬂ&ﬁﬁﬂ"ﬂﬁ@dﬂ@ﬁ?@isﬁ@ admax: rrumt
. 'height re .atd f el n. I st .point and,a | owes
poi it of - PhacaitheiedSielforfindd bENEIeY BEER Malhek Beebiai BR6" ne
resent i pvV&iHstaMti : =Gqr A o] _
gubst rat e&surfa%rgl.aiﬂwségggr itbgﬁréﬁlﬁsﬁﬁ !gtrrr'%@'gﬁé%%%éé%g% Oﬁgt\a/'éljﬁg uni form

- plane in gextireshatinges A piftAGUBRETAS chEHCHIRE IPAindi-dekigand val | eys)

regularly formed ina radial direction. I'n the afiti-ferro-coupled film

st ruct ur emagneti¢ iaygtrs.and the second magnetic |ayers have magnetic nmonents
anti-parallel to each other so that the thermal decay characteristic is

i nproved. | n ofdeatisfy the iglide eharactetistic aitié nfeaivm; theosublstdtd Mapbd t s

- desired that, as illustrated in Fig. 1, the first and the second magnetic
- layers 5 swhiegtedite miracsuifaga palishing.to kmdaset thettheughput pelarge | ayer 6
| _émount 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.




i nterposed therebetween has a uniformthickness. 21 March 2006 4 For
conparison, two kinds of substrates with and wi thout the Qﬁwﬁmﬁ@(ﬁﬁ (or
circunferential) textures (or grooves) were prepared and the anti-ferro-
coupled filmwas formed on each substrate. By the use of each substrate, a
magnetic recordi ng medi um was produced énd tested for RRW(or read/wite)
characteristics. As a result, the magnetic recordi ng nmedi umusing the
substrate wi t Forlvenyeisen Wekihgs oasabstraths NithoshcPithGrtR8TBnkEntRKEt PUt
(LF) and coercive force squareness ratio (S*) and an inprovenent in pulse
wi dt h ( PW(oasircuroiepentizd) teitunes (o gragves)iviereqsrepaictiaritee dntiHeindg t he
‘substrate without the concentric textures, i.e., an ordinary polished
subst r at e.covpleddibarwas firmedgn eachrsubstiatesBy the ase af eash substeatéj Ans have
never achieved. This i s presumably because a conbination of the
anti - f er r S0FHcagceiding medivng was praduced aad dested fionr ROV fexteadbarite) ovi des a
syner gi Stiﬁﬁ effect, Tge mechani sm of the synergistic effect is supposed as
fol |l ows. FRErACGRIRtcS, A gJesulhdhe Magnatisirecorsing mesliura usingtbersabstiatey
di stri but Therefore, .a  filmdeposited thereon ref]ects these textures.
As shown i%ﬁthptPS.COEFGQ@CJSWB%‘BX@@?%E%H‘G;E%%e 11 Qlitpyt @-%5 apALOeRFIvVe gr ai n
71, the fi L1. . 1n each snmall of the
t extures, *ﬂ%ﬁ%@éﬁﬁ%&é& ﬁu I’]é’ﬁ@l ??’g&%fﬂae?ﬁé'?gb%@ﬁ%w#ﬁgﬁm | ayers are
parall el tg £ 3 i o i [action
paral | o PEARE Bhhthe Ml Lol BN IR S BHAR I RYRL 0!
set of Sﬁebhcerﬂﬂ&'tE)&QfersS)ﬁ@.g,ﬁﬁtdréinﬁf}}"ﬁélls'?\tgﬁ s@fbsfrab.t'ﬁi‘x% cﬂfd?@é ofand, in the
res, e p a

substrate with the concentric text ane equ I'n'size to the

grain is fmpreeniontisiso gfe’#tlésfﬂﬁﬁﬁ\b:fm%s lﬁ%eidé\/éﬂabﬁu’beéﬂﬁ Thisfd 9s- 3 and 4.

- Therefore, an anti-ferro-coupled filmis formed throughout the

presumably because a combination of the anti-ferro-coupled film structure and
the concehtric textures provides a synergistic effect.

