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5 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM

CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
application is based on, and clains priority to,
Japanese Application No. 2004-349550, filed on
Decenber 2, 2004, the contents of which are

i ncorporated herein by reference. 10 BACKGROUND OF
THE INVENTION 1. Field of the Invention The present
invention relates to a perpendi cul ar nmagnetic

aprotat NGO AR MAGNI T RO P IIM
conmputer. 2. Description of the Related Art In place
of conventional |ongitudi nal magnetic recording

RO RN M R EIE BN,

hi gh density nmagnetic recording. A double |ayer
per pendi cul ar magnetic recordi ng medium in

part cul ar,.is. kno as.a favorabl e perpendj cul ar,
mag’h 15 @ml&ﬁtamglsm%%% and alayaEp BIOTIEE 69 df Apanese

density. A_doubl e | erpendi cul ar  pagnetic
Appdyiation Negi &94'3%3&@0@&%&5@0@&1@%% 2404, the gontents
5. called a soft magnetic backing |ayer under a
Oﬁwéﬂ@: | ar¢ taeprperated, remixv refegeacei nf or mat i on.
The soft magnetic backing layer facilitates 1

perneation of magnetic flux generated froma magnetic
head and _exhi bits high saturation magnetic fl ux

BAGKGRGINR ot drHE A0 ENEIONdi cul ar nagneti ¢
recordi ng medi umincreases the intensity
1. Field of the Invention
The present invention relates to a perpendicular magnetic

recording medium installed in a magnetic recording apparatus

including external storage device of a computer.

2. Description of the Related Art

In place of conventional longitudinal magnetic recording system,
a perpendicular magnetic recording system is drawing attention as a
technology to achieving high density magnetic recording. A double
layer perpendicular magnetic recording medium, in particular, is
known as a favorable perpendicular magnetic recording medium to
achieve high recording density. A double layer perpendicular
magnetic recording medium is provided with a soft magnetic film
called a soft magnetic backing layer under a magnetic recording layer

that records information. The soft magnetic backing layer facilitates
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and gradient of the magnetic field generated by the
magneti c head, 5 inproves recording resolution, and

i ncreases | eakage flux fromthe nedium One of the
problens in a perpendicul ar magnetic recording mnedi um
having such a structure is the spike noise, a type of
noi se 10 generated froma nedlun1 is known to be

pERHREMIBNK O @%ﬁ?ﬂ@%&%ﬂi@é eve dIﬁda irﬁag?l%tféhbad and

magnetl C bac Ow nol s

e}?ﬁﬂ?ﬁgqﬁigﬂi gﬁtHPQﬂgﬁ{ gnégmﬁﬂ:' ﬂﬁx”&ghg dou?le layer

necessar netirc aonai n V\ﬁ

pbERsfifi g BPRRRLS rpe?%éﬁ i3 'éiﬁ@ﬁﬁ%%niliw??%ﬁe%%he intensity
d ' i .
OB AP AR08 A0 ﬁya@#smgﬂ%m head,
i 62 P g e TP P el d SERRARASHLK from the
Iiié.e 20 is formed on and/or under the soft nagnetic
rﬂg | ayer and the ferromagnetic layer is

magnetized in a desired orientation. Japanese
Unexam ned Patent Application Publication No.

2002- 352417 rqposes.a techni qu i whi ch an.
ant é#&% rxgriq(iﬂena%n %Peé'ﬁ’eﬁ’r(ﬁ'ﬁu IIB?gBiet%%%e‘Fq’Wéng
is.for d and utilizing exchan coupl i ng.between 25
megligm hawngsyeh pSrHekure 181 bheispikeROise; @ rivpe of noise
The Iat t echni que usi g an antjferro etic | ayer
gcmemt;ﬁfi From a nwgh@m,clsz BOVERrFOvBE ICaRReL D magnetic domain
ci Fnsta ce a etic field is_applied from the
adlss wn Shersgt magneélc backing lagerer Teachigve low noise

_regarded to
in a perpendicular magnetic recording medium it is necessary to

avoid the magnetic domain wall formation in the soft magnetic

backing layer.

Some techniques have been proposed on the control of magnetic
domain walls in the soft magnetic backing layer. Japanese
Unexamined Patent Application Publication No. H6-180834 proposes
a technique in which a ferromagnetic layer of a cobalt alloy or the like
1s formed on and/or under the soft magnetic backing layer and the
ferromagnetic layer is magnetized in a desired orientation. Japanese
Unexamined Patent Application Publication No. 2002-352417
proposes a technique in which an antiferromagnetic layer of an IrMn
alloy or the like is formed and utilizing exchange coupling between
layers, the magnetization is fixed in one orientation. The latter

technique using an antiferromagnetic layer hardly forms a magnetic

2



10

15

20

25

exhi bit superior resistance to environnment than the
technique using a ferromagnetic layer. 5 To ensure
proper nmagni tude of the exchange coupling and

suppress the formati on of the magnetic domain wall,
sinple lamnation of antiferromagnetic | ayer and a
soft magnetic backing |l|ayer is inproper, but it is

doae£iEs ¥ alltdhiain 81 RpFRINisthAceeetaanetid feld i§ apgplded from
prior to formation of an antiferromagnetic |ayer to

thevitaidé F a StoPdS¢ dRivieaRY, Bl 14€t63 @i I ivé/%&?%%%d to

the antiferromagnetic |ayer. 'The Japanese Unexa

efﬁil?i'ﬂtS\ﬁﬁ’%’xLib?afés(i@tfﬁ@é 6 ProNime A8 %ia _%%é]’(b%clfmlg ue using a

exanpl e,” di scl oses that the exchange coupling bet

f @?ﬁ%ghﬁﬁdmeti c layer and the soft magnetic

ayer “15 increases by depositing a tantal um
seed layer and an alignnent control layer of a N Fe
alloy prior to deposition of an antiferromagnetic

PunED SHTER RESPEBa MBI OgETSE e SRHAT BBupling and
SREDEFEE LB RreARRH P shRaRR e A TR, Sifole
HBSARAT of s pRpREl 1AEECERE R G P AghHE bRleking
layerisAmpahpsE: Btcl s e dihat At ARy tariate 8480 layer is
f(ﬁg‘g%éltl? .8& J%’gﬁo?f{fﬂgtg&}%f%é’lf aiti dBQ%%éggt]Jg: fa&prﬁ'go gontrol the
crySab B mA A nd Gresiairety JehdgBrifeAeRiag Rg e ayer.

T IgeJ gggﬂgggtUnexamined Patent Application Publication No. 2002-
352417, for example, discloses that the exchange coupling between
the antiferromagnetic layer and the soft magnetic backing layer
increases by depositing a tantalum seed layer and an alignment

control layer of a NiFe alloy prior to deposition of an

antiferromagnetic layer.

Japanese Unexamined Patent Application Publication No. 2002-
298326 proposes a perpendicular magnetic recording medium
comprising layers sequentially laminated on a nonmagnetic substrate
including® a soft magnetic backing layer of a laminate of a thin film of
a CoTaZr alloy and a thin film of a NiFe alloy, an antiferromagnetic
layer of a manganese alloy such as IrMn, a nonmagnetic underlayer
of a TiCr alloy, PdB or the like, a magnetic recording layer of a CoCr-

based alloy or a lamination structure of cobalt and platinum or cobalt
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good performance can be obtained owi ng to suppression
of spike noises by control of the magnetic donai ns of
the soft magnetic backing |ayer by the
antiferromagnetic |ayer and owwng to control of 5
crystal alignment and crystal grain size of the
magnetic recording |layer by introducing a nonmagnetic

aialﬂdﬁéll%ﬁnﬁ‘,aﬁhﬂga @Mb@ﬁ@%sﬁaﬁr. AlccBPding tbthédocument,

escri bed previously, a perperdi cul ar magneétic

gé@&%&ﬁﬂrrﬂ%?é’éhﬁ”bé"dﬁ%‘éﬁngﬂtcg\g%g% pregiiont oPbpike

the ‘magnetic field generate a“magnettc head t
n AP o8 BTt AR ClonRBREI the SEP ey
SRR NP I8 A MRt My ISR fomteol of
ciPtaldRRREhenAE el R SR Of M BRI Boording

I . . , . Chi
lag%‘fiﬁqj aﬁﬁﬁ@ﬁ@ﬁ@ﬁﬁé‘ﬁ@é&?&*ﬂ%P@&%&Erﬁg&& g tHitkness of
af BRI B WL er sty made as thin as possible. 20 The.

