----------------- MAGNETI C RECORDI NG MEDI A AND METHOD OF MANUFACTURI NG THE
SAVE, AND MAGNETI C RECORDI NG REPRODUCTI ON DEVI CE  BACKGROUND OF THE

| NVENTION Field of the Invention This invention relates to nagnetic
recording nedia used in hard disk devices and simlar and to a nethod of
manuf acture of such nedia, as well as to a magnetic recording/reproduction
device. Description of the Related Art In recent years there has been a
remar kabl e expansi on of the range of application of magnetic disk devices,
fl exi bl e di sk devices, magnetic tape devices, and other nmagnetic recording

devi ces, angiatheriocreaskimvNG MEpiam® MfeTHuchrdexrioeschasIheenyacconpani ed
by progress to markedly increase the recording densities of the magnetic

recording nedi gauspdain SAGETRYEIdOR T B REPRODAEYIORSDE DCRAr ti cul ar,
since the introduction of MR heads and PRWML technol ogy, areal recording

densities have surged upward, and with the further appearance of GVR heads,
TMR heads and other technologies in recent years, areal recording densities

have continued to shoot wapwatdoskpaokater of nvoneihdy 100% per year. Hence
the attainnment of still higher recording densities for magnetic recording

nedia is heknd §6UGRE, 1@AEht don
This invention relates to magnetic recording media used
in hard disk devices and similar and to a method of
manufacture of such media, as well as to a magnetic

recording/reproduction device.

Description of the Related Art

In recent years there has been a remarkable expansion
of the range of application of magnetic disk devices,
flexible disk devices, magnetic tape devices, and other
magnetic recording devices, and the increasing importance of
such devices has been accompanied by progress to markedly
increase the recording densities of the magnetic recording
media used in such magnetic recording devices. In particular,
since the introduction of MR heads and PRML technology,
areal recording densities have surged upward, and with the
further appearance of GMR heads, TMR heads and other
technologies in recent years, areal recording densities have
continued to shoot upward at a rate of roughly 100% per year.

Hence the attainment of still higher recording

densities for magnetic recording media is being sought, and



to this end magnetic recording layers with higher coercive

forces

, hi gher

signal -to-noise ratios (SNRs), and higher resolution are demanded. Also, in

recent years continuing efforts have been made to further

i ncreas

e areal

recording densities through increases in track densities together with

i nprovenents in |inear recording densities. In the nbst recent magnetic
recordi ng devices, track densities of 110 kTPl have been achi eved. However,
if track densities are increased, nutual interference of magnetic
information in adjacent tracks occurs, and mnagnetization transition regions
i n these boutilasg yeradd easndrecorecarsaugceagbronseh wighdmtcddre-ipreobl em t hat
the SNR is degraded tends to occur. This leads directly to a reduced bit
error rateorads, S0 gHgredagyniancteases senreecosdi 8grRs densnd yhidhewrder to
further increase areal recording densities, the size of each recorded bit
on the nageasdieti@CAd Rgmaiedda mMusb,bennedeesti Véaf®reomi Mitieng and as
|arge a saturation magnetization and magnetic filmthickness as
nust be seefseds fidveasen ecakded ButchbHewexeteaté are£Droatbhiitgy are

further reduced in size, the mninmm magnetized vol une per

bit is

recorded

possi bl e

decr easedge @tk 5&s thefRidrS ihkeecapkebliamt-hak gagpetizattofetnwvensiten due to

thernmal fluctuation causes |oss of recorded data. 2
improvements in linear recording densities.

In the most recent magnetic recording devices,

densities of 110 kTPI have been achieved. However,

track

densities are increased, mutual interference of magnetic

recorded information in adjacent tracks occurs, and

magnetization transition regions in these boundary areas

become a source of noise, so that the problem that the SNR

if track

is degraded tends to occur. This leads directly to a reduced

bit error rate, and so impedes increases in recording

density.

In order to further increase areal recording densities,

the size of each recorded bit on the magnetic recording

media must be made still more minute, and as large a

saturation magnetization and magnetic film thickness as

possible must be secured for each recorded bit. However,

recorded bits are further reduced in size, the minimum

if

magnetized volume per bit is decreased, and so there is the

problem that magnetization inversion due to thermal

fluctuation causes loss of recorded data.



Mor eover, because the di stance between tracks is decreased, extrenely

hi gh- preci sion track servo technology is required in nmagnetic recording
devices, and at the sanme tinme, a nethod is generally enployed in which
recording is executed with a wide width, and reproduction is executed over
a wdth narrower than during recording in order to elimnate insofar as
possible the effect of adjacent tracks. In this nethod, the effects of

ot her tracks can be suppressed to a mninum but on the other hand it is
difficult to obtain an adequate reproduction output, and consequently there
i s the probl emmdhedven, adegiiaies tiNRJicannet baswkynberseksresl. As one net hod
of addressing such problens with thermal fluctuations, and of securing an
adequat e ShRraasesufdttieanily olightHpreatitsenpt srhakesbeea tadensbog@i se t he
track density by form ng depressions and protrusions along tracks on the

recor di ngipedéqusted ate, mdgnqaiysirealdryiisepadeat ecsgcandi ag the asdse f rom each
ot her. (Below, such technology is called the discrete track nethod, and
magneti c eeney da nfetsd ai s e radtly ethpusiyed thi shirehhedcosdtwd | £¢l di screte
track nedia.) As one exanple of discrete track nedia, magnetic recording
medi a i s kpewntéd whtl€hs tiRieragnrRh,C ahelc @egdirbguchtdhaisSekociesd on a

nonmagneti ¢ substrate on the surface of which a pattern of depressions and
protrusi opgsehas PEEfh narrower than during recording in order to

eliminate insofar as possible the effect of adjacent tracks.

In this method, the effects of other tracks can be

suppressed to a minimum, but on the other hand it is

difficult to obtain an adequate reproduction output, and

consequently there is the problem that an adequate SNR

cannot easily be secured.

As one method of addressing such problems with thermal
fluctuations, and of securing an adequate SNR and sufficient
output, attempts have been made to raise the track density
by forming depressions and protrusions along tracks on the
recording media surface, to physically separate recording
tracks from each other. (Below, such technology is called
the discrete track method, and magnetic recording media
manufactured using this method is called discrete track
media.)

As one example of discrete track media, magnetic
recording media is known in which the magnetic recording

media is formed on a nonmagnetic substrate on the surface of

which a pattern of depressions and protrusions has been



3 fornmed, so that physically separated magnetic recording tracks and servo
signal patterns are forned (see Patent Reference 1). In this nmagnetic
recording nmedia, a ferromagnetic layer is forned on top of the nonmagnetic
substrate having a plurality of depressions and protrusions on the surface,
with a soft magnetic layer intervening. In this magnetic recording nedia,
magneti c recordi ng areas, physically separated fromthe surroundi ng areas,
are formed in protrusion areas. By neans of this magnetic recordi ng nedia,
the occurrence of domain walls in the soft nmagnetic |ayer can be
suppr essefhrmsm t et thlae ehfyedceldly thpanated | nednetionssdemtingnot to appear,
nor is there interference between adjacent signals, and high-density
magnet i ¢ recakdiang! rsedive wilighallopatherse gadm bermedr { oot ethtdditscrete track
met hods i nclude a nmethod in which tracks are forned after magnetic
recor di nQRereelienazonpr.i sing a nunber of thin filmlayers is fabricated, and
a nethod in which, after form ng a depression/protrusion pattern either
directly on tHhe sulist matgmesicf aeeordiadvaadea pra efseromagnetti dafyielom | ayer
for track formation, nmagnetic recording nedia thin filmlayers are forned
(see for exampiredPatrentop REf ehencenagndt Pat suds Redter emceid) .a

plurality of depressions and protrusions on the surface,

with a soft magnetic layer intervening. In this magnetic

recording media, magnetic recording areas, physically

separated from the surrounding areas, are formed in

protrusion areas.

By means of this magnetic recording media, the

occurrence of domain walls in the soft magnetic layer can be

suppressed, so that the effects of thermal fluctuations tend

not to appear, nor is there interference between adjacent

signals, and high-density magnetic recording media with low

noise can be fabricated.

Discrete track methods include a method in which tracks

are formed after magnetic recording media comprising a

number of thin film layers is fabricated, and a method in

which, after forming a depression/protrusion pattern either

directly on the substrate surface in advance or else in a

thin film layer for track formation, magnetic recording

media thin film layers are formed (see for example Patent

Reference 2 and Patent Reference 3).



4 O these, the fornmer nmethod, often called the magnetic |ayer nmachining
nmet hod, entails physical machining of the surface after nedia fabrication,
and so has the drawback that contam nation tends to occur during nedia
manuf acturing processes, and noreover manufacturing processes are
extrenely conplicated. On the other hand, the latter method is often called
t he enbossi ng net hod; contam nation does not readily occur during
manuf act uri ng processes, but because the depression/protrusion shape forned
on the substrate is transferred to fil mdeposited thereupon, there are the
probl ens t hat Gthéhfelsgi,nghat forude aathédyioftereightlasf thie magnetic
recordi ng/reproduction head which perforns recording or reproduction while
flyi ng overyarheamddind ngr aetithotiabketai hs apllytion, maghEtrhioW Iwfs tdleso been
disclosed in which areas between magnetic tracks in discrete track nedia
are formeirincd mfitant aeiddn dhbnitedgen, i ond smdraxyden drawdbaiak ot he
magnetic |layer in advance, and then performng laser irradiation (see
Pat ent Reftertenomtémindowevetenthetar easur béw ween mecire tiag wieadks ihgr med
using this nethod, while having a | ow saturation magneti zation, have a high
coer ci ve pfaresesso anldamogesvatremahuf astf f i ©g vt ogresaeet iaza® i on occurs, and
when witing information in the magnetic track portions, wite bleeding
occurs. FRurtierelyretdrpds chaed .béentde scetiogedhamd whilgh,lattegp-method

is often called the embossing method; contamination does not

readily occur during manufacturing processes, but because

the depression/protrusion shape formed on the substrate is

transferred to film deposited thereupon, there are the

problems that the flying attitude and flying height of a

recording/reproduction head which performs recording or

reproduction while flying over the media are unstable.

In addition, a method has also been disclosed in which

areas between magnetic tracks in discrete track media are

formed by implantation of nitrogen ions and oxygen ions into

the magnetic layer in advance, and then performing laser

irradiation (see Patent Reference 4). However, the areas

between magnetic tracks formed using this method, while

having a low saturation magnetization, have a high coercive

force, so that a state of insufficient magnetization occurs,

and when writing information in the magnetic track portions,

write bleeding occurs.

