2175014 1. "PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM' The present invention
general ly relates to perpendicul ar nmagnetic recording mediuns, and nore 5
particularly to a perpendicul ar magnetic recordi ng ‘medi um havj C
sati sfactory perpendicul ar nagnetic recordi ng and reproduci ng?igysiﬂli '
characteristics. Cenerally, when recording and reproducing a signal on and
froma magnetic recording nmedi um by usejqQf a 10 magneti ¢ head, the
magneti ¢ head magneti zes a magnetic layer of the magnetic recordi ng nedium -
in a longitudinal direction of the nagnetic recording nedium (that is, in
an in-plane direction) at the tine of the recording and picks up the
recording at the time"BERPENDIGULARUMAGNETIEORECORDING MEBQUMTdi Ng to such
a longitudinal magnetic recording system it is known that the

demagneti zation field beconmes high as the recording density increases and

t he demagneti zation field introduces undesirable effects to the high
density magnetic recor GPRgPTREARE, inventiep generpilyarelagesyto

undesirabl e effects, of.the denagpeti zatiqn, a Sn endi cul_ar magnetic
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reproducing characteristics.

\ Geherally, when recording and reproducing a
signal on ahd from a magnetic recording medium by use of a
10 magnetic head, the magnetic head magnetizes a magnetic
layer of the magnetic recording medium in a longitudinal
direction of the.magnetic recording medium (that is, in an
in-plane direction) at the time of the recording and picks
up the recording at the time of the reproduétion. However,
15 ‘ according to such a longitudinal magnetic recording system,
it is known that the demagnetization field becomes high as
" the recording density increases and the demagnetization (
field introduces undesirable effects to the higﬁ density
magnetic reéording. Hence, in order to eliminate the
20 undesirable effects of the demagnetization, a perpendicular
magnetic recording system has been proposed in which the
magnetic head magnetizes the magnetic layer of the magnetic
recording medium in a direction perpendicular to the
magnetic layer. According to the perpendicular magnetic

25 recording system, the demagnetization field becomes low as



2. 1 t he magnetic recording density increases, and theoretically, it is
possible to realize a.satisfactory high density magnetic recording in which
therg is no decrease in the remanent nagnetization. 5 As a
conventi onal perpendicul ar magnetic recordi ng medi umwhich is used in the
per pendi cul ar magnetic recording system there is a perpendi cul ar nagnetic
recordi ng medi um having a cobalt-chromumg(Co-Cr) filmfornmed on a base
filmby a sputtering process. As is 10 well known, the Co-Cr filmis
extrenely suited for use in the perpendicul ar magnetic recordi ng nedi um
because the Co-Cr filmhas a relatively high saturation magneti zation (M)
and favor $ madhe imagnediaq recanding idengidnpdmiinesdsest ande Co-Cr film
(that is, the coercivity.in the direction 15 perpendicular to the Co-Cr
filmis |arge tfPuetdcdlly nfitis) nasfidle 49 Fealiznpantiafagtany the
Co-Cr film. . vey, dye to the ,addition of chromum (Cr), cobalt (Co) has
such an ori enm#’% Y agnatic recaxding Jq (whih there d& no

' I di cul gr_ he 2 Co-Cr. filmbut th ' f e
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magnetic recording system, there is a perpendicular

o - magnetic recording medium having a cobalt-chromium (Co-Cr)
£ilm formed on a base film by a sputtering process. As.ié-
10 well known, the Co-Cr film is extremely suited for_use in
the perpehdicular magnetid recording medium because the
Co-Cr film has a relatively high saturation magnetization
'(Ms) and favors magnetization in a directibn perpendicular
_ to the Co-Cr film (that is, the coercivity in the direction
15 = perpendicular to the Co~Cr film is large and the axis of
easy maénetization is.peréendicular to the Co-Cr film).
However, due to the addition of chromium (Cr),
cobalt kCo).has such an orientation that the axis of'easy
magnetization thereof is approximately perpendicular to the
20 Co-Cr film but the axis of easy_magnetization.is not
:perfectly perpendiculaf, and it is impossible to obtain én
extremely strong perpendicular anisotropic-magnetic-fieid
'with the perpendicular magnetic recbrding medium comprising
the Co-Cr film. Hence, there is another perpendicular

25 magnetic recording medium in which a third element is added



3. to Co-Cr so that the axis of easy magnetization of Co is satisfactorily
perpendicular to the film For exanple, niobium (No) or,tantalum(Ta) is
added to Co-Cr as the third elenment. In this case, due to the addition of _
'Nb or 5 Ta, the orientation of Co is inproved so that the axis of easy=
magneti zation is satisfactorily perpendicular to the filmbut the '
~saturation magneti zation of the perpendi cul ar magnetic recordi ng nmedi um
decreases by the addition of Cr and Nb (or Ta) which are non-magnetic
materials to Co which 10 is a ferromagnetic material. As a result, there
'is a-disadvantage in that it is inpossible to obtain a high reproduced

out putl duete Co+@r ssb uklat othenamibsi afit easy mMagnetisgtionaopecpepdi cul ar
magneti ¢ recordi ng medi um having a double filmconstruction has been _
proposed. SEtisfpetewily) perpendipelprntocther fitmnet Forrexamplag nedium a
fil mhaving, a -high perneability, that is, a filmhaving a | ow coercivity
such as-ea#ﬁQﬂ&#miféﬁﬂ(?%-F%9t$1ﬂ$h(Tﬁ’fEFnéﬁd%@t“EeQOtﬁﬁ &s- thefi | m and
the base fjilm._ T magnetic flux which ig spread within the high :
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film but the saturation magnetization of the perpendicu.ar .

