SPECI FI'CATI ON VERTI CAL MAGNETI C RECORDI NG DI SK MANUFACTURI NG METHOD AND
VERTI CAL MAGNETI C RECORDI NG DI SK TECHNI CAL FI ELD [ 0001] The present
invention relates to a vertical magnetic recording disk to be | oaded onto
a magnetic di sk device such as a hard disk drive (HDD) using a vertical
magneti c recordi ng system BACKGROUND ART [0002] Wth a recent increase in
a capacity of an information processing, various information recording

t echni ques have been devel oped. In particular, a surface recording density
of a hard disk drive (HDD) usingp@cimenagihs recordi ng techni que has been
continuously increased at an annual rate of approximately 100% Recently,
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BACKGROUND ART

{0002] With a recent increase in a capacity of an information prbcessing, various

information recording techniques have been developed. In particular, a surface

_recording density of a hard disk drive (HDD) using a magnetic recording technique has

been contimuously increased at an annual rate of approximately 100%. Recently, there

has been demanded an information recording capacity exceeding 60 Gbytes per 2.5-inch

diameter magnetic disk to be used for the HDD. In order to meet the requirements, it

has been demanded to implement an information recording density exceeding 100 Gbits
per square inch.

In order to achieve a high recording density in the magnetic disk to be used for

the HDD, it has been required to microfabricate a magnetic crystal grain constituting a

magnetic recording layer for recording an information signal and to reduce a thickness

of the layer.
- In case of a magnetic disk using an in-plane magnetic recording system (which
is also referred to as a longitudinal magnetic recording system or a horizontal magnetic

recording system) which has been conventionally commercialized, however, the



m crof abrication of the magnetic crystal grain has been devel oped. As a
result, a thermal stability of a recording signal is deteriorated by a
super par amagnet i ¢ phenonenon so that a thermal fluctuating phenonenon is
generated, that is, the recording signal is elimnated, causing an
inhibition of an increase in a recording density of the magnetic disk.
[0003] In order to.elimnate the factors of the inhibition, a magnetic

di sk for a vertical nmagnetic recording system has been proposed in recent
years. microfabricgtier sbthgfmagnetis enystabanaimbagreen develensdding resylis ethermadl easy
axis of a magnetic recording layer is regulated to be oriented in a

per pendistabildy ofia epcoidmg signa is uletariosated durd supsrpammagneiis pbierfommentsof r om
the in-plane magnetic recordi ng system Since the vertical magnetic
recor di ribatsy sheemek finctwapngy ebsndoeon har gawlerafidd) dhatats) g Eloeniinge signainisr e
greatly than the in-plane recording system it is suitable for an increase
in a recbudane,dansing yn inhibition dffantihereuer ini £ sdcordugndristty o€ ¢l Mapgetidi sk, a
so-cal l ed two-layer type vertical nagnetic recording disk including, on a
substratdisic a soft magnetic ground |ayer forned of a soft magnetic materi al
and a vertical magnetic recording |ayer forned of a hard magnetic materi al
i s pref qoaddie.In order to eliidadfetheRctb@YETthd WIS tal @l neTRaRRtbLa vaGe41di Ny
disk, it is possible to forma suitable nmagnetic circuit anong the

magnet i Gndpeds rdcbRiinesyistcathad REA phdo bRt Jedrayer and the soft magnetic
ground |l ayer in magnetic recording, and the soft nmagnetic ground | ayer
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havi ng ATSLAURE BPETTE AR atea: et S Pand Teatnyd BERcl S Rayer (a
SWi tch_eg connectian |a er@té}rgat. is subjected to a switching connection to
a parti ¢O S BOIEAEIP &iTRPIE Y honded. [0004] Patent Document 1:

JP- A-2002- 746i1r18 the vertical magnetic recording disk, a so-called two-layer type vertical
magnetic recording disk including, on a substrate, a soft magnetic ground layer formed
of a soft mag_netic material and a vertical magnetic recording liyer formed of a hard
magnetic material is preferable.

In the two-layer type vertical magnetic recording disk, it is possible to form a
suitable magnetic circuit among the magnetic head, the vertical magnetic recording
layer and the soft magnetic ground layer in magnetic recording, and the soft magnetic
ground layer serves to help the magnetic recording onto the vertical magnetic recording
layer.

As the two-layer type vertical magnetic recording disk, for example, there has
been known a vertical magnetic recording medium described in JP-A-2002-74648

{Patent Document 1).



Pat ent Document 2 : JP-A-2002-92865 Patent docunent 3 : U. S. Patent No.

6, 468, 670 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED [ 0005] A
recording density of a magnetic disk is mainly enhanced by a reduction in
a magnetization transition region noise of a magnetic recording |layer. In
order to reduce the noise, it is necessary to enhance a crystal

orientation of the magnetic recording |layer and to reduce a crystal grain
size and a magnitude of a nmagnetic interaction More specifically,
in order to invicease, aPIeC00ZDDRE ARt YDedungentr@yliiamndiscloséd adestiniq e to
cause the crystal grain size of the nagnetic recording |ayer to be uniform

and ver Yrefbd@ 1o, a @BichihifiREIBECrdInG AEdiNE A WRIGh QOSbLAN laytAteCh bayddl ch
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Patent document 3 : U.S. Patent No. 6,468,670

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED
[0005] A recording density of a magnetic disk i1s mainly enhanced by a reduction in a
magnetization transition region noise of a magnetic recording layer. In order to reduce
the noise, it is necessary to enhance a crystal orientation of the magnetic recording layer
and to reduce a crystal grain size and a magnitude of a magnetic interaction.

More specifically, in order to increase a recording density of a medium, 1t is
desirable to cause the crystal grain size of the magnetic recording layer to be uniform
and very small, and furthermore, to bring a segregation state in which individual
magnetic crystal grains are magnetically fragmented. For this purpose, it is necessary to
properly control a fine structure of the magnetic recording layer.

A Co based vertical magnetic recording layer disclosed in the Patent Document
1, above all, a CoPt based vertical magnetic recording layer is suitable. This is because a

coercive force He can be high and a magnetization reversal generation magnetic field



[ 0006] When an oxide such as Si02 or 0 .is added to the CoPt based verti cal
magnetic recording layer, noreover, it is possible to forman excellent
segregation structure without inhibiting an epitaxial growth of CoPt

In other words, the oxide such as Si02 or O is segregated into the grain
boundary so that the magnetic interaction between the crystal grains of
the magnetic recording | ayer can be reduced. Moreover, it is

possi ble to reduce a crystal grain size by adding the oxide such as Si02
or 0. Hn can Haee ar ybalwlgeRiin stialler thagl idie songhai butsisnficd e anamedli C
intersection are influenced by a thickness of an Si02 | ayer segregated

i nto t hgh@hation BABIhYndd Ahd bigh 8IN @4t dnDeZBt@heda ground |ayer.
When the anopunt of Si02 to be added to the nmagnetic recording |layer is

increased, anpgAhGRERIEINE VéHidalf RS ?ﬁsre@&qir% Rene! ceushd a9 w@atAl iagn are
advanced so that an SNratio in a i ng density can be enhanced.
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In other words, the oxide such as SiO; or O is segregated into the grain

1n
e

boundary so that the magnetic interaction between the crystal grains of the magnetic
recording layer can be reduced.

Moreover, it is possiblé to reduce a cryStal grain size by adding the oxide such
as Si0; or O.

The crystal grain size and the magnitude of the magnetic intersection are
influenced by a thickness of an SiO; layer segregated into the grain boundary or a
crystal grain size of a ground layer.

When the amount of SiO; to be added to the magnetic recording layer is
increased, an enhancement in a fineness and a magnetic fragmentation are advanced so
that an S/N ratio in a high recording density can be enhanced.

Consequently, a maximum magnetic anisotropic energy Ku was increased up to
almost a double of that of a qonventional medium to which SiO; is not added. It was
found that the problem of an S/N ratio or a thermal stability is not caused in a range of
200 to 400 Gbits/inch® in the magnetic recording disk.

[0007] According to investigations of the inventors, however, it was found that it is
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[ 0008] For the demand, it is also possible to propose a nethod of

i ncreasing an amount of Pt in the nagnetic recording |ayer, thereby

i ncreasing a magnetic ani sotropic energy. However, it is apparent that
there is also a new problemin that sufficient recording cannot be carried
out with an increase in the magnetic anisotropic energy. In a
recordi ng density region of 100 Goits/inch2 or nore, particularly, a
recordi ng capability of a nmagnetic head itself is remarkably reduced with
a reducthanhtad fabticae k inngliunr dizviohiashigeasthermal stabBity endss exoellbnt re@dedingn

i nprovenent for enhancing the recording capability on the magnetic

recor di ngopedtychy Sinfiely alibling hreasiietsuich a3eSiRrabOewhen a medidhiespabhis ¢fo end
to demand for an increase in an information recording density, and the

denmand h@&ﬁ@ﬁ@@40@@%ﬁ§ﬁ@ﬁz&ﬁ@bk%gnhamﬁﬁder to achi eve the high recording
density, it is demanded to enhance the magnetic property of the magnetic

di sk still nog.other wordshé Wa%sﬁ)ﬁﬁd itAYE e Oferbias BRENHEBLR R vertical
con5|derat|on of the conventional problenms, and has an object to provide a

met hod g, J¥BRY Eﬁgéﬁﬁg ete %lei’e‘?iro}étg@ by hBR IREIh Sunt B¢ Bledsieg ifl ﬁﬁ%ea@gﬂj u%; 2{2 a

verti cal nagnetlc r di ng di sk which can 1 ncrease an infornat
recordi Vi a nore enhancenent in a nmagnetic
propert&gnﬁgﬁﬁghﬁdgqg%%gﬁﬁg?%h%EPRCBLENB [0009] One of the applicants
previ ou ti.cal -4 e i n h.includes a
magnet i ib o&g) Stﬁgl‘%nyggacg[ng’t ?lgg %%gélhfe b Sg’ggéreorg}alg%@?ﬁl cOfI lgcr%rm%w ng a
granul ar,_st e.containin al Io orne
ferr onaé”ﬁlé’fl{lygﬁt Igrtﬁ © TR é%%@nggoﬁ%er We%egoﬁ F’G%neél(‘frﬁn S(?ﬁ“?‘ﬁyer
formed b tmnmelamnme d or rtic rmmwhc
recordi ¥ ergy sﬁog"gfﬁ%fb e t5oPPRATH g@‘i hﬁr% % é@Br%llnﬁ‘ﬁ @é’ﬁ g @ng an
S/Nratio a ese .Pat ent lication_No. 200Q4-194175 010] In the
vertical‘ﬁ&éﬂ%? 1of BE GATHF Quﬁwgﬁpgﬂ%FﬁHFH@ﬂpﬁﬁﬁﬂﬁﬂﬁ@WWFHH@%ﬁFgﬁhg | ayer
constituted by the ferro netic |ayer _havin granul ar structure and
the exchange &hér G5FoLng %%S%ysswmwao by /l%lécp’r’ itgorg) paricHlegEly) ani nat ed
filmwhich is proyided on the ferromagnetic |ayer, for exanple, a film
t hi ckned&opding gapabilitn £f 4 anasnerig Pe%meg%us rpra%ablwge%eé ik astedletian inhan
that of the ferromagnetic |ayer. For this reason, a state of an interface
to det eftiarkiag.aForatiscraagonyrib e pegessasy e rmakengsoppriovement for enpneinedihe g to
investigations of the inventors, the exchange ener?y control layer is
usual | y T¢cordipg canpbility pnthemparptivaetnadingWixen sidacFhjy leatls to meaw problegas at om
colliding with a target, reflected fromthe target and reaching a
substrate is iTheredasednd hoviewand for asuintrses in@nghfvemstigf regofdingulansity,
i ncreased. Thus, it was found that an interface state of the filmis
det er i onad b aleshand r\grteen cinpreasper yeariys In eddaew achisentheclligksecording: I n a
conventional manufacturing process, an Ar gas is used as a process gas in
t he sputdemsityng i ddnmntied teaénhance tHewmgewtic ptopaag ofthrandgmeticldisk atiil ivee. ener gy
of the neutral gas atomcolliding wwth the target, reflected fromthe
target and red@abipigsehhénentich rakchdef MAIP &M abhsiddrytidm OF @As @dnedntiohdle
interface state of the fornmed filmis apt to be deteriorated when the

sput t er pfsbidrhd, Rinf Gasah ioBfect fo pRIVIdeednRiHod oF hiifdbtuGRs a JeARSPMEE S tic[ 0011]
Therefore, the inventors vigorously made studies in respect of a necessity

of an i pRIcANREMLL | dhdatHOREARRL] QRaineBNHLaRIAY G RIBQESAn! McRhdielant O
enhance the nagnetic property still nore. As a result, they found that it
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of the formed filmby using’a rare gas having a
property.

