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A e ORI AV P EORUFIORVRRASTIEREROR, anD

r eI at e MAGNETIE RECORDIMNGE AN REPRUUCENGAPRARATUS a
hard disk drive or a simlar apparatus, to a nethod
for producing the magnetic recording nmedium and to a
magnet i c r CROSSREFERENCE PORBIATED APPBIGATIONS N

agne e SpichHi SR S e RRLR L Aol LT peus.

H&dﬁ&ﬁﬁApﬁlﬁbaﬁoﬂ‘ﬁb fmhsﬁ 802 Me@6H ApADL 1 b@osmag netic

oo o hiE Arricatls B on SoRBRGSRERINYS ARRcation Son 2043 103367 filed
if B8 b BEritene6s, me%fon!aﬁm vihictKs %bﬁﬁ@ﬁmﬁ*ﬂa@n Wefderfes €

a type o nagnetlc recordi ng and feproduci ng

apparatus, is increasing at a rate of 60% per year,

and this trend i s expeghfd i nue. A magnetic
recording medium for use I ncgghIg?ggbdi sk drive is

desi r &he presehtinwerdion rélatey Teasmgnetimemi@ing netdingi foyysedma hard
T e
nnesliuns tané tora mm‘ed; recondmgcandi rﬂpg)duedg appaeanm ojaepbrhwulz&, the
p:rease& 19&?(1 10 iaYe% tcpglmagrtle c%%c]o?%meéxmnnélaw i Sxﬁedmgat 1}0éste és reqluced

tac IC rec

td) h nethgd fmmm@emg rﬂga mé&gnbti¢ readrémg arepium; and fs magetd tecording
medl m substrates i nclude an al um num

Begfogi&fl Sgl ass substrate, which are widely
used. A typi cal l'y enmpl oyed alum num substrate is

produced by form ng ' Il m having a thickness of
about 10 mon a m r?ﬁf‘ﬂﬁé@ﬁh‘%’fl\/g al l oy substrate
t hr ouglbpiekeds, récdt s ddpkity 6f1grd dskcirives (HDD) which are a type of

magnetic recording and reproducing apparatus, is increasing at a rate of 60% per year, and

this trend is expected to continue.

A magpetic recording medium for use in a hard disk drive is desired to have an
increased recording density, and therefore, the recording medium is required to have
enhanced coercive force and reduced noise.

A mainstream magnetic recording medium employed in a hard disk drive has a
structure in which a metal film is stacked on a magnetic recording medium substrate
through sputtering.

Substrates employed as magnetic recording medium substrates include an
aluminum substrate and a glass substrate, which are widely used. A typically employed
aluminum substrate is produced by forming an NiP film having a thickness of about 10
pm on a mirror-polished Al-Mg alloy substrate through electroless plating, and
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Due to this, SNR can be improved. On the other hand, the volume of the crystal grains in

the overall recording layer becomes large; therefore, thermal instability can be improved.

Media adopting this technique are generally called AFC media
(Anti-Ferromagnetically-Coupled Media) or SFM (Synthetic Ferrimagnetic Media).
Here, this is simply called AFC media or medium.

In the magnetic recording medium disclosed in Japanese Unexamined Patent
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(2) A second invention to solve the problems is a magnetic recording medium
comprising at least a non-magnetic undercoat layer, a first magnetic layer, a non-magnetic
coupling layer, a second magnetic layer, a non-magnetic coupling layer, a third magnetic
layer, and a protective layer, in this order, on a non-magnetic substrate, wherein the third
magnetic layer is antiferromagnetically coupled with the second magnetic layer, the
second magnetic layer is antiferromagnetically coupled with the first magnetic layer, and
the first magnetic layer is made of a CoCrZr alloy.

(3) A third invention to solve the problems is a magnetic recording medium as
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(10) A tenth invention to solve the problems is a magnetic recording medium as
described in any one of (1) to (9), wherein the second magnetic layer is made of at least
one of a CoCrTa-based alloy, a CoCrPtTa-based alloy, a CoCrPtB-based alloy, and a
CoCrPtBM-based alloy (wherein M denotes at least one of Ta and Cu).

(11) An eleventh invention to solve the problems is 2 magnetic recording
medium as described in any one of (2) to (9), wherein the second magnetic layer and the

third magnetic layer are made of at least one of a CoCrTa-based alloy, a CoCrPtTa-based
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FIG. 4 is a cross-sectional view showing a fourth embodiment of the magnetic
recording medium of the present invention.

