MAGNETI C RECORDI NG MEDI A BACKGROUND OF THE I NVENTION 1. Field of the

I nvention 5 The present invention relates to nagnetic recordi ng nedia
capabl e of producing a high-density information recordi ng and havi ng hi gh
thermal stability and superior signal-to-noise ratio (SNR
characteristics. 2. Descrigti Rel at ed 10 Magnetic recordin
medi a may be divided into WFEL‘F%EC%& e Ug[i.'ébrdi nS (LMR) nedi a and
per pendi cul ar magnetic recording (PMR) nedia. In LMR nedia, magnetic

recording is perfornmed by formng recording bits parallel to the plane of a
magnetic recordi ng medi u@i@ﬁm&-lh@j%'r ] 'Pl ording is perfornmed by
form ng4recopd] | .pendi cular to the film plane of a nagnetic
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t he coercive fo?ce of a magnetic subst ance conposing a magnetic
recording |layer of the magnetic recording nedium to ensure thernal

stabiliLy. e of the ctors.that determ ne the coercive force of the
magnet i % sug)@teéﬁﬂﬁt'qr_ko{%g Fﬁ@@f‘%{]‘gg ani sotropi c energy which displays a
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specific crystal direction. As thé magnetic ani sotropic ener & i's high,
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ener gy u) i s abqut 4. erg/cnB. \When the vol une a crystal grain
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as a nuhigher magnedostafic energy and lower antimagnetic field energy than the

conventional LMR, it is advantageous in obtaining higher recording density.
In both the LMR and the PMR, in order to obtain a high density of a magnetic

recording medium, it is necessary to increase the coercive force of a magnetic

20 substance composing a magnetic recording layer of the magnetic recording medium
to ensure thermal stability. One of the factors that determine the coercive force of
the magnetic substance is the magnetic anisotropic energy which displays a
tendency of a magnetic moment in a magnetic crystal grain to align in specific crystal '
direction. As the magnetic anisotropic energy is high, the tendency of aligning in

25 the specific crystal direction is increasing. For example, in the case of a Co crystal
grain, the ¢ axis of a hexagona! dense crystal lattice is the direction to which the
magnetic moment aligns (magnetization easy axis} and the magnetic anisotropic
energy (Ku) is about 4.6 10° erg/lcm®.  When the volume of a crystal grain is V, the
energy causing the magnetic moment in the crystal grain to align with the

30 magnetization easy axis is given as KuV. Meanwhile, the magnetic moment moves
due to thermal vibration, which may be represented as a multiplication of
Boltzmann's constant Kg and absolute temperature T, i.e. KgT. Comparing KgT with
KuV, in the case of KeT<KuV, since the magnetic anisotropic energy is significantly

greater than the thermal vibration energy, the magnetic moment aligns with
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Bol t zmann' s constant K8 and absolute tenperature T, i.e. KBT. Conparing KBT
with KuV, in the case of KBT<<KuV, since the magnetic ani sotropic energy
is significantly greater than the thermal vibration energy, the magnetic
nonent aligns with 1 approximate ¢ axis of the crystal grain. However, in
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deviation value of sizes of the crystal grains increases, signal-to-noise ratio (SNR)

lowers.
Currently, a CoCr alloy-based ferromagnetic material is generally used as a
recording layer material in a magnetic recording medium. FIG. 1 is a SEM
20 photograph of a plane on which a CoCr alloy-based material used for a conventional
magnetic recording layer is deposited. Referring to FIG. 1, the dark portions are
magnetic crystal grains in which recording is actually performed and the bright
portions between crystal grains are Cr-rich phases in which the content of Cris
greater than that of Co, as a compositional segregation phase and the Cr-rich phase
25 magnetically isolates crystal grains.

Referring to FIG. 1, when forming a magnetic recording layer according to a
conventional method, the size and the distribution of crystal grains are not uniform
and the interface thereof is not uniform, which causes noise of media. Also, when
using the CoCr alloy-based material, if the size of crystal grains is decreased to 5 nm

30 or less in order to reduce noise, magnetization is unstable even at a room
temperature, so that information may be destroyed.