MEANS FOR SOLVING THE PRCBLEMS

[0009] One of the applicants previously proposed a vertical magnetic recording disk,



greater mass than a conventional Ar gas, for exanple, a Kr gas for a
sputtering filmformng gas of the exchange energy control |ayer, and
conpl eted the present invention. More specifically, the present

i nvention has the follow ng structures to solve the problens.. [0012]
(Structure 1) In a nethod of manufacturing a vertical magnetic recording
di sk conprising at | east a magnetic recording |ayer on a substrate and
used for vertical magnetic recording, in a step of formng, on the

subst r atvéich inslutgs aenignetietasodiing ldvay epnstibrpbbrd Bfromagesticdayayhaving | ayer
having a granul ar structure and an exchange energy control |ayer fornmed on
t he f er reogragulat stoictuay eontaiaing @esto vhe @Gxdhyrigemshen the feonmegieticdgyer, i s
formed through sputtering in an atnosphere of a rare gas having a greater
mass t hdor ammalgomdyas exchange enéi8y rooatrol éay2) fdrmet oy aretherdataderemdiadg t o
structure 1, the rare gas having a greater nmass than the argon gas is a
Krypt on flifr 9f Ighst Pt, as a vertic Ot ipgiatic @eSrding didkecaprtilb of imeeeingdi angcdrding
structure 1 or 2, the exchange energy control layer is a |lam nated | ayer
conposediediityebyf érighcih@ye 8¢ edttorisbé NgpatdseTatent Bppidakion Nndos-seconyl | ayer
contai ning palladium (Pd) or platinum(Pt). (Structure 4) In the

et hod goemy]diAGhé Qerdity] Afthell réddrinlbUlig@Sinkludthg3the nh@née feobRIEmE & | ayer
has a crystal grain containing cobalt (Co) as a nmain constituent and a

grain b ' &95% ki | 8R, ordihuid L hn®khePes@hhdgeon (Si)
oxi de aggggﬁﬁa?égm%%g??guen n.%hB lﬁsger%(vg%grﬂ%tgﬁry é5r)C§EIIer‘i‘ut%lﬁle met hod acg%ordi ng

]E gr ?erm%f“e‘??’ chﬁErle 18Ferfobfed'by & sPOARE altbAYR Tathaled' Hﬁh%@Ffbvld&@ on
ghettc layer” and the ‘exchange energy control |ayer. [0013]
the ferromagnetic layer, for example, a film thickness of the exchange energy control
layer is usually smaller than that of the ferromagnetic layer. For this reason, a state of an
interface to determine a magnetic property is very important.

According to investigations of the inventors, the exchange energy control layer
is usually formed by a sputtering method. When energy of a neutral gas atom colliding
with a target, reflected from the target and reaching a substrate is increased, however, a
surféce roughness of a film is increaéed. Thus, it was found that an interface state of the
film is deteriorated and 2 magnetic property is reduced in some cases.

In a conventional manufacturing process, an Ar gas is used as a process gas in
the sputtering film formation. However, it was also found that the energy of the neutral
gas atom colliding with the target, reflected from the target and reaching the substrate is
comparatively increased and the interface state of the formed film is apt to be
deteriorated when the sputtering film formation is carried out in the Ar gas atmosphere.
[0011] Therefore, the inventors vigorously made studies in respect of a necessity of an
improvement in a conventional manufacturing process in order to enhance the magnetic

property still more. As a result, they found that it is possible to suitably suppress the

deterioration in the interface state of the formed film by using a rare gas having a



(Structure 6) In a magnetic disk for use in vertical nagnetic recording,
the nmagnetic disk conprises: a substrate; a ferronmagnetic |ayer forned on
t he substrate and having a granul ar structure and containing an oxide,
silicon (Si) or a silicon (Si) oxide; and an exchange energy control |ayer
formed on the ferromagnetic | ayer. The exchange energy control |ayer
includes a |lam nated | ayer conposed of a first |ayer containing cobalt
(Co) or a Co-alloy and a second |ayer containing palladium (Pd) or

pl at i nurgrédPtr) magrthahe cervhigiogel Aneyagyyforambmple, hdregasi foclauspasteang ifigl e

| ayer containing the Co-alloy. The exchange energy control |ayer contains
a krypt dornhig paebfrh®eatchange energy Ofiitdll I, iand thwepletedubs pregent inventian. et hod

of manufacturing a vertical magnetic recording disk conprising at | east a
nmagnet i ¢ r ecomndbréGpbdfi@illyO theapesdit tindéioarits UBe Colfodviny efriiétosds tomghet i c
recording, in a step of formng, on the substrate, the nmagnetic recording
layer copppesinf a ferromagnetic layer having a granular structure and an
exchange energy control |layer formed on the ferromagnetic |ayer, at |east
t he exchange POEIYY control layer is fornmed through sputtering in an

at nosphere of a rare gas having a greater mass than an argon gas.

According to oﬁﬁ 2 | R4BBE |0@rg% duﬁu&oé%rﬁkﬁ rﬁégnéﬂ@li’éb%?dmgﬁlskm | ows

in accordance W t eratlons e I nventors € reason y a
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suppresse the rare reater mass
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than an argon gas.

(Structure 2) In the method according to structure 1, the rare gas having a
greater mass than the argon gas is a krypton (Kr) gas.

(Struciure 3) In the method according to structure 1 or 2, the exchange energy
control layer is a laminated layer composed of a first layer containing Co or a Co-alloy
and a second layer containing palladium (Pd) or platinum (Pt).

(Structure 4) In the method according to any one of structures 1 to 3, the
ferromagnetic layer has a crystal grain containing cobalt (Co) as a main constituent and
a grain boundary portion containing an oxide, silicon (Si) or a silicon (Si) oxide as a
main constituent.

(Structure 5) In the method according to any of structures 1 to 4, a spacer layer
is formed between the ferromagnetic layer and the exchange energy control layer.
[0013]

(Structure 6) In a magnetic disk for use in vertical magnetic recording, the



of the exchange energy control layer and to forma sharper interface (for
exanple, the first layer containing the Co or Co-alloy and the second
| ayer containing the Pd or Pt are observed with a clear separation through

a TEM respectively). As a result, a vertical magnetic anisotropy of
the magnetic recording layer is increased so that a coercive force
property can be enhanced. Moreover, it is also possible to use a

xenon (Xe) gas as the rare gas having a greater nass thtgn t.he @r as.
In the Iﬁ%glgﬁé BisebBrikdiea xetrontega ferromagaatic Laweeg hermed 9RrtBp 4RSS A% e c or di ng

and reproducl ng property (el ectromagneti c conversion characéS(?)rJi stic) can

be enh ng&%a é]%%é!] tRXATR 88 cohtaining amorile glicom Gi) o 2 EBED ELETHAT t he
neti c-1 ayer

ferro i ncludes a Co based nagnetic nmaterial, and

partic %@ynymﬁmgg Féiﬁﬁxgﬁl%%ﬁtr&rla@%ﬁie@ as etk feagmeghaicayes: Thy exchange

prefer CoPt based or CoPtCr based nmagnetic material is

sui t abl e because ' YUrsRatde Bd benfusgh ofirdiimt feygheertaiion
rever saf*ng Ifollga ?rg{éan{éq{%cifi eld Hn 22n have a value which is smaller

t han zero, d, t heref ar r.esi v ot (dyor platien B8n b
coubadED ERELIRT paf SRR ARk ptin @ n be

enhancetf ned. Moreover, it is

possible to segregate Si_or an oxide hal o siBR BFel tonwinindahy Goealiayon of
t he mg%%hece’{egi"ﬁgaﬁneﬁya?oﬁﬁ%ﬂt laéfaéﬁél?ﬁ% theSC%Pt ased or CoPtCr based

magnetic material to contai %hg@ eleldehcon (Si) or an oxi de.
Ther ef ofBe e@%ﬁ%ecqnhPLﬁg%??ogkgﬁ?@n t e§magneti c crystal grains can
be reduced to_decrease.nedi um noi ses an dt be nlnlfcaking & rveatidal gh
recordi ng denfl0d¢l ¢ Hétg%ﬁé?s%@%‘? % N ﬂJ§}?h%may be added as a si ngl e

substance to the CoPt based ar. CoPt Cr gaekdis £bhal substisie
further mge?tlmﬁﬁoﬂéngaﬁ’d]é&oﬁ’?nﬁwgﬁil%%t%ﬁﬁgﬁlegle oxXi dlegg%tgh as 5i 02. \Wen

the Si is added as the Si oxide s CQ as _S.0 Sl Sxidesubstragothegat ed
into then@maé:d]f@owﬂ%ﬂwn%leﬂﬁé‘?méhﬁﬁﬁgﬁétai T R{tgé}g%%’on bet ween the cryst al

grains of the magnetic recording.layer can.be r > RE keageret he
medi um meigaetic resouiling ey ereromiased gﬂ%?%f%n?’gé]te}%?%yﬁlegﬁg&%a %ﬁn?ecor di nge

density can be enhanced. [0016] Wwen the Si, or Si I ISy afded: iR t he
CoPt based amra@hﬁt@rﬂb@’eépmﬁ?éﬁ@tqréo%‘?iﬂleﬂl‘?f ?%%%&?Mf %rystal grain

si ze can be reduced. o
exchange energy control layer is formed through sputtering in an atmosphere of a rare

gas having a greater mass than an argon gas.

According to the present invention, it is possible to suppose, as follows 1n

accordance with considerations by the inventors, the reason why a deterioration in the

interface state of the formed film can be suitably suppressed by using the rare gas

having a greater mass than the conventional Ar gas. For example, the Kr gas 1s used for

the sputtering film forming gas of the exchange energy control layer formed on the

ferromagnetic layer having the granular structure constituting the magnetic recording

layer.
When the Kr gas is used as the sputtering film forming gas of the exchange

energy control layer, the energy of the gas atom colliding with the target, reflected from

the target and reaching the substrate is smaller than that of the Ar gas.