FIG. 5 is a cross-sectional view showing a fifth embodiment of the magnetic
recording medium of the present invention.

FIG. 6 is a view for explaining a Hex measuring method.
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The non-metallic material is preferably glass or silicon, from the viewpoint of

surface flatness. In particular, a glass substrate is more preferably used, from the
viewpoint of cost and durability. Examples of glass materials which can be employed as
the non-magnetic substrate include an amorphous glass and a glass ceramic.

Examples of the amorphous glass include generally used soda-lime glass,
aluminoborosilicate glass, and aluminosilicate glass. Examples of the glass ceramics
include lithium-containing glass ceramics.

Examples of the ceramic substrate include a sintered product predominantly

containing generally used alumina, silicon nitride, or a similar compound, and a
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comprising a plurality of layers.

The non-magnetic undercoat layer 2 may be made of a Cr alloy containing Cr and
at least one of Ti, Mo, Al, Ta, W, Ni, B, Si, and V. The non-magnetic undercoat layer 2
may also be made of Cr.

When the non-magnetic undercoat layer 2 has a multi-layer structure, at least one
of layers comprising the non-magnetic undercoat layer 2 may be made of the Cr alloy or
Cr.

The non-magnetic undercoat layer 2 is preferably made of at least one of an
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In contrast, if the thickness exceeds 10 nm, the part, in which an anti-ferromagnetic

coupling is not occurring, increases medla noise.

A CoCrZr-based alloy makmg the first magnetic layer 3 may contain an
additional element having an auxiliary effect (e.g., enhancing orientation, grain size
reduction). Examples of the additional element include one or more species selected
from among Ti, V, Mn, Hf, Ru, B, Al, Si, and W. . The total content of the additional
elements is preferably 10 at.% or less. If the total content exceeds 10 at.%, the effect

(enhancing orientation or grain-size-reduction) is reduced. If the content is less than 0.1
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CoCrPtTa-based alloy, a CoCrPtB-based alloy, a CoCrPtBTa-based alloy, a
CoCrPtBCu-based alloy, a CoRuTa-based alloy, and a CoCrPtBM-based alloy (wherein
M is at least one of Ta and Cu).

Among these, at least one selected from a CoCrTa-based alloy, a
CoCrPtTa-based alloy, a CoCrPtB-based alloy, and a CoCrPtBM-based alloy (wherein M

is at least one of Ta and Cu) is preferably used.
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second
layer 3 and the strength of anti-ferromagnetic coupling between the second magnetic layer

5 and the third magnetic layer 9.

The thickness of the third magnetic layer 9 is preferably 10 nm or greater, from
the viewpoint of thermal stability characteristics. From the viewpoint of high recording
density, the thickness of the third magnetic layer 9 is preferably 40 nm or less. This is
because, if the thickness exceeds 40 nm, the favorable recording and reproducing
characteristics cannot be obtained.

Each of the magnetic layers (the first to third magrietic layers 3, 5, and 9) may



magnetic layer 5 is preferably 10 nmor greater, from
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the adhesion layer of the present invention. The magnetic recording medium comprises

the adhesion layer 11 between the non-magnetic substrate 1 and the orientation adjustment
layer 10. .

In order to promote epitaxial growth of the first magnetic layer 3, a non-magnetic
intermediate layer may be formed between the non-magnetic undercoat layer 2 and the

first magnetic layer 3. When the non-magnetic intermediate layer is formed, the effects



FIG 3 shows one enbodi nent of the magnetic recording
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coupled with the first magnetic layer 3.

Hex (exchange coupling strength) or J (exchange joint coefficient) can be used
for an index showing the strength of anti-ferromagnetic coupling.

Hex is preferably 500 (Oe) or greater, and J is preferably 0.2 erg/ cm’ or greater.

Moreover, 1 erg/cm2= 0.001 J/mz, 1 0e%:79.577475 A/m, and 1 emu/cc==
12.5664 x 10 Wb/m’.

Hex is defined as a magnetic field strength from the center of a minor loop to 0
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Next, one example of the method for producing the magnetic recording medium
of the present invention will be explained.

The surface of the non-magnetic substrate 1 is subjected to a texturing process, if
necessary. As the texturing process, a mechanical texturing using an abrasive tape can
be adopted.

