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DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
METHOD OF MANUFACTURI NG THE MEDI UM AND MAGNETI C

wREOSRISHNG AND REPRODUCI NG APPARATUS Cross RefprEme00d/630841

Rel ated Application: This application is an
application filed undeyf 35 U .S .C . 111 (a) claimng
the benefit pursuant tDESCRIPTIONC . 119(e) (1) of the

LEhiBTaLenR! | ARRRRSE, PN AREL SBHLEINIS, yopacy oF
wRERCTUR G D) e PMEB AR B Tyl KR PEES B cornING  AND

ﬁﬁﬁQ@ﬂﬁ@gN$§$ﬁyﬂ§A@U§ethod of manufacturing the

per pendi cu magnet i1 c recordi ng medi um and a magnetic
recordi ng and reproduci ng apparatus using such
magneti ¢ recordi ng nedi um Background Art: In recent

ears,_tpe range_ of lication of magnetic recording
SERE e beet SR S Biad Ron el G ve. a1l oxi bl o

di sk drive and a magneti c tape apparatus has been

mar ket is | apptasatiiand itshean npeptldead ioh sfiched under 35
appar at uses has been increased. Al so, the recording
Yenstt ySbil mgnetaonies dittd reemath umursieah neeuth U.S.C.
ggfgratuses is now being |argely increased. In

feulhl, afstédger fildncsedebear el repargisey Patent
S %%%{f%é?s gvéhggé§£58988glo?iggda February 6, 2007

pursuant to 35 U.S.C. §111(b).

Technical Field:

The present invention relates to a perpendicular
magnetic recording medium, a method of manufacturing the
perpendicular magnetic recording medium and a magnetic
recording and reproducing appératus using such magnetic

recording medium.

Background Art:

Iﬁ recent years, the range of applicatioh - of
magnetic recording apparatuses such as a magnetic disk
drive, a flexible disk drive and a magnetic tape
apparatus has been markedly increased and the importance
of such apparatuses has been increased. Also, the
recording density of magnetic recording mediums used in
such apparatuses is now being largely increased. In

particular, a steeper increase in areal recording density



10

15

20

25

head and a partial response maxi mum |ikelihood (RRWM)
techni que. Since the introduction of a giant

woagsebewesi stive (GVR) head and a tunneling PCT/JP2008/050841

magnet o-resi stive (TuMR) heagl Ln recent years, the
recordi ng density has increased at a pace of about
100% per year. Under these circunstances, there is a
gg nd for_.achi.eying a ﬁurthe£ i ncrease _in recording

SPP§Yi Hiut dPETRPPRtIEBpeRt th RAGRELPETRELSTVRg MR
HEQ&“QEK?”Q’égﬁﬂgﬁﬁigﬁ%%ggﬂ ﬁ;ﬁ&PgﬁFIEVQQ%S?FEB% ?LﬂRRML)

coércive for er-si 0-nol s . .
FthRlqREd 3 SIrgher e esqhtban el of f?é@nstgg&a{ne&%g&ﬂ@to-
ayer. “I'n | ongi tudi nal nmagnetic recordi ng system
EégféﬁiﬁéeQG@ﬁﬂeFHé@&eapbhea5%h%h@qq%%nQ£é§§ét€DrQ§istive
recordi ng magnetic donmains, i.e., the action of each
ofuMR) adjeacenin pakkent KRGAH]] n@démgaebk@iﬁlﬁnﬂieﬁfsiiﬁy dhas
magneti zation transition regi on weakeni ng the
imgnedseat aona opatdeodt desyut brCoOIEse floyeawant W th
increase in linear recording density. There is a need
t o i rbrdes e thkeennghetims sdapes anitdetreopysi m ademand for
magnetic recording layer by continually reducing the _
RERERVERG of Hh&Ethegneinereeser dithg respading oddesity in
voi d the sel f-demagneti zation.. On the other hand, as
?‘hfeuaffﬂ WLLR IGRRRCf te MagRabic reeeraihRd| Apsiums and,
reduced, the gni tude. of an energy.barrier for
BT e B AGTARENAPFC SGOTE ME%aRd B SRRy Hrforce, a

ﬁﬂfﬂ@?l sq%raqlt%e—%%q%esorgi:fger(é/l?\l l E\a/?&o} 0 and a hiéher

 resolution of a magnetic recording layer. In

longitudinal magnetic recording system widely used
heretofore, the self-demagnetization of recording
magnetic domains, i.e., the actioh of each of an adjacent
pair of recording magnetic domains in; a magnetization
transition region weakening the magnetization of the.
other, becomes dominant with increase in linear recording
density. There is a need to increase the magnetic shape
anisotropy in a magnetic recording layer by continually
reducing the thickness of the magnetic recording layer in
order to avoid the self—demagnetization.

On the other hand, as the film. thickness of a

. magnetic recording layer is reduced, the magnitude of an

energy barrier for maintaining magnetic domains and the
magnitude of thermal energy become so closer in level to

each other that a phenomenon in which a recorded amount
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each other that a phenonenon in which a recorded
anount of magneti zation is rel axed under the influence

woboosesges at ure (heat fluctuati on phenonenon) PST/M08/050841

negligible. This is said to pe_a determ nant of the
| i near recording density. In such circunstances, an
anti-ferromagnetic coupling (AFC) nedium has recently

been proposed as a technical device to neet the denand
Pbr TRROU 710 11 hoare 1 oA di IRPekensig iintheence  of

ongi t udi nal netic recording syst and efforts
Jé?nég ]é?ﬁ%r%ut 0 AV oi gltuﬁ: utaljfégﬁ’al RE%&“FE%%n is  not
RELRXALL PO, P ol e LI L], onapbugdldnal, TRANG fhant  of  the
retordi ng. Perpendi cul ar ‘magnéti c recordi ng techni ques
f{ﬁé&@tfé@%f&ghqﬂ&éﬂgigy.aS a prom sing technique for
achieving a further 1 ncrease in areal recording
densityy. Widie a deebunBishd@gnet ized idhei dfdedndfhetic
al ong the surface of the nediumin the conventiona
tonel ingli MAFCHagnsdinn r aaer didgerstySf eBeefi proposed as a
per pendi cul ar magnetic recording systemis
thehaitt®l | dediby negneeetattilon demandi riext | dmproving the
erpendi cul ar to the nedi um surface. Perpendicul ar
ﬁh@?@ti@eﬁ@@&i@i%gdeésihﬁu@m tthebelonpablidindl magnetic
avoi ding the influence of self-denmagnetization which
FRCr Mlravitecho akhi efERERE areabRilgdePuti f@aravoid the

ing density, in the |longitudinal magnetic )
PEEGIE o TARSNI LMD b TR Dl o Hgblen  with

TSR PR Al A o0, perpendicla

Perpendicular magnetic recording techniques are

attracting attentiqn as“ a promising technique for
achieving a further increase in areal recording density.
While a medium is magnetized in a direction along the
surface of the medium in the conventional longitudinal
magnetic recording system, a perpendicular magnetic
recording system is characterized by magnetization in a
direction perpendicular to the medium surface.
Perpendicular magnetic recording is'thought to be capable
of avoiding the influence of self-demagnetization which
is a hindrance to achievement of a higher 1linear
recording density in the longitudinal magnetic recording
system, and to be more suitable for recording at a higher
density. .Also, perpendicular magnetic recording is
thought té be comparatively unsusceptible to thermal

magnetization relaxation, which 1is the problem with
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t hought to be conparatively unsusceptible to thernal

magneti zation rel axation, which is the problem
wovdoBbegsgs t udi nal nmagnetic recordi ng, because BCTEFA/ 050841

magnetic | ayer thickness cangbe maintained in the case

of perpendi cul ar magnetic recording. In ordinary

cases, a perpendicul ar magnetic recordi ng nmedi um has

an_under,l ayer, an internmedi ate | ayer, a nagnetic i
FoRgT By oo Ty SRR ay cPOFBRRE 1o 1FREEaLn
' bstrate. A ' S
HFE 20 PRSP TBOLEk G R O3 e (RERne TR WRE FRSe ot
j ' j . Also, netic
PEF RG] B 0 tha g be Bt g Y aver 1 o or di nact Ty

provifed Widghdhe updeklsayer g Thﬁefﬁéﬁ&ﬂggiéfe | AY¥&letic

is formed for thé purpose of inproving the

£b8s BEiRY | Béd LOm Ohad hen MBgdet 1 £ydeLodli 1ok d Y& i atdd el ayer,
underl ayer is said to have the function of aligning

arysyaksicnreherdhggelagetreanddianpdcyest iad Tdyer formed
function of controlling the shape of a nagnetic

trnythak. oTHercpysalnonma gstertiict wwubsifrat emagddiscc in many
recording |layer is inportant in manufacturing a
eR¥FpendiculaPritghéndc kaxerr dilsg amel bedhan nghe surface
excel l ent. properties. In many cases of perpendicul ar