Therefore, it is possible to relieve the effect of mixing atoms over the interface
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However, there is caused a problemin that the crystal grain size is
excessively reduced and the thermal fluctuation is thus increased if an
anount of addition of the Si or Si oxide is |large. Therefore, the anount
of -addition of the Si oxide has been conventionally reduced to be 5
atomc%or less, for exanple. For this reason, an increase in the
recordi ng density was naturally limted. On the other hand, in the
present invention, it is possible to prevent a deterioration in a thermnal

st abi | i tof thyexphadedineepyt domtek tyanged enforgy a charperahterfaye (fooaxdnygde, the
ferromagnetic | ayer containing the oxide, the silicon (Si) or the silicon
(Si) oxifele igpee Bonthinidpetha GoURC oSl ogddidt the Becvhd tdyer GintgininGithoRd dePi &e

i ncreased. Therefore, it is possible to increase the recording density

Wi t hout oHedredd withich@r bdpardiioarieliglsh AWM iréspeci[@B3.7] 1 n the present
invention, the ferromagnetic layer has a crystal grain containing Co as a

mai n constituant, ARG, %ﬁlcﬁl ROSHREB i RGohl OF B fa héﬁcru&c@famgmw@ issi licon
(Si) or an silicon (Si) oxide as a main constituen Consequent |y,

it is pm&é&&&s&&aﬂ@%@&w&%&y;’ﬁﬁbﬁmaﬁh@e&ﬁayléé@l grai ns which are nade
fine. [0018] A content of the sificon (Si) in the ferromagnetic |ayer is

preferably eqxgdge&\%r%léﬁ 9@%55&6@&% gsﬁﬁ@c@h&n raertﬁe parl—fgssrﬁ@) hs, ina

range of 8 to atomc % e cont the Sl |con( in the

ferroma | to or I|arger than6atomc% t he S/N ratio
is rapi eﬁi‘ttéén aﬁ%é@htgﬁg&a 8 to 15 atomc %is preferable for the

0 L2&29ngeﬁﬁg&%%%“%wngﬁ;@e:%ﬂ b S0 Rl i B o
o R el B B S e
oLer ;ﬁd.mo&rsz SELSHLEIE B, S0 Sl e AR b
includes a Co based magnetic material, and particuiarly, a CoPt based or CoPtCr based
magnetic material is preferable.
The CoPt based or CoPtCr based magnetic material is suitable because a
coercive force Hc can be high and a magnetization reversal generation magnetic field
Hn can have a value which is smaller than zero, and therefore, a resistance to a thermal
fluctuation can be enhanced and a high S/N ratio can be obtained.
Moreover, it is possible to segregate Si or an oxide into the grain boundary
portion of the magnetic crystal grain by causing the CoPt based or CoPtCr based
magnetic material to contain an element such as silicon (Si) or an oxide. Therefore, an
exchange interaction between the magnetic crystal grains can be reduced to decrease
medium noises and also the S/N ratio in a high recording density can be enhanced.
- Si may be added as a single substance to the CoPt based or CoPtCr based
magnetic material, and furthermore, may be added as an oxide or an Si oxide such as

Si0,. When the Si is added as the Si oxide such as SiQO-, the Si oxide 1s segregated into

the grain boundary so that a magnetic interaction between the crystal grains of the



For the same reasons, the content is particularly preferably in a range of
10 to 15 atomic %and is further preferably in a range of 12 to 15 atomc

% In the present invention, the ferromagnetic |ayer has a granul ar
structure containing Si or a Si oxide between the magnetic crystal grains’
cont ai ni ng Co. Moreover, it is preferable that ‘a filmthickness of

the ferromagnetic | ayer shoul d be equal to or smaller than 20 nm A range
of 8 to 16 nmis desirable. [0019] The exchange energy control |ayer has
t he funehdgestiof recading Mgyed UtanTbgnedduced olapldedigast othehenddami ommgrsetdnd | ayer
adj acently to the ferromagnetic |ayer or through the spacer |ayer and the

funct i ofu@heradord The) S/ NERGY ifltHeaih fR6rdihe dBGRELAZHS éanésd. Nut ual | ayers to
be al nost identical to each other. The exchange energy control |ayer has

crystal [gsaijnswhes Bleest draRRideG R biided RAKE Pt based or oPICGr ENBREaMRRUS t hat
t he exchange energy control |ayer should be specifically conposed of a

filmf prn’fﬁ%fgymgteto%ﬁﬁ'fc@sbél Lam §at bagbsrdabdd (Co) or a Co-alloy and

pal | adi um Imformed by alternately lam nating the cobalt (Co)

or the Co-al | y,aRd: RhAL ﬁsnéﬂirl's{ﬂ }H]Jb@é (iR ndh i &gﬁﬂrﬁﬁincsli@%%&césgi@@igd by

the Co-based magnetic materla ternate lam nated fil mconposed of

the aboye, 1k bk s AeRnBRANELL Goditase NELEL RGN o hadiioR BBl L0

reduce a rragne omsun ormed on t llamnated film It

(= Pret o) 40 ol LD %hf“" of By & el $Txide e Blery 0y
Cobt 3 oo BsPEMD reﬁogé%é%%%‘rﬂwﬁ ﬁé’f‘?ﬁ%ﬁﬁﬁe&er C?.PT v for the
gﬁt Sir :’1211 of t ri‘%r s pe%g] - an incronse o th terrg,(lzordl éedehmgyh“erassnaa%sraﬁl}g ﬁ_mr&teg.ge can be
On the other hand, in the present inventign, it is possible to prevent a
deterioration in a thermal stability by providing the exchange energy control layer on
the ferromagnetic layer containing the oxide, the silicon (Si) or the silicon (Si) oxide
even if the amount of addition of the Si or Si oxide is increased. Therefore, it 1s possible
1o increase the recording density without detetiqraﬁng the thermal stability.
[0017] In the present invention, the ferromagnetic layer has a crystal grain containing
Co as a main constituent and a grain broundary portion containing an oxide, siligon (Si)
or an silicon (Si) oxide as 2 main constituent.
Consequently, it is possible to magnetically shield the crystal grains which are
made fine,
[0018] A content of the silicon (Si) in the ferromagnetic layer is preferably equal to or
higher than 6 atomic % and more preferably is in a range of 8 to 15 atomic %.
If the content of the silicon (Si) in the ferromagnetic layer is equal to or larger
than 6 atomic %, the S/N ratic is rapidly enhanced. However, 8 to 15 atomic % is

preferable for the following reasons.

When the content is smaller than 8 atomic %, the effect of reducing the
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[0020] In order to exhibit a suitable vertical magnetic recording property
.through a switched connection, noreover, it is necessary to increase the
filmthickness of the exchange energy control |ayer when the film

t hi ckness of the ferromagnetic layer is increased and to decrease the film
t hi ckness of the exchange energy control |ayer when the filmthickness of
the ferromagnetic |ayer is decreased, and to set both of the layers to
have a suitable filmthickness ratio In the case in which the film
t hi cknessedafm trvdsef 65 sorigmet the BAY eatid 9n rtbp heshe cotiihy dansitydcarmet bl m

t hi ckness of the exchange energy control |layer is represented by B, it is
pr ef er alebRarichdsuffitBnilyA When thedobtenB) lsigenithdn b atdniio 6. mdreoves, desticabl e

that the AJB should be 3 to 4. Moreover, it is suitable that a
spacer |Ingigaetics howbicbpyeisptavédad bb elewepaitd €o ftlatro degrietation limyetheamd t he
exchange energy control |ayer. By providing the spacer layer, it is

possi bl gtabite bid aDinkrea®inODCtiviseSinihe g reRRdILE aémrtaeé wReal.t he
ferromagnetic | ayer and the exchange energy control [ayer As the spacer

layer, for exappliR,sameReasdodyahe @bn@niNsl AR LA refctN Yo ¥efbe@ITIOaspONdi Ng
to a material of the exchange energy control [ayer In the case in

whi ch t he JRdniay ehd IsTuHREDriRfatiPE LXHPARAE RNEY A¥meORt rol layer, the Pd
| ayer is also used for the spacer |layer This is because the use of the

sane conposi tipnpd r&%r?tnﬂmeﬁﬁ&lx,yﬂfér fgrﬁ@négn@ué @??re?sm% fmfar §SidinEt i on of

a manufacturing apparatus. A hi ckriess of the spacer l|ayer is
f . t 3 ' - ¥ f 0.1t
05 nm pYOEHEY R ok et BE Rt SRR FOATOES roray
control |ayer B@og‘goveprﬁvils S;ﬁr%{e?%%@ctﬁﬁt %ym;noﬂﬁa&gsso to'f‘%? &%ﬁt&?%ﬁpé OE| Zpgger

| ayer, it is erable e ‘exchange "energy con

eepoct BT ke B PLRATRE W 220 RSt B8 LB R GABPHE [ E1 T ormgnet
I [ tricted t ' I b b st i d
orural | 19908 15 eiang cofe bt Tois St onG PEcA )R SRR gt ne

Si or Si oxide be conbined with each ather or the .Co based netic
| ayer cGAPRIS; tﬁgﬁ%’ fraronpeppicley ghadiereRid to CHRRgNGHI AL 9 ﬂpfag}gf ¢

containing neither the Si nor the Si oxid be_ conbi ned wi.t h each
ot her . spz?cer ayer and the function of alignglg easy c?irergtalgns of magnet?zaglon n mutua(i

layers to be almost identical to each other.

The exchange. energy control iayer has crystal grains coupled magnpetically
therein. -

It is advantageous that the exchange energy control layer should be specifically
composed of a film formed by alternately laminating cobalt (Co) or a Co-alloy and
palladium (Pd) or a film formed by alternately laminating the cobalt (Co) or the
Co-alloy and platinum (Pt) for the ferromagnetic layer formed by the Co-based
magnetic material. The alternate laminated film composed of the above materials has
great magneﬁc Ku. Th.erefore, it is possible to reduce a width of a magnetic domain wall
formed on the laminated film. It is preferable that a film thickness should be 1 to 8 nm.