magnetic recqrding medium decreases by the addition of Cr ';J
and Nb (or Ta) which are non-magnetic materials to Co which
10 is a ferromagnetic materia1. 'As a result, there is a
disadvantage in that_it is impossiblé-to obtain a high
reproduced output due to the saturation magnetization.
Accordingly, a perpendiculargmagnetic recording
medium having a double film construction has been proposed.
15 Accbrding to this perpendicuiar magnetic:recording medium,
a film having a high permeabilify,-théﬁ i§, a film having a
low coercivity such as a nicke1-iron (Ni-Fe) £ilm, is
formed between the Co-Cr fiim_and the base film.  The
magnetic flux which is spread within the high permeability
20 film is concentrated toward the magnetic pole.of the
 perpendicular magnetic headVAt,a predetermined magnetic
recording position in order to obtain a étrong L
magnetization-which-is in the perpendicular dirzction and
does not spread in the longitudinal direcﬁion of the

25 perpendicular magnetic recording medium. Howevér, in the



-4- case of the perpendicul ar magnetic recordi ng nmedi um having the doubl e
filmconstruction, the coercivity of the high perneability filmis
extrenely snal | conpared to the coercivity of the Co-Cr film and there is
a di sadvantage in that Barkhausen noise is generated. For exanple,. the
coercivity of the Co-Cr. filmis over 700 O# -and the coercivity of the hi gh
perneability filmis under 10 Ce. In order to prevent the generation of

t he Bar khausen noi se, the high perneability filmmnust have a coercivity
which is at |east over 10 Ce, but there is no suitable material which
satisfies such a condition and can al so be used for the high perneability
film Furthernore, when a ring core head is used as the perpendicul ar
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strong ani sotropy only in the perpendicular direction, because a hagnetic:
field generatediihy hDgnrpoemep el DeRdei Pl uéeéxeeeﬁéﬂyr 8hhe1i BoRpaked

conmponents. According to the invention, there is provided a perpendicul ar
magneti c recordt@gtﬁédcdétoﬂvﬂbychfathe Co-Cr film, and there is a
disadvantage in that_Barknausen noise is generated. For
example, the coercivity of the Co-Cr film is over 700

Oe, and the éoercivity_of-the_high permeability film is_
under 10 Oe. In order to prevent ;he generatibn of the
Barkhausen noise. the high permeability f£film must have a
coercivity which is at least over 10 Oé, but there is no

suitable material which satisfies such a condition and

can also be used fo:,the high permeability film.

Furthermore, when a ring core head is used as the
perpendiculgr magnetic heaé. there is.a problém in.that
it is impossible to effectively perform the
perpendicular magnetic recording with respect to'the
perpendiculpﬁ_magnetic recording medium described before
which has the strong anisotropy only in'the
perpendicular.direétion. because a magnetic field
generated by the ring core head includes considerable

in-plane components.

A¢cording to the invention, there is provided a

perpendicular maghetic recording medium on whigh a



-5- signal is recorded and fromwhich the signal is reproduced by a
magneti ¢ head, said perpendi cul ar nagnetic recordi ng nedj um conprising: a
recordi ng nedi um base; and a nagnetic |ayer constituted by-a | ower |ayer=_
formed on the recordi ng nmedi um base and an upper |ayer formed on the IOWE#_
| ayer, said |ower layer having an i n-pbane coercivity between 10 Oe and 220
Ce and a thickness between 0.05 mcron and 0.15 mcron and bei ng nade of a
first material including cobalt, chromi umand at |east one el ement other:*

t han cobal tshgnathigntecornded andr tdemewhiiohdthengdégaklcdéscentrati on so -
that an in-plane MH hysteresis | oop of said magnetic |ayer-has an

i nclinati oncepcdduted byeai magneticohesdl, aspadt pekpendicmlplrane M H
hysteresis loop in the vicinity of the origin is substantially greater than
t he incIiné@#%%e%icthe¢¢éﬂﬁnﬁingdpumtcempfhéinsiplane M H hysteresis | oop,
sai d upper |ayer befng made of a second material including cobalt, chrom um
and said at?|ESCPrHR eF%ﬁgﬁﬂ,b?ﬁ8=c6H€entration of said at |east one

el ement in said second, material being less.than the_concentration of said
2t least ort MYREREC| hAXSF (CPPSELCHERE PXI @ LOWPE LAYSE SOCBEB 8D o
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di sadvant agés™ a
' the lower layer, said lower layer having an in-plane

'coercivity betwéen:lo Oe and 220 Oe and a thickness

between 0.05 micron and 0.15 micron and being made of a J
first material including Cobalt.'éhrbmium and at least

one element other than cobalt'and chromium with a
predetermined range of concentration so that an in-plane
M-H hYsteresis.lobp'of'said"magnetic'IaYer-has an
inclination éuch that tﬁe:inCIinatign'of_a part of.the
in-plane M-H hysteresislloop in the vicinity of the
origin is substéntially greater than the inclination of
the ;emainin§ part of the in-plane M-H hysteresis loop,
said upper layer being made of a second material
including cobalt, chromium and said at least one
element, the concentration of said at”leaét'gne'element
in said second material being less than the
concentration'éf"said'at least one element in said first

material.