The texturing process can be performed along with oscillation. The process
"oscillation" refers to an operation of oscillating an abrasive tape in a radial direction of
" the non-magnetic substrate 1 while the abrasive tape is moved on the non-magnetic

substrate 1 in a circumferential direction. The oscillation speed is preferably 60 to 1,200



strength suddenly falls, and thereby a magneti zation
line makes a curve. After that, the magnetic field
strength is further allowed to decrease to a nuneri cal
value (for exanple, -3,000 (0e)) which is larger b
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On the non-magnetic substrate 1, the non-magnetic undercoat layer 2 having a

thickness of 3 to 15 nm is formed using a sputtering target such as Cr, a Cr alloy, an
NiAl-based alloy, or an RuAl-based alloy.

Next, the first magnetic layer 3 having a thickness of 0.5 to S nm is formed using
a CoCrZr-based alloy.

Then, the non-magnetic coupling layer 4 having a thickness of 0.5 to 1.5 nm (and
more preferably in a range of 0.6 to 1.0 nm) is formed using a sputtering target such as Ru,
Rh, Ir, Cr, Re, a Ru-based alloy, an Rh-based alloy, an Ir-based alloy, a Cr-based alloy, or



substrate | is heated to 100 to 4001C i n accordance
wi th need. Through sputtering (for exanple, DC or RF
magnetron sputtering), the non-nmagnetic undercoat

| ayer 2, the first magnetic |ayer 3, the non-magnetic
WORSIHYMEBT3 | ayer 4, and the second |ayer 5 (oFCT//RR004/004959
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PR IRgRRICIYbsirate 3PRH  PUFENTY Of (ReBMERCHRHE™ such as
Sput t BérleRemple/1d tHl rAsRBtid¥bdrding medium shown in FIG. 1, among two

magnetic layers, that is, the first-and second magnetic layer 3 and 5, only the first

<

magnetic layer 3 is made of a CoCrZr-based alloy. In the magnetic recording medium
shown in FIG. 2, among three magnetic layers, that is, the first, second, and third magnetic
layers 3, 5, and 9, only the first magnetic layer 3 is made of a CoCrZr-based alloy.

Due to this, media noise can be reduced in the magnetic recording medium of the
present invention. In contrast, in the magnetic recording medium comprising a magnetic
layer made by a CoCrZr-based alloy, which is other than the first magnetic layer, media
noise increases.

Since the magnetic recording medium is an AFC medium in which the fnagnetic

layers are anti-ferromagnetic coupled, thermal stability is improved.



On the protective layer 6, a lubrication layer 7 can
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Em}mﬁetsi c recording and reproduci ng appar atus

accorgy Ny foe (ﬁé&% Pt %?&Ent'lﬁ%ﬁmﬂ Will: be ERBL aﬁ@@%ﬁ 'réference 1

recorqelng’ and reproduci ng apparatus as

anbdimess the nagnetic recordi ng nmedi um 20, a

medi um driving nmenber 21 for rotating the nmagnetic
recordi ng nedi um 20, a magnetic head 22 for recording
Exdnglerit i on i n and '

On the surface of a substrate (outer diameter: 95 mm, inner diameter: 25 mm, and
thickness: 1.270 mm) made of Al, an NiP film (thickness: 12 um) was made by electroless
plating. Then, the surface of the NiP film was subjected to a texturing process, and a

non-magnetic substrate having a surface average roughness (Ra) of 0.5 nm was prepared.

The prepared non-magnetic substrate was placed in a DC magnetron sputtering
apparatus (C3010, product of ANELVA (Japan)), and the chamber was evacuated to 2 x
107 Torr 2.7 % 107 Pa), after that, the non-magnetic substrate was heated to 250°C.



reproduci ng information fromthe magnetic recording
medi um 20, a head-driving nmenber 23 for noving the
magnetic head 22 relative to the nmagnetic recording
medi um 20, and a record reproduction signa

ﬁ“ﬁ@@@@’ﬁ@ system 24. The record reproduct i oRCTPRA%Y004959
processi ng system 24 is provided such that data input
fromthe outside is processgb to transmt a record

sign 0o the na netic head 22
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Example 3

A magnetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 79 at.%,
Cr: 16 at.%, and Zr: 5 at.%).

Example 4
A magnetic recording medium was prepared in a manner identical to that of

Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 77 at.%,



Cr: 20 at.% and Zr: 5 at.% was forned on the second

| ayer of the non-magnetic undercoat |ayer. A

non- magneti c coupling layer (thickness: 0.8 nm rrade

of Ru was formed on the first nmagnetic |ayer
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a sputtering gas, and the pressure thereof was
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prﬁg@ gg{etpzc recordi ng nmedium Exanple 2 A
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E?Iggr)gglc | ayer was made of a CoCrZr alloy (Co: 81
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Zr: 5 at.% . Exanple 6

Example 8

A magnetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 77 at.%,
Cr: 20 at.%, and Zr: 3 at.%).