Further, methods have been disclosed in which, in so-

called patterned media manufacturing in which a magnetic



cal l ed patterned nedia manufacturing in which a magnetic 5 recording pattern
is positioned with a constant regularity at each bit, the magnetic
recording pattern is etched by ion irradiation, or the magnetic layer is
formed by anorphization (see Non-patent Reference 1 and Patent Reference
5). However, in this nmethod also, there are problens such as the occurrence
of contam nation of the nagnetic recording nedia in manufacturing processes
and reduced snoot hness of the surface, as well as such problens as

i nadequate elimnation of magnetization in the magnetic |ayer by the ion

i rradi at i pacorfRbitrentpaRekenencepdsidapaaesei tihex aromedhRaterguldppldycat i on No.
2004- 164692 Patent Reference 2: Japanese Unexam ned Patent Application No.
2004- 178793 Raitenti tRefrérenagndtidapaneséiipexant evad Paterthepplyi dati on No.
2004- 178794 Patent Reference 4: Japanese Unexam ned Patent Application No.
5- 205257 PatenitatReer ercehd: mblghet Pat 2ayeNoi s 6f S8deBasly Non- pat ent Ref erence
1: I EICE Technical Report, MR2005-55 (2006-02), pp. 21-26 (The Institute of
El ect r oni &x8o rpHifaarirmat | (GRcaNdnEpaTYNL CREf ONe fbgi Newtd)Pdterithe enbossi ng

met hod of manufacturing,
Reference 5). However, in this method also, there are
problems such as the occurrence of contamination of the
magnetic recording media in manufacturing processes and
reduced smoothness of the surface, as well as such problems
as inadequate elimination of magnetization in the magnetic
layer by the ion irradiation.
Patent Reference 1: Japanese Unexamined Patent Application
No. 2004-164692
Patent Reference 2: Japanese Unexamined Patent Application
No. 2004-178793
Patent Reference 3: Japanese Unexamined Patent Application
No. 2004-178794
Patent Reference 4: Japanese Unexamined Patent Application
No. 5-205257
Patent Reference 5: U.S. Patent No. 6,331,364
Non-patent Reference 1: IEICE Technical Report, MR2005-55
(2006-02), pp. 21-26 (The Institute of Electronics,
Information and Communication Engineers)

In the embossing method of manufacturing,

depression/protrusion shapes are formed in the substrate,

and magnetic layers and a protective layer are formed



depression/ protrusion shapes are forned in the substrate, and magnetic
| ayers and a protective |ayer are fornmed 6 thereupon, so that the
depressi on/ protrusi on shapes are transferred without nodification to the
surface, and it is not easy to realize a flat surface. On the other hand,
in the case of discrete track mnagnetic recording nedia prepared using the
magnetic | ayer machining nmethod, a nagnetic |ayer for recording is forned
on the substrate surface, and thereafter magnetic patterns are forned.
Consequently after magnetic patterns have been forned by an inprint nethod,
used i n serrm=owpdEGt sos taad tbeheéepfées don /et poritdrorsheipesh aire t o serve as a
nonmagnetic portion, is subjected to for exanple dry etching and burying
with Si Oz feadecdn motheghenpdifbtetiah ©r Hiandwrfaaree apel fidrisd to
flatten the surface, and the surface is then covered with a protective film
| ayer, afrtar essiycltcarebhlbeecat Ehgtl ayefaés. formed. Such nagnetic et ched-type
discrete track nedia entails conplicated manufacturing processes, and not
only may be tHm sher oéhefr bendaninathencasduwf chirsmote tat ttaiacka fl at surface.
In general in magnetic recording nedia with such a structure, the thinner
t he prot ectgnegifd Imacloargéng mbdiashoepeared susirg dilst aromdictonderyelread and
magnetic |ayer, so that signal entry into and exit fromthe head is
great er, machining method, a magnetic layer for recording is formed

on the substrate surface, and thereafter magnetic patterns

are formed. Consequently after magnetic patterns have been

formed by an imprint method, used in semiconductors and

other fields, the portion which is to serve as a nonmagnetic

portion, is subjected to for example dry etching and burying

with SiO, and carbon nonmagnetic material or similar are

performed to flatten the surface, and the surface is then

covered with a protective film layer, after which a

lubricating layer is formed. Such magnetic etched-type

discrete track media entails complicated manufacturing

processes, and not only may be the source of contamination,

but cannot attain a flat surface.

In general in magnetic recording media with such a

structure, the thinner the protective film layer, the

shorter is the distance between head and magnetic layer, so

that signal entry into and exit from the head is greater,

and higher recording densities are possible. Also, the pit

density within tracks is determined by the flying height of

the head traveling over the protective film layer surface,



and higher recording densities are possible. Also, the pit density within
tracks is determned by the flying height of the head traveling over the
protective filmlayer surface, 7 with a depression/protrusion shape. Hence
preservation of stable head flight while achieving high recording densities
is avital problem To this end, a depression/protrusion pattern is sought
whi ch brings the head into as close proximty to the nagnetic |ayer as
possi bl e while nmaintaining stable head flight, and yet which prevents
mutual interference between signals of adjacent tracks. However, there have
been no prigposatispoés sraomfPee trisipn tseptol digpckoprdsssveteonraék nmedia with
a flat surface, and which poses no risk of contam nation in manufacturing
processestabde hagd fhigkt beehlpraposatindgohigdcrreloogynfodenshéiaanuf act ure
of magnetic recording nedia in which wite bleeding does not occur when
writing iisf er matabnptrobtém. Pagretd cerid,ack depreissison/prothesianuf act ure of
so-called patterned nedia, it has been proposed that the nagnetic |ayer be
anor phi zedtihgrnons seounaldt avhbeh tlor froysm tthee hegghenito recoldsag patt erns;
however, there have been the problens that elimnation of nagnetic
properti @goxnmtihg taghetitadrgerc i Ryeradeqratssibdedwhhde wite bl eedi ng
occurs. This is thought to occur because, although nagnetic |ayer crystals
are tenpowranitbynanor phalzéel head flight, and yet which prevents

mutual interference between signals of adjacent tracks.

However, there have been no proposals of manufacturing

technology for discrete track media with a flat surface, and

which poses no risk of contamination in manufacturing

processes, nor have there been proposals of technology for

the manufacture of magnetic recording media in which write

bleeding does not occur when writing information to the

magnetic track portions.

In the manufacture of so-called patterned media, it has

been proposed that the magnetic layer be amorphized by ion

irradiation to form the magnetic recording patterns; however,

there have been the problems that elimination of magnetic

properties in the magnetic layer is inadequate, and that

write bleeding occurs. This is thought to occur because,

although magnetic layer crystals are temporarily amorphized

by ions implanted into the magnetic layer, in subsequent

processes, and due to the heat at the time of ion

irradiation, a portion of the amorphous structure is

recrystallized, and as a result there is recovery of the



by ions inplanted into the nmagnetic |ayer, in subsequent processes, and due
to the heat at the tinme of ion irradiation, a portion of the anorphous
structure is recrystallized, and as a result there is recovery of the 8
magneti c characteristics of the magnetic | ayer subjected to ion
irradiation. This invention was devised in |light of the above circunstances
of the prior art, and has, as an object, the provision, for nmagnetic
recordi ng devices, engineering difficulties in respect to which are being
faced as recording densities rise, of nmagnetic recording nmedia in which,
whi | e maimsgaietiieg cheeardengst eps odfict hemagleriactleviest iscd jeotpdr abl e or
superior to those of the prior art, enables higher recording densities, and
reduces tion Heradtimbstnt he coercive force and remanent nagnetization of the
nonmagneti ¢ portions which magnetically separate magnetic patterns, to
elimnate wi ttaibl eadengibn whe ésentedfin naigret icf redeoratlionrg, and to thereby
enable increases in the areal recording density, as well as the provision
of a nmanifracingtiangesebliodhéopr sochamediand drd ,a amgmetabgect, the
recordi ng/ reproduction device. In particular, this invention has as an
obj ect therovirsdvingi @or hagndtsereéeotdhok dmgredd,c daredorediriggdevi ces in
whi ch depressions and protrusions are fornmed after

difficulties in respect to which are being faced as

recording densities rise, of magnetic recording media in

which, while maintaining recording/reproduction

characteristics comparable or superior to those of the prior

art, enables higher recording densities, and reduces to the

utmost the coercive force and remanent magnetization of the

nonmagnetic portions which magnetically separate magnetic

patterns, to eliminate write bleeding in the event of

magnetic recording, and to thereby enable increases in the

areal recording density, as well as the provision of a

manufacturing method for such media, and a magnetic

recording/reproduction device.

In particular, this invention has as an object the

provision, for discrete track magnetic recording devices in

which depressions and protrusions are formed after

depositing a magnetic layer on a nonmagnetic substrate, of

magnetic recording media with simplified manufacturing

processes, and with low risk of contamination, and with

excellent head flying characteristics, compared with

magnetic layer machining methods of the prior art, through



depositing a magnetic |l ayer on a nonmagnetic substrate, of nagnetic
recording nedia with sinplified manufacturing processes, and with |ow risk
of contam nation, and with excellent head flying characteristics, conpared
with nmagnetic |ayer machi ning nethods of the prior art, through 9 the
el imnation of processes for renoval of the magnetic |ayer, as well as a
nmet hod of manufacture of such nedia, and a magnetic recording/reproduction
device. Means to Solve the Problens As a result of repeated earnest studies
with the intention of resolving the above probl ens, these inventors
per f ect edhiehelpmésent onnwenp r ore s SLIVMARY GFoMdE IVENEl @NgTkitgci nventi on
provides the follow ng neans. (1) A nmethod of nmanufacturing nagnetic
recor di ndavyedi,aasi renwhi ebh a magned | «f Ireyrerfacypreovifdedconmatiibeaghdone
surface of a nonmagnetic substrate and a magnetically separated magnetic
pattern ias mhgneedci nethedimgned¢pcodweyteirqn cleariact.eri zed in that atons are
inplanted, with uniform distribution in the magnetic |ayer thickness
di recti oMeans tbh8odmgneheécPralykens and t he magnetic |ayer is rendered
partially nonmagnetic, so that nonmagnetic portions are forned which
magneti cal | y &epar ateul heofrageed¢atoepatdmrast (Rudilkes metthodhef manufacturing
magneti c recordi ng

intention of resolving the above problems, these inventors

perfected the present invention.

SUMMARY OF THE INVENTION

This invention provides the following means.