It is desirable that the film thickness should be 2 to 5 nm. Even if a single 'layer

film such as CoCrPt having a large Pt content, CoPt, CoPd, FePt, CoPt; or CoPds is

1



It i.s preferable that the Co based magnetic |ayer containing the Si or S
~ oxi de should be disposed on an adjacent side to the exchange energy
control layer. [0022] As a nethod of formng the vertical nagnetic
recording |layer according to the present invention, it is preferable that

the filmshould be fornmed by a sputtering nethod. When the filmis
formed by a DC magnetron sputtering nethod, particularly, the filmcan be
uniformy formed, which is preferable. In the present invention,

when t hesademtdddaionnmghe multilaeerdildisngr teymatedehpiothe dxcfangd endrgy comagnet i ¢
| ayer and the exchange energy control layer is to be fornmed on the

subst r al#yer, tthesdher sdeamggetarcbd shtgihed.s formed on the substrate through
sputtering in an argon gas atnosphere and the exchange energy contr ol

| ayer i $0420¢n Ih orde@dot dxhibigh sulighls pettical ngnétic ARoAliMOERPERE tidbugh kare gas
having a greater mass than an argon gas, for exanple, a krypton (Kr) gas

at nos phegchddOfadkctdor, IthdlebOsTitng BRSsdf; be ints&e fths filmrmickeedsher dgchange
energy control layer is not restricted to the krypton (Kr) gas if a rare

gas haV!eﬂéhaﬁg&"eﬁ@fgfrcoﬁﬁ@?la%ﬁ’ﬁvlfeﬂQh@rfﬂﬁint}ﬂﬁéeﬁssoﬂﬁﬁci’erreh%gﬁéﬁ% lkyapison gas
can easily be handled and i's therefore preferable. Mor eover, it is

pref er aly @odBfhnPicIdeer E:?%I?élﬁl‘?n 8hAMeds Qﬁth'e%‘!&ibi%dﬁtg%'gﬁ?rﬁir Bt IARE WnOf the

| )
exchange energy control Tayer. As a reason, erromagnetic layer is

cont rol 1o FLAEEGL e o BRI AT e ERE e QopPUSHAEER, BReCY

I X a magnetic domain

wal | (a tJ i t Ltign point) by a pinning force generated from
RIS AR Ml ARG A,

a magneti c par errormgnetic | ayer everywhere in such a manner
that the magnetj.c dormai n .wall can.be nov freely. FEor. thi.s_pur , 1t is
Ui table ¢ hat T4 116 R e e B ionle Gt e md SRR 1
gas pr oBEif BN R ATFOGEGR o bt KOAEOF IO EpFORE A TR P BBRoR 3 to 4
mrorr. . Al t hou e.t. rature of the substrate .in form t he
exchang® BRErERle datit wéiﬁ\é‘ﬁéq)gy%t’“hﬁé‘%[?%altﬁﬁat }Se‘zets’tr?‘@?é]ﬁﬁ“ ver, it
i's prefer(ggtlbg%t hat the tenperature should range froma roomtenperature to

150C i nsk g 1R suppression of diffusion over a |am nation interface,

for exanpl e. o ) .
Moreover, it is suitable that a spacer layer should be provided between the

ferromagnetic layer and the exchange energy control layef.

By providing the spacer layer, it is possible to suitably control the switched
connection between the ferromaghetic layer and thé exchange energy control layer. As
the spacer layer, for example, a Pd layer or a Pt layer is suitably used corresponding to a
material of the exchﬁzige energy control layer.

In the case in which the Pd layer is used for the exchange energy control layer,
the Pd layer is also used for the spacer layer. This is because the use of the same
composition is economically préferable n resﬁect of a restriction of a manufacturing
apparatus.

A film thickness of the spacer layer is preferably equal to or smaller than 2 nm
and desirably ranges from 0.1 to 1.5 nm.

[0021] While the ferromagnetic layer and the exchange energy control layer are
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In present the invention, the exchange energy control layer is forned by
the sputtering in the krypton gas atnosphere, for exanple. Consequently, a
krypton (Kr) elenment is contained in the formed exchange energy control

| ayer. [0024] On the other hand, it is preferable that the ferromagnetic

| ayer should be fornmed at a high gas pressure. This is because a
magnetic grain size in the ferromagnetic | ayer can be reduced and the S

or Si oxide can be subjected to a grain boundary segregation in a uniform
t hi cknegsobéd¢dvediacantle tregnie oiter or yepaikzh ghaspsec hgeriinisgef@mbianthat der t o

decrease the nedi um noi ses. . It is preferable that the ferronmagnetic
| ayer shadhahgbenérgy ventrdyaydiashsyidibeatisptgedibn sheagfgopagsaitleysafas Yewed 30
mrorr, for exanple. In the present invention, while the krypton gas

i s used fagsn tHeaubsttae frolespdeg ob@sHedd Dk laxefaasg@dBner gy control |ayer, for
exanple, it is also possible to use the krypton gas in place of the argon

gas for the fiNiReh@sNihe Ferdddaietit el @ hevagHEkH ¢o bauRle laf@0XPnaWel € the
vertical magnetic recording disk according to the present invention

conpri segnatute8 8§t glitanNeStibfdd. RN hdC CoeaMIdhNthetid LRErsQUdntdignsHst rat e,

It is preferable that various other functional |ayers should be provided.

For exarpl g si byidd rith boPOSRHRLE viifh BQY bilfr Mt Sy $HRAL Ak fericae |

magnetic | ayer suitably regulating a magnetic circuit the verti cal

magnet i CCOP,%QIJ;Q H}%ﬂ @fyggo,g%e and a Cd'bhd8 &%@éﬁ&ﬁa&eg‘é&%éu Y ndifhet R §iOF €

magnetic layer®is Torme a magnetic bo avi‘ng a soft® magnetic

pr°pe”%orhl%%i%xiﬁ%yrﬂ%ﬁbe"é‘c{&lﬂiﬁé'&?vﬁthreﬁéﬁEih%%i0”- However, a magnetic

property prefera as a coercive torce (Tic) of 0.01 to 80 oersteds and
more prefer ablhy isoprgf%ratb?e él%t fR" &S %gsse'd magnetic layer containing the Si or Si oxide

should be disposed on an adjacent side to the exchange energy control layer.

—)

[0022] As a method of forming the vertical magnetic recording layer according to the
present invention, it is preferable that the film should be formed by a sputtering method.

When the film is formed by a DC magnetron sputtering method, particularly,
tﬁe film can be uniformly formed, which is preferable.

In the present invention, when the vertical magnetic recording layer composed
of the ferromagnetic layer and the exchange energy control layer is to be formed on the
substrate, the ferromagnetic layer is formed on the substrate through sputtering in an
argon gas atmosphere and the exchange energy control layer ts then formed through the
sputtering in an atmosphere of a rare gas having a greater mass than an argon gas, for
example, a krypton (Kr) gas atmosphere. |
[0023] A film forming gas to be used for forming the exchange energy control layer is
not restricted to the krypton (Kr) gas if a rare gas having a greater mass than the argon
gas is used, but the krypton gas can easily be handled and is therefore preferable.

- Moreover, it is preferable that a gas pressure should be low in the film

formation of the exchange energy control layer. As a reason, if the ferromagnetic layer

13



Moreover, it is preferable that the magnetic property should have a
saturation magnetic flux density (Bs) of 500 enu/cc to 1920 emu/ cc.

Exanpl es of a material of the soft magnetic |ayer include an Fe based
material and a Co based materi al . For exanple, it is possible to
use an Fe based soft magnetic material such as an FeTaC based all oy, an
FeTaN based all oy, an FeNi based all oy, an FeCoB based all oy or an FeCo
based all oy, a Co based soft nagnetic material such as a CotaZr based

al | oy ons potGuibided bdiseitiy it dsynecessagn td-e@se basedhaigespersyfdontrallaweri io

mat eri al . In addition to a single |ayer structure of the alloy

mat er i albe, magndtisally saifpuas 9i bdrdet to digplaomagndtiandamadin omalk t(a unigregzationwhi ch
an Ru layer is interposed between a plurality of layers fornmed by the

al | oy mata@kitiah Spoifit)r bexamihreng [ 06 [ceheratdde fipme ae maghetve pattals  dfhthe

t hi ckness of the soft magnetic layer is preferably 30 nmto 1000 rim and
i s desi Fabbiagdtib Myep evPPwhére in such a Miknd&NBatCHS aBichtioioBdin Wil dahlbm
thickness is smaller than 30 nm it is hard to forma suitable nagnetic
circui t ;RAGdeRe FaRaRShirpodeeads shif®iy Biat thedHimFRBHRL HeCtorh L & dioRgedsayer
and the soft magnetic layer. In sone cases in which the filmthickness is
greater 4han.1000 nm a surface roughness is increased. In sone
cases ir?vvhi ch the filmthickness is greater than 1000 nm noreover, it is

hard to carry yoifis be RRULELIOUE i) ARk BRouch 2 ek e o gent

invention, it 1s pr o’'provide, on the substrate, a non-nagnetic

ground. | aulrefi?h AR A9 30 Gk Bre@Fd R iPE LA OF 3108 YR | cal magnetic

recor di Ill)g ayer in-a perpen lon t0 a substrate surface.

Although the temperature of the substrate in forming the exchange energy
control layer is not particularly restricted, moreover, it is preferable that the temperature
should range from a room temperature to 150°C in respect of suppression of diffusion
over a lamination interface, for example.

In present the invention, the exchange energy control layer 1s formed by the
sputtering in the krypton gas atmosphere, for example. Consequently, a krypton (Kr)
element 1s contained in the formed exchange energy control layer. |
[0024] On the other hand, it is preferable that the ferromagnetic layer should be
formed at a high gas pressure.

This is because a magnetic grain size in the ferromagnetic layer can be reduced
and the Si or Si oxide can be subjected to a grain boundary segregation in a uniform
thickness between the magnetic crystal grains containing Co in order to decrease the
medium noises.

It is preferable that the ferromagnetic layer should be formed by the sputtering
at a gas pressure of 15 to 30 mTorr, for example.

In the present invention, while the krypton gas is used as the film forming gas

of the exchange energy control layer, for example, it is also possibie to use the krypton
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As a material of the non-nmagnetic ground |ayer, Ru, Pd, Pt and Ta based
alloys and a Ti based alloy are preferable. Exanples of the non-nagnetic
ground | ayer fornmed by the Ta based alloy include a CoCrTa based all oy and
an Ni Ta based alloy in addition to a Ta single substance. Exanpl es
of the non-magnetic ground |ayer fornmed by the Ti based alloy include a
Ti Cr based alloy and a TiCo based alloy in addition to a Ti single

subst ance. . It is suitable_that a filn1t£i kness of .the non-magnetic
ground 123y &y plasofithe geop sanior shesinhiarmmes eanitt ofergmagestiereYer ng a crystal
axis of the vertical magnetic recording layer is_insufficient when the

fil m thileRdds While theeveghenl nepranglie FecrsdiBggliskeaccpidiig 1 therPreppitt 18YSEOB t he
magnetic crystal grain constituting the vertical nagnetic_ recording |ayer

i s i ncr caswtisesra leasutherverioab magnétis repetdingslerervinetic shbstimie, ihip RrefuARISs
exceeds 30 nm which is not preferable. [0028] In the present invention,

it is pribdteratlsothdrdfindtivaaklapesshowd bhpodvdddse a gl ass if annealing in a
magnetic field is required to control a magnetic domain of the soft

magnet i ¢ | ayeFor example, Biinasot passiileass psavindet oatthe issbstratelal fit mhgneticheat
resistance, it is possible to increase a heating tenperature of the

subst r atigyer Bxaophtds refuldting phagetit eirchi of durbetticat magmetic wetdrding layer.

alum nosilicate glass, an almnoborosilicate glass and a soda thyne

gl ass. Above &k lthe pfegerd!iivdMidni ki thatsefignagseticSlaget i abhired Boremugietici t 1S
possi ble to use an anorphous glass and a crystallized gl ass. In the

case inpahy qiavifngea s6H tmABRENE tprSpdriy Berd s @8@?&'&@&!& réstridtisn pHoke@ble t hat
t he substrate shoul d be an anorphous gl ass. The use of a chemi cal

strengt henedighaperty ?r&é@i)@r@ala%de&w@ﬁﬁc@m@ dFioai dol 80 Gkirét¥ds and more | N the
present invention, 11 is pfeferable that a surface roughness of a main

zlrjnl‘Zg:pggfeltagﬁ,égpﬁ)tg@séséagul d have Rmax of 6 nmor less and Ra of 0.6 nm

Moreover, it is preferable that the magnetic property should have a saturation
magnetic flux density (Bs) of 500 emu/cc to 1920 emu/cc.