Consequently, when reducing noise by decreasing the size of the crystal
grains, it is very difficuit to ensure thermal stability. This problem can be solved by
intreducing a magnetic material with high magnetic anisotropic energy. Examples
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Referring to FIG 1, when form ng a nagnetic recording |layer according to a
conventional nethod, the size and the distribution of crystal grains are
not uniform and the interface thereof is not uniform which causes noise
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not achieve complete segregation, and thus, cannot prevent interactions between

crystal grains. Accordingly, noise may be increased.

20 SUMMARY OF THE INVENTION
The present invention provides a magnetic recording medium having a

uniform distribution of sizes of the crystal grains, having uniform interfaces of the
crystal grains, and having high thermal stability in spite of the presence of fine and
uniform crystal grains.  Also, the magnetic recording medium of the present

25 invention has high density recording characteristics and superior SNR characteristics
since the crystal grains are magnetically isolated.

According to an aspect of the present invention, there is provided a magnetic
recording medium having a magnetic recording layer and a substrate supporting the
magnetic recording layer, in which the magnetic recording layer is composed of a

30 porous crystal isolating membrane capable of magnetically or physically isolating

crystals by the micropores.

BRIEF DESCRIPTION OF THE DRAWINGS




The present invention provides a magnetic recordi ng nedi um having a
uni formdistribution of sizes of the crystal grains, having uniform
interfaces of the crystal grains, and having high thernmal stability in
spite of the presence of fi ne and uniformcrystal grains. Al so, the
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Il um accordi ng an enbodi nent of present invention; FIG 4is a
schemat accedigstosexampieal of/ttmpreseat mgnt@c@n,c recordi ng rredl um according to
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15 according to Example 5 of the present invention; and
FIG. 7 is a schematic cross-sectional view of a magnetic recording medium

according to Example 7 of the present invention.

DETAILED DESCRIPT!ON OF THE INVENTION
20 The present invention will now be described in more detail.

A magnetic recording layer of a magnetic recording medium according to an
embodiment of the present invention is composed of a crystal isolating membrane in
the form of a template having micropores formed previously so as to form fine,
uniform crystal grains. A magnetic recording material is impregnated into the pores

25 to prevent physical and magnetical interactions between crystal grains and the
interface of boundary portion of bits is allowed in advance to be uniform, thereby
reducing noise.

Meanwhile, the standard deviation of the sizes of the pores may be 30% or
less of the size of the crystal grains of the magnetic recording material in order to

30 allow the size of crystal grains to be uniform, thereby reducing noise.

As described above, when using a material having high magnetic anisotropic

energy, such as FePt, since there is no compositionai segregation phase, the

interaction between crystal grains cannot be prevented. To solve this problem, the



according to Exanple 7 of the present invention. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 20 The present invention will now be described in nore
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Also an aspect ratio of the micropore may be 0.01-1000. Herein, the aspect
ratio means the ratio of the depth of the pore to the diameter of the pore. For
example, the aspect ratio of 10 indicates that the diameter of the pore is 2 nm and
the depth of the pore is 20 nm. When the aspect ratio is less than 0.01, since the

20 depth of the pore is too shallow, it is difficult to sufficiently impregnate the recording
material. When the aspect ratio is greater than 1000, it is difficult to uniformly
impregnate the recording material.

FIG. 2 is a SEM photograph of the crystal isolating membrane used in the
magnetic recording medium according to an embodiment of the present invention.

25 The porous crystal isolating membrane may be composed of a material in which
micropores are magnetically isolated, for example, may be composed of aluminium
oxide. When preparing the porous crystal isolating membrane using aluminium
oxide, anodic oxidation which is a method known generally in the art may be used.
in the anodic oxidation, when Al is used as an anode and electricity is generated,

30 oxygen is generated in the anode and thereby a surface of Al is oxidized to form a
porous Al,Oj tayer.