FhgRet ifc MecbPBRHBI mti ufBe PIRERRfONE dPysEst - pAdRed 2
PSR HR S AT, 25000 SUBALLI B VL
e lFrrRy oL ) B LTS e
intermediate layer is formed for the purpose of improving
the characteristics of the magnetic recording layer. The
underlayer 1is said to have the function of alignihg
crystals in the magnetic recording layer and the function
of controlling the shape of a magnetic crystal.

The crystalline structure of a magnetic recording
layer is important’ in manufacturing a perpendicular
magnetic recording medium having excellent properties.
In many cases of perpendicular magnetic recording mediums,
a hexagonal closest-packed (hcp) structure is taken as
the crystalline structure of a magnetic recording layer
of the medium. However, it is important that the (002)
crystal plane be parallel to the substrate surface, in
other words, the crystal c-axis [002] axes be aligned in

the perpendicular direction with 1least disturbance.

However, while a perpendicular magnetic recording medium
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ot her words, the crystal c-axis [002] axes be aligned

in the perpendicular direction with | east disturbance.
wolovsesses Wwhi | e a per pendi cul ar magneti c recor BCngP2008/050841

medi umhas t he advant age of_bging capable of using a

conparatively thick magnetic recording |ayer, the

total filmthickness of a thin filmstack formng the

t di ds t ase in co rison_with . the
fi%?'rre S ontRYTor ar ﬁg&ﬂé[k?%l%cofsap% Redi U, USDY

bi f
s REL el I AR O LRy 06l 2oL ot

megthaem@gg iy thecgedi ymlaver, L ?gkggggrugs entire

To mnimze disturbance in the crys

ﬁ%dfﬁﬂaﬁaﬁﬁbcﬂaﬂ%ﬂéyégkéaﬂ@rcoﬁ?aFTESH b@%ﬁsﬁﬂéiﬁﬂ&rent

structure has been used as an internediate layer in
Penprned Lnd BrmAGYEtes & Cré @Sed TN GndBUInKEIE , s@Sthdt there is
conventional magnetic recording |layers. Crystals in a
amgrietdreasewbr gosgibdy et yaref ep t £aickblry gesponsibblee for
Ru (002) crystal plane. Therefore a nagnetic recording
dreelt winbdaee ngni ner ysleall tinsst akructentatbeingannbéuded in
obt ai ned (see, for exanple, JP-A 2001-6158) . In

el A JUR akaver | $tack g dareess0 set the film
thickness of an Ru internediate |ayer to 10 run or

mor e T%h I‘Hrrﬂlé‘flzteo Trzhirdangs iid e %@%W%eﬁmum
al |
e%r Sexiiphet <aprm6§ O5HvsE, " Bitievhleha ot oabe hop

é?%ﬁ?éﬂ KH ' z€ gédthe CD alkg egﬁgala efrfayer in
SUC ar ge- i cknéss

perpendicular magnetlc recording mediunms, as in
conﬁentional magnetic recording layers. Crystals in a

magnetic recording layer are epitaxially grown on the Ru
(002) crystal plane. Therefore a magnetic recording
medium having improved crystal orientation can Dbe
obtained (see, for example, JP-A 2001-6158).

In ordinary cases, it is necessary‘to set the film
thickness of an Ru intermediate layer to 10 nm or more in
order to ensure sufficient separation between Co alloy
crystals in a magnetic recording layer (see, for example,
JP-A 2005-190517). However, an increase in crystal grain
size of the Co alloy results from such a large-film-
thickness setting, and the recording/reproduction
characteristics deteriorate due to an increase in noise.

Other elements such as Ti, Hf and Zr and an Ru alloy

taking an hcp structure as an intermediate layer have
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setting, and the recording/reproduction
characteristics deteriorate due to an increase in

WO 200809656% her el ements such as Ti, H and Zr apch/aeoddnsesst

al oy taking an hep structurg as an intermediate |ayer
haveal so been proposed for a further inprovenent in
recordi ng/ reproduction characteristics. Such el enents

d al h re . nadequate_for_obtaining a :
%g?%gn §§B|a3¥BV§%%?$c F850r&$ng%ﬂﬁ '%ﬁ1iﬁmﬁﬁ98%m88Fh in
' ' j iz . desjyed
B e o B A G g gt ements
LB OYELLY LCHAAGE LT OACH IR AC! St I fi5ea RS o
has been a denand for a per pendi cul ar magneti c

pEESER N i Wayheeecl nemdiis gprtdiem and §asthY both a

manuf acturable. Use of Re and an Re all oy as an

-Tedestibsh atie | gy®in has &l sanbeathgr apssedd Hwwperdicular

any inproved perpendi cul ar magnetic recordi ng nedi um
zhigmierde olHm@e nedacmieved casendf udgiingh anRes  improved
internedi ate | ayer, and no concrete exanple of the Re
2R/ TRRT t stovwwhdszet e st iss@nplTherdPhas been a
2006-277950) . In view of the above-descri bed _

P sk AN e L ERPID} @t abmagne e garondiventmeshium free

0 prqvi de a perpendicul ar, magnetic recordi ng nmedi um
#ﬁor@)\h"r é’?‘é@ﬁf‘? i i PP PR ANE desi r ed
perp %igg%aﬁeali nent, ar e gchieved tq_enabl e,.

hi gh-dénsity T nf6 mﬁﬁ(ﬁsr t 74 Ag &Rd A ﬁﬁﬁﬂﬁﬁgﬁmléyer
HE hodigb MaSUEACt WAL IAE MONgleveesor dhRg M™igiByea
and a magnetic recdrding and

perpendicular magnetic recording medium cannot be
obtained in the case of using an Re intermediate layer,
and no concrete example of the Re alloy has not been

shown (see, for example, JP-A 2006-277950).

In view of the above-described circumstances, an

" object of the present invention is to ©provide a

perpendicular magnetic recording medium in which a
reduction in grain size and the desired perpendicular
alignment are achieved to enable high-density information
recording and reproduction, a method of manufacturing the
magnetic recording medium and a magnetic recording and

reproducing apparatus.

Disclosure of the Invention:
To achieve the above-described object, the present

invention provides a perpendicular magnetic recording
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reproduci ng apparatus. Disclosure of the Invention: To
achi eve the above-descri bed object, the present

wo nysnbéson provi des a perpendi cul ar magneti ¢ PCT/JP2008/050841
recordi ngmedi um a net hod of; manufacturing the
magneti c recordi ng nmedi um and a magnetic recordi ng and
repr oduci ng apparatus described below. (1) A
ﬁ%é endi cul ar gnetic recordi ng medi um havi ng at

s SofEthRgnetli dapadRCGtFend dheumprgnedyis refprding
I ntermedi ate | ayer, and_a_ perpendi cul ar__magnetic
BTN S AR B e B A A RN RE, ammprgtus
heasti R8s bay&;. in the internediate |ayer contains Re
as a main conponent el enment and contains, as a second

UPjnZQ%WW%%%Ei@ﬂEﬂFU&agﬁ@tf&eg@egra§ﬁ?n%e@ﬂuﬁe%aving at

structure or an el enent” having a bcc sfructure. (2)

Tégsperpendireul angnagnet ivadiecaradidiy medi ughdests®ed an
initem (1), wherein the concentration of Re as a main
totgnnedi aed eneydr aind he pedmaneicd el r | my@iet Sc Wdddrding
the range from55 to 99.5 atom c percent. (3) The
baypendincd anonmggee £ tcr substiragepedinenalgscat béeaismt one
item (1) or (2), wherein the second mai n conponent
bryeentn sty éptermediytghd qy@rpepantains Megnesi 6 main
recordi ng nmedi um descri bed in any one of itenms (1) to
FFRORRRY o RLERENEONEBAYL r AR IGIS it hedSecdnd Segord  main

[ i thi he ran from0.5 to 45
o Ogsxgtgrg %”EEE, S Ai o Ehg range from 05 e die or

an element having a bcc structure.