Example 9

A magnetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 73 at.%,
Cr: 20 at.%, and Zr: 7 at.%).

Example 10

A magnetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 71 at.%,
Cr: 20 at.%, and Zr: 9 at.%).

Example 11



A magnetic recording nmediumwas prepared in a manner
identical to that of Exanple 1, except that the first
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Comparative Example 3

A comparative magnetic recording medium was prepared in a manner identical to
that of Example 1, except that the second magnetic layer was made of a CoCrZr alloy (Co:
75 at.%, Cr: 20 at.%, and Zr: 5 at.%).

Example 13

A non-magnetic substrate having a surface average roughness (Ra) of 0.3 nm was
prepared by subjecting a glass substrate (outer diameter: 65 mm, inner diameter: 20 mm,
and thickness: 0.635 mm) in a texturing process.

The prepared non-magnetic substrate was placed in a DC magnetron sputtering
apparatus (C3010, product of ANELVA (Japan)), and the chamber was evacuated to 2 x
10”7 Torr (2.7 x 107 Pa).

On the non-magnetic substrate, an orientation adjustment layer (thickness: 5 nm)
made of a CoW alloy (Co: 50 at.% and W: 50 at.%) was formed, and then this was heated



Conparative Exanple 2 A conparative magnetic recording
medi um was prepared in a manner identical to that of
Exarrpl e 1, except that the first magnetic |ayer was
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Example 14

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 87 at.%,
Cr: 8 at.%, and Zr: 5 at.%).

Example 15

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 85 at.%,
Cr: 10 at.%, and Zr: 5 at.%).

Example 16
A magnetic recording medium was prepared in a manner identical to that of

Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 83 at.%,



During formation of each |layer, Ar was used as a
sputtering gas, and the pressure thereof was adjusted
to 3 mlorr. Subsequently, a |ubricant containing
erfl uoropol yether was applied to the surface of the
OA0L40P VE | ayer so as to forma | ubricati onPFHEAN04/004959
(thickness: 2 m), to therif)y prepare a nagnetic
recordi ng medi um Exanple 14 A nagnetic recording
[ e ed in a manner i-dentical to that of
C@Qﬁ%@e@%%@%ﬁn that the first nmagnetic |ayer was
rrade of a CoCrzZr alloy (Co: 87 at.% Cr: 8 at.% and
! @ .% . Exanple 15 A magnetic recordi ng nedium
‘b pared in a manner identical to that of Exanple
13 ex eticbétiordﬁ@mﬁdlﬁﬁtwﬁ@gapahdm 4 myeter iasticabidehab bf a

g 13, Exearh et e S, Fagi ot IRy wesdpeins s bolra fifi o 79 ats,

prlgga%egnd@r 3 afimner |dent| cal to that of Exanple 13,.
except that the first nmagnetic | ayer was made of a
CoCrZr alloy (Co: 83 at.% WD 2004/090873
E%FgOOM 004959 21 Cr: 12'at.% and Zr: 5 atM).

e 17 A magnetic recordi ng nmediumwas prepared in
a manhemaghetismedording mdmmavasmepmsdmn@mmeéwgmthatwﬁt

Etz(%plg X{Jé@?ﬂ?@ (f’uéi g%glﬁet fIggs?n&:feg’i} € %Zr)eﬁloggé@yﬁ at.%,

C1:81 8At.tig gne¥s: S at.&).or di ng msdl umwas prepared in a

manner identical to that of Exanple 13, except that
the first rmgnetic | ayer was made of a CoCrZr all oy
Bx&aple 19 at . Cr: 18 at.% and Zr: 5 at.% . Exanple

19 A pmgnet.i c recordi ng medi um r
ranneh ARGBHHS e MR B PR Bl Btelch & ot
Ex&ﬂpl@ I1B Séxcé’[ﬁ@{heﬂieﬁrétmmtiba@eﬂwdsem@de cﬁ' a@mOrZIralbbf I(©y: 85 at.%,

Cf; . 85 atA, . 14 at. % and Zr: | . % . Exanple 20
et ep Zfé(%‘l/al ng medi um was prepared in a nanner
identical to that of

Example 20

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 83 at.%,
Cr: 14 at.%, and Zr: 3 at.%).