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




|

l

" size of the grain. It is supposed that such ideal anti-ferromagnetic

coupling, in- plane orientation of the upper magnetic |ay lr.S 4 coved,
resulting in an increase in output (LF) and an inprovene%?h#%c%g@%give
force squareness ratio (S*) and pulse width (PW. Thus, while the existing
filmstructure is addressed to the inprovenent in in-plane orientation

al one, the anti-Ferro-coupled filmcan be inproved not only in-output (LF)
and pulse width (PW but also in thernal decay characteristic by inproving
t'he ant.i-ferromagnetic exchange interactgon in addition to the in-plane
orientation. As far as. the grains are observed by a transm ssion el ectron
m cr oscope (TEN&, the shape of a pitch seens to affect the grain growth in
a transver samiththegizalof agiraindtli, e findtextDrshirk #bt iFsmaR! |18l h Sfhafl bk
growth in the,radial direction tends to be suppressed so tﬁat-t grains

—are smaller Pﬂ{ i19XUERS, HPR@fANS lowsh@he first and the seppnd)nagricicYayees &t i g the

pi-tch of the rain size and the variance of the

t he.
grain size Cg%’%é“?’i@%ﬁ@gﬂ%i’%\éﬁégﬁgggp{ifgrrpﬁ@gggtiq exchange ipterattoniispr oved.

However, if g | S sstwvely snall, the grains are too small 'so
‘that the ther%?ﬁggggr}béﬁgé%@t gr-'?"g’st Sidle Braln ?B?‘&tﬁé‘é.a $um pheetipdsgal . of
t he texturesalhtt;fefmﬁgﬁeﬁgbyuﬁﬁl{ggm a thin protection film can not

~conpl etely cover the surface of the magnetic recording nmedium This
results in deteri@n ﬂtamiheolnand:ndnt&uetéuhgllrat@&irimrthﬁbaﬁc%ﬁfmﬂﬂeﬁl?és it March

2006 6 In tt}i s invention, the "pitch" represents a space or'i zont al

di stance) beR'ARBAILRLN sZala th grakuis fermastindhe Fhak ditdotion adsdllssratarie may have

the uniform kn t ack direction and the peaks and the valleys of
" dhe textur esﬁaé'ﬁsgg?%ﬁt i iﬁ?’{?ﬁ?’gg?ﬂ anf- "fo()?%g”qfﬂmt'ﬁ ringditaroughowdhe on. ~ The

pirt ch repr essrd 6f thBYraifPag \ ley /L ) ween, t he peaks or the
val | eys !On the radi ?Iralﬁgi gzsc%%?bé?nm#ﬁygu ?’tﬁvgénﬁ'i)'fgﬁs}"?ﬂag%?%ﬁ’@%grﬂ%'ughness

| and the pit (lanegrierdatiwesfithe dipper magnetic layer is improved, resulting in an

increase in output (LF) and an improvement in coercive force squareness ratio
(S* 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.




reflected on the substrate suyrface after cleanjng
i3l

by an atom c force mcroscope (AFM. By the use of the results neasured by
the AFM it is possible to observe a fine structure or copfigisabdgen of
the substrate surface, in particular, a fine structure of a scale as small
as a grain size. It is believed that the textures also serve to renove
inpurities on the glass surface. Cener@lly, the glass substrate of exanple
enbodi nents of the present invention before deposition of filnms is
subj ected to sdn s ivemtiongtheShitch" epreddimd b spatbe (BGrHontal distdRke) O renmove,
organi c substances on the surface of the substrate. Locally, however, such
cl eani ng hejween thapeaks efithe yextaresy @ hersubstrateusurfdcesmaphiavelthy uniependi ng
upon the difference in storage |ocation, storage period, humdity (or
concent r atlde iBithe diack sireatien and thepeekphod the wallsystdidha teateresof
cont am natiBn on ﬁhe s%lrface of the substrate widely differs. The
di f f er enc &UPRantaiy regalartyfarmed in tie faslal slingstiont Eheppitaly represandathang i s

. However, by form ng the
textures SRACHEUING! distencribalween the paaks ok thesvallgys imthesiadialr at e sur f ace
can -be. njcally polished and renoved. By observation using an atomc
force m.croscopé (AFM, it is seen that the substrate with appropriate

i ' I : I f. I . .TIh I
of "t he 1 mpur 1 Eavs Kventor e SHHREE fo TR BN ooty B FosAstRed o -

growt h angylgieato i W@érﬁ‘ﬂéro'ggoﬁé QI\F;I?IZ' By tel'\%slu%@g{)ﬁﬁe%g&gg m%%IaﬁlfecIff\?ﬁ'{ei ption

of the Drawing. Figs. 1 thr escribing an effect” of a

TOShel o oAl eTsIhR sbeioa i RGBT o AL
AFM i megesafface)dn partfcate, afine stiuetie D bScaRl 8s biallsds' #bRin ,siz@. Fi g. 5;
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 cont_amination 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.