Examples of a material of the soft magnetic layer include an Fe based material
and a Co based material.

For example, it is possible to use an Fe based soft magnetic material such as an
FeTaC based alloy, an FeTaN based alloy, an FeNi based alloy, an FeCoB based alloy or
an FeCo based alloy, a Co based soft magnetic material such as a CotaZr based alloy or
a CoNbZr based alloy, or an FeCo based alloy soft magnetic material.

In addition to a single layer structure of the alioy materials, it is also possible to
employ a lamination structure in which an Ru layer is interposed between a plurality of
layers formed by the alloy materials, for example.

[0026] In the present invention, the thickness of the soft magnetic layer is preferably
30 nm to 1000 nm, and is desirably 50 nm te 200 nm.
In some cases in which the film thickness is smaller than 30 nm, it is hard to

form a suitable magnetic circuit among the magnetic head, the vertical magnetic
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By formng a snooth surface, it is possible to set a gap between the
vertical magnetic recording |ayer and the soft nagnetic |ayer to be
constant. Therefore, it .is possible to forma suitable magnetic circuit
anong the magnetic head, the vertical nmagnetic recording |layer and the
soft magnetic layer. [0029] In the present invention, it is also
preferable to forma bonding | ayer between the substrate and the soft
magnetic | ayer. By formng the bonding layer, it is possible to
enhance Teg taygr pribihersol} npenokielayehdn sebe cases in whightheefikn thickngsmist i ¢

| ayer. Therefore, it is possible to prevent the soft magnetic |ayer from
bei ng perdaga than 1000 noiys: sarfyee wughdeso s hesabrsindi ng | ayer, it is possible to
use a Ti containing nmaterial, for exanple. From a practi cal

vi ewpoi nt, it In sompe edses abwbich hist film fhitkneshisckemasthat 1@Henthoandienger ayer
should be set to be 1 nmto 50 nm[0030] In the vertical magnetic

recor di righatd sk caccoutdhegpuiterihg dlrp f@aenioni nvention, it is suitable that a
protecting | ayer should be provided on the vertical magnetic recording

| ayer. [0027] IBytHer @xmisélitn@ivefnpriotie Chrefegatlaner proivide] onphsSiubkeatt0apr ot ect
the surface of the magnetic disk fromthe nmagnetic recording head floating

and flyinof-ne@ktid REoRIRGE for tHle a crystal oRent@idRbE kieaberfifalt MBgi¥tet ect i ng
| ayer, for exanple, a carbon based protecting |ayer is suitable. Mreover,

it 1S subdhhe1dvBain ApdrbéiBibitiriiiessn & a hiRuRieQuARdd Ng | ayer should be
approximatel y 1.5 nm%o 7 nm.

As a material of the non-magnetic ground layer, Ru, Pd, Pt and Ta based alloys
and a Ti baséd alloy are preferable. Examples of the non-magnetic ground layer formed
by the Ta based alioy include a CoCrTa based alloy and an NiTa based alloy in addition
1o a Ta single substance.

| Examples of the non-magnetic ground layer formed by the Ti based alloy
inciude a TiCr based alloy and a TiCo based alloy in addition to a Tt single substance,

Tt is suitable that a film thickness of the non-magnetic ground layer should be 2
nm to 30 nm. The function of controlling a crystal axis of the vertical magnetic
-recording layer is insufficient when the film thickness of the ground layer is smaller
than 2 nm. The size of the magnetic crystal grain constituting the vertical magnetic
recording layer is increased and thus the noise is increased when the film thickness
exceeds 30 nm, which 1s not preferable.

[0028] In the present invention, it is preferable that the substrate should be a glass if
annealing in a magnetic field is required to control a magnetic domain of the soft
magnetic layer.

Since the glass substrate is excellent in a heat resistance, it 13 possible to

increase a heating temperature of the substrate.

Examples of the glass for the substrate include an aluminosilicate glass, an
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Moreover, it is preferable that a lubricating |ayer should be further
provi ded on the protecting | ayer. By providing the lubricating

| ayer, it is possible to suppress an abrasi on between the magnetic head
and the magnetic disk, thereby enhancing durability of the magnetic disk.
As a material of the lubricating |layer, PFPE (perfluoropolyether) is
preferable, for exanple. Furthernore, it is suitable that a film
t hi ckness of the_|ubricating |ayer should be approxinmately 0.5 nmto 1.5

nm [ 003 Biminobprosiicatecglans|aad tarigda thiene stass. n¥pvetallc thealaminogiieaty glasnis | ayer ,
the bonding | ayer and the protecting |layer should also be formed by the
sput t er isuabietMettover, it 1s possiblgigruse enlamorpkousiglass eadha beystaliized ghisy f or ned by
a DC magnetron sputtering nmethod, which is preferable. It is also
pref erabl e tolngee easeiimmwibneh thy seftfridgnetiodasengs amotpbdus, it is prefetablei thatal so
preferable that the protecting |ayer should be fornmed by a plasma CVD
nmet hod. tMoswatrete,shotldite aprasicepiabisezlddsalhe he dfibeheantal sgedgyanied ghasisd be
formed by a dip coating nethod, for exanple. ADVANTAGE OF THE | NVENTI ON
[0032] Awmeforaiaig:chgsetdia hgtedgidityi nvention, it is possible to provide a
met hod of manufacturing a vertical nagnetic recording disk and the
vertical magnéhitke pesefidinR@ntion, it is preferable that a surface roughness of a main

surface of the substrate should have Rmax of 6 nm or less and Ra of 0.6 nm or less.

By forming a smooth surface, it is possible to set a gap between the vertical
magnetic recording layer and the soft magnetic laver to be constant. Therefore, it is
possible to form a suitable magnetic circuit among the magnetic head, the vertical
magnétic recording layer and the soft magnetic layer.

[0029] In the present invention, it is also preferable to form a bonding layer between
the substrate and the soft magnetic layer.

By forming the bonding layer, it is possibie to enhance a bonding property
between the substrate and the soft magnetic layer. Therefore, it is possibie to prevent the
soft magnetic layer from being peeled.

As a material of the bonding layer, it is possible to use a Ti containing material,
for example.

From a practical viewpoint, it is preferable that a film thickness of the bonding
layer should be set to be 1 nm to 50 nm.

[0030] In the vertical magnetic recording disk according to the present invention, it is
suitable that a protecting layer should be provided on the vertical magnetic recording
layer.

By providing the protecting layer, it is possible to protect the surface of the

magnetic disk from the magnetic recording head floating and flying over the magnetic
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di sk whi ch can enhance a magnetic property still nore, thereby increasing
an information recording density. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0033] Fig. 1 is a schematic sectional view showing a vertical nagnetic
recordi ng di sk according to an enbodi nent of the present invention.
DESCRI PTI ON OF THE DESI GNATI ONS [ 0034] 1gl ass substrate 2bondi ng | ayer
3soft magnetic layer 4afirst ground | ayer 4b second ground | ayer

disk.

As a material of the protecting layer, for example, a carbon based protecting
layer is suitable. Moreover, it is suitable that a film thickness of the protecting layer
should be appfoximately 1.5 nm to 7 nm.

Moreover, it 1s preferable that a lubricating layer should be further provided on
the protecting layer.

By providing the lubricating laver, it is possible to suppress an abrasion

~ between the magnetic head and the magnetic disk, thereby enhancing durability of the
magnetic disk. As a material of the Iub’ricating layer, PFPE (perfluoropolyether) is
preferable, for example.

Furthermore, it is suitable that a film thickness of the lubricating layer should
be approximately. 0.5 nm to 1.5 nm.

[0031] It is preferable that the soft magnetic layer, the ground layer, the bonding layer
and the protecting layer should also be formed by the sputtering method.

In particular, a film can be uniformly formed by a DC magnetron sputtering
method, which is preferable.

It is also preferable to use an inline type film forming method.

It 1s also preferable that the protecting layer should be formed by a plasma
CVD method. Moreover, it is preferable that the lubricating layer should be formed by a

dip coating method, for example.

ADVANTAGE OF THE INVENTION
[0032] According to the present invention, it is possibie to provide a method of
manufacturing a vertical magnetic recording disk and the vertical magnetic recording

disk which can enhance a magnetic property still more, thereby increasing an
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5ferromagnetic | ayer 6spacer |ayer 7exchange energy control |ayer

(l am nated | ayer) 8carbon based protecting |ayer 9l ubricating |layer 10
vertical magnetic recording di sk BEST MODE FOR CARRYI NG OUT- THE | NVENTI ON
[ 0035] A vertical magnetic recording disk according to an enbodi nent of
the present invention is showm in Fig. 1. Referring to Fig. 1, a
vertical magnetic recording disk 10 according to the enbodi nent of the

pr esent .i{wenti on has a structure in which a bonding layer 2, a soft
magnet i dnforgpatonyrecordnadensity o ,nd | ayer 4a, a second ground |ayer 4b, a
ferromagnetic :

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] Fig. 1 is a schematic sectional view showing a vertical magnetic recording disk

according to an embodiment of the present invention.

DESCRIPTION OF THE DESIGNATIONS

[0034] 1 glass substrate

2 bonding layer

3 soft magnetic layer

4a  first ground layer

4b  second ground layer

5 ferromagnetic layer

6 spacer layer

7 exchange energy control layer (laminated layer)

g carbon based protecting iayer

9 lubricating layer

10 vertical magnetic recording disk

BEST MODE FOR CARRYING QUT THE INVENTION
[0035] A vertical magnetic recording disk accordiﬁg to an embodiment of the present
invention is shown n Fig. 1.
Referring to Fig. 1, a vertical magnetic recording disk 10 according to the
embodiment of the present invention has a structure in which a bonding layer 2, a soﬁr

magnetic layer 3, a first ground layer 4a, a second ground layer 4b, a ferromagnetic
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| ayer 5, a spacer layer 6 and an exchange energy control |ayer 7 forned by
a lam nation, a carbon based protecting |layer 8 and a |ubricating |ayer 9

~are provided on a glass substrate 1 in order. ‘ The present invention
will be further specifically described below with reference to exanpl es
and conparative exanpl es. EXAMPLE 1 [ 0036] An anor phous

alum nosilicate glass was nol ded in a disk-shape by a direct press and a

I di,sk th fabricated Th I d ti.all
Jub) oot B o Bt g3 SHIT U Prohenmre e T Byt rNen pR g T alidh. X
i st rengt hened

snoot h non- neti.,c gl ass substrat ar ned a_cheni ca

o a0s iR HIE Pt MR THEL . BF el A 2y gy e PIov kdop et
roughness  of a main surface of the glass substrate 1 was nmeasured by an
atoni ¢ FYPEES] & 9¥€bpe (MV) so that a snmooth surface shape having Amax of
4.8 nmand Pa of 0.42 nm was observed. The Rmax and Ra conformto the
Japanese | ndusthei aresesitapyyspidony pgjl be further Npegificalie dsermped gbstayemitk and
the sofl magnetic layer 3 were sequentially formed on the obtained gl ass
subst r atrefetenic taeranpliesaandcompapiter examplssgh a DC nmagnetron sputtering

met hod by using a filmform ng apparatus carryi ng out vacuum ng. At
this time, the bonding |ayer 2 was forned using a CTi target to obtain a
COTi (Cr : 55 at% Ti : 45 at% having a fil mthickness of 10 nm
Moreover, the soft magnetic | ayerEBAMRBLEdr ned using a CoTa7r target to
have an anorphous CoTa 7r (Co 88 at% Ta 7 at% Zr 5 at% |ayer having a
film  [0036]

An amorphous aluminosilicate glass was molded in a disk-shape by a direct
press and a giass disk was thus fabricated.