(1) A method of manufacturing magnetic recording media
in which a magnetic layer is provided on at least one
surface of a nonmagnetic substrate and a magnetically
separated magnetic pattern is formed in the magnetic layer,
characterized in that atoms are implanted, with uniform
distribution in the magnetic layer thickness direction, in
the magnetic layer, and the magnetic layer is rendered
partially nonmagnetic, so that nonmagnetic portions are
formed which magnetically separate the magnetic pattern.

(2) The method of manufacturing magnetic recording
media described in (1) above, characterized in that the
magnetic layer comprises Co, and that the Co (002) or Co
(110) X-ray diffraction peak intensity of the nonmagnetic

portion is 1/2 or less.

10



medi a described in (1) above, characterized in that the nmnmagnetic |ayer
conprises Co, and that the Co (002) or Co (110) X-ray diffraction peak
intensity of the nonmagnetic portionis 1/2 or less. 10 (3) The nethod of
manuf act uri ng magnetic recording nedia described in (1) above,
characterized in that the nonmagnetic portion is anorphized. (4) The nethod
of manufacturing magnetic recording nedia described in any one of (1)

t hrough (3) above, characterized in that a distribution is inparted to the
energy of atons inplanted into the magnetic |ayer. (5) The method of
nanufacturing(ﬁﬁggg?i@eth@@r@fr@anﬁﬁﬁ%Pﬁkﬂﬁnmﬂﬁﬂfqlﬁ &R¢osAengf (1) through
(3) above, characterized in that two or nore types of atons are inplanted
i nto themedgretieecrahed. 1q6)1Tnb ot hothasfadhatifzeet dni f§akagheti c recordi ng
medi a described in any one of (1) through (5) above, <characterized in that
t he at onglCAN@IPpAE16r PADEEOR ype amelrittZzef from t he group consisting of B, P
Si, F, NN H C In, B, K, Ar, Xe, W As, G, M, and Sn. (7) The nethod
of manuf act uri(dy Fhgneetlod eebripmyt a gt R EsEnihds recandisge of (1)

t hrough (5) above, characterized in that the atons are Kr or Si. (8) The
met hod ofmegdrutigscuibag magaRY i ene exbr dinghrough (3) above,

characterized in that a distribution is imparted to the
energy of atoms implanted into the magnetic layer.

(5) The method of manufacturing magnetic recording
media described in any one of (1) through (3) above,
characterized in that two or more types of atoms are
implanted into the magnetic layer.

(6) The method of manufacturing magnetic recording
media described in any one of (1) through (5) above,
characterized in that the atoms are one or more type
selected from the group consisting of B, P, Si, F, N, H, C,
In, Bi, Kr, Ar, Xe, W, As, Ge, Mo, and S3n.

(7) The method of manufacturing magnetic recording
media described in any one of (1) through (5) above,
characterized in that the atoms are Kr or Si.

(8) The method of manufacturing magnetic recording
media described in any one among (1) through (5) above,
characterized in that the surface roughness of the

nonmagnetic substrate is such that the center line average

roughness Ra is within the range 0.1 nm £ Ra £ 2.0 nm.

11



medi a described in any one anong (1) through (5) above, <characterized in
that the surface roughness of the nonnagnetic substrate is such that the
center line average roughness Ra is within the range 0.1 nm< Ra <_ 2.0 nm
11 (9) The nethod of manufacturing nagnetic recording nedia described in
any one anong (1) through (8) above, <characterized in that, after formng a
protective filmlayer on the magnetic |ayer, the atons are inplanted. (10)
Magnetic recording nmedia, in which a magnetic layer is provided on at | east
one surface of a nonmagnetic substrate, and a nagnetically separated
magneti c pattéPh The hethed ¢h nmdre fraygnating magaetichaeaeordinged in that it
conpri ses a nonmagneti c portion which magnetically separates the magnetic
patt ern, m@ddai deshatbedi sn nomyregreetdareonor(tli) othricsighor Aedabyvenpl anti ng at ons
into the magnetic layer with a uniformdistribution in the magnetic |ayer
t hi cknesshadiarceerioad in teaderafter ragmemiac al ayertepaiviealfliym hapemgneti c.
(11) The magnetic recording nedia described in (10) above, characterized in
t hat t he omaghet meghayéec taygri sedss Chomsard et Haplehée@e (002) or Co (110)
X-ray diffraction peak intensity of the nonmagnetic portion is 1/2 or |ess.
(12) The nagndfd¢ Megonedi ngreeatdirdesedilzed innwhi@h aabegesttharacterized in
that the nonmagnetic portion is
layer is provided on at least one surface of a nonmagnetic
substrate, and a magnetically separated magnetic pattern is
formed in the magnetic layer, characterized in that it
comprises a nonmagnetic portion which magnetically separates
the magnetic pattern, and in that this nonmagnetic portion
is formed by implanting atoms into the magnetic layer with a
uniform distribution in the magnetic layer thickness
direction, to render the magnetic layer partially
nonmagnetic.
(11) The magnetic recording media described in (10)
above, characterized in that the magnetic layer comprises Co,
and that the Co (002) or Co (110) X~-ray diffraction peak
intensity of the nonmagnetic portion is 1/2 or less.
(12) The magnetic recording media described in (10)
above, characterized in that the nonmagnetic portion is
amorphized.
(13) The magnetic recording media described in (10)

above, characterized in that the magnetic pattern is a

recording track pattern or a servo signal pattern.

12



anor phi zed. (13) The nagnetic recording nmedia described in (10) above,
characterized in that the magnetic pattern is a recording track pattern or
a servo signal pattern. 12 (14) The nagnetic recording nmedia described in
(10) above, characterized in that the magnetic layer is a perpendicular
magnetic |ayer. (15) A magnetic recordi ng/reproduction device,
characterized in that it conprises the magnetic recording nedia described
in any one of (10) through (14) above, and a magnetic head which perforns
recordi ng and reproduction of information onto and fromthe magnetic
recordi ng nedi(a4) Brhef mdgset i ptrerpwfinthacdiandegsrkibgd 1ni $18)
cross-sectional view show ng an exanple of magnetic recording nedia to
whi ch t hiadoivayenhaopactsrapgpd i 8d. thdi gche? magnatdrcodsysectisonal vi ew showi ng
an exanple of a magnetic recordi ng/reproduction device to which this
i nvent i operpeappbuddr kagneBic slayeharacteri stic graph showing a decline in
the Co (002) or Co (110) X-ray diffraction peak due to inplantation of In
atonms into a raghehi mayayeic rdoxqptdirat/fmaprodusSyibal sleiNepmagneti ¢ substrate
2 Soft magnetic |layer and internedi ate | ayer

characterized in that it comprises the magnetic recording

media described in any one of (10) through (14) above, and a
magnetic head which performs recording and reproduction of

information onto and from the magnetic recording media.

Brief Description of the Drawings

Fig. 1 is a cross-sectional view showing an example of
magnetic recording media to which this invention is applied.

Fig. 2 is a cross-~sectional view showing an example of
a magnetic recording/reproduction device to which this
invention is applied.

Fig. 3 1s a characteristic graph showing a decline in
the Co (002) or Co (110) X-ray diffraction peak due to

implantation of In atoms into a magnetic layer.

Explanation of Symbols

1 Nonmagnetic substrate
2 Soft magnetic layer and intermediate layer
3 Magnetic layer

3a Magnetic pattern

4 Protective layer
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3 Magnetic layer 3a Magnetic pattern 4 Protective layer 13 5 Nonmagnetic
portion 10 Magnetic recording nmedia 11 Media driving portion 12 Magnetic
head 13 Head driving portion 14 Recordi ng/reproduction signal system 20
Magneti c recordi ng/ reproduction devi ce DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS As descri bed above, by neans of this invention, magnetic
recordi ng nedia can be provided such that head flight stability can be
secured, having excellent magnetic pattern separation, which is not
affected by signal interference between adjacent magnetic patterns, and
whi ch h&s extehiheghehighpdenserty recording characteristics. Further, by
means of this invention, a nethod of manufacturing magnetic recording nedia
can be pridvi dedgnhitth renabdiisg eheddianati on of the track etching process to
remove a magnetic layer in magnetic |ayer machining nethods, which in the
prior artilhasMbeén detpaidedp@sti@quiring extrenmely conplicated manufacturing
processes, and so contributes to greatly inproved productivity.

12 Magnetic head

13 Head driving portion

14 Recording/reproduction signal system

20 Magnetic recording/reproduction device

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As described above, by means of this invention,
magnetic recording media can be provided such that head
flight stability can be secured, having excellent magnetic
pattern separation, which is not affected by signal
interference between adjacent magnetic patterns, and which
has excellent high-density recording characteristics.

Further, by means of this invention, a method of
manufacturing magnetic recording media can be provided which
enables elimination of the track etching process to remove a
magnetic layer in magnetic layer machining methods, which in
the prior art has been regarded as requiring extremely
complicated manufacturing processes, and so contributes to
greatly improved productivity.

Further, by means of this invention, a magnetic
recording/reproduction device can be provided which, by

using magnetic recording media affording excellent head
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Further, by neans of this invention, a magnetic recording/reproduction
devi ce can be provided which, by using nmagnetic recording nedia affording
excellent head 14 flight characteristics and excellent separation of
magneti c patterns, enables excellent high-density recording

characteristics, with no wite bleeding or effects of signal interference
bet ween adj acent magnetic patterns. Below, aspects of this invention are
explained in detail, referring to the drawings. This invention is

characterized in that, when manufacturing magnetic recording nedia in which
a magnet ifd ighayehakscpeoys tiecs ondted adsterdnseparbtidenopfamponahgnet i c
substrate, and a magnetically separated magnetic patternis formed in this
magnet i c dadyernsat ensbaee ¢xpdbed Higho denes L tiyagesoirdihgyer with a uni f orm
distribution in the magnetic |ayer thickness direction, and by rendering
parti al | yhegaeagneétttcs hi sl nngnetwrl teaydreedimgnetti e ffectsonf ahonal
materially separate the nagnetic pattern are forned. A nethod of
manuf act umiteg feegneti betecan di e emsdi anagfnettil paitheentsi.on differs from
manuf acturi ng nmethods of the prior art in that, at the tinme of formation of
the nagnetic&ellpwsepapates ofigriets clpatrttdron iaret kgpdagneti ¢én | ayer, there
is no process, such as dry etching or stanping, for physically separating
t he magnetdtaeipat refarring to the drawings.
This invention is characterized in that, when
manufacturing magnetic recording media in which a magnetic
layer is provided on at least one surface of a nonmagnetic
substrate, and a magnetically separated magnetic pattern is
formed in this magnetic layer, atoms are implanted into the
magnetic layer with a uniform distribution in the magnetic
layer thickness direction, and by rendering partially
nonmagnetic this magnetic layer, magnetic portions which
materially separate the magnetic pattern are formed.
A method of manufacturing magnetic recording media of
this invention differs from manufacturing methods of the
prior art in that, at the time of formation of the
magnetically separated magnetic pattern in the magnetic
layer, there is no process, such as dry etching or stamping,
for physically separating the magnetic pattern.
As the magnetic pattern in magnetic recording media to
which this invention is applied, the pattern of so-called