- thickness of

Figs. 7A and 7B show a texture apparatus of a tape type used in Exanple 1;
and Fig. 8 shows an AFM i nage of the surface of a gl ass s%%%‘éﬁ%%ééw
Conparative Exanple 1. Description of the Preferred Enbodinent: w, a
magneti ¢ recordi ng medi um according to this invention will be described in
conjunction wth specific exanples. ExamIlQe 1 Referring to Fig. 5, a
magneti c. recordi ng nmedi um according to Exanple | includes a substrate

(gl ass substrate). 1 having a principal surface on which a' precoat |ayer
2, a seed layer 3, an underiying layer 4y a first magnetic layer 5, a
spacer |layer 6, a second magnetic layer 7, a protection |ayer 8, and a
lubrication layer 9 are successively deposited and lamnated in this
order. Each of the2Egiddescripkon ofithe Orawing: nagnetic layers 5 and 7 is of a
ferromagnetic nat elg.i al, .,The spacer layer 6 is fornmed between the first and
t he second rragnetidg?'alglg\’%“%‘ 4 A6 Vigws for deaetibingan effedt bba hawgnetiet i ¢ exchange

I nteraction VL an e econd magnetic layers 5 and 7. The
first magnet @Oﬁ%%ﬂ{r@héﬁbg%%ﬁ%ﬂmaﬂei he antiferronagnetic exchange -

interaction. The Fi§gI g | ass substrate_1 is made of an
al uminosi licate gl agss g%%ﬁ%@gg? ?%Hg@ﬁ%ﬁ'ga' ghﬁcqoéé'ﬂg EXRimpigi & of
~concentric thisdnvendionpr grooves having a maxi num hei ght (Rmax) of 3.4nm and
a pitch of 21 March 2006 8 0.02m (neasured by an atom c force m croscope

(AFM). Fig. 6 shdié Gashowsran ARkigmage of the surfateeien ghss SbhtlapSRusisi rate 1.

The precoat ih%r&z conprises a Cr alloy anorphous film (having a
angstrons). The seed layer 3 conprises an Al alloy thin

f .i I'm (having a tipgkpass o Shily ﬁqgﬁarreoanpsp)a'ratas of a tape type used in
Example 1; and : '
Fig. 8 shows an AFM image of the surface of a glass substrate in
Comparative Example 1.
ripti f the Preferred E i t:
Now, a magnetic recording medium accofding to this inventioh will be

described in conjunction with specific examples.
Ezamgle_l |
Referring to Fig. 5, a magnetic rebording medium according to Example
| 1 includes a substrate (glass substrate) 1 having a principal surface oh whicha’
| precéoat]ayer 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 fubrication
fayer 9 are successiveiy 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 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




|

[ [ [ [ havi ng a thi ckness of
nderlying layer 4 conprises a CGWthin film ( _
1-88 gngstrgm;)g ané I s i ntended ][O. | rrplrove a4c%§t:| Cz?ﬂr)gg}t f@ﬁﬁl&b&% L;rgg
ic layer S. The CrWunderlying |ayer _ : _
gwtaog/ongl gnd >1/0 at% W The CrWunderlying layer 4 is deposited by sputtering

in a mxed gas atnosphere of 0,75% CO2 and Ar in order to pronote

' ' ' ' ' | ayer 4. The first

' tion of crystal grains of the CrWunderlying I
magln:': :JE:I Izgyer 5 corrp?/i ses a CoCr thin film (having a thickness (():1; tZﬁ ]
angstr-oms) (Cr <22 at% of a ferromagnetaéc hg/pC'rStru‘(I:'thgrgbaIgre Iogyer 6|
filmhas a conposition of 82 at% Co and 18 a r

[ i ' ' 7 angstrons). The secon
conprises a Ru film (having a thickness of . . . .
ronc | oy Auninges by sitcon e AEIN oy e W °1°5

.. The contents o , , , _

(2)];) ;tS‘?A; aggsg[’gﬁl\'nﬂgqoﬁ surfagp etihe\glass sublstraterot ect i on | ayer 8 serves to

i I i the contact with a
revent deteriorat t magneti ¢ | ayer due to _ : ol
| ﬁagnet i ¢ head. Theﬁ?@?%%qa?%ﬁef g?@?‘pﬁse%%#ﬁﬁi'@kéém@rMBtﬂmlﬂmw@ garbon fi

- ' : : ication layer 9 conprises a
U d ubri cane e <t 28p AT The 2Peq iayr b iieuee an Alley irchiwont act
| Laul e ' i ' 9 has a thickness of 8

i th the nmagr(baving hdkickneBeof kebhgatdReg). | ayer :
gzgstrons. bet, description will berﬁﬂde of a nethod of producing the