(2) The  perpendicular magnetic recording medium
described in item (1), wherein the concentration of Re as
a main component element of the intermediate layer is
within the range from 55 to 99.5 atomic percent.

(3) The perpendicular magnetic recording medium
described in item (1) or (2), wherein the second main
component element is Co or Cr.

(4) The perpendicular magnetic recording medium
described in any one of items (1) to (3), wherein the
concentration of the second hain component element is
within the range from 0.5 to 45 atomic percent.

(5) The perpendicular magnetic recording medium
described in item (1), wherein at'least one layer in the
intermediate 1layer contains Re as a main component

element and contains, as additive elements, two elements
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(5) The perpendi cul ar nagnetic recordi ng nmedi um
described initem (1) , wherein at |east one layer in

wo besiovdses nedi at e | ayer contains Re as a mai N EONPER0E&NI50841

el ement and contains, as addgtive el enents, two
el ementsCo and Cr, and the total concentration of the
additive elenents is within the range from5 to 45
atom c percent. §:6) The perpendi cul ar, magneti c

m

Fecendi g medrdmtiss Qldd FPREeRbra5ion wAér ;éame t%dlhtlve
f Co

%?%tger%f CSRHotREh ERS, Bt F ﬁa«aﬁ €5 PR R e e <RRE -

g crlt}peda{é ?1%%(?51‘2%%% |teLT15 t %C& der ein tmedlum

i nter msd al ns ast o]

f h I n
pieEi st 911 g o g g s
bhecd oiRd @Qnéﬁ@te@&aihf?oséé&?t&&@ﬂ enent or the sum
total of the contents of the selected el enents is

b7 gherhd hanp&rpéndi eubgr cenhaghdtegual re@dddiyver medium
than 30 atom c percent. (8) A nethod of manufacturing
déecpsvgdndnc Hrey omgnelfi citenor ding teedi 6)) deserieiad the
in any one of itenms (1) to (7) , wherein the
tpierredigtgabayeescomeains sat tendt Rnorelemgrer st¢lected
the tinme of sputtering filmform ng of the

f¥emer Ab@ al dthageeur( ®lementiset Bd &l,t héa, In, T1) and
f@ ufact uri n t he perpendi cul ar ma netic recordin

VU QR ¢ FLEBETES em B8y, n &) ga%n‘ér theo total

S P - Al T L S 0s o
contents of the selected elements is higher than 0 atomic
percent and equal to or lower than 30 atomic percent.

(8) A method of manufacturing the perpendicular magnetic
recording medium described in any one of items (1) to (7),
wherein. the sputtering gas pressure is set to 3 Pa or
higher at the time of sputtering film forming of the
intermediate layer.

(9) The method of the manufacturing the perpendicular
magnetic recording medium described in item (8), wherein
02 gas or H;O gas is added before or after film forming
or during film forming at the time of sputtering film
forming of the intermediate layer.

(10) A magnetic recording and reproducing apparatus
having a magnetic recording medium and a magnetic head
for recording information on the magnetic recording

medium and reproducing information from the magnetic
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formng of the internediate |ayer. (10) A magnetic
recordi ng and reproduci ng apparatus having a nmagnetic

wo emsneisng nedi um and a nagnetic head for recopdi/meoos/os0841

information on the magnetic gecordi ng medi um and
reproduci ng information fromthe magneticrecording
medi um wherein the magnetic recording nediumis the

FREREat s R T ” RS e L@%&%ﬂeﬁ%&%ﬁq g um
S8t S RcASoRRE FEPRE Aol RER P AeBrRab e T Sy one o

peLhsndi cul ar gnetic layer, particularly the crystal
c?%xssgo? %ﬁe(ﬂgp structure is aligned with an

ext r et SRy | t &NEHE b re8Eh@N GG WIHtY JnSSREC et Ped BMfcular
substrate surface, in which the average grain size o

BaysE 8l c graicBedeags mddihinngchhe Rerdieruditdd ain M@ Cthe
| ayer is extrenely fine, and which has inproved high
ceystal hineeasrtytehar act er ipsdripemditha aaboaveyrastdi ot heyer,
obj ects, characteristic features and advantages of the
paeteenlanlenthen owyisit aBe corexiappaf ehhet bephagegructure is
skilled in the art fromthe description to be give

pbigned palidh vRR h exdramedde sBalhe an@bganyragance with
drawi ngs .. Brief DescriEtion of the Drawings: FIG 1
FesSReqt agParhiecheWas tEak fy Sskd@icsy tHe Whiekedhe average
structure. of a rpendi cul ar magneti c recordi ng nedi um
Thetecordhite Wffh t%ﬁyiﬁiﬁentg'?&ﬁﬁni(ﬁfn§ﬁﬂféklng the
perpendicular magnetic layer is extremely fine, and which
has improved high recording density characteristics.

The above and other objects, characteristic features
and advantages of the present invention will become
apparent to those skilled in the art from the description

to be give herein below with reference to the

accompanying drawings.

Brief Description of the Drawings:

FIG. 1 1is a diagram schematically showing the
stacked structure of a perpendicular magnetic recording
medium in accordance with the present invention; and

FIG. 2 is a diagram schematically showing a magnetic
recording and reproducing apparatus using the
perpendicular magnetic recording medium in accordance

with the present invention.
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FIG 2 is a diagram schematically showi ng a magnetic

recordi ng and reproduci ng apparatus using the
w@esogevgdbul ar magneti c recordi ng nmedi um i N acEOr/SER0EFR050841

wth the present invention. Bgst Mbde for carrying out

the I nvention: The details of the present invention

W Il be concretely described. A perpendicul ar magnetic

' dium 10.in accordance with the present
%%grﬁéag EEE CAET¥HRANCHh ?ﬁ?&f Veniuhon: nonmagnet i ¢
SUbSt € &eta %s t %hEOf ettl Can,%% loaxl*yerwﬁl be
an un er |layer an Inte Ate I"ayer

ggﬂ@}éf#iyngeﬁgrgﬁégnnent control Iayer for

controlling alignment of a filmimediately above, a

perpQQC“ﬁéﬂﬁthﬂﬂﬂFgﬂ‘3ﬂa%%%%1% | RewBireBnghengdi §mofi0 in
easy magnetization (crystal c-axis) is ofiented mainly

pecoeaghed! ailth tithd hpreybstr ah&entidna HUHL €61 Whown in
| ayer 6 . The alignment control l|ayer is constituted
BiGa Al uraili ay nonnaayetd cansutbsisrat st tyctatr eleast udi ngpft
the underl ayer 3 and the internediate |ayer 4 fromthe
BagRetbte dHadk Thagestrdet uran camnderdppleired 30 aed an

es of perpendicul ar recording nmedi ums _such as an
E&em@%ﬂe a lpivege bf cOnsSEAEVE InPackn rr@d.lsnalﬁata control

iece of pattern nedia expected to have a furth

Weeaddd reeBFEPHY l’ﬂ%nﬁltlﬁninﬁnftut Bfe.2 Af§lf“he1mmedlately
FRATROTE bErBebaL st e oA 0L E, MBI SRS D i
of easy magnetization (crystal c-axis) is oriented mainly
perpendicularly to the substrate,'and a protective layer
6. The alignment control 1layer is constituted of a
plurality of layers and has a structure including the
underlayer 3 and the intermediate layer 4 from the
substrate side. This structure can be applied to new
types of perpendicular recording mediums such as an ECC
medium, a piece of discrete track media and a piece of
pattern media expected to have a further increased
fecording density in future.