patterned media, in which a magnetic recording pattern is

positioned with fixed regularity at each bit, as well as the
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As the magnetic pattern in magnetic recording nedia to which this invention
is applied, the pattern of so-called patterned nedia, in which a nagnetic
recording pattern is positioned with fixed regularity at each bit, as well
as the 15 pattern of nedia in which the recording track pattern is
positioned in the track shape, and the pattern of nmedia conprising a servo
signal pattern, can be used. O these, it 1is preferable that this invention
be applied to so-called discrete magnetic recording nedia, conprising a
recording track pattern and servo signal pattern as the magnetic pattern,
i N consi gertdteiran odf meHéaeasewbf cirarhed actan el iBeltowckt Ipas tiemwnentsi on i s
expl ai ned using an exanple of application to discrete type magnetic
recor di ngposediiendd. inFihe ftraskaskapss-aetttionagatticew sifowedgat he structure
of discrete type magnetic recording nedia 30 to which the invention is
appl i ed. cBmpzizagneti eerecos tigngl nedl te 30, ey aeposid.edfi mhesedernton t he
surface of the nonmagnetic substrate 1, a soft magnetic |ayer and
i nt er nediiat @redpenb2e nhghethts| fyesnt3ion dred gppdtiect itwe scayel 14d I n t he
magnetic |layer 3 are provided a plurality of nmagnetic patterns 3a, serving
as the ahbseretesanphedicecocdraind rmeki patderprianidser vecirgialy pattern;
these magnetic patterns 3a are magnetically separated by nonmagnetic
portions traldkepahebwdeand servo signal pattern as the magnetic
pattern, in consideration of the ease of manufacture.
Below, this invention is explained using an example of
application to discrete type magnetic recording media 30.
Fig. 1 is a cross-sectional view showing the structure
of discrete type magnetic recording media 30 to which the
invention is applied.
This magnetic recording media 30 has, deposited in
order on the surface of the nonmagnetic substrate 1, a soft
magnetic layer and intermediate layer 2, magnetic layer 3,
and protective layer 4. In the magnetic layer 3 are provided
a plurality of magnetic patterns 3a, serving as the above-
described recording track pattern and servo signal pattern;
these magnetic patterns 3a are magnetically separated by
nonmagnetic portions 5 therebetween.
In order to raise the recording density, it is
preferable that in the magnetic layer 3 the width W of the
magnetic pattern 3a be 200 nm or less, and that the width L

of the nonmagnetic portions 5 be 100 nm or less. Hence the

track pitch P (=W+L) is in the range 300 nm or less, and in
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In order to raise the recording density, it is preferable that in the
magnetic |layer 3 the wwdth Wof the magnetic pattern 3a be 200 nmor |ess,
and that the width L of the nonnagnetic portions 5 be 100 nmor |ess. Hence
the track pitch P (=WL) is in the range 300 nmor less, and in 16 order
to raise the recording density, this track pitch P nust be nmade as small as
possi bl e. As the nonmagnetic substrate 1, for exanple an Al alloy substrate
such as Al-Mj alloy or other alloy the main conponent of which is A, as
wel | as substrates of ordinary soda glass, alumnosilicate gl ass,

crystal |l bzadrgtassaissitheorgcdidiany Wansdervanmthds oraedrpotushresi ns, can be
freely used; of these, it is preferable that Al alloy substrates,
crystal | mzed pkassderaotsedl plas paadigtirat es, or  silicon substrates be
used. It is preferable that the surface roughness of the nonmagnetic
substrate 1 besstké hdmhadihe: cerfigystddane dyerfage exaopggbnessA(Ra)leg in the
range 0.1 nm< Ra < 2.0 nm nore preferable that Ra be 1 nmor |ess, and
still nosebspreterabtie dvhatl-Reg bel b aimoahelreadlolkt the paeherabl e that the

magnetic |ayer 3 be formed froman alloy the main conponent of which is Co.
Al so, incofipdaentoorewhize 1 glier aeeendi ng debsitrhess bf bsdipaeyerabl e
that the magnetic |ayer 3 be a perpendicul ar

soda glass, aluminosilicate glass, crystallized glass,

silicon, titanium, ceramics, or various resins, can be

freely used; of these, it is preferable that Al alloy

substrates, crystallized glass or other glass substrates, or

silicon substrates be used.

It is preferable that the surface rcughness of the
nonmagnetic substrate 1 be such that the center line average
roughness (Ra) is in the range 0.1 nm £ Ra £ 2.0 nm, more
preferable that Ra be 1 nm or less, and still more
preferable that Ra be 0.5 nm or less.

It is preferable that the magnetic layer 3 be formed
from an alloy the main component of which is Co. Also, in
order to realize higher recording densities, it is
preferable that the magnetic layer 3 be a perpendicular
magnetic recording layer.

As the perpendicular magnetic recording media layers,
for example, FeCoB, FeCoSiB, FeCoZr, FeCoZrB, FeCoZrBCu, or
another soft magnetic FeCo alloy, or FeTaN, FeTaC, or
another FeTa alloy, or CoTaZr, CoZrNB, CoB, or another Co

alloy, as a backing layer; an orientation control layer
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magneti c recording layer. As the perpendicular magnetic recordi ng nedi a
| ayers, for exanple, FeCoB, FeCoSi B, FeCoZr, FeCoZrB, FeCoZrBCu, or
anot her soft magnetic FeCo all oy, or FeTaN, FeTaC, or another FeTa alloy, or
CoTaZr, CoZrNB, CoB, or another Co alloy, as a backing |layer; an
orientation control layer 17 conprising Pt, Pd, NNCr, N FeCr, or simlar;
when necessary, an internediate filmconprising Ru or simlar; and a
magneti c | ayer conprising 60Co-15Cr-15Pt all oy, 70Cc-5Cr- 15Pt-10Si Q2 all oy,
or simlar, may be |ayered and used. On the other hand, the magnetic layer 3
may be aromprigingePhmghet i BiG¢ecdidiefir | ayersimidairm- phanenfragheary,
recording layers, for exanple, a nonnmagnetic C M underlayer and a
f er r omagret iiotEoleRi The nhghet tonpaysine &iv vy Isdyéled; and ased. The magnetic
layer 3 may be formed such that adequate head input/output can be obtained,
accor di ngqagoethe fgperofompmignsng coGldohpUsedPanalilly, | dPE€preldCstruct ure.
Normal |y, the nagnetic layer 3 is fornmed by a sputtering nethod as a thin
film Morédtred0SifA, crldery t ®owbtiaiilaa,cowngt art leyeped and gsedt er during
reproduction, the magnetic |ayer 3 nust be of at |east a certain thickness,
whil e on the Onhéhehahber viaandustiparrengstaris rlepyeasentiaygbeead/ wni-t e
characteristics normally decline with increasing output; hence an optinum

plane magnetic recording layer. As in-plane magnetic

recording layers, for example, a nonmagnetic CrMo underlayer

and a ferromagnetic CoCrPtTa magnetic layer can be layered

and used.

The magnetic layer 3 may be formed such that adequate

head input/output can be obtained, according to the type of

magnetic alloy used and the layered structure. Normally, the

magnetic layer 3 is formed by a sputtering method as a thin

film. Moreover, in order to obtain a constant output or

greater during reproduction, the magnetic layer 3 must be of

at least a certain thickness, while on the other hand

various parameters representing read/write characteristics

normally decline with increasing output; hence an optimum

film thickness must be set. Specifically, it is preferable

that the thickness of the magnetic layer 3 be 3 nm or

greater and 20 nm or less, and still more preferable that

the thickness be in the range equal to or greater than 5 nm

and equal to or less than 15 nm.

The protective layer 4 can for example use carbon (C),

a hydrocarbon (HiC), a carbon nitride (CN), amorphous carbon,
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filmthi ckness nust be set. Specifically, it is preferable that the

t hi ckness of the nagnetic |layer 3 be 3 nmor greater and 20 nmor |ess, and
still nmore preferable that the thickness be in the range equal to or
greater than 5 nm and equal to or less than 15 nm The protective |ayer 4
can for exanple use carbon (C), a hydrocarbon (HXC), a carbon nitride (CN),
anor phous carbon, 18 a silicon carbide (SiC), or another carbon-Ilike |ayer,
as well as Si02, Zr203, TiN, or another normally used material. The
protective layer 4 normally is formed by a sputtering nethod or a CVD

met hod. 3heipiebectimeidayetich My colRhese cakWnoliRBr Bapéacked |ayers. 1t
is preferable that the thickness of the protective |ayer 4 be less than 10

nm |If theithihskoess ofr,bhe TN 0t@CtHNR ety BbrhagXgeedsd llapdtridhen the
di stance between the flying head and the magnetic |ayer 3 becones | arge,

and adGQHétﬁrbﬂ@é‘ﬁi@é{tmﬁﬁeﬁiZgﬁﬁlﬂrrﬂaﬂtl@niist}foirﬁleaobyobtéﬂ)@@fﬂ_er ther, it is
preferable that a lubricant |ayer be fornmed on the protective [ayer 4. The

| ubri cantek8y8r ofBY ciomeXaw! erHee JroyRd 1ysi ndyarf hugay deohppiscant, a
hydrocarbon | ubricant, or a m xture of these, or simlar, nornmally to a

t hi cknessy@f o1 £6rd HMcildy thiwedqvention, atoms are inplanted into the
magnetic layer 3 wwth a uniformdistribution in the

It is preferable that the thickness of the protective
layer 4 be less than 10 nm. If the thickness of the
protective layer 4 exceeds 10 nm, then the distance between
the flying head and the magnetic layer 3 becomes large, and
adequate input/output signal intensity is not obtained.

Further, it is preferable that a lubricant layer be
formed on the protective layer 4. The lubricant layer may
for example be formed using a fluoride lubricant, a
hydrocarbon lubricant, or a mixture of these, or similar,
normally to a thickness of 1 to 4 nm.

In this invention, atoms are implanted into the
magnetic layer 3 with a uniform distribution in the
direction of the thickness of the magnetic layer 3, to
partially render the magnetic layer 3 nonmagnetic; by this
means, nonmagnhetic portions 5 which magnetically separate
the magnetic pattern 3a are formed.