Although It is sufficient if the magnetic anisotropic energy (Ku) of the
recording material is 5 10° erg/cm?®, the recording material with higher magnetic

anisotropic energy may be used in order to ensure thermal stability as the crystal
5



material, the diameter of the mcropore may be 3-5 nm since thernal
stability and super high density recording characteristic of 400 Gb/in2 or
greater can be obtained 15 within the above range. Al so, an aspect ratio
of the mcropore may be 0.01-1000. Herein, the aspect ratio neans the
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a crystal isolating membrane are sequentially deposited on a glass or an aluminium
based alloy substrate 10. In the medium, a magnetization easy axis of the
perpendicular magnetic recording layer 13 is arranged perpendicularly to the plane
of the membrane by the under layer 12, and thus the perpendicular magnetic
20 recording layer 13 has perpendicular magnetic anisotropic energy. As a result, it is
possible to perpendicularly record information by perpendicular magnetic field
components of a single pole head.
A glass substrate, a Al-Mg based substrate having NiP amorpous film coated
thereon, a thermally oxidized Si substrate, and the like are generally used as the
25 substrate 10 and the under layer 12 is formed by depositing Ti efc. on the substrate
10 through a sputtering method or other physical depositing methods. The
thickness of the under layer 12 is in the range of 1-200 nm. The magnetic recording
layer 13 is formed on the under layer 12. The magnetic recording layer 13 is
formed by first forming an Al layer through sputtering method, and then forming
30 micropores via anodic oxidation, and then impregnating the recording material into
the micropores. Plating, CVD, PVD, sputtering, sol-gel method, and the like may be
used in the impregnation. When the depth of the pore is great, a plating method
may be used and when the depth of the pore is shallow, a sputtering method may be

used to simplify the preparation process.



recordi ng | ayer and may be conposed of Ti, Pt, Au, Pd, Ta, Cu, Ru, Ag, Au,
B, Nd, Nb, C, Co, N, Fe, A, Si, Zr, My, Pr, C or an alloy thereof.
FIG 3 is a cross-sectional view schematically illustrating the structure
of the 10 magnetic recording nedium according to an enbodi nent of the
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t hi ckne f the under layer 12 ig .0, the range of 1-200 nm The nagnetic
recor di%@‘)?raaq,ﬁs ‘i%a’i‘é'%'B%HHBj"@ﬁeﬁﬁg%nder | ayer 12. The magnetic recording

layer 13 is Thej ¢ rekorting Afdbiutg seofdihg e anbihed eatbadmicheof thg met hod,
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the pr eggtrhaftolr ﬁ{‘e Bél%%%%lsduigr magnetic field. For example, FeSiAl, a NiFe alloy, or a
CoZr alloy may be used for the soft magnetic layer. FIG. 5 is a schematic
cross-sectional view of a perpendicular magnetic recording medium, including a soft

20 magnetic layer 26 and an intermediate layer 21.

FIG. 6 is a schematic cross-sectional view of a longitudinal magnetic
recording medium according to another embodiment of the present invention
including all of an intermediate layer 31, an under layer 32, and a crystal orientation
layer 38. A recording layer is divided into an upper recording layer 33 and a lower

25 magnetic layer 37 and a Ru layer is placed between them. The Ru layer is
deposited to reduce the effect of antimagnetic field by decreasing the thickness of
the lower magnetic layer 37. In the magnetic recording medium, either or both of
the upper recording layer 33 and the lower magnetic layer 37 may be composed of a
crystal isolating membrane.