The glass disk was sequentially subjected to grinding, polishing and chemical
strengthening so that a smooth non-magnetic glass substrate 1 formed by a chemical
strengthened glass disk was obtained. A disk diameter is 65 mm,

A surface roughness of a main surface of the glass substrate 1 was measured by
an atomic force microscope (AFM) so that a smooth surface shape having Rmax of 4.8
nm and Ra of 0.42 nm was observed. The Rmax and Ra conform to the Japanese
Industrial Standard (JIS).

Next, the bonding layer 2 and the soft magnetic layer 3 were sequentially
formed on the obtained glass substrate 1 in an Ar gas atmosphere through a DC
magnetron sputtering method by using a film forming apparatus camying out
vacuuming.

At this time, the bonding layer 2 was formed using a CrTi target to obtain a
CrTi (Cr : 55 at%, Ti : 45 at%) having a film thickness of 10 nm.

Moreover, the soft magnetic layer 3 was formed using a CoTaZr target to have

an amorphous CoTaZr (Co : 88 at%, Ta : 7 at%, Zr : 5 at%) layer having a film
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t hi ckness of 20 nm and an Ru |layer having a filmthickness of 0.7 nm was
formed thereon, and furthernore, the same CoTaZr |ayer having the film

t hi ckness of 20 nm as descri bed above was formed thereon. [0037] A
substrate for vertical nmagnetic recording disk in which the soft magnetic
| ayer 3 had conpletely been forned was taken out of the filmformng
appar at us. A surface roughness of the obtained substrate for

verti cal neti.c recordjn isk in which the filmfarmtion had been
compl et dBCREFS @l Afengophd ﬁﬂg}ﬂt?%f Paywe x il dhicknest b Hm Has Apimech t he
same manper. As result, a snooth surface shape having Rmax_of 5.1 nm and
Ra of o.tﬁﬁeﬂ%%mglp%#}e same 50‘&@% REssvie the e dhickasss gE29 pmats ¢ he
substrate was neasured by a Vibrating Sanpl e Magnetoneter (VSM. As a
resul t, des@thedapoe vayemedithereis 2 oersteds and a saturation nagnetic
flux density was 950 enu/cc, and a suitable soft magnetic property was
exhi bi te[aOBﬁy Asnbstrge forgyestiel thagnsti cansgordingedisk dmiwhielythst soft mageetiti ng

| ayer on the soft magnetic |layer 3 including the snooth surface shape
havi ng HRaeex 3dfad Sompletelp bet¢refosmad svaRsalsin @it 6f thnfidm fhusieg apparatwspossi bl e to
suitably reduce a noi se. Next, the first ground |ayer 4a, the second
ground | ayer 4bsurfdve rbegimesnghttei abtiiage substatedfor vertgphoegndtayecomdinger e
sequentially fornmed on the obtained substrate in an Ar gas atnosphere

t hr ough diskeinD&hich ghe il mrfospatidrehad gesre tbwpleted wpsionthe aokirangatis tigter Gnar y
opposed type filmform ng apparatus carrying out vacuum ng. [0038]

First ofwaRlheastted By gt AGMDUNChd ainey nbdné0 A¥ed re@fiit Ta sawetthaifaog sBape
t hi ckness of 3 nm and the second ground | ayer 4b forned of Ru and having a

t hi cknesgvial RRxN6T Sve heh IO 680148 And (Was sbdsiedat e on which the soft
magnetic | ayer 3 had conpletely been forned. Two | ayers may be forned of
Ru. More speciFtfainhore, mhgrebicRRESIrR! 6f R JuBREAY §/a8 measured by a Vibrating
Sample Magnetometer (V SM) As a result, a coercive force (Hc) was 2 oersteds and a
saturation magnetic flux density was 950 emu/cc, and a suitable soft magnetic property
was exhibited. By forming a ground layer and a vertical magnetic recording layer on the
soft magnetic layer 3 including the Vsmooth surface shape having Rmax of 5.5 nm or less
and Ra of 0.5 nm or less, it is possible to suitably reduce a noise.
Next, the first ground layer 4a, the second ground layer 4b, the ferromagnetic
layer 5 and the spacer layer 6 were sequentially formed on the obtained substrate in an
Ar gas atmosphere through the DC magnetron sputtering method by using a
branch/stationary opposed type film forming apparatus carrying out vacuuming,
[0038]
First of éli, the first ground layer 4a formed of Ta and having a thickness of 3
nm and the second ground layer 4b formed of Ru and having a thickness of 20 nm were
provided on the substrate on which the soft magnetic layer 3 had completely been

formed.

Two layers may be formed of Ru. More specifically, it is possible to improve a
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crystal orientation by form ng the upper |ayer side Ru at a higher gas
pressure than a gas pressure of an Ar gas used when formng the | ower

| ayer side Ru. [0039] Next, the ferromagnetic |ayer 5 having an hcp
crystal structure in a thickness of 13 nmwas fornmed using a target to be
a hard magnetic substance forned of CoCrPt containing Si02. A conposition
of the target for formng the ferromagnetic layer 5is Co : 66.6 at% Cr

9 at% , : % SI 02 % : The ferromagnetic laver 5 was
Formou_atvial SfetalalbyRinRe G uaptt A boc R ol iR ure Sl e
| ayer 6 for rrr;éd of .Pd anddh Vi % a. tgihctnesi of g nm was provi ded.

Then, a¥TPM fotgl‘aﬂiAﬁéa%]és‘se S gﬁjélg F o 29KF 51988 and t he exchange energy
cont rol h@éﬁr 7 fornmed by an alternate lanminated filmof CoPt and Pd was

f or med il Kr gas atnosphere. First of all, CoPt (Co : 75 at% Pt : 25
at% was forr’r&\gq as, a fiImin@é&hic ness of 0.4 % and then_Pd was, forned

thereon as a fYFhithnfegomzepgtifclareror bayimg an heprayeak sristusg s Bidaessiad gne
cycle. This for n} ng dDr ocess was repeatedly perforned in three cycles to
f or m t he 3f fpyas formed uHpAdiaFESE Jo by & Bird| madietik selsanse fpraed ah{CAGHRd il m
is 2.4 nm The exchange energy control |ayer 7 was fornmed at a gas
pr essur €oBfIINE Aifdr A CompREYIONT e thexiareeh der owaing the JarrepmRrenety dayer 5 i6r ned as
descri bed above contains Kr. Description will be given to a neasurenent of
t he krypgiconot.-6at?hCiexattnds - ddet gfo euhbial: 10ayells. The ferromggmetis layenée of
the magnetic disk having the protecting |ayer formed thereon was neasured
t hr ough veastfprmeedodt afgaj pressuise odp@anBori. on nmass spectroneter net hod.
The tinme of flight-secondary ion mass spectroneter (hereinafter referred
to as TOF- S| MSyubiequémtlyt the spacee toyed &rfprmahofiitbanddpaaty otitkness of®tZ2wod usi ng
atime of flight
was provided.
Then, a film forming gas was changed into a Xr gas and the exchange energy
control layer 7 formed by an alternate laminated film of CoPt and Pd was formed in a
Kr gas atmosphere. First of all, CoPt (Co : 75 at%, Pt : 25 at%) was formed as a film in
a thickness of 0.4 nm, and then Pd was formed thereon as a film in a thickness of 0.4
nm. This forming process is one cyble. This forming process was repeatedly performed
in three cycles to form the film.
Accordingly, a total thickness of the laminated film is 2.4 nm. The exchange
energy control layer 7 was formed at a gas pressure of 10 mTorr.
[0040] The exchange energy control layer 7 formed as described above contains Kr.
Description will be given to a measurement of the krypton in the exchange
energy control layer.
The surface of the magnetic disk having the protecting layer formed thereon
was measured through a time of flight—secondary ion mass spectrometer method.

The time of flight—secondary ion mass spectrometer (hereinafier referred to as

TOF-SIMS) indicates a secondary ion mass spectrometric method using a time of flight
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mass spectroneter for a detecting system In the neasurenent, TRIFT
Il to be TOF-SLM5S manufactured by PH Co., Ltd. was utilized. In the

TOF- SLMS anal ysis in the nmeasurenent, a galliumion (Ga+) was used as a
primary ion. In the neasurenent, a beam energy was set to be 15 KeV.

An irradiating surface (sputtering size) of the primary ion is a square
region having a length of 200gm and a w dth of 200um_over the surface of

t he magnet.i i a .area of 40000nnR2, and an anal yzed region is a
square ?@ﬁ?g%gﬁégPﬁg%§niéﬁ§ 33?&§E[|n1and a wdth of 50iimand has an

area of 2500n An i {i i ch depth | m e. A
det ect ed nnssqﬂ?g}?djéeag'flrefrﬁgamﬁdg%b? gﬁ’%ﬁﬁéé‘faﬂﬁfcﬁgecﬁﬁg@gcﬁu%‘ir of 1
to 1000. e C with the above conditiong, amupts. of carbon,
kryptonVﬁﬁd“ﬂ%ﬁgﬁP%&%ﬂgﬂﬁggﬁﬁF@ﬂwﬁﬁﬂpéﬁﬂpﬁﬁﬁﬁanﬁﬁea W&b&m§gkﬁﬂéwﬁagnetic
di sk. In an initial stage of the neasurenment, the cobalt and the

car bon WEFEAERFBEEION n reachi ng such a depth that the exchange energy
control layer _is present, the krypton was detected in a | arge anount At
this tine, thddHedneasusmenha heapAnggymNas 51 bl thakt s. Then, when
observation was carried out while flintier digging the surface of the
magneti c di sk Al Hragesing jyrdce kpptteres sivgliat thef prmarykiopps ersquaredegiogased. -

Consequently, it could be confirnmed that the krypton is present in the
exchangéﬂa‘élngrﬂ@yﬂg‘tb ot 28Ppinaangdra width of 200pum over the surface of the magnetic disk

and has an area of 40000um>, and an analyzed region is a square region having a length
of 50um and a width of 50um and has an area of 2500um’.

An analyzing time in each depth is one minute. A detected mass range of the
secondary ion was set to be a mass number of 1 to 1000,

In accordance with the above conditions, amounts of carbon, krypton and
cobalt were measured while digging the surface of the magnetic disk.

In an initial stage of the measurement, the cobalt and the carbon were detected.
In reaching such a depth that the exchange energy control layer is present, the krypton
was detected in a large amount.

At this time, the amount of the krypton was 35 ion counts.

Then, when observation was carried out while further digging the surface of the
magnetic disk, it was found that the amount of the krypton is decreased.