As the atoms for implantation into the magnetic layer 3,
it is preferable that one or more types be selected from,
for example, a group consisting of B, P, Si, F, N, H, C, In,

Bi, Kr, Ar, Xe, W, As, Ge, Mo, and Sn; it is more preferable
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direction of the thickness of the nagnetic layer 3, to partially render the
magnetic | ayer 3 nonmagnetic; by this neans, nonmagnetic portions 5 which
magnetically separate the magnetic pattern 3a are formed. As the atons for
inplantation into the magnetic layer 3, it is preferable that one or nore
types be selected from for exanple, a group consisting of B, P, Si, F, N,
H C In, Bi, K, Ar, Xe, W As, Ge, My, and Sn; it is nore preferable 19
that one or nore types be selected froma group consisting of B, P, Si, F,
N, H and C, or that one or nore types be selected froma group consisting

of Si, I'Rha€onBi orKhorXesypahlNsaanrdteld ifgost bl hreupecpheistabye that the
atons be Si or Kr. O, two or nore types of these atons may be i npl ant ed.

These at @wspgam,foi, exanpl a1 besrddl, anfred hiait enkher perki eppes wde magnetic
| ayer 3 which is to becone the nonnmagnetic portion 5, using for exanple an

i on beamsgetbedd efomi &M d@dup |dbrddiesdiony keaminetthpdcet heiat AP & e i oni zed
in order to accelerate the atons, but the ions inplanted into the magnetic

layer 3 ane whought it oidestieut mdrs @dalidibne thatmagaettembayers8. Al though
ions inplanted into the magnetic layer 3 tenporarily anorphize the crystal

struct ur @ rokrt herNMegRet b€ md By efypbs idF THRSRIUEBMsPHAGEBEESmp DantEitE. t 0 the
heat at the tine of ion irradiation, a portion of the anorphous

These atoms can for example be implanted into the
portion of the magnetic layer 3 which is to become the
nonmagnetic portion 5, using for example an ion beam method
or similar. In the ion beam method, the atoms are ionized in
order to accelerate the atoms, but the ions implanted into
the magnetic layer 3 are thought to be neutralized within
the magnetic layer 3.

Although ions implanted into the magnetic layer 3
temporarily amorphize the crystal structure of the magnetic
layer 3, in subsequent processes, or due to the heat at the
time of ion irradiation, a portion of the amorphous
structure is recrystallized, and as a result, the magnetic
characteristics of the magnetic layer 3 which has been iocon
irradiated may recover. In order to resolve this problem, in
the present invention, the atoms implanted into the magnetic
layer 3 are caused to be distributed uniformly in the
thickness direction of the magnetic layer 3. By this means,
strain is introduced into the magnetic layer 3, and
recrystallization of the amorphized magnetic layer 3 is

prevented.
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structure is recrystallized, and as a result, the magnetic characteristics
of the magnetic layer 3 which has been ion irradiated may recover. In order
to resolve this problem in the present invention, the atons inplanted into
the magnetic Ilayer 3 are caused to be distributed uniformy in the

t hi ckness direction of the magnetic layer 3. By this neans, strainis
introduced into the magnetic layer 3, and recrystallization of the
anor phi zed magnetic layer 3 is prevented. 20 Here, uniformy distributing
the atons in the thickness direction of the magnetic |ayer 3 nmeans causing

the scatterimgrien tiherfeencentiatt owuefnd NfHaH @GhAtieME Hen thieknkBisckness
direction of the magnetic layer 3 to be small. Specifically, it is

pr ef er ablg dtati ochhe fr @hieomafnbhec NBxyeum wieedatingn the the average val ue
of the concentration of atonms inplanted into the magnetic layer 3 be within

150% My teefiegahhe thBatohBent aht Do eo M P b rk30Poa tiE St kkhe more
preferable that the ratio be within 110% Scattering in the concentration

of atons dypliaRikeddiRrtetdoRBgRethe hayRst i XA DE MRAYY @ehaly .sputtering
Auger spectroscopy, SIMS, or other techniques. As nmethods for uniformy

di stri butdgegigtiens 1knpkantedprintpaphe MRONEiHE Ay oF ithe h@xtihugkness
direction of the magnetic |layer 3, there exist the foll ow ng nethods (1)
concentration to the average value of the concentration of
atoms implanted into the magnetic layer 3 be within 150%,
more preferable that the ratio be within 130%, and still
more preferable that the ratio be within 110%. Scattering in
the concentration of atoms implanted into a magnetic layer 3
can be measured by sputtering Auger spectroscopy, SIMS, or
other techniques.
As methods for uniformly distributing atoms implanted
into the magnetic layer 3 in the thickness direction of the
magnetic layer 3, there exist the following methods (1)
through (3).
(1) Impart a distribution to the implantation depth of atoms
at the time of implantation of atoms into the magnetic layer
3.
(2) Impart a distribution to the energies of the atoms at
the time of implantation of atoms into the magnetic layer 3.
(3) Use a plurality of different types of atoms at the time
of implantation of atoms into the magnetic layer 3.

As specific methods for (1) and (2) above, when for

example the ions to be implanted are Ar ions, the Ar atoms
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through (3). (1) Inpart a distribution to the inplantation depth of atons
at the tine of inplantation of atons into the nagnetic layer 3. (2) Inpart
a distribution to the energies of the atons at the tine of inplantation of
atons into the magnetic layer 3. (3) Use a plurality of different types of
atons at the tine of inplantation of atons into the magnetic |ayer 3. As
specific nethods for (1) and (2) above, when for exanple the ions to be
inplanted are Ar ions, the Ar atons 21 are ionized to different val ences,
such as Ar+, Are+, Ar3+ By this neans, an inplantation depth distribution

s imarded {4,the aLouReA0dna JhSLALOU Al by mRarted o, the

energies o e atons. O, by using a plurality of 1on guns, the energies

of inpla j : b is kstrj i ofn:. < Wit - t to specific
mp ;ﬁ&fdc(ﬂ?)])(g’ﬂ'%}e%?@, &ndi gfﬂaﬁtafﬂﬁﬂ SOYEH o s W, Fi83PaG p

nmet hods exanp a plurality of different types of ions (with

differenti@?é%@éﬁ‘%g g%@sktoﬁgghaﬁa éraisgiiyueggh éHHjﬁg'ﬁﬂﬁQ%te@r%oused as

inplantation tons. By this neans, a distribution can be inparted to the

of "the B T AES T Ehe TenPSRtati R debi TR o] ‘Srene LA s earT o o eS

of the atons. I np at'ons can "be set

appr opr i afgly, oG he aceel AL LG VPLA 298 Pfod N YN 4 | Pl ant ati on

equi pnent”
distribution. With respect to specific methods for (3), for
example, a plurality of different types of ions (with
different atomic weights), such as Ar*, Kr*, Xe*, and similar
are used as implantation ions. By this means, a distribution
can be imparted to the atom implantation depth, or a
distribution can be imparted to the energies of the atoms.
Also, the implantation depths of atoms can be set
appropriately through the accelerating voltage of the ion
implantation equipment.

In this invention, by using such methods to manufacture
discrete track type magnetic recording media 10, magnetic
recording media can be provided which has a high areal
recording density, and in which write bleeding is eliminated
during magnetic recording, by reducing insofar as possible
the coercive force and remanent magnetization in areas
between magnetic tracks.

Further, in this invention, it is preferable that the
magnetic layer 3 comprise Co, and moreover that the Co (002)

or Co (110) X-ray diffraction peak intensity of the

nonmagnetic portion be 1/2 or less.
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In this invention, by using such nethods to manufacture discrete track type
magneti c recordi ng nedia 10, magnetic recording nedia can be provided which
has a high areal recording density, and in which wite bleeding is
elimnated during magnetic recording, by reducing insofar as possible the
coercive force and remanent magnetization in areas between magnetic tracks.
Further, in this invention, it is preferable that the mgnetic |ayer 3
conprise Co, and noreover that the Co (002) or Co (110) X-ray diffraction
peak intensity of the nonmagnetic portion be 1/2 or less. 22 - -----------

Here, the Co @ggg) ?Ecbs é?% g%kgbgﬁihjﬂp %EQe@gEcglar magneti c

recordi ng | ayer, Co 'S t in pea or an in-plane

magnet i c gelefg;%&l@'lggla{r%sgn&Pé £X a0 g "f%@oaa%o Zhepeak 19

per pendi magneti ¢ recording dates the peak ue to Co (002)

appear | Db o 1s28R&2mQi hNpl e &5 ay, did Toactd ‘?r[)éé;%ea&r agkg'é\%ﬂ foby means of

this inv magneti c recording nedia can provi R affords a

hi gh ar eal, g %C%gwggaﬂﬁgl LAt ! | AALER e o bk@%ﬁgﬂgl%lg?e time of

magneti c T€cordin lici ng™ i nsof ar possi bl e coercive force and

remanent yIRQNGYIZALL 89d!LHgtf&y@f'eafndﬂ?éé’&ese’w@a%’é%% Gubl 36K8o (002)

appearing near 20=42.6° in the X-ray diffraction diagram.

Hence by means of this invention, magnetic recording
media can be provided which affords a high areal recording
density and eliminates write bleeding at the time of
magnetic recording, by reducing insofar as possible the
coercive force and remanent magnetization in the areas
between magnetic tracks.

Further, in this invention, it is preferable that the
nonmagnetic portions 5 be amorphized.

Here, to amorphize the magnetic layer 3 means to render
the atomic arrangement in the magnetic layer 3 into an
irregular atomic ordered state having no long-distance order.
More specifically, the term refers to a state in which
minute crystal grains of size less than 2 nm are randomly
arranged. When using analytic methods to confirm this state
of atomic arrangement, X-ray diffraction or electron beam
diffraction does not yield peaks indicating crystal planes,
and only halos are observed.