Japanese Unexam ned Patent Application Publication No.

2002- 298326, for exanple, discloses that in a nedium

COTRE LB BTN A DS AA S RTRONEL Cing
B A TR IS T WO ) e S—

25 lowers, .and the recordin er for.nance ,degrgades in a
blﬁ@aglﬁ%%mrh%&ﬁﬁ @%ﬁ@?‘?g meyaswm f @ ﬁgm?g%mc

b%}g}ﬁg mwgrjnmt e agq? iﬁ{‘;&é‘f@in‘f ghfeﬂ;ffggp of %ﬂgt si,(;:ft magnetic
backing layer, however, it is necessary to hold the distance between
the magnetic head and the soft magnetic backing layer as small as
possible. In addition to minimize thicknesses of the protective layer
and the magnetic recording layer, the thickness of a nonmagnetic
underlayer between the magnetic recording layer and the soft

magnetic backing layer is also preferably made as thin as possible.

The Japanese Unexamined Patent Application Publication No.
2002-298326, for example, discloses that in a medium comprising a
protective layer 5 nm thick, a magnetic recording layer 20 nm thick,
and an antiferromagnetic layer 10 nm thick, if a thickness of a
nonmagnetic underlayer is 5 nm or more, the recording efficiency
lowers and the recording performance degrades in a measurement

using a magnetic head of a flying height of 16 nm, and that a

4
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preferably in a range of 1 to 3 nm In a conventiona
magnetic recording |layer of a CoCr alloy, the

i ncrease of a thickness of a nonmagnetic underl ayer
occasionally swells crystal grain size of a 5 magnetic
recording | ayer associated wth the increase of

t hi ckness of the nonmagnetic underl ayer itself. Thus,

tlickaaresef vké némidgneticremgderliaydintienbagesaridy at most 5 nm,
unfavorabl e. However, the study by the inventors has

préfeaalbdy hatrandd offdnta@nain.c Iungdeoraxaitibawl ifagnetic
t hi ckness not larger than 5 nm noticeably degrades

rddrdingkiyer 6f aPEb0r alldy! eheridicraaseesfl 2tkaekaess of a

the magnetiic recording | ayer particularly in the case

nf@nglﬁ‘%g‘hetfceﬁh@%@"la?@ﬂ o@cﬁ@ﬁiﬂé‘ﬂy HWEHS Triytal gg'lﬁli‘ﬁ}ér%ﬁe of a

are conducted for nagnetic domai n“cont

i
nfg%x?%re :i%%gggg@g‘gh&e%% ! hedd ¥9ithOtRE increase og G!:h1ckness of

ayer, e substrate needs to

OSSR 9 e KB Tk 250 et Y10
ngﬁﬁ%gﬁ@mgg&eﬁa*gy% WiaSorafgositing at |east the

rromagn ayer and the soft nagnetic backing
| ayer and cool ed down generally applying a magnetic
field in 20 the disk radial direction to align

o BIBRANED e TRABSIAY ShE R ngolS 30 v ERIE it o
BTSSR bt PR TaRNE i thg 5 nom
i AP el RO BTl R0 3R T e MEE S,
DTS B EaRe e A SR R b b hEBPAFhbin the case a

t he per pendicul gr magnetic ) .o
heat tFeatment and a ¢o 1ng process in a magnetic field are

conducted for magnetic domain control. In the magnetic domain
control using an antiferromagnetic layer, the substrate needs to be
once heated up to a temperature between about 250°C and 350°C
depending on the material of the antiferromagnetic layer after
depositing at least the antiferromagnetic layer and the soft magnetic
backing layer and cooled down generally applying a magnetic field in
the disk radial direction to align orientation of magnetization of the
soft magnetic backing layer. The degradation of recording
performance can be considered due to magnetic interaction between
the antiferromagnetic layer and the magnetic recording layer caused
by the influence of inter-diffusion of the atoms of the layers that may

occur during the heat treatment for the magnetic domain control.
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recording | ayer, a so-called granular magnetic
recording layer is drawing attention, which consists
of ferromagnetic crystal grains of a cobalt alloy and
nonmagneti ¢ and non-netallic grain boundaries of 5

oxi de, for exanple, surrounding the ferromagnetic
crystal grains, as disclosed in Japanese Unexam ned

cxcn) & RSSO ETRR S the B pebidieelat thagnetic
rUIAE 8o o 1 PRRF Rl AR Rlthq ¥ T gRRURRS Ty is
e P B W e AR o e ol grains of o
el Sy RGOt SR I ThE L o Doundages of
ofies Taf Raibi, srdEn R R AaBiekf; GFPStal grains, as
ALEERISY 1§ 9450 0 DS PR, FE A0 bop Publication No.
200RELELES 1 Pramble. Jhe kR ar iRt SopEs Hedying grain
S R R LSS S AP or o
like, SPuPhr e esldlyere diied shognssle Byisnattion bedrpey crystal
e B o R B o A7 o YR aloy of
BB AdabA b e 106 By Sl 9

seed | ayer of,  an. 25 anor phqus structure, an al ignrrent

steystuee reayarkably redmees the neise genanated unghgimedium and

under | ayer. of rutheniumor the |i ke before depositing
exhibits good recording performance, achieving high density

recording.

For noise reduction and thermal stability improvement of the
granular magnetic recording layer, appropriate structural control is
necessary including crystal alignment, grain size and its distribution
of the ferromagnetic crystal grains, and a width of the grain
boundaries of oxide or the like. For this purpose, a plurality of layers
including a seed layer and an underlayer are generally formed before
forming the magnetic recording layer. The Japanese Unexamined
Patent Application Publication No. 2003-77122, for example, discloses
that the media noise can be reduced by depositing a seed layer of an
amorphous structure, an alignment control layer of a NiFe alloy or

the like, and an underlayer of ruthenium or the like before depositing

6
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6 the granul ar magnetic recording |ayer. The reference
further discloses that a thickness of the underl ayer
of rutheniumor the Iike is necessarily at |east 3
nm preferably at least 5 nmfor the structural
control of the magnetic recording layer. 5 An

excel | ent perpendi cul ar magneti c recordi ng nedi um can

tlke grhefuleg ﬁ@gmlé reebidi®gnayes. bPBlé'Meké‘Méé fhbgher

gener ates no spik noi se and a granul ar magnetic

dIs%‘.[@éé’é BHat a3y Ehlélﬁi’ésseéi‘ 'tHbtﬁnH@ﬁM‘ﬁéBo@f rﬁ'ﬂﬁe?ﬂlﬁﬁl or the like

thernal stability by conbining t ve-nmenti oned

isPhbEEES 1@(9: %, 13RS hxﬁa!t)!r¥fé&f’01§a§f‘féé\%tackl i for the

contro hni que for netic ayer

T e s R N S

recording layer and the layer structure for structura
control of the recording |layer disclosed in Japanese