30 Meanwhile, the magnetic recording medium may be prepared by allowing ail
layers except for the substrate, for example, the soft magnetic layer, the intermediate
layer, and the under layer to be composed of a crystal isolating membrane in the
form of one body, and then sequentially impregnating materials composing the
respective layers. An embodiment of a recording medium using the crystal isolating

7



The magnetic recordi ng nmedi um according to an enbodi nent of the present
I nvention may be a |ongitudi nal magnetic recording nediumas well as a
per pendi cul ar magnetic recording medium FIG 4 is a schematic
cross-sectional view of a perpendicul ar magnetic recordi ng nmedi um

according to an enbodi nent of t he present invention. In the medium an
under | BifInbrane in;ialidayersexcent fs%@rﬁét%aiaé%!soﬂ}luwateﬁt"aﬁl%nTOf Thereedfditigng and

repr odugi ' o ' ich i
Compose ity PrepdtBHBRAIN & Shysidielating midhfiieroth o 4RE egytha |, ! ©

pr ot ect substeatpethand sequentialixgmpregnatinga soih ndgnedic layerd 6, @n idermedizded
external i cts, and a |lubricant |ayer, 25 i ch, prevents,. a head slider 10
For 1 ool Ag: atacsBEREr ig s AroipRld Bies Mt BT I 4 ¢ he. nedi um
ang induci ngha BB Invéntn Will B \@edtemdShidieatentiBtAIOMMe Fdfedrics tdemesi t ed
on a substrate 20 of a_&l@ass or an alum ni um based alloy. The magnetic

recor di fRjlomdeg exemplas: diTite folowing examples e femtlugrativepurppeesand Bfvent i on
may futhF{gléﬁ%déﬁﬁifﬁitﬁ?J %gé@@%’eﬁnb tﬁfn.bet ween the recording 15 |ayer

and the su € so magheti c T'ayer functions as a return path for
the magnetic field in the perpendicular magnetic recording nediumto forma
magnetic path for the perpendi cular magnetic field. For exanple, FeSi A, a
Ni Fe all oy, sxampledzy al | oy nmay be used for the soft magnetic layer. FIG

5 4gS a schemal gnqd'| gﬁﬂ‘%b\}a‘%ﬂi’%pdé!it%&’tafa tﬁidk%?%ﬁbé%ﬁbng@gﬁ%i ¢ :
recording medium 1 ncluding a soft 20 magnetic layer 26 an n I nternediate
| ayer 2subsirate vaith a thicknessneift 0.635 momsarsbAt waa sbutiered bereon tingthickhassl

magneti c ecor di medi um accay, di t o _another ,enbqdi pent. of t resent
Mvent i 8h10RRR uihey TicroBRE i e fareeR AL 5 ) (FaBaar L tfien- 2086Er °32.
and a cissé Pdrnfid BIOagH RodicciatitP. sdhas &5 REVE Tk APt rafio 8f 21 d¥Hennt o an
upper recordi nghlayer 33 and a | ower 25 magnetic Iaﬁ_gj 37 and a Ru layer is

pl aced bePhudich wema reserding maferialiwas tlepregnaiad in hedeerestthoughiact  of
205’ onghinld fldhoy, RCHEAShRaAeLLE HATTINY wildsi D GRSt | aver

I'c r'ecordrng nmediunm either or bo t he upper

recor di pepteativey 1ayaér and at - Olo@ 04 daetilablé &rpar AGSinmant) layecwith@sed of a
crystal i sol ati r}gz rrerrbraneb . . .
thickness of'2 nm as a lubricant layer were deposited thereon to prepare a magnetic

recording medium.

20 Example 2
A magnetic recording medium was prepared in the same manner as in
Example 1 except that an Al layer with a thickness of 5 nm was formed and an

aspect ratio was 1.

25 Example 3
A magnetic recording medium was prepared in the same manner as in
Example 1 except that a Pt intermediate layer with a thickness of 5 nm was
deposited instead of the under layer and a NiFe soft magnetic layer with a thickness
of 150 nm was further formed between the intermediate layer and a substrate.
30
Example 4
An under layer of Ti was deposited to a thickness of 50 nm on a glass
substrate with a thickness of 0.635 mm, Pt intermediate layer was deposited to a

thickness of 20 nm and Al was sputtered thereon to a thickness of 20 nm. Then,
8



- 30 Meanwhil e, the magnetic recordi ng nedium nmay be prepared by allow ng all
| ayers except for the substrate, for exanple, the soft magnetic |ayer, the
internediate layer, and the under |ayer to be conposed of a crystal