Hence by means of this invention, magnetic recording

media can be provided which affords a high areal recording
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Further, in this invention, it is preferable that the nonnmagnetic portions
5 be anorphi zed. Here, to anorphize the magnetic | ayer 3 neans to render

the atom c arrangenent in the nagnetic layer 3 into an irregular atomc
ordered state having no | ong-distance order. Mrre specifically, the term
refers to a state in which mnute crystal grains of size less than 2 nmare
randomy arranged. Wen using analytic nethods to confirmthis state of
atom c arrangenent, X-ray diffraction or electron beam diffraction does not
yi el d peaks indicating crystal planes, and only halos are observed. Hence

by means 4@k, RS 2hAVEN hORa t BRIRELHE HIRGRIGING t ¥Bdi @iganoke provided which
affords a high“areal recording 23 density and elimnates wite bl eeding at

the time ofnMRINELLSLEEEST dbPUredlYc MRAUG G ANSQSf Bbsa3pRASehbl € the
coercive force and renanent nmagneti zation in the areas between magnetic

tracks. \Wen aget Re-abomsyi rohanted ety it jusedn a8 desgsibed in the

above-nenti oned Patent Reference 4, because of the small atomc radii of O

and N, t%%t%%%ﬁcﬁaﬁﬁetigp£ﬁééﬁéj0“ is small, and a nmagnetization state
remains in the nonmagnetic portions 5. Also, when using O or N as the

i npl anted at oRent BE PRGNEL LGS | BYSTarkdF Jidy hf 1180 @k q,0%kdi zed, so that the
coercive force OP t he nonmagnetic
described in the above-mentioned Patent Reference 4, because
of the small atomic radii of O and N, the effect of
implantation is small, and a magnetization state remains in
the nonmagnetic portions 5. Also, when using O or N as the
implanted atoms, the magnetic layer 3 is nitrified or
oxidized, so that the coercive force of the nonmagnetic
portions 5 rises, and write bleeding occurs during magnetic
recording. That is, when using these atoms, it is not
possible to render the magnetic layer 3 nonmagnetic, or
reduce the Co (002) or Co (110) peaks of the magnetic layer
3, or amorphize the magnetic layer 3, as in the case of the
implanted atoms in this invention.
In this invention, it is preferable that implantation
of atoms into the magnetic layer 3 be performed after
forming the protective layer 4 on the magnetic layer 3.
By adopting such a process, after atom implantation has
been performed, there is no need to form a protective layer

4, manufacturing processes are simplified, and such

advantageous results as improved productivity and reduction
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portions 5 rises, and wite bl eeding occurs during magnetic recording. That
is, when using these atons, it is not possible to render the magnetic |ayer
3 nonnmagnetic, or reduce the Co (002) or Co (110) peaks of the magnetic

| ayer 3, or anorphize the magnetic layer 3, as in the case of the

inplanted atons in this invention. In this invention, it is preferable that
inplantation of atons into the magnetic |layer 3 be perforned after formng
the protective layer 4 on the nagnetic |ayer 3. By adopting such a process,
after atominplantati on has been performed, there is no need to forma

protecti Vg | 3%ehmifat TBAUL ACHHEL OGS Y ACLSRER, AR FHMRhkf h@%negggofsucr‘

advant ageous results as inproved productivity and reduction

cont am natd R4l A gPRREeSSESn t 0 afddre the magnetic recording nedia can
be obtained. In this invention, the process of inplanting atonms into the

magnetic | ayer 3 f F : etje,l ayer 3,
or before for%&tF§%¥OEQYE§E%?%?ggF?JEQ&F%ﬁigﬁa}' %%Eﬁﬁggcgggﬂglgg?o

nonmagnet¢ RALES 6apebes Loy hd whiahmansticaldysensrabe the magnetic

recording tra serv i gnal” patterns, and other nmagnetic patterns 3.

e o RIS 3o, MBS FARE g BobBecRigy S0 e
track paﬁ%%%@ %deﬂ $f5¥0case also, nonmagnetic portions can be
formed which magnetically separate the magnetic recording
tracks, servo signal patterns, and other magnetic patterns 3.

Below, an example is explained of a case in which,
after providing the protective layer 4 on the surface of the
magnetic layer 3, a recording track pattern and a servo
signal pattern, which are magnetic patterns 3a magnetically
separated in the magnetic layer 3, are formed.

In this example, after for example depositing as the
magnetic layer 3 an alloy of 70Co-5Cr-15Pt-10Si0,, a carbon
film is deposited as the protective layer 4. Then, a resist
is applied to the surface of the protective layer 4, and a
photolithography technique is used to form a patterned mask
in a shape corresponding to the recording track pattern and
servo signal pattern. Next, an ion beam method or similar is
used to implant the atoms into the surface, so that atoms
are implanted only into the portions exposed by the mask,
which are to become nonmagnetic portions 5. By this means,

nonmagnetic portions 5 are formed in which the magnetic

layer 3 is rendered partially nonmagnetic, and in addition
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signal pattern, which are magnetic patterns 3a nmagnetically separated in
the magnetic layer 3, are forned. In this exanple, after for exanple
depositing as the magnetic layer 3 an alloy of 70Co-5Cr-15Pt-10Si 2, a
carbon filmis deposited as the protective layer 4. Then, a resist 1is
applied to the surface of the protective |ayer 4, and a photolithography
technique is used to forma patterned nask in a shape corresponding to the
recording track pattern and servo signal pattern. Next, an ion beam net hod
or simlar is wused to inplant the atons into the surface, so that atons

are i npl apipe@dan! ¥ekBbaihhet POLki QRS SxpRsed Malt hatRsks, which are to
become nonmagnetic portions S. By this neans,” nonmagnetic portions 5 are

formed in Mpieqh chheynBepsthted! YeEnd heydandened fant i ally raenaagnetic, and
in addition 25 nagnetic recording track” and servo signal patterns,

megnet | callot 3ARALA! eflel Rabhes URHDRLCY] AURY e @ daafTed miFleRaal ter, the

mask is renoved, and after again formng the protective |ayer

| ubri canty i 2RRLLeday ke SOMRI eLEy; SRUT ACTILS 0fy t he nRgRekke recording
media. Inthis invention, frack-shaped depressions and protrusions nay be

formed oR g S4hEaCE rOtnENRaBROt 8611 Y& rd BYEmRy Y, directly bringing a
stanper into close contact wth the protective |layer 5 and pressing under
high pressureg, Ghis2ihDehiRSAL L LAYk s dbe NI ARNIRG Begi N, or simlar

protrusions may be formed on the surface of the protective

layer 5 by directly bringing a stamper into close contact

with the protective layer 5 and pressing under high pressure.

Or, a thermosetting resin, UV-hardening resin, or similar

may be used to form a depression/protrusion pattern.

In this case, as the stamper, for example, a metal

plate on which a fine track pattern has been formed by

electron beam tracing or another method can be used. As the

stamper material, any material with sufficient hardness and

durability to withstand the above-described process may be

used; for example, Ni or similar can be employed. In

addition to tracks used to record ordinary data, servo

signal patterns, such as burst patterns, gray code patterns,

preamble patterns, and similar, can also be formed on the

stamper.

In resist removal, dry etching, reactive ion etching,
ion milling, or another method may be used to remove the
surface resist and a portion of the protective layer. As a

result of these processes, a magnetic layer 3, in which a
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may be used to forma depression/protrusion pattern. In this case, as the
stanper, for exanple, a netal plate on which a fine track pattern has been
formed by electron beamtracing or another nethod can be used. As the
stanper material, any material with sufficient hardness and durability to
wi t hstand the above-descri bed process may be used; for exanple, N or
simlar can be enployed. In addition to tracks used to record ordinary
data, servo signal patterns, such as burst patterns, gray code patterns,
preanbl e patterns, and simlar, can also be forned on the stanper. In

resi st remyRticdpyteeehi BY, hagasééverdéie®t G pdr@iom lolfi Rge or anot her
met hod may be used to renpbve the surface resist and a portion of the

protecti erdayeliveASagerl 6Sbha Oh. tABSE, MPCASSRLIny MRGACLISnsayer 3, in
which a 26 magnetic pattern 3a has been forned, and a portion of the

protecti \wpdrayaia®el§MBtAe AhE0re byrseCELTU [N icRRS beaRRmORERAt €l Y, the
entire protective |layer 4 can be renoved, |eaving only the magnetic |ayer 3

i n which isadieigmReé1yheneMRggetbt EcPBAYEF N3 3t WHidrS iROTTRled tdefOrmthe
different | ayers of the nagnetic recording nedia, other than the protective

film | awigrbtiSipR@tREnspHttering, DC sputtering, or other nethods as
general filmdeposition nethods. On the other

It is possible to form the different layers of the
magnetic recording media, other than the protective film
layer 4, using RF sputtering, DC sputtering, or other
ﬁethods as general film deposition methods. On the other
hand, to form the protective layer 4, in general a method is
employed in which P-CVD or similar is used to deposit a thin
film of DLC (Diamond-Like Carbon); however, formation is not
limited to this method in particular.

Next, a magnetic recording/reproduction device to which
the invention is applied is explained.

Fig. 2 is a side view showing the structure of a
magnetic recording/reproduction device 20 to which the
invention is applied.

This magnetic recording/reproduction device 20
comprises magnetic recording media (a magnetic disk) 1 to
which the invention is applied; a media driving portion 11,
which drives (rotates) the media in the recording direction;
a magnetic head 12, comprising a recording portion and a
reproduction portion; a head driving portion 13, which moves

the magnetic head 12 relative to (in the radial direction
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hand, to formthe protective layer 4, in general a nethod is enployed in
which P-CVD or simlar is used to deposit a thin filmof DLC (D anond-Li ke
Carbon); however, formation is not |limted to this method in particul ar.
Next, a magnetic recording/reproduction device to which the invention is
applied is explained. Fig. 2 is a side view showing the structure of a
magneti ¢ recordi ng/ reproduction device 20 to which the invention is
applied. This nagnetic recording/reproduction device 20 conprises nagnetic
recording nedia (a magnetic disk) 1 to which the invention is applied; a

medi a drigd)ngpROLLEABRL L, re WL G PN hyes, (TPt alRE); the nedia in the recording
Ftip re )

direction; a magnétic he 12, conprising a recording portion and a

a
repr oduct, M&@i/qe?fgdgﬁegoﬁréyéﬁ@%l ROrdd D 113, WG BR¥§Sest he magnetic

head 12 relative'to e radiaf direction 27 of) the magnetic recording

medi a 10;. 200 qq)2EaLdhnOLESRr Ol i OO SIANAl SYRLAID 14, 1Wliugh combines

recordi ng/ reproduction signal protessing neans to Input signals to the

e RIS R LE el Ol AR B e
magneti c gf&ﬁyyy BQtQG%i%?oﬁotﬂétﬂagﬁéﬂﬁxEQQ%&QHEQ density can be confi gured.
In this invention, by combining these portions, a
magnetic recordiﬁg device 20 with high recording density can

be configured.

Further, whereas in the prior art the reproduction head
width was made narrower than the recording head width in
order to exclude the influence of the magnetization
transition areas at the track edge portions, by modifying
the recording tracks of the magnetic recording media 10 so
as to be magnetically discontinuous, it is possible to
operate the device with the two made substantially the same
width. By this means, an adequate reproduction output and
high SNR can be obtained.