20050316 FRy o b Bl Slh%%&ﬁﬁ@ﬁiﬁ%%a%&@% Bztigym can be
f@%?é?b%fﬂ%e%%f%éiﬁ’g&fﬁr eih’c\??ﬁ‘i i@ Bt Btieratel o spike
n&%&ﬁ?ﬁaﬁ Ry niincuic 1cbiEe hvegrthal X Bk flsiBw noise
b BB PSP S0l 5t o Rt ediaped prior
alﬁﬁ&g%b@%?fmé‘kl&@?%ag‘i’ﬁgb'@&osﬁgﬁ{éa E%@?Wﬁgegcf@&@% fog, gesoft

e S o bR S mabser ST Batent
Apgﬂqc,a&%]g?@ghgg o &Eo Cé’Bbi §) 2%6] angI he g-lx-'g%ular magnetic

recording layer and the layer structure for structural control of the
recording layer disclosed in Japanese Unexamined Patent
Application Publication No. 2003-77122. However, a medium
produced by adopting all these layer structures should have at least
nine different layers sequentially laminated on a nonmagnetic
substrate 1, as shown in Fig. 3. The nine layers are a seed layer 8, a
first alignment control layer 9, an antiferromagnetic layer 3, a soft
magnetic backing layer 2, a second alignment control layer 10, a
nonmagnetic underlayer 4, a granular magnetic recording layer 5, a
protective layer 6, and a lubricant layer 7. Lamination of these many
layers requires a complex and expensive deposition apparatus and
raises production costs of the medium. The lamination of multiple
layers makes the control of thicknesses and magnetic properties very

complicated, which is also a problem raised by the prior arts.
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25 layers makes the control of thicknesses and

magneti c properties very conplicated, which is also a

problemraised by the prior arts. 7 SUVWARY OF THE

I NVENTION I n view of the above problens, an object of

the present invention is to provide a perpendicul ar

magneti ¢ recordi ng nedi um exhi biting 5 excel |l ent
STRIMARYr €0 THBY ] NV ENTRON by suppressing spi ke

noi ses caused by a soft mmgnetic backing | ayer.

Anot her object of the invention is to provide a

per pendi cul ar magnetic recordi ng nedi um exhibiting

goqy, REERUSH ¢ %H% t%bggiégpgoﬁfélﬁ%”ﬁjﬂ Hbgéct’@ﬂﬂ% esent invention

recordi ng me ng to esent vention
lsgﬁ%??éfﬁa&n%g%éfﬁéﬁﬁ%‘éw ESRELL T ROTHIAR PR hm Whibiting

e RERE I Lenb EROLL LAY BrREMAREL Y YA ARiAL ke
g SRS RSy SR pHbct of the
mngd#i@fi&% obFaridy ﬂﬁgiﬂéﬁﬁﬁﬁ%ogﬁ%fﬁ?ée@ﬁ%gtl’ﬁ?dwm
gt dg BBRr ARNRLERS Grain boundares mainly |

consi sting of oxide surrounding the crystal grains.

The 20 antlferronagnetic | ayer is conposed of an all oy

corh diwebylul SF Taedi FEEG: B ol %1?%%6%% t the
I&%ert@ls l mpnaéﬁ%&brg% %J@%@ﬁ%‘ggf{gmagngﬂc backing layer, an

c layer is conl};osed of,

ant.i f err omagnet
etic undefa']payer and a magnetic

antiterromagnetic iayer a nonmag
recording layer sequentially laminated on a nonmagnetic substrate in
this order. The nonmagnetic underlayer is composed of ruthenium or
a ruthenium alloy having a hexagonal closed packed structure (hcp)
and a thickness of at least 5 nm. The magnetic recording layer is
composed of ferromagnetic crystal grains mainly consisting of a
ferromagnetic CoPt alloy and nonmagnetic grain boundaries mainly
consisting of oxide surrounding the crystal grains. The
antiferromagnetic layer is composed of an alloy containing at least
manganese and having a face centered cubic structure (fcc). The
antiferromagnetic layer is laminated directly on the soft magnetic

backing layer.

Advantageously, the antiferromagnetic layer is composed of an

IrMn alloy.
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Irivn alloy. 8 The soft magnetic backing | ayer
preferably has a face centered cubic crystal

structure and is conposed of an alloy containing at

| east nickel and iron. 5 Advantageously, the soft
magneti ¢ backing | ayer has a structure consisting of
two or nore directly lam nated soft magnetic |ayers. A

| Thesglt SRS ARSI by ERBANS RSP bentered
b Ervital SFoRLLE i i imbDsF g AR Aoy 2ufta Bpg at least
etiq :backing layer that is disposed between the
n %ﬂaﬁr(?nwbstrate and the first soft magnetic

backi ng | ayer has an anorphous structure and contains
at |l east cobalt. A distance between a top surface of

t he,sof t magneti.c cki 15 | gyer and a pott

SurA ey E eI o ABE 401F cngandhC barbing aishoRhs anppructure
at nmpst 25 nm The present jnyent.io kes it possible
CQRSISEHYE o tave o mgre ‘E@ﬁﬁ&bdhm@@%ﬁggﬁﬁi@ fa:fa}jers. A
.medi um havi ng .a ,soft. magneti c. 20 backi ng | ayer. 1 hat
figsih st raghe s hacking Lo thadrignn ﬁ@nh%tn&ltﬁ the

recordi ng |layer .that exhibits | ow noise and_high
anbiderromagneiicdayerdmps eylace geRbeRack §HI%}C datiiee stegcture

| ayer structure as cqQnpared with a currently required
angyisrcompesedr of apeaHoyecantpipang: ableagipnickelsangdgron. A
fabricating the |layers is_sinple and i nexpensive, the
sqnostl soflomagneticr backimg lager thatsis dipased between the

Thi cknesses and magnetic properties of the |ayers can
nosncagnetid sabstratieyand the first soft magnetic backing layer has

an amorphous structure and contains at least cobalt.

A distance between a top surface of the soft magnetic backing
layer and a bottom surface of the magnetic recording layer is

preferably at most 25 nm.

The present invention makes it possible to form an excellent
perpendicular magnetic recording medium having a soft magnetic
backing layer that generates no spike noise and a granular magnetic
recording layer that exhibits low noise and high thermal stability,
employing a remarkably simplified layer structure as compared with
a currently required layer structure. Because a deposition apparatus
for fabricating the layers is simple and inexpensive, the production
cost of the medium is reduced. Thicknesses and magnetic properties

of the layers can be controlled simply.

9
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9 A nonmagnetic underl ayer of rutheniumor a ruthenium
alloy wth a thickness not smaller than 5 nm can
favorably control the structure of the granul ar
magneti c recording layer, and intercepts the nagnetic
interaction between the antiferromagnetic |ayer and
the 5 magnetic recording |ayer even when a heat

t r edtmeninagneticcuntledldyer offegitbiendudem a radheroiim alloy
Thus, desirable recording is realized. A |am nation

with e thickiedsenos nir hlerortean s ingn|catefavbrably control the
manganese all oy and a nonnmagneti c underl ayer of

striidtenewt thie graularherigivetdt lreyosding dayee! ahldeintercepts the
mcrostructur€ of the granular nagnetic recording

@%Ix%tlmh%eﬁééﬁéw betweent ﬂwtant@féﬁ@ﬂlﬁgn@ti@wer and the

t hi ckness than a conventional singlée nonmagnetic

niﬁg}@éhewcoiaamg th@wm& %vﬁehoué RtU PR thRY Nt TQ Fonducted for

the largest effect of the s magnet 1 ¢ backi ng

tlefﬂbrﬁ iR 1l Wﬁﬁ@uﬂlebﬁféﬁ%%é@)ﬁdiﬁ% reahzed.

ness of the nonnagnetit layers existing betwee
the soft magnetic backing |ayer and the magnetic
recording layer fromthe conventional thickness.