ML, s e e MW,
cxchange. Thd O3 ERHIRTE AASUS pRaad epTons aveibriduragi oo rate vas
?r; EJI reni tmeﬁe}f 3 m%{g‘?%ﬁcg!( Q{) $°5+@J‘§ﬂ&aum£ﬂﬁhg, a{g}@ﬁ &gp%gl&gmoaj@rg'aﬂ@ oh®@ on the
princi pal suataCr aby 18 dteWNUr ThaRiP@/ mdé?lyﬁ\fg layer 4 is deposited by sputtering in
| a mixed gas atmosphere of 0.75% CO; and Ar in order to promote
miniaturization of crystal grains of the Crw underlying layer 4.
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). '
Th-e second magnetic‘ layer 7 comprises a CoCrPtB alloy thih film
(having a thickness of 150 angstroms). The contents of Co, Cr, Pt, and B are
equal to 61 at%, 20 at%, 12 at%, énd .7 at%, respectively. _
The protection !éyef 8 serves to prevent deteriorationr 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 perfiucro polyether and
serves to buifer the contact with the magnetic head. The lubrication layer 9 has
a thickness of 8 angétroms. | '
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




a tape type. Referring to Fig. 7, the texture apparatus of a tape type used

in Exanple 1 has a spindle 101 for fixedly supporting th ) strate
1, a slurry dropping port 102 for feeding an abrasive, aﬁH%Q%F§6®H€03

wound around a roller 104. The glass substrate 1 fixed to the spindle 101
Is rotated and the abrasive (dianond abrasive grains having an average
grain size of 0.1 .nm) is supplied fromthe slurry dropping port 102 to the
‘tape 103. The principal surface and an opposite surface of the glass )
substrate are clanped by the tape 103 wognd around the roller 104. Thus,

t he concentric grooves are forned on the principal surface of the gl ass
substrate 1. The roller 104 with the tape 103 wound therearond is rotated

at a predet eigipal suwstegeiod thesglasdsubstratewassufeisd td Gesi ' ape 103 is
always brought into contact with the substrate 1. Th@%, Isfghqoﬁéﬁ% i nci pal
surface of tHOCKalles coppentria geooves (haying emazimunaeight EBmad)of 3eBthlanger 3.

t he underlyi . . Lhe first magnetic |ayer 5, the spacer |ayer 6,

t he second narégﬁ%ﬁﬁbpéygb Wﬁr‘?g?{ﬂ‘efjﬁ’@%‘? BeiRaipal surface by a Bdwre @pparatigastsi vel y
deposi ted bYattﬁﬁeﬁ%, of a static opposed sputtering apparatus. The

. underlying | ayer was deposited by sputtering in-a m xed gas atnosphere of

Ar+CC2. The pr ot ecRéfePingtoefig. ,Yﬁéte?ﬁﬁ@ﬁfgﬁﬁgtug%f%#éﬁéigﬂgﬁé E‘b%an?ééﬁed gas

at nrosphere of Ar+H2. The renmining |ayers were deposi Png in

o, et v+ das camndpal oribady sugigthg veviaagi B RopbHiT | oo
" layer oP -|-hulg?'[E 1§Egﬂ'8ﬁ%@i_ﬂﬁ apiarashe, and artgmégg wogmtaraijn!dgi kel 109, Was
BT 0E T TARARE el BT P RS 1 e S romrase out ot (L
and the 51 anal gt bur Stk 3188 =g aPed e ot B frodh steledecade as
the thernal Wewdbe sheyatopping port 10T Rithe thp@103. The principal surface and an
opposite surface of the glass substrate are clamped by thetape 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 thg principal surface of the glass substrate 1, the precoat layer
. 2, the seed layer 3, the underlying layer 4, the first magnetic layer 5, t'he spacer
| layer 6, the second magnetic layer 7, and the protection layer 8 were
- Successively deposited by the use of a static opposed sputtering appafatus.
The underlying layer 4 was'dep'osited by sputtering in a mixed gas atmosphete |
of Ar+CO,. The protection layer 8 was deposited by sputtéring 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 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.