It is”thus_possible to provide a perpendicular magnetic
recording medium in which the disadvantages and problems

of“the:bidr:aft are overconme, by”noﬁing the fact that, o



of the pior art are overcone, by noting the fact that, -6- when a
magnetic material is coated on a base to forma nagnetic |ayer, the forned
magnetic layer is constituted by two | ayers having different coercivities
and Utilizing for the perpendicul ar magnetic .recordi ng one of the two"

| ayers having a small coercivity. It is pogsible to obtain a high -
reproduced output, and a reproduced output versus recordi ng wavel ength
characteristic is especially satisfactory in a short recordi ng wavel ength
range. In addi twivem #mmagnet beemavgniil zhéi ovatdd HHnhysbesests topm &f a
magnetic |layer as a whote rises sharply and anonmalously in a vicinity of an
origin and the magnetiedlapenctthatformednpagnetis. layept hercongtitutée
in-plane MH hysteresis |loop has a steep rise in the vicinity of the origin
wher e the in-plkihetwe Haxerrkaving odbbf fecenn coerchvitbessandtantial ly
greater than the jncljination of the remaining part of the in-plane MH

hyst eresi s | ooPt H&ELNG P HckhR R ERERI 1 eplabt PRIRREDE dl-’ﬁ@oégtlngemi@duci ng
characteristics can be inproved by using as the magnetic | ayer the layer in
whi ch the magndlf A% W9 LAY ¢kt having Th%'“?)}lss‘é?lgr%b‘ébwi cation, a sudden
change or steep inclination in the in-plane MH hysteresis |loop will be.
referred to as the ragnetization '

It is possible to obtain a high reproduced output, and a

rephoduced output versus recording wavelength
\4, characteristic is éspecially satisfactory in a short
recording wavelength range. In addition, an in-plane
magnetization (M-H) hysteresis loop of a magnetic layer
as a whole rises sharﬁlf.and anomalously in a vicinity
of an origin and:the so-called magnetization jump
occurs. In other words, the in-plane M-H hysteresis
loop has a steep rise in ;he viéinity of the prigin
where the in-plane M-H hysteresis loop has an
inclination substantially greater than the inclination
of the remaining part of the in-plane M-H hysteresis
loop. Thus, thé-perpendicular ﬁagnetic recording and
reproducing éharactézistics cah_be improved by using as
thé'magnetic layér the layer in which the magnetiéatioﬁ_
jump occurs. 1In the present specification, a sudden
‘change or sﬁgep inclination in the in-plane M-H
hysteresis loop will be referred to as the magnetization
jump. and a magnitude of thé magnetization jump.will be

referred to as a magnetization jump quantity.



junp, and a magnitude of the nmagnetization junmp will.-be referred to as a
magneti zation junp quantity. - 6a - The invention wil] be further
descri bed, by way of exanple, with reference to the acconpanyi ng draw ngs;
in which: FIG 1 shows an in-plane MH hysteresis |oop for the case where a
magnetic | ayer of an enbodi nent- of theggerpendi cul ar magnetic recording '
medi um according to the present invention is constituted by a
cobal t - chrom um ni obi um (Co-Cr-Nb) single filmhaving a thickness of 0.2
mcron and a naGhet iaventlidnowill Ib@e fiux they ided ddidrédl, by Ma¥ o shows an
in-plane MH hysteresis |oop for the case where the nagnetic layer of the
enbodi nent ekampdepewpshdiredlexiencrgnet ither dcmosipanyisg Wnadagsli it o t he
present invention is constituted by a Co-Cr-No single film 7. 1 having a .
‘thickness oWR8¢BS nicron and a magnetic field of 15 kQe is applied thereto;
FIGS. 3 through 5 respectively show in-plane MH
FIG. 1 shows an in-plane M-H_hysteresis loop for the

case where a magnetic layer of an embodiment of the

perpendicular magnetic recording @egjum according to the

present invention is constituted by a .

cobalt—chromium-niobium (Co-Cr-Nb) single film having a *;/

thickness of O.Z_micron_and a .magnetic field of 15 kOe

-is applied thereto:

FIG. 2 shows an in-plane M-H hysteresis loop for the
case where the magnetic layer of the embodiment of the
perpendiculai maghetic recording medium according to the
present invention is constituted by a Co-Cr-Nb single

film



hysteresis | oops for explaining the reason why a 5 magneti zation junp
occurs; FIG 6 is a graph showi ng an in-plane coercivity He(//), a
perpgndi cul ar coercivity He([err]) and a magnetization junp quantity [err]
for each filmthickness when the filmthickness of the Co-Cr-Nb single film
Is controlled 10 by varying the sputtering tine; FIG7 is a graph show ng
an in-plane ®sercivity Hc(//), a perpendicular coercivity He([err]) and a-
magneti zation junp quantity a for each filmthickness when the film

t hi ckness of a cobalt-chrom umtantalum (£0-Cr-Ta) 15 single filmis
controlled by varying the sputtering tinme; FIGS.8A through 8C are graphs
respectively showi ng an in-plane M-H hysteresis | oop of the Co-Cr-Nb single
filmin which no nagnetization junp occurs; FIG9 is a graph showi ng the
rel ati onshi ps hafvimge 2GhigknEesi@ L W0 M5 heidroml ard [£mdgmétidef g (662)

pl ane of each of a cobalt-chromum (Co-Cr) thin filmand the Co-Cr-Nb
singl e film wilth kGesdectappd iigee thdmetdd ckness; FI GS. 10A through 10C are
graphs respectively show ng torgque curves of the Co-Cr thin filns
respectively 25  havi n&'ﬁﬁga-n?\ tHhirouss e reApersrely Zhawdio-wkane M-dh;

? h eFICOG_S'Crl _1th r%&%&ﬁgﬂ% 6iro%pgsr af%hrS erx%slpaeicrur;/; lt-}/hes hroc.;’gsro]:?n tv?hryq uae curves of
| 5 magnetization jump-occufs;
'-FIG.S is a graph showing an in-plane_doercivity
Y | Hc(//), a perpendicular coercivity Hc( | ) and a“
magnetization jump quantity 93 for each film thickness when
| ~ the film thickness of the Co-Cr-Nb singlefilm is controlled
10 by varying the sputtering time; |
FIG.7 is a.graph showing an in-plane coercivity
"He(//), a perpendicular coercivity-Hc(_L) and a
magnetization jump Quantity o.