S K93 );I il (&)&T”ét'tr%éf%rr% &(Bﬁ%ht’ﬁe{afﬁ}ﬁh iéﬂéﬁgtlﬁgf%'ﬁsi

20 re he "nonnagneti ¢ un
H’{%‘Qﬁﬁ%%@" shloahatit A O Aphelic BnlRFApAE Y st or 2

rffSibAEgy éaﬁg%ﬁi‘&%ﬁ}é?flsﬁhi@%&?ﬁz% 'n%ﬁ%” Erap\2ar
ma%q%hf%é?@ é‘ %y?ﬁ\;@&r oerf%rﬁyg ecttflo 1F1)1rc%fe riﬁg a total
film thickness than a conventional single nonmagnetic underlayer of
ruthenium or a ruthenium alloy. That is, the largest effect of the soft
magnetic backing layer can be obtained without increasing the
thickness of the nonmagnetic layers existing between the soft

magnetic backing layer and the magnetic recording layer from the

conventional thickness.

Since ruthenium is more expensive than IrMn, thickness
reduction of the nonmagnetic underlayer of ruthenium or a
ruthenium alloy in the invention means that the production cost of
the lamination of IrMn and ruthenium in the layer structure of the
invention is lower than the production cost of a conventional single

ruthenium layer.

Some aspects of preferred embodiments of the invention will be

10
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10 described below with reference to the acconpanyi ng
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS 5 Fig. 1
is a schematic sectional viewillustrating a structure
of a perpendicular magnetic recordi ng nmedi umof a
first enbodi ment exanple according to the invention;
Fig. 2 is a schematic sectional viewillustrating a

r : LCLl j i :
AGACHERH Ry Sy ERORIY Y B RN RTINS A ings.
the invention; Fig. 3 is a schematic sectional view
illustrating a structure of a perpendicular nmagnetic

BETeE D S R LN e T P R R N ncence of che

exchange 15 coupling magnetic field He. on the
thickness of an Irivnh antiferromagnetic filmin the

erpendj cul ar yyagnet.i c recor di n di ym of Exampl e l:
Dol 14 o ScBBAR SebEii4L P TRl Bind B stive of a
signal-to-noise ratio fS?S,alRll)l on tdhe t hi,ck esg ofbad.
PeTHRAIGH AT MAZRHRE resriding medivg of a,{1T5t emabodiment
er pendi cul ar. magneti ¢ recqrdi ng nedi a of Exanpl es 2
e I liD% Ot T8 IEYSRHER 3 and 2. DETA LD
DE | PTLON Ok THE I.NVENTI ON 25, Fi 1 shows a first
exﬁé-@ 5% aschematic sestlona)ey s glmtaa?m&an%&mcture of a
recor&in medi um according.to the.invention. A 1l .
PHRYR tﬁlﬂ@pfamaf@wéﬁir@cpgamim@ 8 @haee¢opd embodiment

inverition conpri ses .
example according to the invention;

Fig. 3 is a schematic sectional view illustrating a structure of a

perpendicular magnetic recording medium of an example according to

a prior art;

Fig. 4 is a graph illustrating dependence of the exchange
coupling magnetic field Hex on the thickness of an IrMn
antiferromagnetic film in the perpendicular magnetic recording
medium of Example 1; and

Fig. 5 is a graph illustrating dependence of the signal-to-noise
ratio (SNR) on the thickness of a ruthenium nonmagnetic underlayer
film in the perpendicular magnetic recording media of Examples 2

and 3 and Comparative Examples 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a first example of a structure of a perpendicular

magnetic recording medium according to the invention. A

11
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a soft magnetic backing layer 2, an antiferromagnetic

| ayer 3, a nonnmagnetic underlayer 4, a nagnetic

recording layer 5, and a protective |layer 6 | am nated

on a nonmagnetic substrate 1 in this 5 order. On the
protective |ayer 6, a lubricant layer 7 is forned.

Fig. 2 shows a second exanple of a perpendicul ar
pi@"ﬁﬁé\lzﬁﬂi@ﬂrﬁcﬁfﬁgﬂ@ﬁc%&@i %&feﬂiﬁ% (o tHeih Y RHoPBomprises

ich a soft” magneti c baking ayer 2 consists of

L R R AR el

second t magneti ayer 2. (
PRSRSEU O ICEL ek 31 e T s and o

PEGERIN Sy @Y B leini Ao &) B APLntEehBYR s ibgtidhe TiiD,this
oh L i PRTERORELSe TASH KR b FRARIARLET 18T TR, Fig. 2
SR sPROMEEL P bstel St A bt i S R0 0B i
B 28 BB Rt S o iRl baking
A0S KBrfSR S P bin B RbERRGR BbbRect formed
oA KAt BB BB RS ol o, SIS LR magnei
R T

deposi tion either 25 by means gf a sputtering rretpod
ua@eﬁgasaerf d PoMRFRR 116 Kacoxding lgyer %r%ﬂ quditptective layer 6,

. cantained wt he oxi de conposjng the nopmagneti c,
mg?laxsqon bo@qﬂaﬁym@mo Yemdsisoforimed an the rtectivadayer 6.

nmet hod using a

Nonmagnetic substrate 1 can be selected from the substrates
commonly used in a magnetic recording media including a Ni-P
plated aluminum alloy substrate, a glass substrate of chemically
strengthened glass or crystallized glass, a silicon substrate, and the

other smooth substrates.

Magnetic recording layer 5 1s a so-called granular magnetic
recording layer consisting of ferromagnetic crystal grains and
nonmagnetic grain boundaries mainly composed of nonmagnetic
metal oxide surrounding the crystal grains. The magnetic recording
layer 5 having such a structure can be fabricated by deposition either
by means of a sputtering method using a ferromagnetic metal target

previously contained with the oxide composing the nonmagnetic grain
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ferromagnetic netal target carried out in an argon gas
at nosphere containing oxygen. 5 A CoPt-based alloy is
preferably used for a material conposing the
ferromagnetic grains. Qther ferromagnetic materials
can be used too, without any special limtation. The
CoPt - based all oy preferably contains at |east one
hAARRY Seb§chRAd BMaGFeadlive 8o iAbthbQAusii P

b(g]flﬁnagge(?llett:) recorﬁdslr gg ﬁ}e%ﬁ‘é;elﬁgi%e‘?ﬁ%#%e‘? iéaP ?or 1

i ; [ ' r
eI OREROLI AT FRSREL congi ) DU HTAR Ao go G Pmosphere
- Sis im Ta, H, and Zr. These materials
Cogﬂ?a lﬁéng'gb%}égén%’l'a stabl e granul ar structure. The

t hi ckness of the nmagnetic recording layer 5is
appropriately determ ned according to the desired

U RraRL BT RIEY B0PrbRe ST Oabd¥hn s sifidhial samaposing
e Rkl B ERn aFbiatn, Pk S8 HesRiEiRa10 T be used

tofy ardEcAny, e dal 158t lpnn) Ther Coblibadid ey preferably
o ST A 088 St Sl BRR CHoRRSH, %d B for
e P 5 s e ALY
oA BB SR S BEIAEED of
o s b o i RIS, $5h 7

| ayer 5 having a _granular structure, the nmagnetic

Thesempteriads enablesto foxmas stabile gnanular straicture. The

thickness of the magnetic recording layer 5 is appropriately

determined according to the desired magnetic properties and is
required to be a thickness attaining sufficient read-head output and

read-write resolution in a read-write process.

A thin film mainly consisting from carbon, for example, can be
used for the protective layer 6. The carbon protective layer can be
fabricated by means of sputtering method or a chemical vapor
deposition (CVD) method,. A liquid lubricant of perfluoropolyether,

for example, can be used for the lubricant layer 7.