Further, by using a GMR head or TMR head in the
reproduction portion of the magnetic head 12, an adequate
signal intensity can be obtained even at high recording
densities, and a magnetic recording/reproduction device 20

capable of high-density recording can be realized.

Further, if the flying height of the magnetic head is
made lower, at 0.005 pum to 0.020 pum, than in the prior art,

then the output is improved and a high device SNR is
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Further, whereas in the prior art the reproduction head w dth was nade
narrower than the recording head width in order to exclude the influence of
the magneti zation transition areas at the track edge portions, by nodifying
the recording tracks of the nmagnetic recording nmedia 10 so as to be
magnetically di scontinuous, it is possible to operate the device with the
two made substantially the sane w dth. By this neans, an adequate
reproduction output and high SNR can be obtained. Further, by using a GWR
head or TMR head in the reproduction portion of the nagnetic head 12, an

adequat eqp8h gR&Y, | é‘ﬁ&%!ﬁﬂgl’?&fbpﬁ%i@?‘ angediguey aklhhwhereesn st NG
densities, and a magnetic recordi ng/reproduction device 20 capabl e of

hi gh- densityré £697 b &adt R IRAiiczedo Bdht B@rgrbfri&@&fl_yi ng height of the
magnetic head is nmade lower, at 0.005 mto 0.020 m than in the prior art,

then the out ppﬁr{§e£,anPV§id1r?d”ld or JHeGR 18gVice @ cONRr iy Sug8ngbs ai ned, and a
hi gh-capacity and highly reliable magnetic recording/reproduction device 20

can be proyided-1 kel NeSod idetHiNals RHEEePSIABE] I EHEAT Yo ST Ah@
maxi mum | i kel i hood nethod is incorporated, then recording densities can be

rai sed eMepsfuiiberan i ©xaMR| @vedh ruadeguat eosNEBxhsp 0b) ahfed even when
recording and reproducing data at a track density of 100 ktracks/inch or
hi gher, 8dequate SNR is obtained even when recording and reproducing
data at a track density of 100 ktracks/inch or higher, a
linear recording density of 1000 kbits/inch or higher, and
an areal recording density of 100 Gbits per square inch or
higher.
Below, examples are used to further clarify the
advantageous results of the invention. The invention is not
limited to the following embodiments, but can be implemented
with appropriate modifications made, within the range in
which there is no change to the gist of the invention.
(Comparison Example)
In the comparison example, a vacuum chamber in which a
glass substrate for an HD was mounted was evacuated in
advance to 1.0x10™> Pa or less. As the glass substrate,
crystallized glass the components of which were Li,Si,Os,
Al,03-K;0, Al,03-K,0, MgO-P,0s, and Sb,03-Zn0O, machined into a
donut-shaped disc with outer diameter 65 mm and inner

diameter 20 mm, was used. The surface roughness (Ra) of the

glass substrate was 2 A.
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| i near recording density of 1000 kbits/inch or higher, and an areal
recording density of 100 Ghits per square inch or higher. Bel ow, exanples
are used to further clarify the advantageous results of the invention. The
invention is not |imted to the follow ng enbodi nents, but can be

i npl enented w th appropriate nodifications nade, within the range in which
there is no change to the gist of the invention. (Conparison Exanple) In

t he conpari son exanple, a vacuum chanber in which a glass substrate for an
HD was nounted was evacuated in advance to 1.0x10-5 Pa or less. As the

gl ass SUbStraN@xt,CEM&@dZ'é;Z@QtQﬂi&gf i coRenerts eb wapebivwerg Li 2Si 205,
A1203- K20, A1203- K20, MO P205, and Sb203-ZnO, machined into a donut-shaped

disc W thradt-ebndi BBl 1265 SMBAHWhidNElsord aRhet12018perwas weeds The
surface roughness (Ra) of the glass substrate was 2 A. 29 Next, the DC

sputterinrg EEtRedxWassuseded® Alepasidy iihtander a2 thksrgbass substrate a
soft magnetic |layer of FeCoB to a thickness of 600 A, an Ru internedi ate

llayer of thtikikekB8s$0d0R, Aan@ng madRONQ! i1GJaay et af 7acé06prSCsp25Pt - 10Si 2
alloy to a thickness of 150 A; after this, the P-C/D nethod was used to

deposit aophielestiye dAavercmfciaesesankonso he aptavetrRoe, tmskneass of 4 nm
and finally a fluoride

method was used to deposit a protective layer of C (carbon)

to an average thickness of 4 nm, and finally a fluoride

lubricant was applied.

Next, a magnetic pattern was formed by magnetic layer

machining. That is, a thermosetting resin resist was applied,

and after forming depressions and protrusions corresponding

to the pattern, an ion beam method was used to implant Ar®

atoms. The accelerating voltage of the ion beam, irradiation

time, and other conditions are given in Table 1. The

accelerating voltage was held constant at 50 keV.

EXAMPLES
[Example 1]

In Example 1, magnetic recording media was fabricated
under conditions similar to those of the Comparison Example.
However, when implanting atoms into the magnetic layer,
atoms were implanted with a uniform distribution in the
thickness direction of the magnetic layer. That is, Ar was
used as the ions for implantation, and by ionizing the Ar

with the different valences Ar®, Ar?", Ar3, a distribution
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| ubricant was applied. Next, a magnetic pattern was fornmed by nagnetic | ayer
machi ning. That is, a thernosetting resin resist was applied, and after
form ng depressions and protrusions corresponding to the pattern, an ion
beam met hod was used to inplant Ar+ atonms. The accel erating voltage of the
ion beam irradiation tine, and other conditions are given in Table 1. The
accel erating voltage was held constant at 50 keV. EXAMPLES [Exanple 1] In
Exanpl e 1, nagnetic recording nmedia was fabricated wunder conditions simlar
to those of the Conmparison Exanple. However, when inplanting atons into the

magnet i ¢ Ay dipardk@mBoWehe HEPtRNG £dimbldn toa tid IfMttiestatidaigt ii@n i n the
t hi ckness direction of the magnetic layer. That is, Ar was used as the ions

for i npl atHeatria@ie takd 1By ek ONTEE NGoh NEe 41 ad&iélf'értéﬁﬁr? fiarente ,val ences Ar+,
Are+, Ara+, a distribution 30 was inparted to the depth of inplantation of

the at onsi imyqithe orBEARE] Cah@y8the ThEoh @ BN AGC &rRNwaL 117Rg Twdl1leage,
irradiation time, and otﬁer conditions are shown in Table 1. The

accel er atiig vQltiagatwag 301keye he gonmgiions of the ion beaminplantation

gquantity and accelerating voltage nust be set in advance through

prelimnary expericeeatsioh8r o eXend! fon Whein t g 1GHh {302 Quantity
and accelerating voltage must be set in advance through
preliminary experiments. For example, when the Co (002) or
Co (110) X-ray diffraction peak intensity of the magnetic
layer is to be 1/2 or less, then as shown in Fig. 3, atom
implantation is performed such that the diffraction peak for
the magnetic layer becomes as indicated by the broken line.
Further, the conditions for rendering the magnetic layer
nonmagnetic and for amorphization of the magnetic layer must
also be set in advance using X-ray diffraction measurements,
electron beam diffraction measurements, and similar. In Fig.
3, the solid line indicates the state of a magnetic layer
before implantation of In atoms, and the broken line
indicates the state of the magnetic layer after implantation
of In atoms.
[Example 2]

In Example 2, magnetic recording media was fabricated

under conditions similar to those of the Comparison Example.
However, when implanting atoms into the magnetic layer, a
uniform distribution in the magnetic layer thickness

direction was imparted during atom implantation. That is, an

31



Co (110) X-ray diffraction peak intensity of the magnetic |layer is to be
1/2 or less, then as shown in Fig. 3, atom inplantation is perforned such
that the diffraction peak for the magnetic |ayer becones as indicated by
the broken line. Further, the conditions for rendering the nmagnetic |ayer
nonmagneti c and for anorphization of the magnetic |layer nust also be set in
advance using X-ray diffraction neasurenents, electron beamdiffraction
nmeasurenents, and simlar. In Fig. 3, the solid line indicates the state of
a magnetic |layer before inplantation of In atons, and the broken line

i ndi cat eg chhgeghahetRbd thges NBaNetiC idyen afhter at ot anded iane of In atoms.
[ Exanple 2] In Exanple 2, magnetic recordi ng nedia was fabricated under

condi ti oRS ¢8Rk balalOr tHOSEn Ble tder ddammar 3R 1B:aRhe. volleugyer , Tnbien
i npl anting atons into the magnetic layer, a wuniformdistribution in the

magneti c i'oﬁ}’%éaﬁnhjaélfé‘f&?atﬂi%%i%é@s iirmRafited cduking ah@mytAPkantation.
That is, an 31 ion beam nethod was used to inplant Ar’ atons into the

magnet i ¢ bawekishst Bpgeadli {1 eF ante accelRy atiRG elkagesrifge ion beam
accelerating voltages, irradiation tinme and other conditions appear in

Table 1. ;Theathcegeascebedali nthe Vda0e9 WRRE u9edeln tbexevder 20 keV, 30
keV, 60 keV. 7[Exanple 3]

[Example 3]

In Example 3, magnetic recording media was fabricated
under conditions similar to those of the Comparison Example.
However, when implanting atoms into the magnetic layer, a
uniform distribution in the magnetic layer thickness
direction was imparted during atom implantation. That is, as
the implantation ions, three types of ions were used, which
were Ar*, Kr*, Xe*; the accelerating voltage was fixed at 50
keV. The ion beam accelerating voltage, irradiation time and
other conditions appear in Table 1.

Evaluations of electromagnetic transducing
characteristics were performed using a spin stand for the
Comparison Example and for Example 1 through 3. Specifically,
a perpendicular recording head for recording and a TuMR heat
for reproduction were used as magnetic heads for evaluations,
and the SNR value and 3T-squash were measured when signals
were recorded at 750 kFCI. The measurement results appear in

Table 1.

Table 1

Voltage/ SNR 3T- Ra Glide Implanted
irradiation | (dB) squash (nm) avalanche | atom
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I n Exanpl e 3, magnetic recording nedia was fabricated wunder conditions
simlar to those of the Conparison Exanple. However, when inplanting atons
into the nmagnetic layer, a wuniformdistribution in the magnetic |ayer
thickness direction was inparted during atominplantation. That is, as the
i npl antation ions, three types of ions were used, which were Art, Kr', Xe';
the accelerating voltage was fixed at 50 keV. The ion beam accel erating
voltage, irradiation tine and other conditions appear in Table 1.