As the nonmagnetic substrate used in the magnétic
recording medium of the present invention, any
nonmagnetic substrate such as an Al alloy substrate
having Al as a main component, e.g., Al-Mg alloy, or a
substrate formed of ordinary soda glass, aluminosilicate
glass, amorphous glass, silicon, titanium, a ceramic,

sapphire, quartz, or any of various resins. An Al alloy
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nonmagneti ¢ substrate such as an Al alloy substrate
having Al as a main conponent, e.g., Al-M alloy, or

woemghbsdshat e forned of ordi nary soda gl ass, PCT/JP2008/050841

al um nosilicate gl ass, amrphous gl ass, silicon,
titanium a ceramc, sapphire, quartz, or any of
various resins. An A | alloysubstrate or a gl ass
%ﬁgstrate made of crystallized gl ass,_anorphous, gl ass

THEAFR IR i H PLFES C%Hl%?tlf%t%r%ﬂ%rqﬁ sl Hirehealass,
56 ke B8R0, DU L P T BERERHRE N S E A Sy
REEf e ablg. Qmee SURS! rgke may il Ve éuﬁo@é‘r%% 'f?' tod Sror-

Insignificant. I n ordinary c “of S8 process

PENUEREY US98t Pa FEINST !stdkﬁksusgf\?gtegoi*nﬁedkwﬁg H the

a substrate are first perforned so Int present

iiwenisoprekbripldesi tRE! subat st bl ARV Rave ewrQiyttuf if
ensuri ng adhesi on of each layer, to perform cleaning

andi slr ynsiggbef orent or m ng the layer. d eaning
conprises cleaning by etching (inverse sputtering) as
wel | Ixs ctéamang wiatlkeswatra Threcadssto it manufactariay a
particularly specified. Each of the layers of the
PRIPRAUE c gk, megraning eevddidry imeli af vi | Bubetirbte are
descri bed. A soft magnetic back | ayer is_provided in
Rt pEF‘-E@ﬁHF‘@GI- ar Pf%a?ghe%mcthéc@rrcﬁsf@tneuw%tl%e it is
has the, function of

T AR o o7 oE6PH T bHRIPaiRY bt ARG Merihes ion
refezlor%é:%m i ggglt ytc} hze)e@%rogrenndéfé’léﬁa{né:oggonegtryggg r}:>efore
forming the layer. Cleaning comprises cleaning by
etching (inverse sputtering) as well as cleaning with
water. The substrate size is not particularly specified.

Each of the layers of the perpendicular magnetic
recording medium will now be described.

A soft magnetic back layer is provided in many
perpendicular magnetic recording mediums. The soft
magnetic back layer has the function of introducing a
recording magnetic field from a head to efficiently apply
the perpendicular component of the recording magnetic
field to the magnetic recording layer at the time of
recbrding of a signal on the medium. As the material of
the soft magnetic back layer, a material having soft
magnetic characteristics, e.g., a FeCo-based alloy, a

CoZrNb-based alloy or a CoTaZr-based alloy may be used.

It is particularly preferred that the soft magnetic layer
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field to the magnetic recording layer at the time of
recording of a signal on the nedium A s the nateri al

wobooshesssof t  magneti c back |ayer, a material hewi/meoos/os0s41

soft magnetic characteristigs, €. 9., a FeCo-based
all oy, a CoZrNb-based all oy or a CoTaZr-based all oy
may be used. It is particularly preferred that the
soft _magnetic |ayeris of an anprphous structure,

bBcafisdt ARPTIYNARS afioF PRBLES stPecrtFe Fakbg et i g ROOUS
eventing an increase in surface roughness: Ra and .
g%ﬁ%?ﬁ%r?edﬂ%iﬁﬁgﬁﬁﬁaﬁﬁﬁnnﬁp oPHAVE Pﬂg o?nthbnﬁﬁ%ﬂsT in
t ' ' [ i ty.. Not on
FRECALE  DSLGbELERSRAOAhRE A SRS Yo Y o

a%égtﬁnﬁogPiQﬁéi?@a@faﬂ&nfﬁp%ﬂePaﬂﬁgf.§%l¢§efﬁék¥%€§§§&ng

Ich an extrene thin nonnmagnetic t | m of

d8gsitie is nNdd ergoped 106 AovS-dd i kIS e idy IBNYso Ft
cases. The total thickness of the back |ayer is about

Réghet 120 nayetoviewer ,alsoi sa de¢siimeei eCcadi Ngd 0 soft
bal ance between the recordi ng and reproduci ng
phgmeatieri stayesrsandb&twebar actleicist i @ | axthemplgsenthin
i nvention, the alignnent control layer for controlling
nepnagnehhenthiof fhimfof nRu needike el ikabioweinterposed for
grovided_on.the soft magnetic back | ayer. The

¥¢ ghfrehindbng rese| By cprany eanssit ihel wital pthirckness of
of layers called, an underl ayer and an internediate . )
F%?/eggic oma%RF s’u’Bsf"r’Sf‘é s?l%e‘?ol A “ChdTpr esBpvever, it is
Lovention, it is.preferred that .the underl ayer be. of
RCRER LT RUTRIES (R PTG RFLHART he recording and
reproducing characteristics and OW characteristics.

In the present invention, the alignment control
layer for controlling the alignment of the film
immediately above is provided on the soft magnetic back
layer. The alignment control layer is constituted of a
plurality of layers called an underlayer and an
intermediate layer from the substrate side.

In the present invention, it is preferred that the
underlayer be of an hcp structure, a face-centered cubic
(fcc) structure, a hexagonal system covalent-bond
material or an amorphous structure. Also, it 1is
preferred that the average grain size of crystal grains
in the underlayer be within the range from 6 to 20 nm.

The intermediate layer of the present invention is

used to perpendicularly align the magnetic recording

layer with efficiency. It is preferred that the material
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(fee) structure, a hexagonal system coval ent-bond
materi al or an anorphous structure. Also, it is

web@Besgsesd t hat t he average grain size of crysp@t/yp2008/050841

grains in the underlayer hethin the range from6 to
20 nm The internediate |ayer of the present invention
is used to perpendi cul arly align the magneti c

ecar di n; a er with efficienc is preferred that
Lﬁe Rfat'Er AN e aR 1 gBERE] \]?évélnélné}ﬂ heRi Ajrupture,

R4 0 A e B B B

BLBYEIQRCER 2k lednteone layelo, aidJialy e £ Congegéét one

PVE NS ensht Sl T hE T RIS e 1 Aye

@a§e&o Aa%dat@frat[caeﬁét:%%teﬁl&e ch“ gﬁgeqld@tl% ihRY &1y G,

be used as one yer In a stac certalin nu er 0]

ta¥erstehbhibhe 18 E”%@'Qi@i“ﬂyGJS B bRYET pEARRE. The
used which is formed of Ru, an Ru alloy or an alloy of

antekmaamhteayapgra@aﬁebesﬁs@@tygeoﬂ@dlapeﬁleﬁegtstack of

~having a bcc structure or an el enment having an hep

8t cartaip, namdewhofhlhgsra. ( Milhh ptiaweintéemeé@ilate layer,

crystalline structure and a irregular |ayer lattice

gsiarrrnganabét isedseicm bs nformed of Rhe &émeRu alloy or

structure and the bcc structure or the hep structure.

a!fﬁe adrlpst T aPPgimenth kaginggast ikce eégrdphgrﬁay@d an
acke the i nternmedi ate | ayer is general

BLPBFRF n 83 VB (o BrysPaFUSFRgHmaN 7 gfgnent having an
| f | |
ft’ﬁéef"fe‘%%‘%glf%? L g o PHiE o By Thbb! ¢ RLapR-otiented

_HPygééfiyﬁs oétf@@ture and a irregular 1layer lattice

(stacking fault) based on a mixture of the fcc structure
and the bcc structure or the hcp structure.