Consequently, it could be conﬁrméd that the krypton is present in the éxchange
energy control layer.
[0041] Next, the carbon based protecting layer 8 formed of hydrogenated carbon was
formed by a plasma CVD method. A film thickness of the carbon based protecting layer
815 3.5 nm.

By using the hydrogenated carbon, film hardness can be enhanced. Therefore,
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[ 0041] Next, the carbon based protecting |ayer 8 fornmed of hydrogenated
carbon was formed by a plasma CVD nethod A filmthickness of the carbon
based protecting layer 8 is 3.5 nm By using the hydrogenated carbon, film
har dness can be enhanced. Therefore, it is possible to protect the
vertical magnetic recording |layer froma shock applied fromthe magnetic
head. Thereafter, the lubricating |layer 9 fornmed of

per fl uor.opol yet her (PFPE) was formed by a dip,coaling t hod. .. T,

| ubri catlf BPosddlerio orafed t Y‘?‘T‘?ﬁlt%?%‘ﬁﬁéﬁc%‘gn layAy EPB’OMQ?}CQWPB tHe above
manuf acturing steps, the vertical magnetic recording disk according to the
exanpleth%gwg%ﬂ@ﬁﬁ@é. A surface roughness of the vertical magnetic
recordi ng di sk thus obtained was neasured through the AFMin the sane

manner. As a ridsteefier, she bscating fayse @ Enmse Aaeriprepalvetbyr @) W and Ra

of 0.40 nm was observed. The formation of the spacer layer 6 and the
exchangdommsk lyya dipriopdng fgthed. 7 i nproved the surface roughnesses Rmax and
Ra It can be supposed that the inprovenent in the roughness is

nainly caused Ty lebricatiog taiyen9 has 4 fibn shickseseof bughness of the exchange
energy control layer 7 fornmed in the Kr gas atnosphere. Consequently, it

i s al so[posyi leotgh theodboge nsanafaceurimastaphy e weyecdl hadgnglic decopdiopalitky and
floating property can be inproved and the thickness of the protecting film
can be necidiag. o] 0043Ampis wis etithiakd OA @ifatd eonpdhnéssad] thewgnizkl mageser di ng

| ayer in the obtained vertical nmagnetic recording disk according to the

exanpl e réddrgink iskaiBgoethined ity @fieaburelditBrotphtiey AFRYBIthe sane nidagere dghange
energy control layer 7 are referred to as the vertical magnetic recording

| ayer agesuivhok@hothesirinalygnd h@Mn%er?&akaM alis f1irA GinkiORa 167t 6190 nm was
Consequently, a c-axis of an hcp (hexagonal cl ose-packed) crystal

struct urgsmasg oriented in a perpendicular direction to a disk surface.

The formation of the spacer layer 6 and the exchange energy controt layer 7
improved the surface roughnesses Rmax and Ra.

It can be supposed that the improvement in the roughness is mainly caused by a

reduction in the surface roughness of the exchange energy control layer 7 formed in the
Kr gas atmosphere. Consequently, it is also possible to produce such a new advantage
that glide property and floating property can be improved and the thickness of the
protecting film can be reduced.
[0043] An orientation of the vertical magnetic recording layer in the obtained vertical
magnetic recording disk according to the example (the ferromagnetic layer 5, the spacer
layer 6 and the exchange energy control layer 7 are referred to as the vertical magnetic
recording layer as a whole) was analyzed by an X-ray diffraction method. Consequently,
a c-axis of an hcp (hexagonal close-packed) crystal structure was oriented in a
perpendicutar direction to a disk surface.

Moreover, the ferromagnetic layer 5 in-the obtained vertical magnetic recording

disk was analyzed in detail by utilizing a transmission electron microscope (TEMj, so
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Moreover, the ferromagnetic layer 5 in the obtained vertical magnetic
recordi ng di sk was analyzed in detail by utilizing a transm ssion el ectron
m croscope (TEM, so that the ferromagnetic |ayer 5 was found to have a

granul ar structure More specifically, it was confirmed that a grain
boundary portion fornmed of Si oxide is fornmed between crystal grains of
the hcp crystal structure containing Co. Fromthe analysis, it was

found that oundary. r.eqgi formed by a nagnet i rain having a size of
appr oxi r’rg?téﬁ?/gém %H“ 135’01‘?{%‘5’%61%& F%@Y%%%‘%ﬂ‘?@f %ﬁf%‘ﬁﬁ a size of

approxi mately nmis_fornmed. On t.he other hand, the exchange energy
control |ayer MOwsBe Aol WaemErng é‘tgf@ﬂﬂ’gyjé %Pﬂﬁkﬂnﬁg ‘?fgo anul ar
structure_was analyzed in detail. thE%u%h the TEM As a result, the

gr anul aroxéterigdenged S STYHH LERIPR AL the hep erystgl SIEUGHg; cogtaEUng 114t t he
exchange energ% control layer 7 has a structure which is al nost X

magnet i cal |y dapmitheaualysis, it was foyndothebp bRyrdpsy region formediRya2 edenstt t he
magnetic grains of the ferromagnetic layer 5 having the granular structure
ar e nmagresaindaring acseppproriosiily OHen axd Bavganegnets puRHICE JEVIRg Pezer
Consequently, it can be supposed that a thermal stability is enhanced.
EXAVPLE f 2pp®&ithately 2 nm is formed. On the other hand, the exchange energy control layer

7 provided on the ferromagnetic layer 5 having the granular structure was analyzed in
detail through the TEM. As a result, the granular structure was not observed.

This indicates that the exchange energy control layer 7 has a structure which is
almost magnetically continuous.

In other words, it is indicated that the magnetic grains of the ferromagnetic
layer 5 having the granular structure are magnetically coupled through the exchange
energy conirol layer 7.

Consequently, it can be supposed that a thermal stability is enhanced.

EXAMPLE 2
[0044]

A vertical magnetic recording disk was obtained in the same manner as in the
example 1 except that the film thickness of the ferromagnetic layer 5 was set to be 13.5
nm, the film thickness of the spacer layer 6 was set to be 0.3 nm and the exchange
energy control layer 7 was set to a film laminated in a cycle of CoPt having a thickness
of 2.2 nm and Pd having a thickness of 0.4 nm {Example 2}).

An orientation of a vertical magnetic recording layer in the obtained vertical
magnetic recording disk was analyzed through an X-ray diffraction method. As a result,

a c-axis of an hcp (hexagonal close-packed) crystal structure was orented in a
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A vertical magnetic recording disk was obtained in the same manner as in
the exanple 1 except that the filmthickness of the ferromagnetic |ayer 5
was set to be 13.5 run, the fil mthickness of the spacer |ayer 6 was set
to be 0.3 nmand the exchange energy control layer 7 was set to a film

| am nated in a cycle of CoPt having a thickness of 2.2 nmand Pd having a
t hi ckness of 0.4 nm (Exanple 2). An orientation of a vertica

magnetic recordi ng | ayer in.the obtaipned vertical magnetic cordi ng di sk
e SRR LR b i ST PR BB S BN 25 AL T BTl h - axi 5 of
an hcp (hexaggnal cl ose-packed) .crystal structure was oriented in a

per pendi cul ar Ninreier ith ey o ranga ik At § e eioRiaie \eiire! RARPRIC TSRS he

exanple 1. Mor eover, the ferromagnetic |ayer 5 in the_obtained

verti caldiskamaanplyzedingimihby uilixngadrasaisyioaslschopargioscapy (FEM) A48 Ag a
transm ssion el ectron mcroscope (TEM. As a result, a granular structure
was obs@espéda granslgestssmterergsrmbseryed imthe jame spnpereas in thogRRmPE B [ 0045]

A vertical magnetic recording disk was obtained in the same manner as in
the exanple 1 except that the first ground | ayer 4a was set to CoCrTa (Co
: 55 at% C : 35 at% Ta : 10 at% having a filmthickness of 3 nm the
filmthickness of the ferromgnetEXAMRBIE 35 was set to 12 nm the film

t hi ckness of the spacer layer 6 was set to 0.8 nm and t he exchange energy
control [b@mr 7 was set to a filmalternately |lamnated in three cycles of
CoB (Co : 95 at% B : 5 at% having a thickness of 0.35 nmand Pd having a
thi ckness of Q. rfical (HeABYE @eddyding disk wANolsthined i tHeosanef mannee af ircte
magneti c recording layer in the obtained vertical magnetic recording disk

was analeyz@fiet hexeugithanh& firs)erohidd b pet 4002084 BOSoCAR @0 eSVAtYs, B (@5axi s of
an hcp (hexagonal close-packed) crystal structure was oriented in a

per pendizpyl & difpesioRatifgaa dilsk thidkh@§Cof B hie the BirTBRHERkess Sofl thet he
exanpl e 1. Mor eover, the ferromagnetic layer 5 in the obtained

;/rer’;l}[’lls %@Egr?%%ﬁ%l}e’gg %arrygflflf) %@H(:sr%%ts E:HO% niﬁﬁl@ﬁ‘lﬂ WE&G el OARE BpdcePlaybi 6 WaZkdlg a
pe M. As a result, a granular structure
was obsegViegl 4 Al ehs ARhAR Rhierdy doRtlolSayeX FRIR skt to a film alternately
laminated in three cycles of CoB (Co : 95 at%, B : 5 at%) having a thickness of 0.35 nm
and Pd having a thickness of 0.8 nm (Example 3).
An orientation of a vertical magnetic recording layer in the obtained vertical
magnetic recording disk was analyzed through an X-ray diffraction method. As a result,
a c-axis of an hcp (hexagonal close-packed) crystal structure was oriented m a
perpendicular direction to a disk surface in the same manner as in the example 1.
Moreover, the ferromagnetic layer 5 in the obtained vertical magnetic recording

disk was analyzed mn detail by utilizing a transmission electron microscope (TEM). As a

result, a granular structure was observed in the same manner as in the example 1.

EXAMPLE 4
[0046]

A veriical magnetic recording disk was obtained in the same manner as in the
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EXAMPLE 4 [0046] A vertical magnetic recording disk was obtained in the
sanme manner as in the exanple 1 except that the first ground | ayer 4a was
set to Ta (a total filmthickness of 3 nm having a double structure in

whi ch a gas pressure upon formng the first ground |layer 4a in Exanple 1
is changed, the filmthickness of the ferromagnetic |layer 5 was set to 10
5 nm the filmthickness of the spacer |layer 6 was set to Pt having a film
t hi ckness of 0, 8 nm and tge exchapge energy control layer 7.was set to a

L e dirs Lk

film al tSPRRI%] 98 EIPHRGBY ey A 8&S st todp (¢ el flosthigkngsset3 5 at o
havi ng a thjckness of 0.35 nmand Pt having a thickness of 0.8 nm (Exanpl e
4) . nm)aRAvag & SedblecTirusturg it @hichca) gasREweiE vpes dorming ghe Aysrerpund: he
obt ai ned vertical magnetic recording di sk was anal yzed through an X-ray
di f f r actipyss 4aep Foamples 1 ds changed, the dilynthigkagssaof the tfersorpagnetie layfer arwascp
(hexagonal cl ose-packed) crystal structure is oriented in a perpendicul ar
di rect i oft two 18 Sdimkthsufilin thickness o€ thayspaceniayer 6awas pettthPtebemy e fim
Moreover, the ferromagnetic layer 5 in the obtained vertical magnetic
r ecor di ribickiiesk ofiB$ ramahd thecbxichange teagrigympntrol teyeri Tmgasset tcen S skéramed! ect r on
m croscope ([EM. As a result, a granular structure was observed in the
same madaemas in thred eydesarillaB (Co COVREBRAR | Yt GXBMRhE 2 fAC4ESs of 0.35 nk
vertical magnetic recording disk was obtained in the same manner as in the
exanpl e ahd @x bayhg b hlatkdeseofy 6 hangexaande gy control |ayer 7 was forned
through the sputtering in an Ar gas atnposphere (a gas pressure was equal
to that in theuesAemhttonldf & Vetthal emeghBli€rdeording layer in the obtained vertical

magnetic recording disk was analyzed through an X-ray diffraction method. As a result,

it was found that a c-axis of an hcp (hexagonal close-packed) crystal structure is

oriented in a perpendicular -direction to a disk.surface in the same manner as in the

example 1.