The nonmagnetic underlayer 4 is composed of ruthenium or a
ruthenium alloy having an hcp crystal structure. A thickness of the

underlayer is at least 5 nm. To appropriately control microscopic
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nonmagneti ¢ underl ayer 4 of rutheniumor a ruthenium
alloy. 5 A thickness of the nonnagnetic underl ayer

| ess than 5 nmcan not provide appropriate structure
control of the granular magnetic recording |ayer and
fails to achieve desired magnetic properties and
recordi ng characteristics. Wen the nagnetic recording

striibet %ﬁ@%%%&@éﬁiq%%éﬁ%%%@ﬁ%ﬁhﬁé’%\o%?a%%%r
sptfu¥e; Bl ARRRRERE K OarBiTa L HEE A B |0 Bl FREE on the
8RRl RS i bRUEE bt 6F FERRBenipm alloy
control of crystal alignnment. On the other hand,
increase of a thickness of the nonmagneti c underl ayer

may, i ncrease t 15 crystal grains,in the . magnetic
o bRy ol e pomimagnatin undraxes 18RS dip §nm can
grains. in the nonmagneti c underl ayer jtself. .
nGHBray K@ 2RO RMAK Sﬁ%ﬂﬁﬂ@?ﬂaﬁ’@ttﬁﬁd‘éﬁ FE@&T%Q;UI&I' magnetic
undesirable. In_structure_ cont :dol .of _a granul. ar )
recegaang ay@@oaradrél sateachieve desired gnaeneatic preperties and
nonmagneti ¢ underl ayer plays a role to, pronote,
regosdingicharacteristies.oWhen the raagnatic w@gﬂﬂtimg layer does
addition to the mnimzation of crystal ai)g‘rai ns and,
nefohevel a granylarastraqtyredmat is eompesed #3a cavyendional Co-
to the studies by the inventors, the nost favorable
Crdrasadanlloy; even aoverytbinnemosagretac usdentaxer having a
or_a 25 rutheniumalloy and the thickness is
thieknesardfl ¥ tath neastars often frevidealesisabée struskural control of
granul ar magnetic recording layer is little affected
they misignéti ci lageerasehoth mneank gyencipa Hynes siimizagiaw of crystal
the presence of the oxide. So, the thickness of the
grainsegné tdiontrol ef laystat aligrement. On the other hand, increase
of a thickness of the nonmagnetic underlayer may increase the
crystal grains in the magnetic recording layer associated with
increase of crystal grains in the nonmagnetic underlayer itself.

Therefore, too thick nonmagnetic underlayer is undesirable.

In structure control of a granular magnetic recording layer
containing oxide, the nonmagnetic underlayer plays a role to promote
precipitation of the oxide to the grain boundary in addition to the
minimization of crystal grains and control of crystal alignment. In
that case, according to the studies by the inventors, the most
favorable material for the nonmagnetic underlayer is ruthenium or a
ruthenium alloy and the thickness is necessarily at least 5 nm. The

grain size of the granular magnetic recording layer is little affected by

14



10

15

20

25

i ncreased as conpared with a magnetic recording | ayer
of CoCr-based alloy, although a certain upper limt
exi sts as described later. 5 Further in a

per pendi cul ar magnetic recordi ng nmedi um of the
invention, if the nonmagnetic underlayer is a thin
filmhaving a thickness less than 5 nm being

t1d i REFSAS DY idﬁ&éﬂ%ﬁe&%@{kﬂrﬁa@@%ﬁﬁgﬁb@ 00 s géglcﬁ olfothe

occurring during gnhet i

oﬁ?}%‘.r Qo thRC HREMISCof ﬂgeg m}ﬁ%{glﬁ%ﬁc Q?ﬁ&«%ﬂ%%zte‘i‘e@é‘n be

antiterromagnetic magne

R LB Rbar b ] A E0F bl Jayer of CoCrbased

arac netic

2307 RIS TR b S Hifh, ABB, Do tidgf s FRSG TRRORARSS

ani sotropy to the soft magnetic backing |ayer 2, an
Irvh alloy containing iridiumin a range of 10 to 30
at‘;/g‘i S, avoerab IS ne essaré/dthat
th

Ieinggﬁaricular. It ] £th
BBF}ile%Br?ePﬁ&"PG FHE‘?‘%r Hapugtlf regrding medium ot the
.antiferro netic | ayer,.are directly. | am,nat i ch
infEHdOndf T inimeRetigatedleEfateting THipeiti, Hivige 2
tlﬁg Iﬁ{q%%gl%gg eair:l lpa f B¢§£§ g%%t&,d_” 2 31)1%21&)&e§§fi%1?§i%n of atoms

suppressi ng spi ke noi ses that the magneti zati on curve .
Pﬁéolfmé‘ﬁb}f(gcmfﬂéﬂgt ‘érﬁb&&l%@ Wwémggt far mpagnetigemain

di rr?)iti on owi ng to.the exchange ani sogropy froglthe
C e?h%ﬁﬁégél@ittc II&WQWtIHQYS%QUIZ eﬁ’é@ﬁ*&t €| ayer

has a single r_ra?netic d(grrﬁin free of a dommin_wall.
anfermomagnatie layer and theumagnetiagecprdengdpyes, to degrade

the 15 antiferromagnetic layer 3 preferably has a
recordingsharacierisfaes. 4 nm

The antiferromagnetic layer 3 is composed of an alloy containing
at least manganese having an fce structure. To give high exchange
anisotropy to the soft magnetic backing layer 2, an IrMn alloy
containing iridium in a range of 10 to 30 at% is favorable in
particular. It is necessary that the soft magnetic backing layer and
the antiferromagnetic layer are directly laminated, which means that
the soft magnetic backing layer and the antiferromagnetic layer are
in a direct exchange coupling condition. It is necessary here for
suppressing spike noises that the magnetization curve of the soft
magnetic backing layer is shifted in one direction owing to the
exchange anisotropy from the antiferromagnetic layer and the soft
magnetic layer has a single magnetic domain free of a domain wall.

To increase the effect of suppressing spike noises, the
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To obtain the state of single magnetic domain, in one
possi ble nethod, after depositing all the |ayer
structures up to the protective 5 | ayer 6,
subsequently in the vacuum chanber used for the
deposition processes, the substrate having the |ayer
structures is once heated up to a tenperature higher

ahbFBrfo LK 118 16§EReS ﬁrié]f@rﬂl beh theck RESH TR lteﬁest 4 nm.

coupl i ng between the a errofragnetic layer 3 and
soft magnetic backing |ayer 2 disappears. The
bl ocki ng tenperature is 10 generally in the range of

2508 TR PU MLBEHEl GORLARRC Ao ETBASREBissibl
nfcRBO%. A f2Pr USRS ol (e AT AT EUELE Y B Bhepfotective
Let7e, SuBEPeREotY TR ot VAR P GFEsBE or i Beosition
pERABRCthE A St Refing MG taldtidsfongy heated up
BRSO MR ol BLAOEIAR RIS af avbien e
RS STty AR e d o ot
miiitic fadiae Buinagtmrestio DD LR e Grdthiezature is
SSEFATE U APl R o i o
M 7B el bt YERTER S e T)p s devosition
SUEARGPI ) the OTEDPENA G RRESTaRs Lt ahBERBZAORRIENS in the
a;g;}lligi r%a?r?egig ftiehl?i, Stcl)lflis,?%?r?tgliecn?gégie?ﬁ: (lig%/rfa{inz’st;tr:e free of a
domain wall is obtained. In the case of disk shape nonmagnetic
substrate, the magnetic field is preferably applied in the radial

direction.