i solating nenbrane in the formof one body, and then sequentially

i npr egnBIERRGOFRE With @ dagwieyoeli 2 gm were fasmigddhraugh anyasdie oxidatienisedsient of a
recordi dé’ﬂe Cr I m[ga yers except
for a sﬂgvénégte |§ﬂ|. uéf{.@at eﬁrﬁ FI?IIF&(‘)M?&ll %e reco@ﬂﬁ nl\é]tr?gé“l‘f%ngl S prepared
bydf or mimpregnatedsingd thespbmsi thughndn eleetrival platinganéibdy, and ghers ubsarbahe 40
an seq ent | egnatin sof t ma etlc roedi at e
ayer - 4based o it ekise 040 GRisR BrRBca b 2ad 3 ZoPln 004 cant

| ager 4favallaBRATdhIREinoniMAR Wit WhickREs<i662 bad ol ! i1 with
reference to the f ovmhgg g%(arr'p | es. ﬁ ovh\;lpngaelgg‘?rép&gs@%er%%r

i || ust r depesitgolithposwstaprepare a magnetmr@@detﬂngmedmmn the scope of the

I nvention. Exanple 1 10 An under |ayer of Ti was deposited to a thickness
of 50 nmon a glass substrate with a thickness of 0.635 mmand Al was
sputtered thexameipld 8 a thickness of 10nm Then, micropores with a dianmeter

of 5 nm (standard deviation: 20% were forned through anodi ¢ oxi dation so
as to have tAcTaspstal orienfatioprlager witka, thickaees ghb &M was denasited eny

hod, d
T 283, bUPERAH Sl PSSR Al % 3P R0u ek TPt od, an
and a ZtHiBnes8.d¥ 480 nrhavas tHapbsited therearsi riihen), a Blyiatermiadiate laydriwitnass of 2

nmas a,l brlca | ayer osite reon t repare a netic
Fecor o RUCHRESS G5 B s APas Itk 5t Tt e Wil tHBK A O Bred i n
the Sa”ﬁ)\nié%riﬁé’g?néiﬁ: Ibger SHAERE 1ayeP R tHu&l@ies@rbf@ nﬁﬁyéﬂ*e é’éc{dénﬁaw" ckness
of 5 nmwas f an asp ect ratio was 1. anpl e A magnetic
recor di dgpositidumAlasagspyitared tlnerepnéosaahhmhmaaa@f 2asmn rand then micropores
15 with a diameter of 5 nm were formed through anodic oxidation so as to have an
aspect ratio of 4. Then, CoCrPt which was a recording material was impregnated
into the pores through electrical plating method, and then, a carbon based film with a
thickness of 10 nm as a protective layer and a Z-DOL (0.04%) (available from
Ausimont) layer with a thickness of 2 nm as a lubricant layer were deposited thereon

20 to prepare a magnetic recording medium.

Example 6
A magnetic recording medium was prepared in the same manner as in
Example 4 except that a micropore had a diameter of 20 nm so as to have an aspect

25 ratio of 1 and a CoCr based alloy was used as a recording material.

Example 7
Al was spuftered to a thickness of 180 nm on a glass substrate with a
thickness of 0.635 mm, and then, micropores with a diameter of 5 nm were formed
30 through anodic oxidation so as to have an aspect ratio of 30. Then, a NiFe soft
magnetic layer material was impregnated into the pores to a thickness of 150 nm,
and then, a Ru layer with a thickness of 20 nm as an intermediate layer and a layer
of CoPt which was a recording material with a thickness of 10 nm were sequentially

impregnated to be deposited. Finally, the surface of the deposit was planarized,

9



Exanple 1 except that a Pt internediate |ayer wwth a thickness of 5 nm was
deposited instead of the under layer and a Nl Fe soft nmagnetic |layer with a
t hi ckness of 150 nmwas further fornmed between the internediate | ayer and
a substrate. 30 Exanpl e 4 An under |ayer of Ti was dep05|ted to a thickness