Example 21

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 79 at.%,
Cr: 14 at.%, and Zr: 7 at.%).

Example 22

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magneticlayer §vas made of a CoCrZr alloy (Co: 77 at.%,
Cr: 14 at.%, and Zr: 9 at.%).

Example 23



Exanpl e 13, except that the first magnetic | ayer was

made of a CoCrZr alloy (Co: 83 at.% C: 14 at.% and

Zr: 3 at.% . Exanple 21 A magnetic recording nedium
ared in a manner identical to that of Exanple

920&@9 # that the first magnetic |ayer wasPHESFOY(00ES

CoCrzr alloy (Co: 79 at.% Cr: 14 at.% and Zr: 7

at. 9% . Exanple 22 A magnetlgzrecor di ng rredl um was .

re ed a nanne d t I t hat
g G, T Al R E D R e g
EQ@ﬁ}SlZus adxbay tHaCme fitst mAneHe lay€y washiadetof ¥CoEZk afloy (Co: 75 at.%,

3 WD 2004/ 090873 PCT/ JP2004/ 004959
02214&“%@%?? gﬁ)ﬁbé’ rdi ng medi um was prepared in a

manner identical to that of Exanple 13, except that
the. first magnetic |ayer was made of a CoCrZr all oy
C(omwarauseﬁxan%le‘*c:r 14 at.% and Zr: 11 at.%.

AR B W8S JYBARRL hfa k@& i@tinkigal to
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i dentical t hat of
thiat eftamnpla] 3, smﬁhattthmﬁrsftmmﬂﬁlq layer vepg made ef 3 Gy@rralk%éCO 86

dagd@’r 9@@ alloy (Co: 86 at.%and Cr: 14 at.%.

npar ative anple 5 A conparative nmagnetic recording
medi um was prepared in a manner identical to that of

anpl.e 13 xgept that the first magnetic | ayer was
C%H’gpa&f'eéxﬁ%g’a alloy (Co: 81 at.% Cr: 14 at.% and
Ta: 5Aajonfffratifmaangpletic Réorfing nivdiveuwhsrepanéd ia asudpsemidentical to

8 B TE S 5 e SRl 5H B PP o

g1tdnve kpagst.%l dnd-TAiS)at¥)s made by el ectrol ess plating.

Then, the surface of the N P-based alloy filmwas

subjected to a texturing process, and a non-nmagnetic
terﬁte havi ng a surface average roughness (RA) of

0.5 run pre ared. The ? non- rra netic

subst Oathe SERCHPACRBSIEIP (QUpCiFgHe 07 I LBt DapFifE 25 mm, and

tgﬁgl?ers@tl Y90 i) Hadd of A %%P figh (ﬂﬂﬁﬁe\#\ 10]@Dares)made IByl eleBt€oless

mber “was evacuat ed to X Torr (2.7 x 10"

ating. aThen; thetsarfaceofithe M’rbmg ﬁléw ﬂhxswessstubmtéd vve?stewa% d
ﬁr&e@é Qmpa non-magnetic substrate having a surface average roughness (Ra) of 0.5 nm

was prepared.

The prepared non-magnetic substrate was placed in a DC magnetron sputtering
apparatus (C3010, product of ANELVA (Japan)), and the chamber was evacuated to 2 x
10”7 Torr (2.7 x 107 Pa), after that, the non-magnetic substrate was heated to 250°C.

On the non-magnetic substrate, a non-magnetic undercoat layer was formed.
The non-magnetic undercoat layer had a multi-layer structure comprising a first layer
(thickness: 5 nm) made of Cr and a second layer (thickness: 3 nm) made of a CtMo alloy
(Cr: 80 at.% and Mo: 20 at.%), which was formed on the first layer.

A first magnetic layer (thickness: 2 nm) made of a CoCrZr alloy (Co: 75 at.%,
Cr: 20 at.%, and Zr: 5 at.%) was formed on the second layer of the non-magnetic
undercoat layer. '

A first non-magnetic coupling layer (thickness: 0.8 nm) made of Ru was formed
on the first magnetic layer.