The crystal alignment in the magnetic recording
layer stacked on the intermediate layer is generally
determined by the crystal alignment in the intermediate
layer. Therefore, alignment control in the intermediate
layer  is extremely important in manufacture of the
perpendicular magnetic recording medium. Similarly, if
the average grain size of «crystal grains in the
intermediate layer can be finely controlled, crystal
grains in the magnetic recording layer successively
formed on the intermediate layer are brdinarily made fine
because they can easily take over the shape of the
crystal grains in the intermediate layer. It is said

that the finer the grain size of crystal grains in the
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per pendi cul ar magnetic recording nmedium Simlarly, if
the average grain size of crystal grains in the

wo Dioghvazes at e | ayer can be finely controlled, ecys#absos0841

grains in the magnetic reconging | ayer successively
formed on the internediate |layer are ordinarily nade
fine because they can easily take over the shape of

th t al in helnterrredlatela er. is
I&%‘?elag{@t %teﬁgr alggr Ud‘f'al hhej ?égafarcrtﬂ:ﬁ arab%au e the

h h
bFeenEIPRREraf  f cEfga L IF%&?%%W' IR The ¢
reason,d Al B, | oot kable Lot (LRGel e il At L AYEK: ate

is as descri erms iaté laye

negessagy afsord@é%ﬂ% Cyé%d,y a&ﬁ&naﬂgem@degxét Alayer is

c-axis [002] axes of the nmgnetic |ayer

ﬁééé§$£ﬁQonitpéﬁbéﬁ&iéﬁfﬁ&ﬁytéli&ﬁhﬁ§5EHEfcrystal c-axis

intermedi ate | ayer Re having an a-axis lattice

Coos] ankes| oghthy manpet ithadmviele craxiitt adtfit®€iency. It
constant 2.51 A of Co in epitaxially growing Co. The

bs aprefénalbleetoonsktants dheRdnitertedi@tA layeroRE naaying
cases, the lattice constant of a mmgnetic |ayer having
T asaalﬁallmfctomﬁ)n@ﬁnst@n‘sl sghohflyhdigaeoytheni the a-
Pt . or. Cr. However, the lattice constant on the Re side

Tkt alr%%tb%e &m%n%;ﬁ n!»‘z%A]ngo&%rlruepwayz@aldev HEEOWing
LA LU
SEAARPRY {%,L0e MECHLAYEC! LLMERS, B SVRLIBte 0l e
I?‘é"&%d\h%g tgg a main component is slightly changed by.
mixing Pt or Cr. However, the lattice constant on the Re
side can also be changed by mixing Cd or Cr. Also, Re
has a markedly high heat conductivity and enables in-film
heat generated at the time of film forming to be released
to the underlayer film and the substrate with efficiency
to ensure that the heat in the surface is sunk when the
magnetic oxide layer is formed. This effect is
advantageous in forming the granular structure in the
magnetic layer. Also, since Re has a markedly high
melting point and high hardness, the intermediate layer
surface easily becomes rough to facilitate making of the
granular structure in a magnetic oxide layer. The
melting point of Re in a single state is excessively high.

It 1is, therefore, preferable to slightly reduce the
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magneti c oxide layer is forned. This effect is
advantageous in formng the granular structure in the
woR@seddses | ayer. Al so, since Re has a markedl ypdi/go0s/050841

mel ting point and high hacdhgss, the internediate

| ayer surface easily becones rough to facilitate

maki ng of the granular structure in a magnetic oxide

er. The nel ti nng_)?oi nt of Rein a single state is
JI

RSV B bigh TG 2 (B s SHR i G Co or

[ ightly reduce thenelting point by m xing an additive
éelfe"?rlem Pé%’ch as Coor & wth Re. In this way,

aXiSWWm¥H£§ &%%%tg%%%%@ﬁ%Prgglér?gggg rg%%ﬁabdykééﬁ%ng

substrate is a In the-nagneti C recor

4 ayRyrmsfiacked emet heyhaienpedi age élf‘ggr’?ﬁﬁ?&b@t{l e the
2 y a

crystal c-axis [002] axes are perpendi cul ar i gned

adrietefd | GieRPEing) URgeper peRdked! asn Mgt i{htermediate

recordi ng medi um of the present invention, at |east

bagert ayeso i nthde i ther mediyatall ayeaxhiias ROoag a a@sn are

conponent elenent and including two elenments Co and Cr

rer et tqude el e rednitgnedand tthhee fifditcilerspncent r at i on of

the additive elenents is set within the range from5

t 0 49nat bt c pedRERdlcullzay ebggnehievingrondingr nediemt of

in c-axis alignnment of the perpendicular magnetic film
RIERRRR g FRYRREIPRI n 8FzelBRSEryonal deyeds iim the

HISIRIBI SR TR e 1 B D e S s and
1Ir|11c &&r}}genlgwgo%i%rrhtern%tsi ¥ oS g%do%r as additive elements,
and the total concentration of the additive elements is
set within the range from 5 to 45 atomic percent, thereby
achieving an improvement in c-axis alignment of the
perpendicular magnetic film and producing finer grain
size of crystal grains in the perpendicular magnetic film.

In the present invention, it is particularly
preferable to equalize the content concentrations of Co
and Cr in achieving the above-described effecfs.

In the perpendicular magnetic recording medium of
the present invention, at least one element selected from
the 13th-group elements (B, Al, Ga, In, Tl) or 1l4th-group
elements (C, Si, Ge, Sn, Pb) may be added and the total
content of the selected element or the sum total of the
contents of the selected elements may be set higher than

0 atomic percent and equal to or lower than 30 atomic

percent. In this way, a further improvement in c-axis
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and C in achieving the above-described effects. In

t he perpendi cul ar magnetic recordi ng nmedi um of the
wEe@s@erdsos nventi on, at | east one el enent sel eceE@DIFH8M50841

the 13th-group elenents (B, 14l . Ga, In, TlI) or

14t h-group elenents (C, Si, , Sn, Pb) may be added

and the total content of the selected elenent or the

mtotal of the contents of the selected el ements may
J:l%%rf‘eli’ﬁ gh%rtPﬁaﬁeépﬁfleﬁFhllﬁér BeAneind édl}é‘l angl gr finer

ower than 30 t nm c cent. .In this a furt
THbTOVCHOAE | Ric: SEVSEPLonAEAL T tife. (e R HURF cular
{1& Fim & finer.grgin size of crystal grains

e perpendi cular magnetic fi I m can be achi eved.

The r r r yer .
whi ch'm'%gg%%ﬁ%?%&%ﬁe a3 i AR A in
whidiea rrasgggnclrseeembmqyl 2%Rhr dRdC0- Aas %%alxda%rtlfyln of
filmof Co CoCrPt, CoCrPtB, CoCrPtB-X, CoCrPtB

€0 hgnOtic CotebEdth® 2ayepr Bt co-bdERd Gt ‘t-HlQ 2J‘:‘.llm
CoCrPt-ZrO 2, CoCrPt-No 205, CoCrPt-Ta 205, CoCrPtTi O
@Qf olhe CokePt s CoChMER, |GoQsaB-X N @ECtPIBHXY,, iCoGXPLt-
case where an oxide magnetic layer is used, an oxide
@akééo(érlgt'a%iﬂzar Sofultufe:Qy s@oCaicHTig. magbetr Bt €oro;,
stal grains to weaken magnetic nutual action .
%TNkM@e/ CoCeyBtalazfi=ai n§OGRELTHOr he@ebyth@dukike  is
e crystalline structure and magnetic
L elY SH19E S s MR oy @alqiﬁedéfr@rriﬁ 7@ oxide
recordi ng and reproduct |Cg Si nce tCP netic
e

PEE e Rg 13 keI Yr aftll arPXt &s'% granular

structure by surrounding magnetic Co crystal grains to
weaken magnetic mutual action between the Co crystal
grains and to thereby reduce noise. The crystalline
structure and magnetic characteristics of this layer
eventually determine recording and repreduction.