of 50 nm on glass substrate with a thickpess of 0.635
i nter meanfamen Fearbpadaseg Jum wigh pdhigkness ek He ag 8¢ aZRTOFﬁﬁ"é(ﬁdlaWr apgsa

sputt er?%@hgb%m%@v% Iéﬂb?@?ﬁﬁlgﬁ%ﬁﬁg é(}fﬁr J{heé' ickndBCoOPRRFSs W Lh a

di anreter o Cc OoxI t|on so as to have an
aspect Wmanblbyéﬂwe@depo:ﬁmathwmemhtcwmpare agoaghetip nmo@ngtmavhsm

i t ed t th l.ect I t hod d th
D arbon. bab8deseliiedebive, PRAtele BboiRgihedRaciaitibg h BritpEhelBiotng a
Z- BOL (91&&9&9,& méﬁhérﬁééﬁaﬁfm%lbbﬁmﬁw éuaaéeé ofibits vary bhEdm@§so of 2 nm as

a lubricant l'ayer were deposited thereon to Fare a magnetiC recording
medi um rekugepiaiss sinceLrystakgrainsoef @ reeardiog malgsial are very fingi ancheriforst, 5 nm

then. oy o giaifa ARy FECTHIR G104 Bofg’ B GkRESZuRke e B2e REind”
Then, aciystdl grghmRay beeohapied W 6 or ldusckidss, mﬁen&hOUQM@SIr@@ﬁmtéﬁ@I and a
CoCrPt |ayer with a thickness of 20 nmas a |ower nmagnetic |ayer and a Ru

| ayer whaying very bighavagagticanisotiapis %‘@ﬁghéﬁhadﬁpwd"é&m%ﬂ[@d" eiigs
SHU“erEﬁséljégﬁgﬂﬂaltﬁaﬁqy‘%@%@ﬁaﬂgh&%é‘ cctithgl Jﬂ?férla”hﬁﬁ ‘B@%I@Eh %W' th a

di'anet er nm wer e ano I C OXI Ion so-as t an
aspect aadimuagﬁetn&allﬂ'lmlatedliﬁle?ébwmdulmnga‘mlaerecordl ng mat eri al was

i npregnated ,,nto the ores t ht ou | ectri.cal hen,
car bon bas edwh'ferﬁh\ﬁn R'R eolnt IPYFR fé’rﬂb@%s E?erlaaﬁ E%aaﬁ?vg?égﬁ ({‘]?365"%?/£W'thnd a
Z- DAL (Féf@l‘bﬁce(té\@deh?d?él? drhBOYinfaHRE tRstedf, litWililberiideratddd pkiese o¥f 2 nm as
a lubricant |ayer were posited thereon 20 to prepare a magnetic recording
medi um oy skilbin the art that various changes in form and details may be made therein

15 without departing from the spirit and scope of the present invention as defined by the

following claims.

10



A magnetic recording nediumwas prepared in the sane manner as in Exanple
4 except that a mcropore had a dianeter of 20 nmso as to have an aspect
25 ratio of 1 and a CoCr based all oy was used as a recording material.
Exanmple 7 Al was sputtered to a thickness of 180 nmon a gl ass substrate

with a thickness of 0.635 nm and then, mcropores with a dianmeter of 5 nm
wer e fomﬁ%ﬁgh anodi ¢ oxidation so as to have an aspect ratio of
30. Then, a i kgng ﬁétiz?’?&‘&‘?&ih rhédig & fisiRy 8'BghET FELMUIRG 1ayErard s
pores to a thicknegs of 150 ngn ang]t eﬁ, abRu Igyer' wth aat%ﬁ{%ﬂess of
20 nm asubstratetstippoding thel magnetimecardingdayerof CoPt whi ch was a recordi ng

ial with a thick f 10 ng ially | dto b
Geposi ted. FMET the Asdnate eEoBing T Bn BraRbos@Los eSS and (hen,