A second magnetic layer (thickness: 4 nm) made of a CoCrPtB alloy (Co: 69 at.%,



On the non-nmagnetic substrate, a non-nmagnetic

undercoat |ayer was fornmed. The non-nmagnetic

undercoat layer had a nulti-layer structure corrpri si ng
a first la'yer (thickness: 5 nin) made of C an
WO9P8er (thickness: 3 run) nade of a CrR/ST/éTZI“WO””
(Cr: 80 at.% and Md: 20 at.Q/6), which was forned on
the first Iayer A first rra%}]etlc Iayer (th| ckness:

Ol b B iap T SR 018 iR of el Bomp ety ﬁ%‘hﬂeé’

lap&n- rmgnetl c under coat layer. A first non rmgnetl C
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fdrﬁm&an&feiae&m euél ., made of a CoCrPtB alloy (Co:

69 % WO 2004/090873 PCT/_ JP200 0
ot . 5 Pizd Tagneto ey ckness 15 Traymads Ot p GORERIBHOY i 80 et %
clinsheden '1!?‘39%e£ﬂch a0 forhidl 8 the&e&ﬁﬁ(hﬁﬁtmagnetlc coupling
non- magneti ¢ coupling |dyer (thickness: 0.8 hm) nade
layér.Ru was forned on the second magnetic layer. A

| t h| rd g&qﬁﬁt%ﬁ?{&@g\% éafe} k}h@/}&{é@é% mé?nzﬂl'é 3} cdft %%gog%ed%

an d BDuzﬁ“ngabnﬁ@tlonmﬁ edchilayed Agrwas hsedsie e@mttenogm gasagighe pressure

couplin er that, a protective, |ayer
ﬂtefcr??g’ﬁ%%g‘és:m%égr [ 1’}made of carbon was formed. During

f or meSubsequeditlye a tibricant eontaifing persluampalyetherawaspnplicdriv thy

S d the pressure . thereof . '
sihe pPBeptrlGylE R 5 o 060 FRLrERpTed fhEebd 2ham o
tlpestly|prspapahysietiefecovdimgamdiuned to the surface of the
protective layer so as to forma lubrication |ayer
(thickness: 2 nin), to thereby prepare a nmagnetic
JosifpafatlidBxdmgslé 8m Conparative Exanple 6 A conparative

rragnetl c recqrding nediu vvasdglaﬂ%ar ed in .a nanne
i dent Acgmpaigtive rﬁgnegcf regQr gg(}gg?ﬁred[ 15 3mgnger 1dent1ca1 to

that BﬁExaE‘igﬂé'ﬂ legc ﬁﬁ’l@trthél\ﬁl%t fBgRiOfayér e @iade bl 8ZoCEaloydQo: 80
elp 9 . Corrparatu}/,e Exanple 7 A 78

ab(ﬁ”?ﬁ‘ﬂl‘:éﬂ% /P}agnetl c recordi ng nedi um was prepared in

a manner identical to that of Exanple 24, except that

the first ma netlc | ayer was nmade of a CoCrTa al | oy

QomparatiygExample 7Cr: 20 at. % and Ta: 5 at.%.

A comparative magnetic recording medium was prepared in a manner identical to

(D

that of Example 24, except that the first magnetic layer was made of a CoCrTa alloy (Co:
75 at.%, Cr: 20 at.%, and Ta: 5 at.%).

Each of magnetic recording media produced in the above Examples and
Comparative Examples was subjected to a glide test by use of a glide tester, with the glide
height being adjusted to 0.3 p inch (1 inch=+25.4 mm). The recording media which had
passed the test were further investigated in terms of record reproduction characteristics by
use of a read-write analyzer RWA 1632 (product of GUZIK (USA)).

The record reproduction characteristics were investigated in terms of
electromagnetic transducing characteristics (track average amplitude total (TAA), 50%
pulse width (PW50), an SNR, and an overwrite (OW)).

The record reproduction characteristics were evaluated using a complex thin-film
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PORIMSIIA/ 004959 27 In Exanples | to 12, aRET/SUR0044 ¢S
Conparative Exanples | to 3 and 6, an Al substrate

was used for the non-nmagnetiZé¢ substrate. In Exanpl es

13 t [ I and 5, | ass
subst FiERs 108 T e ChEREmRtHrIesdue el & aal
suibstiale@Ris ubddo? th¥ asPmagnelic kbsRat.halh BiamPles NP 1d23 mant ent
¢n a%CrZr-based aII01\£1 making the first magnetic

g !
veExampiesande. s elasssubsiraeovagiused for e naprgiengtis substrate.
recor giif\dear MM ERPAS 185 6P &»ﬁ/&@ﬁie @l}l@or%térﬂ i 9 BbEF5based alloy

when the Cr content is 24 at.% nmagnetization is
makingrthe Gistmegngtiellagier iSiuR rdegeraf 44 8522 3tt%,ithe mhgngtic feconding
e 1 to,i N a

L A iR NR, ol MBS e PRy [
rhagnetizatigoryis insfiffitienand antSNR decteases.magnet i ¢ recor di ng
medi um; ' ' r n the Zr
cont o e Byl BRLRET 70 | DeBARGHE HoodllERs' 7
GoicZmbased Aoy making thr fictmagnetic lageridingd rafige of 1 to 9 at.%, the

magnetic recording medium has an improved SNR. In particular, when the Zr content is

in arange of 3 to 7 at.%, an SNR is a maximum. When the Zr content is 11 at.%,
magnetization is insufficient and an SNR decreases.