The soft magnetic backing layer 2 preferably has an fcc structure
and is an alloy containing at least nickel and iron to favorably control
alignment and crystallinity of the antiferromagnetic layer 3 that is
laminated on the soft magnetic backing layer 2 and to obtain strong
exchange anisotropy. A soft magnetic backing layer with this feature
favorably control the structure of the nonmagnetic underlayer
through structural control of the antiferromagnetic layer providing a

desired microstructure of the granular magnetic recording layer.
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fcc (111) plane in the antiferromagnetic [ayer 3, an
hcp (002) plane in the nonnmagnetic underlayer, and an
hcp (002) plane in the magnetic 5 recording | ayer.
This structure allows all the |layers to continuously
grow epitaxially, which eventually inproves crysta

al ignnent of the magnetic recording layer. In the

secOmtstAl gt rﬁbn@@lmi@s egalldilng the e istivEace atre
10 shown in Fig. 2, the soft magnetic backing | ayer

pEefeyiadily £h feadl H@”ﬁl@h%dlﬂ anersoft fmbgﬁ@ttl@ Bfatcklng layer 2, an

magneti c backing layer 21 in contact wth

feentii Ifﬁfﬂé[ﬁ’@ pfttie hatfferdofidls ﬁeﬁl%tc%gféﬁ?f énnHQ]'?f(DOQ) plane in

bac ing layer 22 di sposed betWween first sof

Ih%\ é déﬂ erzl-}a;?d‘%ﬁf B?P m x?éln the magnetic

stra nt ageous
f |
%g !ggln A C' 'Tgltl% %?{drctéﬁg% gllf(g\g? Oﬁﬂh‘é la?)flﬁr% ’éd’éfontlnuously
gﬂa‘&er %g&?allgoﬁ}v}gislgl dbt} n%ﬁ%ﬂwj 11§ﬂ#ov a‘} aﬁ?% lﬁhﬁgnt of the

Y. i ng at Ieast cobalt The first
r@ﬁéégﬁﬁégﬁggﬁ%ﬁggégFgg | ayer 21 and the second soft
magneti ¢ backing |l ayer 20 22 need to be directly
Ian1nated so that nagnetization of the two |ayers

TP S bt ORGP P 0o
sigyp! %egnmen@o@?%%az@w 15 Ry oo
R A RS A Bl oA RSB R 20t ot
Wikl EhéraReRaInag ey 18Yors anpphescon raftmagnetic
b%(apﬁ}eg? 1@}@]@@ afscfosssea}{ ¥)ett\r7]v%te1{ tc‘ﬁe rﬁxgsnteécl)éartnlaognn&lié acking
layer 21 and the nonmagnetic substrate 1. Advantageously, the first
soft magnetic backing layer 21 is composed of an alloy having an fec
structure and containing at least nickel and iron and the second soft
magnetic backing layer 22 is composed of an alloy having an
amorphous structure and containing at least cobalt. The first soft
magnetic backing layer 21 and the second soft magnetic backing layer
22 need to be directly laminated so that magnetization of the two
layers behaves almost like in a monolithic body to an applied
magnetic field. Under this condition, an exchange coupling develops
between the soft magnetic backing layer 2 consisting of the two layers
and the antiferromagnetic layer 3 as described above, and the
magnetization of the soft magnetic backing layer 2 receives exchange

anisotropy from the antiferromagnetic layer 3. To suppress spike
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direction and the soft magnetic backing |ayer 2
becones a single nagnetic domain free of a domain
wall. 5 In the second structural exanple, the second
soft magnetic backing |ayer 22 functions as a seed

| ayer for inproving crystal alignnment and
crystallinity of the first soft magnetic backing | ayer

nihest 4F 15 AR F 1R B R PR AU oA Shifts in one
AERTRRRE L hE b g ERLIC R AR g 1o 2B Ik single
' te Gl i m th
ol e SRR tr8e, N dpalEEaling Tayer - “the
di stance between the top surface of the soft nmagnetic
backi ng | ayer and the bottom surface of the 15

magnetic recorgdi l.ayer;, that 4 s,{he sum of .

T hAIF khE Se2PHd ehfac L et Ainte tha sl soft magnetic

antiferronn ic J.ayer, and t above- .nenti oned
bRk TSR S el as B0Ses diad BR T 4t Rper I crstal

re ef er abl . mst n 0 di ti onal. soft, .

aligbiee Rt St newibalbiny ofPapdirst soll asiaig backing layer 21,

between the soff nmagnetic bhacking | ayer. 2 and {.he .
prb‘ﬂmggean@m@di%mr %@@p@ndAcBEarp%h@g atis refeging.medium.

recordi ng medi um having this |ayer 25 structure

according to the invention has a | ayer structure

consi stjng of six layers in the m nimm case, whjch is

a \finwlsgnment €8ntzg iay[%r §9m@@$@@&§a@m§u oii example,

a conyentional perpendi cul ar magnetic recording
caeeunther peevidled besweemthe neymagnebicaanderlayer 4 and

per pendi cul ar magnetic recordi ng nmedi um of the
thenaattfesnomagnetic layer 3. Here, to maximize the effect of the
soft magnetic backing layer, the distance between the top surface of
the soft magnetic backing layer and the bottom surface of the
magnetic recording layer, that is the sum of thicknesses of the
nonmagnetic underlayer, the antiferromagnetic layer, and the above-
mentioned alignment control layer, is preferably at most 25 nm, more

preferably at most 20 nm.

Additional soft magnetic or nonmagnetic layers may be provided
between the soft magnetic backing layer 2 and the nonmagnetic

substrate 1.

A perpendicular magnetic recording medium having this layer
structure according to the invention has a layer structure consisting

of six layers in the minimum case, which is a very simplified layer
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excel | ent recordi ng performance. 5 Sone specific
enbodi nent exanpl es of the perpendi cul ar magnetic
recordi ng medi um according to the invention will be
described in the follow ng. 10 Exanple 1 The
nonmagneti ¢ substrate used was a strengthened gl ass
substrate with a di sk shape having a nom nal dianeter

stiuchure A B6RpAPLd IR RO Bl DO AR DY Sbgmetic
TR PR QRR i Enefdd s o PR L ahEr MOBepUE the
pEt Ul i U RS R fEtian exhibits
' t of th
il REC AR bR AR, o S of Fe and the
remai nder of Ni. The same notation applies in the
foll ow ng 20 descriptions.) Subsequently, an

antgqferromagnetic Jayer 3. was faornmed. gf an |rih.al ko

a1 SPREIE e ok S e mslaRgt i e rpeaLUG LAY

of 20 .mTorr ysing a arget of ,1r8 alloy. The .
migriieeeording tngdifint AsePrdide doi e 1Yt will be
dvar irerd i.n @Ilwelfrgn e of zero to 10 nm Subsequently, a

Sttt Eﬁéﬂ GRBEP - 4 having a thickness of 25 10

nm was formed of ruthenium having an hcp structure

under an argon gas pressure of 30 niforr using a

tar geiﬁ af ruthenium Then, a 19 granul ar nmagnetic
Examp g layer 5 having a thickness of 15 nm was

forged by nmeans aof an RF sputtering method under an

ar éﬁegy&nmagnetlc substrate used was a strengthened glass
substrate with a disk shape having a nominal diameter of 2.5 inches
(N-5 manufactured by HOYA Corporation). After cleaning, the
substrate was introduced into a sputtering apparatus. A soft
magnetic backing layer 2 having a thickness of 150 nm was formed of
a NiFe alloy having an fcc structure under an argon gas pressure of 5
mTorr using a target of a Ni22Fe alloy. (The numeral represents
atomic percent of the following element, namely, 22 at% of Fe and the
remainder of Ni. The same notation applies in the following
descriptions.) Subsequently, an antiferromagnetic layer 3 was
formed of an IrMn alloy having an fcc structure under an argon gas
pressure of 20 mTorr using a target of [r80Mn alloy. The thicknesses
of the antiferromagnetic layers were varied in the range of zero to 10
nm. Subsequently, a nonmagnetic underlayer 4 having a thickness of

10 nm was formed of ruthenium having an hep structure under an

argon gas pressure of 30 mTorr using a target of ruthenium. Then, a
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pressure of 10 nmflorr using a target containing SiQ2 O
90 11101% (Col0Cr12Pt)-10 nol% (Si Q2). Then, a carbon
protective |layer 6 5 having a thickness of 5 nm was

| am nat ed. Subsequently, the substrate having the

| ayers up to the protective |ayer was heated to 250C
by a lanp heater in the vacuum chanber of the

SERLAE g BRRELTSL SR L R 15 mm v
SRS SERR R FSpRsaORE b Sl g
oRBRYHEDE ERRPGEL ST HIERPPRI-DEL A 9B 0 mors

(G a8 P o8 D' ERGunar cPBbhiliBePive laver 6
T T R O
SRS R D o Bnf ol L S S e
2B BB I s Pl B P gering
oSS, Bl a7 DTGB 305 T i o

shows .dependence .of the obtai ped | oop shift of tgle .
mt?&j?f@ﬂ?i%&"‘?‘él’@ W@f?h/@, pertanent magaed C3R fPPHga magnetic

el Hex,. on he t hi ckness .of the Ir film The Hex
figld ag 1i2018e v tilef drﬁgi Ragiat dérecémnar@%e@onlm supstrate
bet ween the sofi magneti ¢ backing |layer and the 25

teanperatuseagasdronretdbeloy WOTE, the substrade weg taken out

val ue was nearl;ilzerofor an lrivh film ) .
from the vacuum chamber. After that, a liquid lubricant was applied

to a thickness of 1.5 nm Thus, perpendicular magnetic recording

media having a structure shown in Fig. 1 were manufactured.