Moreover, the ferromagnetic layer 5 in the obtained vertical magnetic recording
disk was analyzed in detail by utilizing a transmission electron microscope (TEM). As a

result, a granular structure was observed in the same manner as in the example 1.

COMPARATIVE EXAMPLE
[0047]

A vertical magnetic recording disk was obtained in the same manner as in the
example 1 except that the exchange energy control layer 7 was formed through the
sputtering in an Ar gas atmosphere (a gas pressure was equal to that in the example 1) in
the example 1.

A surface roughness of the obtained vertical magnetic recording disk was
measured through an AFM. As a result, a surface shape having Rmax of 6.26 nm and Ra

of 0.48 nm was obtained. The surface is rougher than that in the vertical magnetic
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A surface roughness of the obtained vertical magnetic recording di sk was
measured through an AFM As a result, a surface shape having Rmax of 6.26
nm and Ra of 0.48 ri mwas obtained. The surface is rougher than that in
the vertical magnetic recording disk-according to the exanple 1.
Furthernore, an orientation of the ferromagnetic layer 5 in the obtained
vertical magnetic recording disk was anal yzed through an X-ray diffraction

met hod. As a result, it found,that a c-axis of an hcp (hexagonal
cl ose- pég‘f?é ggi}ssﬁjfsatcg‘?rdg’tg\ﬁﬁ??eu?xémpsle gri ented in a perpendicul ar direction
to a disk sur

) \Yo) t f ti.c J . 5,1 1
obt ai ned ver t {FEHACTRAH FISEREGR BEHF T ORARREICIRAT 78 A0S SPTHEEA VFTtse)

utilizing a transm.ssi.on el ectron, m croscope ..As a result,

gr anul artaEetiE FRIPBIGRLISh s AYUIZed Beai fwg%ﬁ@? Sbktion BBl A BESE- ¢ he
obt ai ned vertjcal pagnetic¢ recording disks according . .to the exanples and
the complamasipungihgipt &-Hdy @ ﬁaﬁﬁ&gbﬁcagﬁp%}uﬁﬁseaww)aﬁaﬂéfﬁHP%tPr@k@n | oop
tracer, and results of neasurenent of a coercive force (Hc) and a

magnet i PAErsd v a vepsadicyatdiseationio aiditkSuriags. are col | ectively shown in the
following Table 1. [0049] Moreover, el ectromagnetic conversion .

char act eri st i ddotgpveribe {aramagnetindayse b ite thecdbtapidhyeriaiad RugaEoEEIHN 0 t he
exanpl es and the conparative exanple were neasured in the foll ow ng manner
and t he diskswis anabyzed oodidtat by utliging ladwansingssidneeléatdon ancrogcaieti[TEM), As a An
R/ W anal yzer (DECO and a magnetic head for vertical nagnetic recording
syst em hesuitne geannkac strakitug veaschdbsgved.i ded with an SPT unit and a reproduci ng
side provided with a GVWR unit were used to carry out a measurenent. At
this tifeg4sd fliagictonpienproperies dfhthenmalgnekd cveniat mesned® recarding disksA

met hod of nmeasuring S/N (DC), S/IN (MF) and overwite property (01W is as
f ol | ows according to the examples and the comparative example were evaluated through a VSM

and a polar kerr loop tracer, and results of measurement of a coercive force (Hc) and a
magnetization reversal nucleation field (Hn) are collectively shown in the following
Table 1.
[0049] Moreover, electromagnetic conversion characteristics of the vertical magnetic
recording disks according to the example-s and the comparative example were measured
in the following manner and the results are coliectively shown in the following Table 1.

An R/W analyzer (DECO) and a magnetic head for vertical magnetic recording
system having a recording side provided with an SPT unit and a reproducing side
provided with 2 GMR unit were used to carry out a measurement.

At thig timé, a floating amount of the magnetic head was 10 nm.

A method of measuring S/N (DC), S/N (MF) and overwrite property (O/W) is
as follows.

The highest recording density (1F) was set to 960 kfci to measure S/N (DC)
and S/N (MF) for the S/N ratio.

The S/N (DC) was calculated by recording a carrier signal on a vertical
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The hi ghest recording density (1E) was set to 960 kfci to nmeasure S/ N (DC)
and S/N (M) for the S/INratio. The S/N (DC) was cal culated by recording a
carrier signal on a verti cal [0052] Fromthe result of the Table 1, it

i s possible to enhance the magnetic property of the mediumstill nore as
conpared with the case in which a conventional argon gas is used by
utilizing a krypton gas having a greater mass than argon as a sputtering

gas in the sputterjng filmformation of the C .ener ontrol |ayer
Const i t QRARTEHE FreSUAR et SE P Ee Gty 750 10D BRC A ARV INRAC or di ng
to the present inventi therefore, it is apparent that a recording
densi t y B oISsIFUR L fsappngypregion Nﬂ%ﬁfﬁgﬁf_y wepn Y‘;‘E@blﬁ? ¥ PRy
According to the present invention, it is possible to provide a nethod of
manuf acti@#h #gtiabX/B3iRg & specHRaMdYI% recordi ng disk and the vertical magnetic
recordi ng di sk which can increase an information recording density by
enhanci ng a nadereeyes the SHNr@Fswrs raleplated byheeemisgethe sarrien giasel pmthe
applicabili_tY is very great CLAIM _

vertical magnetic recording medium at a recording density of 2F (480 kfci) and then

observing a medium noise from the DC frequency region to the frequency region which

is 1.2 times as high as 1F by using the spectroanalyzer.

Furthermore, the overwrite property was obtained by recording the carrier

signal on the vertical magnetic recording medium at the recording density of 24F (480

kfci), then overwriting a carrier at a recording density of 1F (960 kfci), and then

measuring an original carrier reproducing output at the recording density of 24F (40

kfci) and a residual reproducing output of a 12F carrier after the 1F overwriting.

[0050] In addition, a Magnetic Write Width (referred to as MWW) was measured in

the following manner and the result is collectively shown in the following Table 1.

More specifically, the MWW was obtained by recording a signal of 6F after an
AC demagnetization and measuring a half-value width of one track profile {(maximum
(max.) TAA (Track Average Amplitude)). A final value (a value in the Table 1) was set

to a mean value of five measurements.

[0051]

Table 1




1. A nethod of manufacturing a vertical magnetic recording di sk conprising
at least a nmagnetic recording |layer on a substrate and used for verti cal
magneti ¢ recording, wherein in a step of formng, on the substrate,
the magnetic recording | ayer conposed of a ferromagnetic |ayer having a
granul ar structure and an exchange energy control |ayer fornmed on the
ferromagnetic | ayer, at |east the exchange energy control layer is forned
t hrough sputtering in an atnosphere of a rare gas having a greater nmss
than an argon gas. 2. The nethod according to claim 1, wherein the

rare ga [ a greater S han.the argo is.a krypton (Kr) gas.

0 The Tod HeBarar Ay Hios TR JahE R i 3o RERe MiankE e dniRe8 butiy,
control layer is a lam nated |ayer c osed of a first | ayer, containing Co
or a Co-AeipedRE SULEOHn e vorpetrod SHELR A BarhahP AT B HLeHsum
(Pt). ) 4. The method according to any opne of clains 1 to 3, wherein
the fer FONBGIEFYHZINGAFTYRIOR 235 HAVIEE 3| BTEHS MABSRILITEPRES L oBRicring &gy ings a
mai n constituent apnd a grain boundary portion contajning an oxide, silicon
(Si) or the spytisigg flay youwatips ok the meihange aengy ntrol layer constiutingnghenpt hod
according to any of clainms 1 to 4, wherein a spacer |ayer is forned

bet ween VeR&al aragpeitgeording g, Hidetamolex Akenrdegeivethgyrresmt doventiger . 6 A
magneti c disk for use in vertical magnetic recording, conprising: a

subst r attkerefore, it is apifasent dhai qurecardingalgosity eamadinoeasedstill wbwer at e and havi ng
a granul ar structure and containing an oxide, silicon (Si) or a silicon
(Si) oxide; and

INDUSTRIAL APPLICABILITY
[0053] According to the present invention, it is possible to provide a method of
manufacturing a vertical magnetic recording disk and the vertical magnetic récording
disk which can increase an information recording density by enhancing a magnetic

property still more. Therefore, an industrial applicability is very great.
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an exchange energy control |ayer formed on the ferromagnetic |ayer,
wherei n the exchange energy control |ayer includes a |am nated | ayer
conposed of a first layer containing cobalt (Co) or a Co-alloy and a
second | ayer containing palladium(Pd) or platinum (Pt), or the exchange
energy control layer includes a single |layer containing the Co-alloy, and
wherei n the exchange energy control |ayer contains a krypton (Kr) el enent.

CLAIMS
1. A method of manufacturing a vertical magnetic recording disk comprising at
least a magnetic recording layer on a substrate and used for vertical magnetic recording,
wherein in a step of forming, on the substrate, the magnetic recording layer |
composed of a ferromagneﬁc layer having a granular structure and an exchange energy
control layer formed on the ferromagnetic layer, at least the exchange energy control
layer is formed through sputtering in an atmosphere of a rare gas having a greater mass

than an argon gas.

2. The method according to claim 1, wherein the rare gas having a greater mass

than the argon gas is a krypton (Kr) gas.

3. The method according to claim 1 or 2, wherein the exchange energy control
layer is a laminated layer composed of a first layer containing Co or a Co-alloy and a

second layer containing palladium (Pd) or platinum (Pt).

4. The method according to any one of claims 1 to 3, wherein the ferromagnetic
layer has a crystal grain containing cobalt (Co) as & main constituent and a grain
boundary portion containing an oxide, silicon (Si) or a silicon (Si) oxide as a main

consittuent.

5. The method according to any of claims 1 to 4, wherein a spacer layer is

formed between the ferromagnetic layer and the exchange energy control layer.

6. A magnetic disk for use in vertical magnetic recording, comprising:
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a substrate;

a ferromagnetic layer formed on the substrate and having a granular structure
and containing an oxide, silicon {Si) or a silicon (Si) oxide; and

an exchange energy conirol layer formed on the ferromagnetic layer, wherein
the exchange energy control layer includes a laminated layer composed of a first layer
containing cobalt (Co) or a Co-alloy and a second layer containing palladium (Pd) or
platinum (Pt), or the exchange energy control layer includes a single layer containing
the Co-alloy, and wherein the exchange energy control layer contains a krypton (Kr)

element.
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