Since the magnetic recording layer takes a granular
structure, it is preferable to provide pits and
projections in the surface by increasing the gas pressure
in film forming of the intermediate 1layer. By
concentration of the oxide in the oxide magnetic layer on
pit portions in the intermediate layer surface, the
granular structure is formed. However, there is a risk
of deterioration of  the crystal alignment in the
intermediate layer and an excessive increase in surface
roughness as a result of increasing the gas pressure.

For this reason, the intermediate layer is formed by
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Sstructure, it is preferable to provide pits and
projections in the surface by increasing the gas
wee@ssuses in filmformng of the internedi ate paysr0098)50841
concentration of the oxide ijf the oxide magnetic |ayer
on pit portions in the internmediate | ayer surface, the
granul ar structure is forned. However, there is a risk
d i or.at i e crystal alignment in the

f. t ft
PHHET v ARen) 3P6P andouh e v TRl | Taver and a
THa oG e, B oRRR: TP allehn it itk droden %5%@? Petween
dF8. PFor Ths PEds: | _
T ar anqoR! (USRS el | PHOMRE: PSSP VBT ) PhiEEace

bet ansEoPetmeshst he alignment and the formation o f
surface pits/pro jections . For filmformng o f each

o f tw alFaver desemniRgd dAY&axh DefMEALt r Move-described
sputtering or R F sputtering is.ordinarily used. An R

Rapes, DOCr@astrompulspatberihga pul SRFDGsputserfg is
gas and H2 gas introduction and use o f N 2 gas are
ardnposky bheed TheRw oRF espasidi agDSpbtiteri kg pgdse DC or a
pressure may b e determ ned so that the

rpb?acPer béppes Op pashendayler gase ivprioniugsédon mnd use of
ordi nary cases, the sputtering gas pressure is .
Rord3%| PEG il ShePeshbRle oﬂgeo@pr@.efmds@q FRuREing

is adjusted with respect to the performnce o f the
%%%iuh?r?ﬁﬁuﬁ?ote@?Vve #ﬁyerdﬁgegmﬁﬁﬁgr f &P pr dthdtt i ngthe

%ﬁg%%g?%f{%{{@@“&%”%ﬁ% &%§E%dageyd%¥¥ﬁ¥geaMtr}ﬁig¥g¥kary
cases, the sputtering gas pressure is controlled in the
'range from about 0.1 to 30 (Pa) and is adjusted with
respect to the performance of the medium.

The protective layer is a iayer for protecting the
medium from damage caused by contact with a head. Carbon
film, SiO; film or the like is used as the protective
layer. Carbon film is ordinarily used. For forming of
the film, sputtering or plasma CVD for example is used.
Plasma CVD has been ordinarily used in recent vyears.
Magnetron plasma CVD can also be used. The film
thickness is about 1 to 10 nm, preferably 2 to 6 nm, more
preferably 2 to 4 nm.

A low-noise magnetic recording medium in which
magnetic crystals are isolated from each other by an
oxide while the desired crystal alignment is maintained

can be made by adjusting the gas pressure in forming the



film SiOfilmor the like is used as the protective
| ayer. Carbon filmis ordinarily used. For formng o f

w0 hws/hedses sputtering or plasma CVD for exanpleCi/s2008/050841
used. Plasma CVD has been ori¢§ narily used in recent
years. Magnetron plasma CVD can also b e used. The
filmthickness is about 1 to 10 run, preferably 2 to 6
m.nore preferably 2 to 4_n A | ow noj se nmagnetic
PauBr Gig HRER U G TEWISh FhbhetPc Wiy sifjernaqiate layer
Lsql ated from each Qther b an oxide while the :
8B T CPOR: B nt et e LRk AR £3R e MREngtic

' ing g pr in form hgh g

%Egggg?ébf o%g %rfiafnm ilﬁ %Ee&in er msg?gggélpgg!é?’ angﬁ?hegas

pagspheasyse s nf idMm LopRERg FRE § eo?@ﬁﬂ%&hhg used as a

recording layer in particular. Preferably, t gas
gaesSsHIr €hks £3 1A fermingher A Ahalls amduRar by oYsgdsasran,o
gas inthe filmformng. A small anount of O2 gas or
H29 gasy nby keidadtledot A ggas. Thibs addaedgagadanaishethe
effect of nore selectively collecting in pit portions
ehfRetppfsmame pedjesttively tdvd ledtdadf dn fpirtmportiens in
ranul ar structure in the oxide magnetic |ayer. The
gﬁmuﬁitéf @@ gpsozededons prkeeravige 0. fiox o DovRimpreth
preferably 0.1 to 8% FIG 2 shows an exanple of a )
BERADPBAAT c Ui EuGHifet 8 r BRer dixifeanBageptdguciager.  The

RBTEE! U3, U3 "gp L phoreiencLhed RPN CUla ey | o
peseLAlngy apd; rgpr ggduci ng

FIG. 2 shows an example of a perpendicular magnetic
recording and reproducing apparatus using .the above-
described perpendicular magnetic recording medium..- The
perpendicular magnetic recording and reproducing
apparatus shown in FIG. 2 includes the magnetic recording
medium 10 having the structure shown in FIG. 1, a medium
drive unit 11 which drives and rotates the magnetic
recording medium 10, a nmgnetic head 12 which records
information on the magnetic recording medium 10 or
reproduces information from the magnetic recording medium
10, a head drive unit 13 which moves the magnetic head 12
relative to. the magnetic recording medium 10, and a
recording and reproduction signal processing system 14.

The recording and reproduction signal processing
system 14 can process data supplied from the outside to

obtain a recording signal, supply the recording signal to
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apparatus shown in FIG 2 includes the magnetic
recordi ng nedi um 10 having the structure shown in FIG

wd 2008@9¢38di um drive unit 11 which drives and rptBIE808/050841

the magnetic recording nedi yy 10, a magnetic head 12
whi ch records information on the magnetic recording
medi um 10 or reproduces information fromthe magnetic

ecordi ng. nedium 10, a head drive unit 13 whi ch noves
Jé‘h% Wﬁgﬁgwe head 122 73| PEOFESPhE regpRAduction signal

SENe %%%%fha]%%? ohf 126 SR r%%a%ﬁ%r hpucaidd.
LZ? ORUCAD SR AL OSRAR 10 PSR 14 £ R 0GR et
§é88§éi1n&ul09hbi L Repkeaatdhgd SbgRTatlQl NS AMANAL! Gresent

head 12, "and process a reproduction signal fromt

1egeet i6npeasghyl 2o 0 e tdat ankagkhes it de. £8rs ﬂll'lﬁ*xer—

magneti ¢ head 12 used in the nmagnetic recording and

deps bty ci mggredpiad atres-cfditg phesenbnilgvephbes, BaViRd a

magneti ¢ heads suitable for higherdensity magnetic

magoe to nyge s hot amee vy (Mo sel drean th go ro nikdedt @s e st et modie-ing

(MR) el enent provided as a reproducing el ement and

ekementin and sotsmm cammghBiFotrepiict anggn¢WR) médisttance

but al so those having a GWR el enent using a giant

dgRet %fﬁ%grsbvvea&myh@ﬁﬁebﬁvaﬁa a TR «dlemantt using a
can be used. The present

t fect,
Jhaeb Ratbaror e Shite S8R iicratd) 5 ER elemen

lgslgél(:t E@nne I esf%ec reo an I%(earﬁ)sleeg. and Conparative

he present invention will ©be described more

concretely with respect to Examples thereof.

Examples and Comparative Examples:

A vacuum chamber in which a glass substrate for a
hard disk (HD) was set was evacuated in advance to 1.0 x
107 (Pa) or less.

Subsequently, a soft magnetic back layer of CoNbZr
and an underlayer of NiTa taking an amorphous structure
were formed to 50 (nm) and 5 (nm) in thickness,
respectively, on the substrate by using sputtering in Ar
atmosphere at a gas pressure of 0.6 (Pa).