J
the film thickness of a cobalt-chromium-tantalum (Co-Cr-Ta)

-for each film thickness when

15 single film is controlled by varying the sputtering time;
| FIGS.8A through 8C are graphs respectively
showing an in-plane M-H hysteresis loop of the Co~Cr-Nb
single £ilm in which no magnetization jump oceurs;
FIG.9 is a graph showing thé relationships of the
20 rocking curvé half-value (Aeso)_of the hcp (002)-p1ane of
each of ‘a cobalt-chromium (Co~-Cr) thin film and the
Co-Cr~-Nb éingle film with respect to the film thickness;
| FIGS.10A through lbc are graphs respectively
showing torque curves of the Co-Cr thin films respectively

25 having film thicknesses'of 0.50, 0.20 and 0.05 micron;



respectively having filmthicknesses of 0.50, 0.18 and 0.05'mcron; 5
FIG 12 is a graph showing the rel ationships between the recording
wavel engt h and t he reproduced out put when the perpendi cul ar magnetic
recording and reproduction are performed with respect to each of the
recording medi uns shown in Table 1 by use of a ring core head; 10 '
FIG 13 is a graph showi ng the rel ati ogshi ps between the recordlng
wavel engt h and t he reproduced out put when the perpendi cul ar magnetic
recording and reproduction are performed with respect to each of the-
recordi ng medi unms shown in Table 2 by use of the ring core head;.

FIG 14 is a graph. sFaGsndlan througnd ¢ ke sfrepds a:éspubtsﬁvﬂydoubl e film
recordi ng medi um shown in Table 1; FIG 15 is a graph showi ng an in-pl ane

M H hyster esbwingopoo'que curves of rbhee Qo-dImdibnreiinglefiiaven in 20 Table

2, FIG 16 is a diagramfor explaining a magnetic loop formed within the
doubl e f|IﬁGFEGGFGVﬁéYnééNGFSbfLéMn£;¥§Nn§§5a5<Qﬁ Q.5 v ihd & @ra He§  and
FIG 17 is a_ diagramfor explaining that |ower 25 portions of remanent
magnet i ¢ fR&FASRFIN a crystal'[ayer of 9. 1 coarse grain is linked via
a crysg al |ayer

e,

of fbgg g2 is a graph showing the . relationships
between the recording wavelength and the.reproduced.output
-when.the perpendicular magnetic recording and-reproduction '
are performed with. respect to. each of the recording mediums KJ
shown in Table 1 by use of a ring core head-

10 _ FIG.13 is a graph.showing the relationships
between the recording wavelength.and the reproduced output
when the perpendicular magnetic recording and reproduction
are performed with respect to each of the recording mediums
shown in Table 2 by use of the ring core head;

15 'FIG.14 is a graph showing an in-plane M-H
hysteresis loop of a double film recording medinm shown in
Table 1; | | |

FIG.15 is a graph showing an in-plane M-H
.hysteresis loop of a double £ilm recording medium shown in
20 Table 2; | |
FIG 16 is a diagram for explaining a magnetic
locp formed within the double film recording medium by a
magnetic_flux of the ring core head; and
| FIG 17 is a diagram for explaining that lower

25 portions of remanent magnetic fields in a crystal layer of -



The perpendicul ar magnetic recording medi um (hereinafter sinply referred to
as a recording nediun) is nade by sputtering on a substrate or a tape which
beconmes a 5 base’ first and second nmagnetic materials which are used as
targ¥ts. For exanple, the substrate.or tape is nade of a polyinide resin or.
the like, and the first magnetic material sputtered on the base contains
cobalt (Co), chromium (Cr) and at |east gn el ement such as ni obi um (Nb) 10
‘and tantalum (Ta). The second nagnetic material sputtered on the |ayer of
the first magnetic material contains Co, Cr and at |east an el enent such as
Nb and Ta. A quantity of the elenent(s) added to Co and Cr in the second
magnetic pat egbatseésgsabhl €8 LhAked Gianki tyyetalheagkensst Esheaddadnls

to Co and Cr in the first magnetic material. The elenents added to Co and
O in the first and secthe pegpenhdtcudaerimabnetie petokidingesetidud and Ta,
and the elenment(s) added to Co . and C in the first magnetic material need
not be identi ¢heretnaftes| simplysyefidueddt boCasandrecordingemd@iumyedsnd

magnetic material. Furthernmore, Nb may be added to Co and Cr in the first
magneti c nat enpde hm.seutbeﬁhagT@naaesubaéaatg o5 antiape whichebeconre a
magneti c naterlal exanple. Wien a nmetal or the_like such as an Co-Cr

alloy 25 3is Eﬁﬁ?té%ﬁﬂtoﬁn@hﬁeﬁﬁ§é mpagnetig pagerpad st Wbispuprer Bged asg.