The manufactured perpendicular magnetic recording medium
was cut into pieces of 8 mm square and the magnetization curve was
measured using a vibration sample magnetometer (VSM) applying a
magnetic field with a maximum applied magnetic field of 1 kOe in a
direction in the sample plane and in a radial direction of the disk
before cutting. Fig. 4 shows dependence of the obtained loop shift of
the magnetization curve, that is, the exchange coupling field Hex, on
the thickness of the IrMn film. The Hex is an index of strength of the
exchange coupling between the soft magnetic backing layer and the

antiferromagnetic layer.

20



10

15

20

25

t hi ckness of up to 3 nm the Hex value of about 10 Ce
was obtained for an Irvh filmthickness in the range
of 4 nmto 10 nm 5 Then, a read-wite characteristic
was measured using a spin- stand tester equi pped with
singl e magnetic pole head for perpendi cul ar magnetic
recording (track width of 0.2 pmand flying height of

corlilite PHecins B AE) LS Fls I ARBHYF STk 1Mo il
6 BB g S Bl B S BB 0. e Sfas ptained for
o SRR . e O Coty oL e =

recording nedia of Exanple 1 with various thicknesses
of the IrvM film In accordance to the results of
0

o AT AR S S
I e L
DRt TSR A and g
R W T e
cEHESEE) S S TR b R il B o 5

t hi ckness generation of spike noises ((inn'{
mA. Then, reproduction of signals was conducted over the whole

f .
sSpin-

surface of the disk to measure spike noises. Table 1 shows generation
of spike noises in the perpendicular magnetic recording media of
Example 1 with various thicknesses of the IrMn film. In accordance
to the results of Fig. 4, spike noise was prevented for the thickness of
the IrMn film at 4 nm or more, in which high Hex value was obtained.
In contrast, spike noises were generated in the media without an
IrMn film or the media having an IrMn film thickness of 3 nm or
thinner, in which sufficiently high Hex was not obtained. Thus, it has
been demonstrated that an IrMn film having a thickness of 4 nm or
more provides a perpendicular magnetic recording medium that

prevents generation of spike noises.

21



10

15

20

Of requently generated 2frequently generated
3frequently generated 4not generated 5not generated
8not generated 10not enerated Exanple 2 5
Per pendi cul ar magnetic recordi ng nedia having a
structure of Fig. 1 were manufactured in the sane
manner as in Exanple 1 except that the thickness of
T?E&eqptiferronagnetic | ayer was fixed to 5 nmand the
i ckness of the nonmagnetic underl ayer was varied in
the range of zero to 25 nm 10 Exanpl e 3 Perpendi cul ar
magnetic recording nmedia having a structure of Fig. 2

FebEn filmftdgekinedsi i eacsaniommingsikesnbisesx gl e 2
except &J&%t) after cleaned nonmagnetic substratie was

rnta 1B cnmttari na annar at nic o oecond

Nt r A
LB B R CAC L v A 7 Tt o o—f—oSpPutrtt gt oo a5

soft magiktic backi ng Ié'li@q{lé:éiﬁ)ﬁgéma&edh ckness of

120 nmwgs formed of a EpghlEntly ¥reavited an

—anmor phous, Structuretunder _am_ar gon_gas _pr urie of 5
mlorr usithg a target ogr%ﬂepii gﬁ%‘?r&[ﬁﬁ equent |y a

first sof4 nagnetic|backi ngaod ggaeratedavi ng 4

t hi ckness5 of 30 nm was fo”ﬁ(ﬁ:j&n@r&g& alToy.] 20 22

8 not generated

10 not generated

Example 2

Perpendicular magnetic recording media having a structure of
Fig. 1 were manufactured in the same manner as in Example 1
except that the thickness of the antiferromagnetic layer was fixed to 5
nm and the thickness of the nonmagnetic underlayer was varied in

the range of zero to 25 nm.

Example 3

Perpendicular magnetic recording media having a structure of
Fig. 2 were manufactured in the same manner as in Example 2
except that after cleaned nonmagnetic substrate was introduced into
a sputtering apparatus, a second soft magnetic backing layer 22
having a thickness of 120 nm was formed of a CoZrNb alloy having an
amorphous structure under an argon gas pressure of 5 mTorr using a
target of Co5Zr5Nb and subsequently a first soft magnetic backing

layer 21 having a thickness of 30 nm was formed of a NiFe alloy.
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Conpar ati ve Exanple 1 Perpendicul ar magnetic recording
nmedi a for conparison were mnmanufactured in the sane
manner as in Exanple 2 except that an
antiferromagnetic |ayer was not provided. 5
Conpar ati ve Exanple 2 Perpendi cul ar magnetic recording
nmedi a for conparison were mnmanufactured in the sane

Cgﬁggrﬁi-%eﬁ,el R | ongg#q 2 except that the substrate

€posi a nonnmagneti c underl ayer was

EZZ%é?péﬁéf@%feaﬁf g is %ﬁco@?ﬁ%%@?ﬁ@ér%ﬁo%%ﬁ&%ere
mi%hﬁ&%ﬁ%g%ﬂs%@gfﬁa%ﬁésgA§°§éﬁgqu§)gga%%g§ap§ghat an

I ' : Co20Cr | 0P (115 On i a,
afbfhtytehdlic 3ol Erpdloumravidedurcd using a

spi nning stand tester equi pped with single magnetic

pol e head for perpendicul ar nmagnetic recording (track

width of. 0.4 umand flying height of 10 nm. First,
CBWE@%‘aé‘tYleréPﬁaIHEE% eti zati on was conducted on the

\Ahci%&surfaciagﬂf t he dd';.sc wth.a wite current of .50

20 Ferpendiculagymngretisresordingane dia dog sanpagison were

over ,the ole . surface of the disk_to rrezisu%e spi ke
mafufactungdsh khe fame mannegsasceiixamyple 2excapt that the

er pendi cyl ar. magneti c recordi ng nedja of anple 2
Stﬁ?ﬁﬁr@%ﬁrﬁﬁ%ér slepgrifion pf e navig agnedie uasterlazgriwag heated
of the perpendi cular nmagnetic recqrdin di a of
updpp i u@p@@mcgumm}%anﬂger by the lar%pmileater and then a

magnetic recording layer 15 nm thick was formed of a CoCrPt alloy
by means of a DC sputtering method under an argon gas pressure of

10 mTorr using a target of Co20Cr10Pt.