It is clear from Example 12 that an SNR is improved by adding B as an additive
element to a CoCrZr-based alloy making the first magnetic layer.

It is clear from Comparative Examples 1 and 2 that when a CoCr-based alloy or a
CoCrTa-based alloy is used for the first magnetic layer, the magnetic recording layer has
an inferior SNR to that of the magnetic recording layer comprising the first magnetic layer
made of a CoCrZr-based alloy.

It is clear from Comparative Example 3 that when a CoCrZr-based alloy is used
for the second magnetic layer, coercive force remarkably decreases and an SNR also
remarkably decreases.

It is clear from Examples 13 to 18 that when the Cr content in a CoCrZr-based
alloy making the first magnetic layer is in a range of 8 to 18 at.%, the magnetic recording
medium has an improved SNR.

It is clear from Examples 19 to 23 that when the Zr content in a CoCrZr-based
alloy making the first magnetic layer is in a range of 1 to 9 at.%, the magnetic recording
medium has an improved SNR. In particular, when the Zr content is in a range of 3 to 7
at.%, an SNR is a maximum. When the Zr content is 11 at.%, problems are not caused in
magnetization but a squareness ratio and an SNR decrease.

It is clear from Comparative Examples 3 and 4 that when a CoCr-based alloy or a
CoCrTa-based alloy is used for the first. magnetic layer, the magnetic recording layer has
an inferior SNR to that of the magnetic recording layer comprising the first magnetic layer

made of a CoCrZr-based alloy.



magnetization is insufficient and an SNR decreases. It
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and an SNR decrease. It is clear from Conparative

Exanples 3 and 4 that when a CoCr-based alloy or a
CoCr Ta- based alloy is used for the first magnetic

| ayer, the magnetic recording |ayer has an inferior
SNR to that of the magnetic recording |ayer conprising
the first magnetic |ayer nade of a CoCrZr-based
al l oy. WO 2004/ 090873 PCT/ JP2004/ 004959 28 The
magneti ¢ recordi ng nmedi um of Exanple 24 conprises the
first magnetic layer, the first non-nmagnetic coupling
| ayer, the second nagnetic |ayer, the second

non- magneti c coupling layer, and the third magnetic

| ayer (that is, the magnetic recording nedium
conprises three magnetic |ayers and two non '
-magnetic coupling layers). In the magnetic recording
medi um havi ng a such structure, when the first
magnetic |ayer is nmade of a CoCrZr-based alloy, the
magnetic recordi ng medi um has a superior SNR to that
of the magnetic recording nedia of Conparative
Exanples 6 and 7. | NDUSTRI AL APPLI CABI LI TY Since the
magneti ¢ recordi ng nmedi um of the present invention
conprises the first




magneti c | ayer made of a CoCrZr-based all oy, nedia

noi se is reduced. WO 2004/ 090873 PCT/JP2004/ 004959 29
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this order, on a non-nmagnetic substrate, wherein the

.second magnetl c layer is aftj; }vfserromagnetl cally
coupled with the first nmagnetic. |ayer; and the first
magnetic layer is nade of a CoCrZr alloy. 2. A
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magnetic | ayer; first magnetic layer is nade

of a CoCrZr aIon 3 A magnetic recordi ng medi um
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4. A magnetic recording medium according to any one of claims 1 to 3, wherein the

thickness of the first magnetic layer is in a range of 0.5 to 10 nm.

5. A magnetic recording medium according to any one of claims 1 to 4, wherein the
non-magnetic coupling layer is made of at least one of Ru, Rh, Ir, Cr, Re, an Ru-based
alloy, an Rh-based alloy, an Ir-based alloy, a Cr-based alloy, and an Re-based alloy; and

the thickness of the non-magnetic coupling layer is in a range of 0.5 to 1.5 nm.