targets. For'example, the substrate or tape is made of a
polyimide resin or the like, and the first magnetic
N2 material sputtered on the base contains cobalt (Co),
chromium (Cr) and at least an element such as niobium (Nb)
10 and tantalum (Ta). The second.magnetic-material sputtered
on the layer of the first magnetic material contains Co, Cr
- and at least an element-suéh_as Nb and Ta. A quantity of
the element(s) added to Co and Cr in the second-magnetic
material is smaller than a quantity of the element (s) added
15 | to Co and Cr in the first_magnetic material. The elements
added to Co and Cr in the first and second magnetic |
materials are not limited to Nb and Ta, and the elemeht(s)
added to Co and Cr in the first magnetic'maté:ial need not
be identical to the element(s) added to Co and Cr in the
20 second magnetic material. Furthermore, Nb may be added to -
Co and Cr in the first magnetic material while Nb and Ta
are added to-Co and Cr in the second mégnetic ﬁaterial, for
~example. | | | |
When a metal or the llke such as an Co-Cr alloy

25 is sputtered on the base, it is known that the sputtered



1 filmdoes not have the sane crystal structure in-a direction :
perpendicular to the filmsurface. It is known from various experinents
and from scanning el ectron m croscope (SEM pictures that a first crysta[}
“layer of 5 fine grainis forned in a vicinity of the base for an g
~extremely small thickness; and a second crystal |ayer of coarse gainis .
formed on the first crystal | ayer. ng'exanple, the fact that the first
crystal layer at the bottom portion *the sputtered filmdoes not have a
wel | 10 defined columar structure while the second crystal |ayer forned
on the first crystal -layer has a well defined columar structure, is '

L MR e i, S B0,
15 S 27 AZTTS - | Sy sy " =D, NO- S
O e L L U

Vol . MAG 2@rohovariSas! axperikddts ARd &+dmd btanhifigPedeRitirdnivent ors not ed
on the above points, 20 “and sputtered on various rnetals which have a Co-Cr

al loy as mherbaespandseMg piepeteisvehatadddd rett lkry stallr daglesmst . Then,
physical characteristics of the first crystal tayer of fine grain forned on
the bsttoffiner gradnofist fermed: tiar ad viketiali tyi lofi e blasesdvonarncrystal | ayer
of coarse grain 25 fornmed on the first crystal layer were neasured for each
of extremely small thickness, and a second crystal layer of

coarse gain is formed on the fifst*crYstal layer. ‘For

example, the fact that the first crystal layer at the . s

bottom portion of the sputtered film does not have a weil

10 = defined columnér strﬁcture while the second crystal layer
formed on the first cryStal.layer has a well defined
columnar structure, is disclosed by Edward R. Wuori and
Professor J. H. Judy, "Initial Layer effects in Co-Cr
filmS", IEEE TRANSACTIONS ON MAGNETICS, Vol.MAG-ZO', ‘No.5,

15 September 1984, pp. 774-775, and by William G. Haineé, "ysM
Profiling 6f CoCr Films: A New Analytical Technique", IEEE
TRANSACTIONS ON MAGNETICS, Vol.MAG-20, No.5, September o
1984, pp. 812-814,

The present inventors noted on £hé above points,

20 and sputtered on various metals which have a Co-Cr alloy'as
the base aﬁd are respectively added with a third element.

. Then, physicél charaétéristics 6f_the first Crystal léyer
of finé'grain formed on_the bottom portion of.the ébutteréd
. metal film and the second crystél layer of coarse grain

25 formed on the first crystal layer were measured for each of



1 the various sputtered-netal filns. As a result, it was found that when
Nb or Ta is added to the netal as the third elenent, the coercivity of the
first .crystal layer of fine grain is extrenely small conpared to that of
the second 5 - crystal |ayer of coarse grain and there is not a substanti al
di fference b®ween the in-plane coercivity of the first crystal |layer and
the. perpendicul ar coercivity of the first crystal layer. The present .
dinvention is characterized in that this fiyst crystal |ayer having the 10
snmal | perpendicul ar coercivity which is not nuch different fromthe

I n-plane coercivity thereof is used as an isotropic |layer, nanely as a.

| ower |ayer, and a |ayer having a | arge saturation nmagnetization is forned

on the filst thesvalricmsersputtered swetals fi ey pengh @l AgsyBgneid Zv?ééhon
| ayer of the recording 15 medi um nanely as an upper. | ayer Where the

| ayer having tfleandatyats shenaiNoomdgnes zaidemh i the metdl |48 stid @6ima

Co-Cr-Nb or Co-Cr-Ta thin filmhaving such. an orientation that an axis of

easy nagnetlz&tﬁﬁﬁnﬁheﬁé@fqQ?ﬂQiW}ﬁﬂ|Qﬁﬂhhﬂ1ﬁnﬂshnuhysﬂa& laydhef ifine 20
Description will ,now be given with respect to the experinental results:

whi ch were ob8%R#8d iy emeilyy smad I complaned dw dthathef itk seubrskcond

crystal |ayers forgﬁd on'thegbase by the sputtering A Co-Cr-Nbo thin film
or a Co- OP- TaSFRENaMi HAVES Of Go3% ﬁ"r’é‘%?é‘dof%rﬁ)l}t%mﬁ@ 25 process

perforned und%ﬁbb%ﬁn@? 108&%¥e%%@%é:5 @%een the 1n-plane coercivity of

\,/ the first crystal layer and the perpendicular coercivity of
the first crystal layer. The present invention is
.characterized in that this first crystal layer having the