As an intermediate layer, 80Re20Co film, 60Re40Co
film, B80Re20Cr film, 60Red40Cr film, 60Re20C020Cr film,
95Re5Mg film, 95Re5Zn film, 80Re20Ti film, 40Red40Ru20Co

film and 58Re20C020Cr2Ga film (Examples 1 to 10, all the
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A vacuum chanber in which a glass substrate for a hard

di sk (HD) was set was evacuated in advance to 1.0 x 10
wo 24088Y6595 | ess. Subsequently, a soft nmgneti cPOBSK008/050841

| ayer of CoNbZr and an undenlgayer of N Ta taking an

anmor phous structure were formed to 50 (nm and 5 (nm

in thickness, respectively, on the substrate by using

SRl erkng%%n.eﬁ\@réﬁ%?dg? Jfgr? :r a5 a%ﬂl%s%%z%ﬁssuﬁv%r%f £ormed.
20Cr Re4
*38%%8%5 iy oG bR PR A S dEs, WG gerformed by
Cr
PRreEtthg R %9 SECRYEO T | b 2Dfne BB 0PN Atining .

TRaft Ond C Eﬁ%ce@;{%té(‘@éé ffqrcﬂf?dth&ﬂ X4 Y Of o de@ltterle of a
i nt er medi at’e | ayer was perforned by revolving t

substrate RblEbe hhAEtBE Gubetfarei &@nt&ratwdss,sé&leto 396
di stance fromthe rotati on center of a substrate

frah deandndhtheosualidbnhalle speetde b wahes efudst 1306 (elder at
and the rotational speed of the substrate hol der at

the time off fiillm frmiing wess see¢tt ©016860(r(mpm).. | An £film
filmform ng, the concentration of Cr existing in the
feTRings domteoncert bt bebiek 51 [gximling i by the film was
dlschar e outputs fromtwo targets. The conposition of

tPRtE L Ied oYY viRisb bt hby «‘t@n%s(talrﬁ%ﬂge i A seharde QHeuts
RO A e T bR LA BT o
%)ﬁ?{ Jgar g€ G %%Ftrﬁrg&n USI rIcaeCtt e renfaé'l;{j&%qh pebetween
the film deposition rate and the discharge output with
respect to each target and by performing computation
using factors including the discharge output and
discharge time during film forming. Adjustments were
made so that the intermediate layer film thickness was 20
(nm) . |

For Comparative Examples, 100Ru film, 100Zr film,
64Rul6Re20Co film, 100Re film, 70Co30Re film, 70A130Re
film, 49C0o30Crl15Pt2Ta4dRe film, 51Co30Cr15Pt4Re film
(Comparétive Examples 1 to 8, all these alloys having hcp
structure, all the compositions expressed in atomic
percent) conventionally used as intermediate layers were
formed to 20 nm. The gas pressure of Ar at the time of
film forming was set to 10 (Pa).

On the surfaces of the specimens, film of Co-Cr-Pt-

Si0; and C film were formed as a magnetic recording layer
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di scharge tinme during filmform ng. Adjustnments were
made so that the internediate [ayer filmthickness was

wWQ@0008nms9s For Conparative Exanpl es, | OORu fi | pgT/120087050841

film 64Rul 6Re20Co film 10QRe film 70Co30Re film
70A130Re film 49Co30Cr| 5Pt 2Tad4Re fil m
51Co30Cr I 5Pt 4Re fil m (Conparative Exanples 1 to 8 ,
all, these_alloys having hep structyre, all the .
itpod: 1 PERL BtV BesddYet ot RSPk Sistey thus  forming
I.O .intermedi ate | ayers were forned
I?%&%%E%%n P%Jéycégé&gl?%glsﬁlﬁé' of Ar at the tine of film
for mag te 10 a) ithe syifaces,of t -
speci nen\é\?é?]i's?én?o _ Co‘flgérg- Pt fpgié%tland%r(? fil mei?\er eé_;]gtalned
%@f}ﬂ@ﬂdﬁéuﬁaﬁaﬁlﬁ@hb%iEeC&r&ir‘Eﬁﬂga)&ﬁ‘é@ﬂ‘ﬁné‘ REQERBLEYE 1 to
ayer, respectively, thus formng magnetic recording
edi goBpadakiibei Gxaimplas apptd edl) f oahbe tolt aldefkding and
per pendi cul ar nagnetic recordi ng nmedi uns (Exanples 1
tepiOduCiompackd ract Exbspl es df tthd nediwang wdwe evaluated
recordi ng and reproducing characteristics of the
bediaigwBeedealitat ddalyzesi A¢3Re@hANIRin Armid/ z2¥701MP,
1632 and Spi nstand S1701MP, products from GUZI K
AERAnreal EneBr p QUK | nTecmnicak| uBpterBréseshein U.S.
tatic magnetic characteristics were thereafter nade
@Vaai;%%borgs Kefr t&’@as%’f?w aPpaPatus. charéchmristics were
rystal, alignnent of the Co.alloy in the magnetic
Phgledred | 90 bynusigh i dBan e drining bt s To
red. wi - | f [ .
%%%Ig{r%%ﬁglfmy ﬂlé%lﬁéh@no% {1y djé Jflao%} A the magnetic
recording layer, the rocking curve of the magnetic layer

was measured with an X-ray diffraction apparatus.

Table 1 below shows the results of measurements of

vthe high signal-to-noise ratio: SNR, the coercive force:

Hc, A(delta)650 and the Co grain size obtained from the

above-described measurements. Each parameter is an index
widely wused for -evaluation of the performance of
perpendicular magnetic recording mediums.

With respect to Examples 1 to iO shown in Table 1
below, it can be understood that the SNR was improved
when the concentration of Re was high. However, the SNR
characteristic in the case of 100% Re was lower than that
in the case of 100% Ru. This is thought to be due to the

fact that the value of AB50 was large and the degree of

C-axis alignment of Co was low.
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Tabl e 1 bel ow shows the results of neasurenents of the
hi gh signal -to-noise ratio: SNR, the coercive force:

wdiggosivdsael ta) Q60 and the Co grain size obtai PerJf2068050841

the above-described measurengnts. Each paraneter is an

i ndex w dely used for evaluation of the performance of
per pendi cul ar magnetic recordi ng nediunms. Wth respect

to Exanples 1 to 10 shown in Table 1 below, it can be
under$? obde t ARReT hBaBRR Was EXapPdeed lmtén ke each of the
concentration_of Re was hi gh. However, the SNR
BRAFBELEFFSONR PAC KO SRadteforiMRat el Gouih i HapsuLe

L hat, J n S f. 100% Ru._ _Thi s_| ht_t o.be.due
it T e s S e S e o
flaghee; of (13Xl 5! LABFERLA0h (R d iy st B, © ;
hagd, iln Exanples 1 tggﬁo%degh ol}l@\?#é p ?grsrp{}%rsg%%tlve
anem&RP0 ties &namevednakiom thd sakestl haiht dohpgorehgNtand
that the Caxis alignment of Co in the nmagnetic film
nasihgpty elchys Provtdidg €ise agl @figh t | vevBh@Rétad e main
el ement having Re as a main conponent and havi ng the
beppehentt el hhwiebeneid bavi ngtRectsra mai nboth these
conmponent and having the bcc structure or both these

elenents; apddt hdhSN\R SER t Wesebyhierpbyvedmhnpved. In
Conparative Exanples 1 to 8 , the effect of the o
QePe T ¥l ef eBEARPAESI Ag e &s BhemphAfeshpoderthawadditive
%Eégrved and, accordi ngl y, the value of DO and the