6. A magnetic recording medium according to any one of claims 1 to 5, wherein the
non-magnetic undercoat layer has a multi-layer structure comprising a layer made of Cr or

a layer made of a Cr-based alloy containing Cr and at least one of Ti, Mo, Al, Ta, W, Ni,



7. A magnetic recordi ng nmedi um according to any one of
clains 1 to 5 wherein the non-magnetic undercoat

| ayer has a multi-layer structure conprising a |ayer
cont ai ni n one of Ni Al -based all oy, RuAl -based allo oy
%Uz“@ﬁ/”%’(ged alloy; and the Cr-based alloy &5MIBA0PI04959
Cr and one or two or greater_of Ti, M, A, Ta, W N,

B, Si, and V. 8. A magnetic ecor di ng nmedi um accordi ng
écsngme of claims | to 7, wherein the non-magnetic

ate is one of a glass substrate and a silicon

substrate. 9. A magnetic recordi ng nedi um accor d| ng to
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made of at | east one of a CoCrTa-based alloy, a
CoCr Pt Ta- based alloy, a CoCrPtB-based alloy, and a
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second magnetic layer and the third magnetic | ayer are
made of at |east one of a CoCrTa-based alloy, a
Lo & Pagtetib sscerding] thealjym accGotingto Bapotie afsiiinal too& wlmfeﬁh the
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and cidicoln; g whixh afitmcantainisg o1g o NiP &aisin NiP alloyisTaaed | C
undercoat layer, a first magnetic |ayer, a

non- magnetic coupling layer, a second nmagnetic |ayer,
Hnd Aampgnetiertording ntediuin adcBrdiddite asy 6iRrof cﬂﬁnsﬁl t0 9, whereln the

non etlc subst and the, se netic

BT AR 1o Bte OF PSS G GuiobaT s RAG: + CoGREH o based

dilageCoCrPtB-based allop@ided CoCpBNBLAd AP eteHeM ddnbtes I\tel@ast
|ch e first magnetic layer is made of a CoCrZr

QJFPyS@ uA nmet hod for producing a magnetic recording

medi um conprising at |east a WD 2004/ 090873

PCT/ JP2004/ 004959 31 non-nagneti c undercoat | ayer,

i v Sy mpgagieterrdinggradiunyacsaiingde At 9ue of slaimns Hig 9 agherﬁm the

s8ESHAMEh ghB 18k Gnd Y Eind rRaghOfts 197G ARt Ale 6P 'a'lﬂledsf‘&]e' GrYer
a third magnetic | aye andaérotectlve ayer, in

Gofirda-bpsed llos, A CACHKohiegf llong 2 COBERB heeed llns b fr o
(EGI&P&M—%a&e@)éHJS Féh r&eﬁg,g coupl ed
with the seconyd@ﬁrr%gneltv?dgmlngigrl an %?Egéléde%‘u
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Mt hBGod f fof ﬁkdﬁ@@@&h Itl@ﬁ&[)]hdlﬁﬁ?ﬁ tediu cgrgﬁ'l %T’Fguﬂ?qst a

conprises the step in ayer
rjog-mgggetic undercoat layer, a first magnetic layer, a non-magnetic coupling layer, a

second magnetic layer, and a protective layer, in this order, on a non-magnetic substrate,
and the second magnetic layer being antiferromagnetically coupled with the first magnetic
layer,

wherein the method comprises the step in which the first magnetic layer is made
of a CoCrZr alloy.

13. A method for producing a magnetic recording medium comprising at least a



of a CoCrzZr alloy. 14. A magnetic recordi ng and
reproduci ng apparatus conprising a magnetic recording
medi um according to any one of clains | to 11 and a
magnetic head for recording information in the
WEAKI98878 ecor di ng medi um and reproduci ng i nPEFIRP4EH9S9

fromthe magnetic recordi n%Imedi um

non-magnetic undercoat layer, a first magnetic layer, a non-magnetic coupling layer, a
second magnetic layer, a non-magnetic coupling layet, a third magnetic layer, and a
protective layer, in this order, on a non-magnetic substrate, the third magnetic layer being
antiferromagnetically coupled with the second magnetic layer, and the second magnetic
layer being antiferromagnetically coupled with the first magnetic layer,

wherein the method comprises the step in which the first magnetic layer is made
of a CoCrZr alloy.

14. A magnetic recording and reproducing apparatus comprising a magnetic recording
medium according to any one of claims 1 to 11 and a magnetic head for recording
information in the magnetic recording medium and reproducing information from the

magnetic recording medium.