‘in folllowi ng exanpl es and conparative exanples, neasurenment was nmade by
-the sanme nethods. The coercive force (Hc) and the coercive force squareness

“ratio (S*) meuammmamwedaaé@tsimgthﬁ,ﬁg{%cgglgﬁ%tgg@g@%a(@gﬁ%{)tp?Is?i \él ew

- force square ratio, (S*) |
~and magneti C'&ﬁﬁa@meaqafogﬁﬂ gﬁ@@\,{ﬁ%‘?{dpﬁéeh@ghéiﬂg@hqaaieﬁs':ticsﬁﬂciadiag the a hi gher

gl ass substrate inproves the in-plane orientation of the magnetic-I|ayer

thermal decay characteristic was excellent. In addition, excellent results

were obtained for all of the recording/reproduci ng char aéﬁi\@ﬁéﬁfﬁﬁ
i ncludi ng the coercive force squareness ratio (S*), the pul'se® (PW,
the SSNratio, and the output (LFj. These characteristics are excellent

presumabl y because the concentric grooves formed on .the surface of the

and the textures contribute to suppress size distribution of magnetic
grains. These characteristics, were neasyed in the follow ng manner. Al so

of the irrpr?verrent in pulse width (PW and t r
t he coer ci ve th¢rg1al decaypharactenisticavastixceanthi mhadatioROS bRt redl viRE' Ci Ve
i I

IS an index representing In-plane orientation

| ' | \ duct i t put (LF
heasor ed by SoRRletoreb Bk S0 K ISP vS s bt el rettberagnet | ¢

conver si on obmuag;tf?_ri stics are nmaintained, the solitary wave reproduction
output (LF) is preferably as high as possible in order to inprove the

reproduct i on out puthesie characteristice dreSé@Raknt pT&ﬁm%%h} bédalis¥S @gleﬁ'ﬁcwl dth

(PW0: half width of a solitary signal wavefor was neasu t he
fol | owi ng nefifoVes frmedonythe sudace of the glasssubsttdte ihiovis iHe iAplaMR
gnal was “extracted.

ol owi ng mafif : aubsitdR
gt e ooy iater s ohghRlie e andlerebpamenintoretouppassaizen  peak

val ue of t hedigyibDtibn &f | e o ground (0). For a high recording
density, PWs0 IS pr; ef‘grag“kﬁﬂydé%“é‘msfﬁgéfsé%&?rﬁt'gs's"?%ﬁ mepgungd infiise a

~smal ler 21 MeHewng@ddner. _ Also in following examples and comparative examples,

measurement was made by the same methods.

‘The coercive force (Hc) and the coerciQe 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 -



11 pulse width allows a greater nunber of pulses (signals) to be witten in

a sane area. On the other hand, a greater val ue of PWO g?§%§§?$§w
i nterference between adjacent pul ses (signhals) to produc upon
reading the signal. This waveforminterference deteriorates the error
rate. The S/INratio was nmeasured by the read wite analyzer (Guzik). A
magneti ¢ head used in the neasurenent is a GVR (G ant Magneti ¢ Resi stance)
head with a GVWR reproduci ng device having a flying height of 20nm The GWR
head has a wite track wi dth of 2.0[n1aqﬂﬁa read track wdth of 0.5m At
the recording density (520 kfci), a cartter signal was recorded on the
magneti c recordi ng nmedium Thereafter, nedi um noise fromthe DC frequency

i Iske &i ' ' | 1 by th f
o Spectrum anal yzer . Toen On bt G L o pUCER Gk B regnA kemg (he

a spectrum analyzer. Then, the S/INra

i nprovenent @ea.0.Gathe other handyia weatenvalid bt PH/sh | t of 2
Goit/inch2 in hgé:ord',ng%densi ty. A higher S/N rgtapggsp?'g%%e?gﬁ%currence of

‘a signal r eaePEL adiR 8ulsgs (?J'gmis)rtoermﬂucementdr@poﬁ@eédﬁ’éthfe fefror rate
is inproved g tgf%grgc r di nqg density is achieved. . The ovetTwite
characteristic (% INSTIRTPRGY Jetatioratpsdle piyor late.use of the read wite
anal yzer (CQuzik). | r egristic is preferably as high as
possible in the senifsgyﬁag?tﬁre\élléesﬁglﬁag"?ﬁby&&%ﬂqt%ﬁ"ﬂ'ﬁz‘iﬂ(@U@fkbueﬁ\to an

insuffici ent magnetinesxbisad i thé nidae i.ng the HDD. The
thermal decay characteristic was mg%ﬁé%ém@gﬁhg MicRsRRtance) | n
order to accﬁ?%q Wity adstdRuraprodoming dehiee&hqﬁﬁlaf@rtﬁgq-[y@,ﬁiocgoﬁme ﬁ'ﬁeb‘ﬂﬁ-‘it her mal
decay of the“%?‘-g@et ic recording nedi um wi thout the Tnfluence o

t her mal - of f - e ¢ filte pRenBiFheh Sumtndrateatiteckaliditooainen Afihe head

e otk orf SHEM 4S9 AN, SEhDEL sBhalvES Emevop ameipei b
}[ ﬁn \l;lvﬂ.;[ 1: ﬁn;, ﬁf?ﬁ?’gggﬁwz t%ﬂﬁ?,%%ﬂg%o@%%n@%’é B8e f?eqruee%gé }/\érglic}netodew °e
~ the 1.2 x recording frequency region was monitored by the use of a spectrum
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