TRF eNAELERi foat 2R, 21 Malfe CARRORINY 0GIFRECY HPserved

0 was goqd hut conpatihility to the oxide magnetic
‘TB%H a\&%)%Q d tlrlrg value gf AB50 and the gSNR were

deteriorated. 1In the case of 100% Ru, the AB50 was good
but compatibility to the oxide magnetic layer was reduced
in comparison with Re, Hc was not adequately secured and,

therefore, the SNR was deteriorated.
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in conparison with Re,
t heref ore,

and,

3923 5.78 Exanpl e 7 95Re5AP RS,

Hc was not adequately secured

the SNR was deteriorated. Table 1

wEpmsiovgns | nt er medi ate | ayer SNR MF/ MF(dB) Hc (&) mabss50841
(deg) Exanple 1 80Re20Co 16,45_4132 5. 54 Exanp
60Re40Co 16.54 4090 5.64 Exanple 3 80Re20Cr 16.72 3988
5.58 Exanple 4 60Re40Cr 16.48 3947 5.53 Exanple 5
60Re20C020Cr 16.77 4167 5.65 Exanple 6 95Re5My 16. 44

le 2

151 3955 5.71 Exanple 8

speBIREZ0TT 18. 45 3TGg: il EX AT rﬁsﬂé’lﬁg‘}OAk*ééjg%ciBe)/ AB50 (deg)
B D o e I & aq 4132 [5.54
Exaplhar ati ve Exanp|®9894%807r 14 56|%@5% 8 o9  [4090 [5.64
Examph®) ¥ at j ve ExanplB8RE®2B4Rul 6Re20C)1461201 4023 5988  |5-58
Exafiphpat at i ve Exanp||6€@R€4030Re 16. 11 (20888 6. 34 3947 5.53
Exafiph@dr at i ve Exanpleer&2000C080Re 14.[268.18548 8. 35(4167 5.65
Exakpl@a al 1 Ve ExanoerbsMPAISURE 1288, 2822 NO pEaks  [5.7s
Exaf PP AT Ve EXaligBrls A9COS0CT I SPIZTaRe 135533100 15 7,
Exofpld COTPRr BT Ve game 8 51En30G [TRraRe 33501290,
T4 M AN N 721 TS A A EE VIR
Exagpteilfed in whi ch *PRe24G0¢8¢%A9a ne |46 18fct ure o 4181  [5-61
Compayajaivdi Bxdmpdenhqd€fRe | ayer, parfiewd3arly the[3956 5.34
Comparative Example 2 |100%r 14.56 3324 8.99
Comparative Example 3 [64Rul6Re20Co 16.01 4023 6.35
Comparative Example 4 [100Re 16.11 4082 6.34
Comparative Example 5 [70Co30Re 14.20 3548 8.35
Comparative Example 6 [70A130Re 12.88 2822 No peak
Comparative Example 7 [49Co30Crl5Pt2TadRe [13.55 3100 8.11
Comparative Example 8 |51Co30Cri5Pt4Re 13.91 3233 8.45

Industrial Applicability:

According to the present invention,

a magnetic recording

~substrate surface,

medium can be obtained in which the crystalline structure

of particularly the

a perpendicular magnetic layer,
crystal c-axis of the hcp structure is aligned with an
extremely small angular dispersion with respect to the
and in which the average grain size of
crystal grains constituting the perpendicular magnetic
layer is extremely fine, thereby making it possible to
provide a hard disk drive of é high recording density.
Thus, the present invention is advantageous in terms of

industrial applicability.



crystal c-axis o f the hep structure is aligned with
an extrenely small angul ar dispersion with respect to

wo b@smodsss rat e surface, and in which the aver ager/gFisnsoss
size o f crystal grains cansyituting the perpendicul ar
magnetic |layer is extrenely fine, thereby making it
possible to provide a hard disk drive o f a high
recordi ng density. Thus, the_present invention is
advant ageous in terns of Fﬁ&&gﬁria
applicability. CLAIM5 1 . A perpendi cul ar magnetic
recordi ng nedi um conprising at |east a soft magnetic

ack 4 I . ' jate.l ayer and a
Her plhde DR Bec 2 Y Mt B Lot ding
n tisc t ekei t st_gne. | (o
PP ar e redtare MayBetonrarhs T e e nnoRkTayel, an
B SRRl d Pt CODft Nond 85 P SRGRNIGUTR » RN trecording
el ement, an el enent having an hep structure or an
B @nEnbnhayi ngnmaeet 5¢ 1 gabekeatd, . wHradier pepdileldlsar one
magneti ¢ recordi ng nedi um according to claiml
erei ant heheonoéptrnatieaheoflaRerascentaims cBepoEnt main
element of the internediate layer is within the range
dompRiENt 0 9deBentomandperasaritaing,. T per peediond amain
magneti c recordi ng nedi umaccording to claim1 or 2 ,
RNt eleredhd AR AleBaRbnBaviBfeanhcps stgusituge or
4 . The eﬁgfndiculﬁg magnetic recordi ng nmedi um
t cC

A R T Wt 44%re concentration of
t he
2. The perpendicular magnetic recording medium

according to claim 1, wherein the concentration of Re as
a main component element of the intermediate layer is

within the range from 55 to 99.5 atomic percent.

3. The perpendicular magnetic recording medium
according to claim 1 or 2, wherein the second main

component element is Co or Cr.

4. The perpendicular magnetic recording medium
according to claim 1, wherein the concentration of the
second main component element is within the range from

0.5 to 45 atomic percent.

5. The perpendicular magnetic recording medium

according to claim 1, wherein at least one layer in the



second mai n conmponent element is wthin the range from

0.5 to 45 atomc percent. 5 . The perpendi cul ar
woR@seddses r ecor di ng nedi um accordi ng to cl ai mACT/IP2008/050841

wherein at |east one |ayer bR theinternediate |ayer

contains Re as a main conponent el enment and contains

as additive elenents, two elenents Co and Cr, and the

otal concentration of the additive elements, is wthin

{

PRECTRIGEA 17 ot BV G0 4ZPREDMT P cetit. B Mafe component
A R B S A E e e s ST
& 95?. %(}ualaﬁc?. gﬂgh t ttlglelr 'co7nCe T{]reat?ﬁgrpeggl %Tllearadditive
magneti ¢ rYecordi ng medi um according to claim1,

MheR&L s TIE IS grediat e &P A NSy DAt d G Hient.
el ement selected fromthe %?%rgr oup eCFerrenats Sé , ent
G, In, TI) and 14th-group elenents (C, Si, Ge, Sn,
Pb) and the total content of the selected el enent or

6he gwm t otpdrpéndieulont enhsgaétibe seleeotradng ememid um
is higher than 0 atom c percent and equal to or | ower
atardinat oo clpémcént wh@reiA rahteh abrdfernrtamdrandnirtaigions
t he perpendi cul ar magneti c recordi ng nedi um accor di ng
b @ aAmd ICr awreredualt Heo sgaah extihey gas pressure is
set to 3 Pa or higher at the tinme of sputtering film
formng of the internediate |ayer. 9 . The nethod of

nuf %cturi ng the jger endi cul ar pagneti c recqrding )

di JRCacc FHRP I F m sMadRRELEi n BesOgEdngr HRgdium

as 1 s. added before or after f.iIm}lormn or duri

ol 55 aEIERD (o BEREAR { PPng REPRRedisfd Layer
contains at least one element selected from the 13th-
group elements (B, Al, Ga, 1In, Tl) and 1l4th-group
elementsb(C, Si, Ge, Sn, Pb) and the total content of the
selected element or the sum total of the contents of the
selected elements is higher than 0 atomic percent and

equal to or lower than 30 atomic percent.

8. A method of manufacturing the perpendicular magnetic
recording medium according to «claim 1, wherein the
sputtering gas pressure is set to 3 Pa or higher at the

time of sputtering film forming of the intermediate layer.

9. The method of manufacturing the perpendicular
magnetic recording medium according to claim 8, wherein

0, gas or H;O gas is added before or after film forming



formng of the internediate |ayer. 10. A magnetic

recordi ng and reproduci ng apparatus conprising a
worR@seddses r ecor di ng nmedi um and a nmagneti c headpdnur2008/050841

recording informati on on thegmagnetic recordi ng nedi um

and reproducing information fromthe nmagnetic

recordi ng nedium wherein the nagnetic recording

medi um.is the magnetic recordi ng nedi um according to
graﬂﬁpfqg film %Qrming at thegtime of sputteé%ng film

forming of the intermediate layer.

10. A magnetic recording and reproducing apparatus
comprising a magnetic recording medium and a magnetic
head for recording information on the magnetic recording
medium and reproducing information from the magnetic
recording medium, wherein the magnetic recording medium

is the magnetic recording medium according to claim 1.