10 small perpendicuiar coercivity which is not much different
from’thefin-plane coercivity thereof is used as an isotropic
layer, namely as a lower layer, and a layer having a large saturation
magnetization is formed on the first crystal layer and is
used as a perpendicular magnetization'layer of the recording

15 mediUm,'namely as an npper lay.er where th'e layer having the large.'
saturation magnetization is a thin film suchtas a.Co-Cr-Nb

— or Co-Cr-Ta thin film having such an orientation that an

‘axis of easy magnetization thereof is in a direction
perpendicular to the film. |
20 _ Description will now be given with respect to the
| experimental results which were obtained by measuring the
coerCivities of the first and second crystal layers formed
on the base by the sputtering. - A Co=-Cr-Nb thin film or a
Co-Cr-Ta thin £ilm is formed on the base by a sputtering

25 process performed under the following conditions.



12. (1) Sputtering apparatus: RF magnetron sputtering apparatus. (2)
Sputtering nmethod: Continuous sputtering, at an initial discharge 5

pressure of |x[err] Torr and introducing argon (Ar) gas until the '\
pressure reaches | x[err] Torr. (3) Base: A polyimde resin having a 4
~thickness of 20 mcrons. 10 (4) Target: A conposite target obtained

by placing small pieces of Nb or. Ta 29 the Co-Cr alloy. (5). Distance

bet ween target and base: 110 nm 15 The magnetic characteristic of the’
thin filns was measured. by a vibrating sanpl e magnet oneter manuf actured by
Ri ken Denshi of Japan, the conposition of the thin filnms was neasured by an

energ§ dispersigr t¥§§t§%§EB§ gﬁéegtggnufactured by KEVEX of the United
ys

State5. and the tation of the thin filns was measured by

an X-ray anal yzer ”ﬁﬁ%aghueeenbg Begekyngeabpa?htdanan. FIG 1 shows an

i n-plane MH hysteresis loop.f he case™where a magnetic field of 15 kQCe

is applied to aayecgpdiearing mexnbdsch i s obtained by adding Nb to Co-Cr as

25 the third element (the same phenonenon occurs when the Nb :
Continuous sputtering, at an initial discharge

5 pressure of 1x10-'6 Torr and 1ntroduc1ng argon
(Ar) gas until the pressure reaches 1x10 -3 Torr.
(3) Base: _ |
A polyimide re51n hav1ng a thickness of 20 _ o/
microns._
10 - (4) Target'

A compos;te target obtained by placing small
pieces of Nb or Ta on the Co-Cr alloy.
{5) Distance between target_and base._
110 mm. |
15 The magnetic cnaracteristic-of.the thin £ilms was'measured
by.a vibrating sample magnetometer'manufactured by Riken
Denshi of Japan, the composition of the thin films was ';)
measured by an energy dispersion type microanalyzer. |
manufactured by KEVEX of the United States and the crystal'
20 orientation of the thin films was measured by an X-ray
analyzer manufactured by Rigaku Denki of Japan.
- FIG 1 shicws an in-plane M—H hystereSis loop for
the case'where a ma@netic field_of 15 kOe is applied to a
| recording medium which is obtained by adding Nb to Co~Cr as

25 the'third_element (the same phenomenon occurs when the Nb



13. 1 is added in a range of 2 to 10 at% and sputtering the Co-C-Nb
single filmon the polyim de resin base with a filmthickness of 0.2
mcgon. As shown in FIG 1, the in-plane MH hysteresis |oop rises sharply
and nomal ously in a vicinity.5 of an origin as indicated -by an arrow A
and the so-qglled magnetization junp (hereinafter sinply referred to as a
junp) occurs. Wien it is assuned that a uniformcrystal growh constantly
occurs when the Co-Cr-Nb is sputtered on hhe base to formthe Co-Cr-Nb thin -
film the junmp shown in 10 FIG 1 woul dLdet occur, and it can therefore be
conjectured that a plurality of crystal 1ayers haV|ng di fferent magnetic
characteristics coexist within the Co- Cr Nb thin film FIG 2 shows an

|- plane MH Dyslesea’ en! 80Pahgl Sf 2 kB16938sYNEhE 2pHRALELLG bhel d Of 15

kCe is applle to a recor |ng drum I S obt ai.ned*by "Spu g the

Co- Cr-Nb on tHe-Eplith HiAg1s F31A PASke wowuﬁdtel euihhbdengss, of fl%gﬁf%ﬁ]ere |

under the same sputtering condition. Unlike the case shown in Fi
is no junp inothe, 2 mpe2sR. 20as MhbwhYshereais,! eqp BO ahg Wlg 2, and it

can be seen that the Co-Cr-Nb thin filmhaving a filmthickness in the
order of 0.0O5hypstepesis angtrisésdsbarplyuEaaaahbﬁhlbusmyf fhmackigiali ty
layer. In addition, it can be seen fromFI G 2 that an in-plane coercivity

Hc(/1) (hbre|mﬁfénros;gphyaseindiedted bytanaaraowoArandltheHstbhﬁlédr t he
case where the film ' :
magnetization jump (hereinafter simply referred to as a
. ' jump)_occurs. When it is assumed that a uniform crystal

growth cohstantl& ocours when the Co-Cr-Nb is sputtered on
the base to form the Co-Cr-Nb thin film, the jump shown in