.twice a read track width. The MR head is set in a head/di sk nechanismin a
2 1 March 2006 12 systemtogether with the nmagnetic disk aﬁ%r@g@etic
recordi ng medi um obtai ned as nmenti oned above. Then, the hea 'S . |
mechanismis put into an environnental tank controllable in tenperature in
order to expose the head/disk mechanismto a high-tenperature environnment.
Wien the interior of the environnmental tank is stabilized at a presel ected
tenperature, a read/wite circuit sends a wite signal to the wite device
of the MR head to wite the signal intojbhe nagnetic disk. Immediately
after. the .signal is witten, the signal witten in the nmagnetic disk is
read through the read device of the MR head, anplified by the read/wite
circuit, andsystem together with the magmam&iisl@é{ﬂhﬁ%a@%tﬂ%édr&ﬁg m-%iﬁgﬁ' gnal |
eval uating poytion records an anplitude value of the read®si -at a

pr edet er m nefPiNed asmentened abovesi Tnen, thehéatitiisk thaeBBAEHNS pa iﬁf'oe% out
_rreasur'en”ent,eﬁ\ﬂlr nﬁfﬁ%@' e bc?/ tﬂe Use of a spectrum anal yzer. As the
condi ti on of *tY& 13 eordioliablaén tampstelnte intdrder terexpossiieieali/disknk i s
kept at a te i fr: §0. he recording density of the signal
witten in tﬁ?ﬁi’gﬁ@ﬁ%“&@ﬂe"ﬁ%ﬁ%@ ReyiiRmentnh. Whea therintesiesioitbed in  this
measur ement éradroamsntd] ik ' a read track w dth of
0.61m a wit rgls gap[ﬁeengqlﬂgg?bgp.zg%%{Qér%g%%{egiatsmpg PP SFeQA?‘Q”ite;S’."ﬁF'tand a
flyi ng hei ghtengis a wdtersigital t the write Hediteof ' ' rative
Exanpl e 1 Next, a, magnetic recording mdiﬁ%mmgé%}%ﬁﬁ%gﬁeggﬁ%mﬁi&%tive
Example 1 irf“ﬁ%etwﬁﬁ@r Immadiaiely efteBtemigral ks wittanthd biahalvRiteAMeMHaL i C

‘grooves wer y use.of a texture apparatus of a tape type. Fig.
8 shows an ’ﬁf’:@z‘ﬂ.t’é.?“g%’p%f%@r Lgh Eée%jf devies akibeddiB derdtampliieCbynias at i ve

Exanpl e 1. AgadMeied citdudThf | re randomy formed on the

gl ass substrate. The magnet ﬁgng?%%u?%igiggﬁéﬁﬂ%\fﬂﬁwgg citbe sighate -( He)
| of 3331 Ce, 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 KFlux/inch. The MR head used in
this measurement has a write track width 6f 2.0um, a read track wi.dth 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. ' |

Comparative Example 1

Next, a magnetic recordihg 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 substraté.

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,



|

t he coercive force squareness ratio (S*) of 0.66, the output (LF) ofdl gz
nV, the pulse width (PW of 12.9 nsec, the S/INratio of t he
signal output attenuation of 0.086 -dB/decade as the theﬁmmﬁggg@g]
characteristic. 21 March 2006 13 It will be understood that, by form ng the
concentric grooves on the surface of the glass substrate as in Exanple 1,
the magnetic disk is excellent in thermal decay characteristic and.
particularly inproved in coercive force squareness ratio (S*), output (LF),
and S/Nratio Exanples 2-4 Reference Exal 1-2 Next, nagnetic recording
medi a were produced in the manner simlar to Exanple 1' except that the
concentric grooves have a maxi mum hei ght (Rmax) .of 5nm (E;<arrplg 2), 5nm
(Exanple 3), 1 Onnit wBtmngmiderstded that b 11nm
(Ref erence Exanpl e 2%@ The maxi num hrﬂg: gﬁ?h?&f%%ceﬁ?ﬁﬁe&ge%oovﬁg was

adj ust ed by ﬁlﬁfﬁwﬁf glegs sdairatd agint Beartysls tithengagamigididkas excdl@ndinh Si ze

of the abras | roceSS|ng pressure, and so on) of the texture
appar at us of g‘;fgef’@yﬁa ragiepisiic and parisulsrninnroeed istdoescive fordee magnet i ¢

rE)e(g(r)rgldiagg '_Ir[g "%E%&%&Qﬁei L%‘ﬁ@%h@?ﬁgﬁ ar ative Exanpl e, and Reference