a gar bopoharedmbimbrané chpablelbfdiiagssticaily Had Rafly HoMtRE eryStalaygr and a
Z-DOL (0.04% (avail abl epf rom Ausi rmnt)yl aygjrﬁy?vi t hya th?c%nr\gss ofﬁz nmas a
| ubri caRCORPERS.wer e deposited thereon to prepare a nagnetic recording

medi um As descri bed above, magnetic recording nmedia according to

enbodi mrents of 5 the present invention can adjust the boundary surface of

bits yelry unizfwhmn?agmtid:gdu@?@m@umiofmimy,gmaqereg'( aiﬁ!nslan{j devigtigoofli ng
materi al, are ve ine and unifor c obtain a hi ensi
recordiH?f%I?GSLQ{)Y"tﬁ)P?‘?@? '%PO&,SE%&"%%‘@F%@%PE&%?'Z% @@W%f%rswgpéf%grai n may
beggcont dn%ﬂctré’cérdﬂ’ig Maidigts. Al so, even though using a naterial having
very hi gh“nmagnetic ani sotropic energy as a recording material in order to

10 ensure thermal stability, crystal grains of the recording material can
be physi call nd _magnetical .y isol.ated, ,t.hereby reducing.noise, \Wile the
present inve t-irsﬁ ’Tﬁ%%’geg@e'ﬁct}#%/%lﬁ H’quctl\%%{'a‘?ﬁ%er&&ﬁf%%g'%'pﬁtalref erence
to exenplepienteEpssiea®iing O0)@eetli, Cf, PHWPH| T al Réie 83 AIONDDB, Nto Sen,aind
or di narg) skill in the art that various changes in formand details nay be

¥

nmade t hEF eF anedloyithersef iEpegnaledripeineRo8pi rit and scope of the present
ingention as defined by the following clainms. 10

4. The magnetic recording medium of claim 1, wherein an alloy containing at
least one transition metal element of Co and Fe and at least one noble metal
element of Pt and Pd is impregnated into the pores.

20 5. The magnetic recording medium of claim 1, wherein the micropore has a
diameter of 2-100 nm.

6. The magnetic recording medium of claim 1, wherein the micropore has a

diameter of 3-5 nm.

25
7. The magnetic recording medium of claim 1, wherein the micropore has an
aspect ratio of 0.01-1000.
8. The magnetic recording medium of claim 1, wherein the porous crystal
30 isolating membrane is composed of aluminum oxide.

9. The magnetic recording medium of claim 1, wherein magnetic anisotropic

energy of the alloy is 5.0 < 10° erg/cm® or greater.

11



-~ What is claimed is: 1. A magnetic recording nedi um conprising a magnetic
recording layer and a substrate supporting the nagnetic recording |ayer,
wherein the magnetic recording layer is conposed of a porous crystal 5

i sol ati ng menbrane capabl e of magneti cal | y and physically isolating

crystal s by Gof i

wher ei n stanég]r‘(itilclgg’\q/)ﬁIE tlgﬁregg the si zes gﬁ%ﬂ %%ﬁpﬁé@hgﬁlc%bggﬁg% t han
30% of eherganm‘éhefallayasQﬂéﬂOge@/mﬁbrgmt&D magnetic recording material.

3. The magnetic recording nmediumof claim1, wherein a transition netal

el ement selected fromCo, Fe, N, Cr, Pt, Pd Ti, Ta, Ru, Si, A, Nb, B,
Nd, Sm and 1FrTRé n?é’grﬂitlbcﬂécér*dﬂ"@ﬁfeduﬁn'dﬂi’:lé?ﬂlnﬁtvﬂ‘ibl‘em@leté’l%yﬁé"F%Pt 15 4.
The magneti c recor medi um of  claim 1, wherein an alloy containing at

| edst o@@’:‘dr,&‘rﬁlﬁtt%'ng@Bal el enent of Co and Fe and at |east one noble
nmetal elenment of Pt and Pd is inpregnated into the pores. 20 5. The
magnetic recording nmediumof claiml1l, wherein the mcropore has a dianeter
of 2-100 nLn 18. Tﬁgmagrmetré?owde@mﬁdmggngd:lamn Dffucher mrihpnmhg?ai umdé'tg f
m cropore jameter of 3-5 nm e magnetic recordi ng nediumo
clai m 16Y%E?@Yﬁ‘r?":m§ mAgReloresaRdBodayerAjkioe Srué&‘s?fa t&f 0.01-1000. 8. The
magnetic recording mediumof claim1, wherein the porous crystal 30