10 FIG.l would not occur, and it can'therefore be.oonjectured
that a plurality of crystal layers having different
magnetic charaoteristios coexist withinlthe Co-Cr-Nb thin
£ilm. |

| FIG.2 shows an in-plane M-H hystereSis loop for

15 the case where a magnetic field of 15 kOe is applied to a
recording medium which is ohtained by sputtering the
Co-Cr-Nb on the polyimide resin base with a film thickness
of 0.05 micron nnder the same sputtering condition. Unlike
the case shown in FIG.1, there is no jump in the in-plane

éo M-H hysteresis loop shown in FIG.2, and it can be seen that
lthe CO-Cr-Nb thin film having a film thickness in the order
of 0.05 micron is constituted by a substantially uniform
crystal layer. In addition, it can be seen from FIG 2 that

an in-plane coercivity Hc(//) (hereinafter Simply referred |

25 to as a coercivity Hc(//)) for the case where the film



14. 1 thickness is in the order of 0.05 micronis extrenely small and the
i n-pl ane perneability is therefore extrenely high. From.these results, the
coercivity He(//) of an initial layer mhlch dinitially grows in the vici ny
of the base by 5 the sputtering is small, and this initial |ayer can b&
regarded as the first crystal |ayer of fine grain (hereinafter sinply
referred to as the first crystal Iayg&) whi ch has been confirned by the SEM '
pi ctures as described before. A layg&f*which grows on the initial |ayer has
a 10 coercivity Hc(//) which is larger than the coercivity Hc(//) of the
initial layer, and this layer can be regarded as the second crystal |layer,

of C??rsetﬁ{]@f]ﬁleéé‘eié”gxzféﬁé é*&@kyofgéegﬁeﬂgggﬂoﬂs 1khexgeehRdyChnaty

| aye as al so en confirmed pi ctures

The reasc!hdwthéfEh+§T@n@C§érﬁeaBilﬂ@ycﬁsCthé@efb?&'QxErEﬁbig w&bﬁh the
first and.second crystal layers coexist wll now. be describe

conj unct i Pxoni e ¢ GeSul bs pughe Scoetrtigheyl ch/mowdahhahithall unp does
not occur for all Co-Cr-Nb thin filns with different . conpositions and 20

sputteri naysnditicmsintesially geodssini bhd vhténity of the bpsei biycation.
Wien the Co-Cr-Nb thin.filmis formed. under a predeterm ned sputtering.
condi %.i ontkendspiretenipg abhe am&ﬂhysaedethsslDoptnalobaxemecahobethls th|n
film by measurenent, the obtained in- glane M'H hysteresis |oop 25 rises
sharply iregaxded iasthe ﬁﬁr%t|g¥n553 shexﬁrlﬁth@ps grain

(hereinafter s:mply referred to as the first crystal layer)
which has been confirmed by the SEM pictures as described \J )
 before. A layer which grows on the initial layer has a | |
10 "coercivitY'Hc(//) which'is larger than the'coerciwity
ch(//) of the 1nitial layer, and this layer can be regarded
as the ‘second crystal layer of coarse grain (hereinafter
simply referred to as the second crystal_layer) which has
also been confirmed by the SEM pictures. |
15 ' The reason why the jump occurs in the Co-Cr-Nb
single film in which the first and second crystal layers
coexist will now be described in conjunction with FIGS.3 g;/.
‘through 5. It should be noted that the jump does not occur
" for all Co-Cr-Nb thin films with different composztions and
20 "sputtering conditions, as will be described later on in the
| "fspecification. When the Co-Cr—Nb thin film is formed under
a predetermined sputtering condition and: the in-plane M-H
.hystereSis 1oop is obtained for this thin film by
"measurement, the obtained in-plane M—H hysteresis 1oop

25 f:rises sharply 1n a Vicinity of an origin as shown in FIG 3



15. 1 and the junp occurs. An in-plane MH hysteresis | oop shown in
FIG4 for athin filmsolely consisting of the first crystal |ayer can be
obt ained by nmeasurenent by formng a thin filmwhich has a small film

t hi ckhess. The second 5 crystal |ayer can be regarded as having a uniform
crystal structure, and further, the in-plane MH hysteresis |oop shown in
FIG 3 can be regarded as a conposition of,the in-plane MH hysteresis |oop
of the first crystal layer and an Ln-pla& *MH hysteresis |oop of the
second crystal 10 Ilayer. Hence, the in-plane MH hysteresis |oop of the
second crystal |layer can be regarded as a snooth hysteresis | oop shown in

FIG 5 i n whi chnliheneoq bV bbkulbel./ / Ani $nl-3198k MJ-@lnrl]u z@sitsh%;o}pr fs;hg%np

crystal layer and no junp occurs. |n othei words, t exli stence

in FIG3 15 ihnHIGadeforhat thim IFayer $0A1RI cOnsidtanly IR First
characteristics coexist in the same single film For this reason, it can be