Eval uati ons of el ectronmagnetic transducing characteristics were perforned
usi ng a[spin stand digg tnhe npari(spn EYanpl € [amd) T or  Exan@nerdribAnough 3.
Specificgally, a perpendiculgar recordinglhead flor recordi(Ag and a TuMR heat
for repr@ﬂﬁ@ﬁﬁéﬁlwéWekﬂﬁéﬂoaslhﬁg1é%ﬂc hed@d8 f qr5-8val uat|i28hs, and the SNR

val ue ah§—§$%§qfa%ﬁ%ﬁ?g53g?afﬁigﬂ whep—signal s —were—retqrded—at—750 kFCl .
The meagufefnent regsulLts ‘appepr”in Tdol e |1 Tahle”1 Vol {agé/ SNR 3T{ Ra

A ide | Mpkapedz TrAoadwes on| {HB) | sAuAST [(NF) gveakancie [agen 32 11 (%
(nm concentratiorl se®¥) Conparison|50 keV/|300 11.8 81.1 0.5 5.8 200 |exanple
sec 30 kevV/60
secC

60 keV/60
secC
Example 3 | 50 kev/180 | 12.9 | 83.2 0.7 6.1 120
secC

As shown in Table 1, compared with the Comparison
Example, the SNR and 3T-squash values, which are RW
characteristics, for Examples 1 through 3 are greatly
improved. This is attributed to the complete disappearance
of a magnetization state in the areas between magnetic
tracks.

Also, SIMS was used to investigate the implanted atom
concentration distribution in the magnetic layers of the
magnetic recording media fabricated in the Comparison
Example and in Examples 1 through 3; Table 1 presents
results for the ratio of the maximum concentration to the
average value of the concentration of implanted atoms in the

magnetic layer, obtained from the measurement results.

Industrial Applicability
By means of this invention, magnetic recording media
can be provided which enables maintenance of head flight

stability, affords excellent separation of magnetic patterns,
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Exanmple 1 30 keV/ 180 13.1 84.1 0.3 5.5 115 sec Exanple 2 20 keV/ 60 13.2
84.4 0.8 6.9 110 sec 30 kev/60 sec 60 kev/60 sec Exanple 3 | 50 keV/ 180
12.9 83.2 0.7 6.1 120 sec As shown in Table 1, conpared with the Conpari son
Exanpl e, the SNR and 3T-squash val ues, which are RW characteristics, for
Exanples 1 through 3 are greatly inproved. This is attributed to the

conpl ete di sappearance of a nagnetization state in the areas between
magnetic tracks. Also, SIMS was used to investigate the inplanted atom
concentration distribution in the magnetic |layers of the magnetic recording

medi a fabti gatedrEo-Lhe 1PMPAL|S0N neexapkacandet e ExagRY £8edt t hrough 3;
Table 1 presents results for the ratio of the nmaxi mum concentration to the

average yahHet ok f;é"@té?ﬂ%,erﬁr{c@tv}rﬁ%kpfhais”%&%@ﬁﬁgnétHﬂ?h!-&eﬁé‘ﬁq(@gn_eti c
| ayer, obtained fromthe nmeasurenment results. Industrial Applicability By
means of \Lhb$ql RYeOL Plec dBONEII L TRGRMAINTaMRdLRod of
manufacturing magnetic recording media which contributes to
greatly improved productivity is provided. And, a magnetic
recording/reproduction device which is not affected by
signal interference between adjacent magnetic patterns or by

write bleeding, and which offers excellent high-density

recording characteristic, is provided.
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can be provi ded whi ch enabl es mai ntenance of head flight stability, affords
excel l ent separation of magnetic patterns, 33 is not affected by signal

i nterference between adjacent nagnetic patterns, and which has excell ent

hi gh-density recording characteristics. Further, a method of manufacturing
magneti c recording nmedia which contributes to greatly inproved productivity
is provided. And, a magnetic recording/reproduction device which is not
affected by signal interference between adjacent magnetic patterns or by
wite bleeding, and which offers excellent high-density recording

char act efgingti €5 tSaphoyi gded. 34 What is clainmed is: 1. A nmethod of

manuf acturing magnetic recording nedia in which a nagnetic |ayer is

provi ded 1on ah heagsbdose makd Bee udin A MeRRgReteeosbsr akaiangna
magnetically separated magnetic pattern is forned in the nagnetic | ayer,

charact efjnzed bNmhhabt 8k ONByaF & 4 PHARRG oM Lt uekker Bhdi shekbgéion in the
magnetic | ayer thickness direction, in said magnetic |layer, and said

magnet i ¢ dra¥ehohhafREEHEE eshpar td @ [ahenRgRRtieal11§0skpatabeamagnet i c
portions are forned which magnetically separate said magnetic pattern. 2.
The net hedgakrAanghactni N9 fagned | G neeondighe tTednayer,
characterized in that
atoms are implanted, with uniform distribution in the
magnetic layer thickness direction, in said magnetic layer,
and said magnetic layer is rendered partially nonmagnetic,

so that nonmagnetic portions are formed which magnetically

separate said magnetic pattern.

2. The method of manufacturing magnetic recording media
according to Claim 1, characterized in that said magnetic
layer comprises Co, and that the Co (002) or Co (110) X-ray
diffraction peak intensity of said nonmagnetic portion is

1/2 or less.

3. The method of manufacturing magnetic recording media
according to Claim 1, characterized in that said nonmagnetic

portion is amorphized.

4. The method of manufacturing magnetic recording media

according to any one among Claims 1 through 3, characterized
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according to Caim1l, characterized in that said nagnetic |ayer conprises
Co, and that the Co (002) or Co (110) X-ray diffraction peak intensity of
said nonmagnetic portionis 1/2 or less. 3. The nethod of manufacturing
magnetic recording nedia according to Claim1l, characterized in that said
nonmagnetic portion is anorphized. 4. The nmethod of manufacturing nmagnetic
recording nedia according to any one anong Cains 1 through 3,
characterized 35 in that a distribution is inparted to the energy of atons
inplanted into said nagnetic |ayer. 5. The nethod of nmanufacturing magnetic

recordi ngnmedha aagLoOt dimg: 1on any e rafedCltai Abhel ehbBi-gygbr 3atemar act eri zed
in that two or nore types of atons are inplanted into said nagnetic |ayer.

6. The nehpodnebdnentd agd id imgyiegnetlisgydracor di ng nedia according to O aim
1, characterized in that said atons are one or nore type selected fromthe
group consisting of B, P, Si, F, N, H C 1In, B, Kr, Ar, Xe, W As, Cg,

Mo, and Sn. 7. The nmethod of nmanufacturing magnetic recordi ng nedi a

accor di ng .t oTkkah8tHod ChArmet efd zad iy mhainetaicd ratoraiagemefiaor Si. 8. The

nmet hod of manufacturing nmagnetic recording nedia according to Claiml,
char act egczeddiAgt batahfeosdird @A aims 1 through 3, characterized in
that two or more types of atoms are implanted intc said

magnetic layer.

6. The method of manufacturing magnetic recording media
according to Claim 1, characterized in that said atoms are
one or more type selected from the group consisting of B, P,

si, ¥, N, H, C, In, Bi, Kr, Ar, Xe, W, As, Ge, Mo, and Sn.

7. The method of manufacturing magnetic recording media
according to Claim 1, characterized in that said atoms are

Kr or Si.

8. The method of manufacturing magnetic recording media
according to Claim 1, characterized in that the surface
roughness of said nonmagnetic substrate is such that the

center line average roughness Ra is within the range: 0.1 nm

< Ra £ 2.0 nm.

9. The method of manufacturing magnetic recording media

according to Claim 1, characterized in that, after forming a
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roughness of said nonmagnetic substrate is such that the center |ine
average roughness Ra is within the range: 0.1 nm <_Ra < 2.0 nm 9. The
met hod of manufacturing nagnetic recording nmedia according to Claim1l,
characterized in that, after formng a 36 protective filmlayer on said
magnetic | ayer, said atons are inplanted. 10. Magnetic recording nedia, in
whi ch a magnetic layer is provided on at |east one surface of a nonnmagnetic
substrate, and a magnetically separated magnetic pattern is formed in the
magnetic | ayer, characterized in that it conprises a nonmagnetic portion
whi ch magmretecalilry Separ dtpsr san dsaivhgreginet ipatliagenm, whédeahomenarmgneti c
portion is formed by inplanting atons into said nagnetic |ayer with a
uni f or m idipdtanitbdti on in the nagnetic | ayer thickness direction, to render
said magnetic |ayer partially nonmagnetic. 11. The nmagnetic recordi ng nedia
according to Claim210, characterized in that said nmagnetic |ayer conprises
Co, and that the Co (002) or Co (110) X-ray diffraction peak intensity of
sai d nonmagneMagnpotti pacosdii® mediessin khichhe magnetic Legerdisg medi a
according to Caim10, characterized in that said nonmagnetic portion is
anor phi zedovilidd theanngaetst cotecoumiag nediaa nacmagdiend ct eubsaratd,
characterized in that said magnetic pattern is a recording

and a magnetically separated magnetic pattern is formed in

the magnetic layer, characterized in that it comprises

a nonmagnetic portion which magnetically separates said
magnetic pattern, wherein nonmagnetic portion is formed by
implanting atoms into said magnetic layer with a uniform
distribution in the magnetic layer thickness direction, to

render said magnetic layer partially nonmagnetic.

11. The magnetic recording media according to Claim 10,
characterized in that said magnetic layer comprises Co, and
that the Co (002) or Co (110) X-ray diffraction peak

intensity of said nonmagnetic portion is 1/2 or less.

12. The magnetic recording media according to Claim 10,

characterized in that said nonmagnetic portion is amorphized.

13. The magnetic recording media according to Claim 10,

characterized in that said magnetic pattern is a recording

track pattern or a servo signal pattern.
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track pattern or a servo signal pattern. 37 14. The nmagnetic recordi ng nedi a
according to Caim1l0, characterized in that said magnetic layer is a
per pendi cul ar rmagnetic |layer. 15. A magnetic recordi ng/reproduction device,
characterized in that it conprises the nmagnetic recording nedia according
to any one of Clains 10 through 14, and a nmagnetic head which perforns
recordi ng and reproduction of information onto and from said magnetic
recordi ng nmedia. 38
14. The magnetic recording media according to Claim 10,
characterized in that said magnetic layer is a perpendicular

magnetic layer.

15. A magnetic recording/reproduction device, characterized
in that it comprises the magnetic recording media according
to any one of Claims 10 through 14, and a magnetic head
which performs recording and reproduction of information

onto and from said magnetic recording media.

38