i sol ati ng menbrane is conposed of al um num oxide. 9. The nagnetic recording
madi um of ¢l 4BnThe magneadicrecangirg medium of claimi 12, vhereipythefmagmetid | oy is 5.0
x 105 er%ﬁ@?f@g(?@%:{?e%&@eﬁr%“%cu'%r magneqm}egct)r'dcngr I%():(ordl ng nmediumof claim1,

wher ei n

14. The magnetic recording medium of claim 12, wherein the magnetic
recording layer is a longitudinal magnetic recording layer.

15
15. The magnetic recording medium of claim 1, further comprising a soft
magnetic layer between the magnetic recording layer and the substrate.
16. The magnetic recording medium of any one of claims 12 through 15,
20 wherein the under layer or the soft magnetic layer is composed of a porous crystal

isolating membrane capable of magnetically and physically isolating crystals by
micropores.

17. The magnetic recording medium of claim 16, wherein a transition metal
25 element selected from Ti, Pt, Au, Pd, Ta, Cu, Ru, Ag, Au, B, Nd, Nb, Cr, Co, Ni, Fe,
Al, Si, Zr, Mo, Pr, and C or an alloy thereof is impregnated into micropores of the
porous crystal isolating membrane composing the under layer.

18. The magnetic recording medium of claim 16, wherein FeSiAl, a NiFe alloy,
30 or a CoZr alloy is impregnated into micropores of the porous crystal isolating

membrane composing the soft magnetic layer.

19. The magnetic recording medium of claim 16, wherein a material having an

exchange magnetic anisotropic effect or an antiferromagnetic bonding structure is

12



energy of the alloy is 2.0 X 107 erg/cnB or greater. 11. The magnetic
recordi ng nediumof claim1, wherein the alloy is FePt, 5 CoPd, CoPt, or
NdFeB. 12. The nmagnetic recording mediumof claiml1, further conprising an
under | ayer between the magnetic recording |ayer and the substrate. 10 13.
The magnetic recording nediumpof claim 12 ereln the magnetic recording
Fayer UnbreaARRet e AaiPhigh et ine elh afisplisgalito ipmaRae Rapiasing
-recordi gk 88 mEYrRtictay@rm 12, wherein the magnetic recording layer is a

| ongi tudi nal nmagnetic recording layer. 15 15. The nmagnetic recordi ng nmedi um
of claiml1, further conprising a soft magnetic |ayer between the magnetic
recording | ayer and the substrate. 16. The nagnetic recordi ng nmedi um of any
one of clainms 12 through 15, 20 wherein the under |ayer or the soft
magnetic | ayer is conposed of a porous crystal isolating nenbrane capable
of magnetically and physically isolating crystals by mcropores. 17. The
magneti c recordi ng nmediumof claim 16, wherein a transition netal 25

el enent selected fromTi, Pt, Au, Pd, Ta, Cu, Ru, Ag, Au, B, Nd, Nb, Cr,

Co, N, Fe, A, Si, Zr, M, Pr, and C or an alloy thereof is inpregnated
into mcropores of the porous crystal isolating nenbrane conposing the
under layer. 18. The magnetic recordi ng nedi umof claim 16, wherein FeSi Al,
a NFe alloy, 30 or a CoZr alloy is inpregnated into m cropores of the
porous crystal isolating nenbrane conposing the soft nagnetic |ayer. 19.
The magnetic recordi ng nmedium of claim 16, wherein a material having an
exchange magnetic ani sotropic effect or an antiferromagneti c bondi ng
structure is 12 inpregnated into mcropores of the porous crystal isolating
menbr ane conposi ng the soft nmagnetic |ayer. 13

13