[ nni [ Ce] S[ V] [ nsasqhiRlos del  Exanpl e
10. 343. 434740. 761. 2712 * . e aI"Q

~Rmax=1. 5nnD. 181. 5%%5@@1&%@@8@{1{9&1& Refe it Eindhe manner similar to |

Example 1 except that the concentric grooves have a maximum 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
Ra | Rmax| He | o | LF | PW | SN ‘g‘:g;‘;'
nm] | [nm O
_ | ol | lom | [Oc] (V] | Insed] | 198 | apsgecade]
‘Example 1 034 | 34 3474 1-0.76 | 1.27 12.3 29.9 -0.037
Example 2 ' ' ' |
Rmaet snm | 018 | 15 | 3375 | 072 | 1.18 126 | 206 | -0.058
| Example 3 .
Rmaxsnn | 048 | 50 | 3422 [ 074 | 121] 125 | 207 | -0.052
Example 4 | | »
Rmaeetonm | 090 [100 | 3472 | 076 [1.28 | 126 | 209 | -0.036
Comparative ' . _ '
E;ample 0.60 8.0 3331 0.66 | 1.02 12.9 28.8 -0.086
without texture
Reference ;
Example 1 , 0.1 1.4 3361 072 | 117 | 127 29.5 -0.063
Reference _
Examploz | 100 | 110 | 3368 | 076 | 1.20 | 127 | 206 | -0.042




- le 4
5nnD. 485. 034220. 741. 2112. 529. 7- 0. 052 Exanp _
|3inzlonm). 9010. 034720. 761. 2812. 629. 9- 0. 036 Conparative F%I Marchzoogxa o
Exanpl e0. 608. 033310. 661. 0212. 928. 8-0. 086 wi t hout texture ference mpl e

Exanpl e
11.433610. 721.1712. 729. 5-0. 063 Ref erence
%0110011 033680. 761. 2912. 729. 6-0. 042 21 March 2006 14 As seen from Tabl e 1,

I n case where the concentric grooves have a naxi nmum hei ght (Rrr]rai()tﬁgal | er
than- 1.5 nm the surface nor phol ogy of thet gt?fslsc: Zn'fle.stflsgtt aTheref e

: lane in the track direction is hno _ t. ‘ ,
ngr;tn;rtehg recordi ng/ reproduci ng charact e"rr}ﬁ stics, the pul se wi ﬂth hg PV\% Rﬁg)o(l)
the SINratio tend to deteriorate. In case where the maxi mum eig

| f
e ararne oy o e ser RoRMMabid'f, ficak UhEre ik WBRtkr i aido Vs baam (ho ©

h rown in valleys of the groove
|t ngu? 1E ?l: PZntg Wimumgmght I(Rmaxpsmealisy th@ﬁﬁ 5C}{m lthe Sbl@&reerﬂﬁﬁr]mﬂ; gg%f 15

t pulse width (PW and the. S/'Nratio In
Fechrdi ng o FIESANKeiG seastdbe textwpipato Indhslract dieiofs 8 eRAgY ol v

| formed on
t he maxi mum of the concentric grooves 10
substrate s u?ﬁ z(;rﬁ’r %’PB’P%HT%/’ ecgrding/igpradusing oharegteristicsdienpulde widimn and

nmedi um according to this

nm  As descr bl aadayes ﬁaﬁgﬁgﬁcﬁ]gﬁe{@?@é@ Pﬂ't‘i’%‘&l W'?ﬁf? ﬁ%ﬁb@ammwmu height i r st

i nvention includes a su

formed. Each of
e I TR R Wl o
The.spacer Part of the grains grown in valleys of the grooves. In thrs event, due to the
insufficient writing ability of the head or the i increase in noise component, the
puise width (PW) and the S/N ratio in the recording/reproducing characteristics
tend to deteriorate. Accordlngly, the maximum helght (Rmax) of the concentric
grooves formed on the substrate surface preferably falls within a range between
1.5 nm and 10 nm.
As described above, a magnetic recording medium according to this
lnventlon includes a substrate having a principal surface on which flrst 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 iayers for inducing
antiferromagnetic exchange interaction between the first and the 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 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).