On these media, read-write characteristics were measured using
a spinning stand tester equipped with single magnetic pole head for
perpendicular magnetic recording (track width of 0.2 pm and flying
height of 10 nm). First, direct current demagnetization was
conducted on the whole surface of the disc with a write current of 50
mA. Then, reproduction of signals was conducted over the whole
surface of the disk to measure spike noises. No spike noise was
detected in all of the perpendicular magnetic recording media of
Example 2 and Example 3, while spike noises were detected in all of
the perpendicular magnetic recording media of Comparative Example

1.
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Then, signal-to-noise ratio (SNR) was neasured on
these nedia at a recording density of 370 kFCl (fl ux
change per inch). Fig. 5 shows the dependence of SNR
on a rutheniumfilmthickness of the nedia. 5 In the
per pendi cul ar magnetic recordi ng nedi a of Exanple 2,
the SNR increases with increase of the rutheniumfilm

P PBRG 31 BRAL (P ABIE rdR R Pyt BRI bR hese media
af ARG IS KBS B GePib 5. 5
SAWERIRE BRRsRiderh O of SITR R riBe S Rk ess of the

degradation of SNR occurs for the rutheniumfilm

kness nore than 20 nm The degradation of SNR in

the very thick rutheniumfilmis presunably caused by
i ncrease of the 15 di stance between the soft magnetic

backi ng | ayer and the nagneti.c head. The SNR i.n.the
peﬁgbﬁg?d%é/rd?erha Ar MAENHAC F§CREAIRE gne @&fr&r?%aglple 2, the
ws simlar dependence op the ruytheniumfilm.2
Sﬁﬁg dRREQLSED Wﬂgs’él(&e&ﬂﬁ?eo @a@ghﬂmlmn%%ng{ﬂl@%ness and
recor di ng dia of . Exanple.2, while the_val ues of
rqachegipi @ba@mt}gemumyfmthwkmﬁﬁ aB5 nan tﬁ@%%
in anple 2. This can be resulted fromthe double
deggades ashttletiny theframge ebthenpgihe nimafkimphicknress more
in which the A second soft magnetic layer of a CoZrNb
than dyp nonnwthishnisaatregiont off the zmmort thedHoe ithickpesses of
of a NiFe alloy worked as _a seed |ayer to favorably
thehautbe nivemmifdrosnditherb'Mn ansifempemagneticdiltnrnef more than
| ayer .
20 nm. Further degradation of SNR occurs for the ruthenium film
thickness more than 20 nm. The degradation of SNR in the very
thick ruthenium film is presumably caused by increase of the
distance between the soft magnetic backing layer and the magnetic

head.

The SNR in the perpendicular magnetic recording media of
Example 3 shows similar dependence on the ruthenium film
thickness to those of the perpendicular magnetic recording media of
Example 2, while the values of SNR in Example 3 are higher by 0.5 to
1.0 dB than those in Example 2. This can be resulted from the double
layered structure of the soft magnetic backing layer, in which the
second soft magnetic layer of a CoZrNb alloy formed beneath the first
soft magnetic layer of a NiFe alloy worked as a seed layer to favorably

change the microstructure of the magnetic recording layer.
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24 The perpendi cul ar magneti c recordi ng nmedi um of
Conparative Exanple 1 exhibited very |Iow SNR val ues
of less than 10 dB for thicknesses of the ruthenium
filmless of than 10 nm The SNR increases with

i ncrease of the rutheniumfilmthickness and reaches 5
about 15 dB in the region of the rutheniumfilm
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around dB i1s equivalent to those Tn Exanple 1 w't
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hi's means that, in the perpendicular magnetic
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magneti c recordl ng | ayer associated wth increase of
the ruthenium filmthickness. 25

The perpendicular magnetic recording media of Comparative
Example 2 exhibits the SNR value of about 11 dB even with a very
thin ruthenium film of 1 nm. Thus, Comparative Example 2 using a
CoCr alloy without a granular structure for a magnetic recording
layer can exhibit a relatively high SNR value in a very thin
ruthenium film of 1 nm. However, the SNR value is lower by a
significant value of 4 dB than the SNR values in Examples 2 and 3

that comprise a magnetic recording layer having a granular structure.

With the ruthenium film thicknesses of 3 nm and thicker, the
SNR gradually decreases, which can be attributed principally to
increase of the grain size in the magnetic recording layer associated

with increase of the ruthenium film thickness.
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CLAIMS What is clained is: 5 1. A perpendicul ar
magneti ¢ recordi ng nedi um conprising at |east a soft
magneti ¢ backing layer, an antiferromagnetic |ayer, an
nonmagneti ¢ underl ayer, and a magnetic recording | ayer
sequentially [|amnated on a nonmagnetic substrate,
wherei n the nonmagneti c underlayer is conposed of
CTuATRIS um or a 10 ruthenium all oy having a hexagona
cl osed packed structure (hcp) and a thickness of at
| east 5 nm the magnetic recording |ayer is conposed
of ferromagnetic crystal grains mainly consisting of

Whiehs elRanel &: CoPt all oy and nonmagnetic grain
boundaries nmainly consisting of oxide surrounding 15

the crystal grains; the antiferromagnetic |ayer is
conposed of an alloy containing at |east nmanganese

1308 hatAltbrhd R foien & a%‘éﬁ@ "EBHAlifE dhedihfE bontfifising at
1dX¢ ?f‘gé H@Hc"b?I K r &gi‘eén n%:gt&'erﬂ_&% etic tlgyer, an

per pen magne rum acco

n§% %gégtf&\ﬁéﬁ'eﬁ' %ﬁgr,aﬁlgyf %%g@%@%g&@%ﬁ%l@?r sequentially
13?53‘3%& FaraohBg ERELS A6SAGEL Skt ;nyclero[]as -

aI | gb% GRn er ed ﬁghaeria{}lfj&t i$ %O?I{]}()jos'es S RANhIA MY a
ruthenium alloy hav1ng a hexagonal closed packed structure (hcp)
and a thickness of at least 5 nm;

the magnetic recording layer is composed of ferromagnetic crystal
grains mainly consisting of a ferromagnetic CoPt alloy and
nonmagnetic grain boundaries mainly consisting of oxide surrounding
the crystal grains;

the antiferromagnetic layer is composed of an alloy containing at
least manganese and having a face centered cubic structure (fcc); and

the antiferromagnetic layer is laminated directly on the soft

magnetic backing layer.

2. The perpendicular magnetic recording medium according to
claim 1, wherein the antiferromagnetic layer is composed of an IrMn

alloy.

3. The perpendicular magnetic recording medium according to

claim 1 or claim 2, wherein the soft magnetic backing layer has a face
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| east nickel and iron. 4. The perpendicul ar magnetic
recordi ng nedium according to 5 claiml or claim 2,
wherein the soft nagnetic backing | ayer has a
structure consisting of two or nore directly | am nated
soft magnetic layers in which a first soft magnetic
backing layer that is in contact wth the

canterterl cab@Beiructhey ahdés conipssed ofitgi allsubbhtaining at
lattice structure and is conposed of an all oy

leutt @idkdln@d ikgast ni ckel and 10 iron, and a second
soft magnetic backing layer that is disposed between

t he nonmagnetic substrate and the first soft nagnetic
backi ng | ayer has an anor phous structure and contai ns

qat | easthe dndicular %%%Ig@ﬁi@%@b%lhgg R %ccording to

recordi ng di'um accordi any one cl ai ns

o0 8191 e ST OABRE OB 1496 b o
stf]tlrﬁcftglgﬁ AndilEindBIIHI 6r' RO Hitect BYRm'iRatbd Wit agnetic
layers in which a first soft magnetic backing layer that is in contact
with the antiferromagnetic layer has a face centered cubic lattice
structure and is composed of an alloy containing at least nickel and
iron, and a second soft magnetic backing layer that is disposed
between the nonmagnetic substrate and the first soft magnetic

backing layer has an amorphous structure and contains at least

cobalt.

5. The perpendicular magnetic recording medium according to
any one of claims 1 through 4, wherein a distance between a top
surface of the soft magnetic backing layer and a bottom surface of the

magnetic recording layer is at most 25 nm.
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