| ayer is fornmed between the first and the second magnetic Iayers for

I nducing ant ferromagnetic exchange interaction between b %# R ?bmgnd t he
second magnetic layers. The first magnetic |layer Is for con I'ng the
antiferromagnetic exchange interactions The principal surface of the
substrate is provided with concentric textures to have a predeterm ned
surface roughness so that the spacer |ayer has a uniformthickness. It is
therefore possible to obtain the nagnetic recording nmedium excellent in
thermal decay characteristic as well as in recording/reproducing
characteristics such as the coercive force squareness ratio (S#), t he

pul se width , the output (LF), and the nedium noise (S/N).*21 March
2006 15 WHA |‘I’ BIHAMBOIS: 1. A magnetic recording medi um conprising a
chemi cal |y strengt hened | ass substrate having a principal surface on

which first and SecHmparginhecPiling mgdivrs camprising pabemicatyysirengthened | east
formed, eachlass sumireteftiavisg sgrihcipal slirfaes on whidheR& e Gebdidansgriegbng of a

- ferronagnet la?e@%@%‘s%bceﬁ%}éﬂa?eoﬁqgést el OkhYs ?.Eﬁwgﬁﬁgﬁgg@éa' d first

and said se for 1nducin exchange
i nt eracti Onr%ag%?t”q%e(%fgelﬁ%aﬂ%{errgmag%qc 'B@'ieH% ’F%‘i‘ spacshiayen baingy sai d

ant'i f er r onelgraed betwrem aaig &irst and s2id second magnetic layergfal indusidgace of  said
substrate bmtmquﬂayneﬁte&dwehdj‘e BRERvh réa‘id ﬁr@%&zuﬁﬁe‘hcqa{ehﬁé{’ﬁ

rPr edet er m ned
surface rouglMis I ckpess, said
concentric te %§Q¥jtan@ferr§ﬁbgn qilgﬁggﬁmggﬁﬁg@p@%?q W"&’Pﬁp‘%&cﬁp ection and
which is sﬁ?ﬂ)‘i?‘gﬁ Qd?fg‘ﬁﬁe with eencgpliic fexdires tohaves predelgnnined | ayer s,

-sai d concersurfage rctughneas that\saispacerddystlhap atuniforst ihidkasds, adily equal to the

grain size Ghosichexis Bty 'gﬁlit’dé?{eswh[? Ao RNS G SREALFLRA AR U a5

| d f th
(p:)r ?In(r:rF pa: " '%%@%’Jﬂal}’ cﬁ‘@?to;{hﬁg@ghﬁ' 'g’?@a?el?rlé\é%r’? éﬁldscc’ﬂﬁﬂﬂ“h Z ?angee

bet ween 1. 3e¥idicshaving aragiakpich substantisily 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.




surface roughness Rmax, where Rmax is defined as a maxi num hei ght
representative of a difference between a hi ghest point an%%&%\ﬁiééé poi nt .
3. A nmagnetic recording mediumas clained in.claiml, wheréin e
concentric textures have a radial pitch falling within a range between
0.00511m and 0.05pm both inclusive. 4. A nmagnetic recording nmedi um as
claimed in claiml, wherein said substrate is a glass substrate made of

- glass, said concentric textures are directly forned on a surface of said
~ glass substrate.  MAGNETI C RECORDI NG M8l UM  Abstract of the Disclosure
~In a magnetic recording nediumincluding a substrate (1) having a
principal surface on which fiMANEIRE BREQRIINGaYABIUE | ayers (6 and 7) and a
spacer |ayer (6) ‘are at |east formed, each of the first and the second
magnetic | ayers bgbsiehc®bi Qpgnetic material, the spacer |ayer being
formed between the first anc e second nmagnetic layers for inducing
antiferromagnetic exchange interaction between the first and the second
“magnetic layers, the principal surface of the substrate is provided with
concentric textur 8 amagastis recordirgemediominduding bat®siaeq N amgee that the

spacer | ayer L uni form thickness. The first magnetic layer is for
control l'ing P'ﬂia%eﬁlsf"%@?? SRRl first and.savand enagnetic kayeisds and 7) and a
spacer layer (6) are at least-formed, each of the first and the second magnetic

layers being of a ferromagnetic material, the spacer layer being formed between

the first and the second magnetic layers for inducing antiferromagnetic

exchange interaction between the first and the second magnetic layers, the

principal surface of the substrate is prbvided with concentric textures to have a

~predetermined surface roughness so that the spacer layer has a uniform

thickness. The first magnetic layer is for controlling the antiferroinagnetic
exchange interaction.

Figure 1