understood tharysvall dnges bawi bg dbithdned! biyeglealsutehlddtaBhe Fotiingy @& SO
coexist in the Co-Cr-Nb singlefilmhaving the in-plane MH hysteresi's | oop
20  shown i nthiG filmTwbicbehesviat gmalllt fié lmethddkaeyst.al Thaygecond be
obtained froma hysteresis | oop which is obtained by subtracting the
i n-pl ane M H ﬁ’ilé?é?ésﬂ-QYPﬁoﬁaaf behsegardedr asb haningf al mnitfiorm swysital
S het® O 'RErictire]  dRa rurther, the 1hcplane MR hysteresis loop
of the ’ ' plane ysteresis loop
Shown_in FIG.3 can be regarded as a composition of the
N in-plane M-H hysterésis loop of the first crystal layer and
| .an in-plane M-H hysteresis loop of thé second crystal
10 . 'layer. Hence, the ih-plﬁne M-ﬁ hysteresis loop of the
~ second crystal layer can bé-regarded as a-smdoth hysteresis
loop shown in FIG.5 in.which the coeréivity He(//) is-
larger than that of the.first crysﬁal layer and no jump
occurs. In other words, the existence of the jump in FIG.3
15 indicates that two layers having diffefent-magnetic |
characteristics coexist in the samesingle £film. For this
reason, it_cgn.be understood that two layers having |
'different.mégnetic characteristics also coexist in the
. Co-Cr~-Nb 'singl_e film having the in-plane M-H hysterésis loop
20 shown in EiG.l. The coercivity'of the second crystal layer
can be obtained from a'hysteresis loop which is obtained by
subtraéting the in-plane M-H hysteresis loop of the
Co-Cr-Nb.fhin film which solely consists of the.first
crystal layer from the in-plane M-H hysteresis loop of the

25 Co=Cr-Nb thin film in which the first and second crystal



25 Co-Cr-Nb thin filmin which the first and second crystal 16. 1

| ayers coexist. Fromthe experinental results, it is proved that two
l'ayers having different nagnetic characteristics coexist in the Co-Cr- NR™
single filmuwhen the in-plane MH hysteresis |oop of the Co-Cr-No thin frTm
has 5 a sharp rise in the vicinity of the origin and the junp occurs.
Next, deggription will be given with respect to the magnetic
characteristics of the two | ayers constituting the Co-Cr-Nb single film -
which is sputtered on the base in 10 __ relation to the filmthickness of
the Co-Cr-Nb thin film by referring t8-FIG6. FIG6is a graph show ng
the coercivity Hc(//), a perpendicular coercivity. Hc([err]) (herelnafter
~sinply referred to as a coercivity He([err])) and a nmagnetization junp

quant it y (fﬁétaaéaék skl i‘r{:ﬁf ‘Eh&egxéérimtaﬂlxﬁi ?‘e‘&'{)ﬁrf%rsq f&{'tsv) [err] for

each filmt ness en the T1Imthickness of the #iSh filmis

Contr0||GQpPUv¥&r¥h8€ £@s §99&E§rhaglhy”ﬁifgb g? ﬁ&%%%%h%n to the

coercivity Hc(//), the coercivity Hc 'S un and is extrenely -

smal | 20 chhpacteristiost Bbékﬂﬁ&s1h3th§d€b-er§br§1ﬁ69ﬂf1§.ﬂ'ﬂwthQ?z ieheP| ane
pernmeability can be regarded as being high. Further, a difference in the

“val ues of iﬂepbanecnvnthgstébébﬁsrlbopndethé/hohnraublQmﬁmtELQh1H%§fl|fn
tthkg?SS stsharp rise in the vicinity of the origin and the jump
occurs.

' Next, description will be given with respect to
the magnetic characteristics of-phe two iaYers'constituting
the Co-Cx-Nb 'singlé £ilm which is sputtered on the base in

10 - relation to the film fhickness of the Co-Cr-Nb thin film,
by referring to FIG.6. FIG.6 is a graph showing the
coercivity Hc(//f, a perpendicular coercivity Hc(_| )
(hereinafter simply'referred'to.as a COerciVity Hc(;L)) and
a magnetization jump quantity (hereinafter simply referred'

15 ~to as a jump qﬁahtity)-cj for each film thickness when the _
film thickness of the CofCr-Nb thin film is controlled by W

varying the sputtering-time.

Giving attention to the coercivity'Hé(//), the \\_

coercivity Hc(//) is under 180 Oe and is extremely small
20 when the f£ilm thickness is under 0.15 micron, and the
in-plane permeability can be regardéd as being high.
Further, a difference in the values of the coercivities
Hc(_|) and HC(//) in a vicinity of-théffiiﬁ'thickness at
which the jump occurs is relatively small, and iﬁ'can-be

25 said that the Co-Cr-Nb thin film is an isotropic layer. 1In



which the junp occurs is'relatively small, and it can be 25 said that the
Co-CGr-No thin filmis an isotropic layer. In 17. 1 addition, the
coekcivity Hc(//) does not change greatly even when the filmthickness

i ncr&ases. On the other hand, giving attention to the junp quantity [err],
the junp quantity [err] rises sharply at the filmthickness of
substantially 5 0.075 mcron and descrihes an upwar dl y- openi ng par abol a
for the thickness of over 0.075 m.cron. Further, giving attention to the
coercivity Hc([err]), the coercivity Hc([err]) rises sharply from
substantial ly 180 Oe at the filmthickness of 0.05 to 0.15 micron and is
over 900 10e fadditikonp théitoerbivikbpsEcdf/dvdoed. adtnchange gEeatilyhese
results, it can be seen that a boundary between the first and second
crystal | ayerevexiwikenagthe hﬁllm thigkorassincreappsoxi Ant the 0tbsrt baedis
m cron. The coercivities Fbé/ and Hec([err]) of the first crystal | ayer
are both undéﬁlﬁiﬁﬂ(iFﬁﬁntl Rdtenkhe, Juma EHénFFF¥t°§Py§P&IJPE?eEuP§taﬁY

t I Whi d ff bet th 11 d
Ho(lerr]) i o Gyatteen SRatnly s FhenFEincEhTeRae=F el (FPHORESY octur
th t d e _both LI .. But
2t such @ | arbedt ﬁié%ﬁ ?*m%* angeEited 5{1hﬁpraﬁ39§%eaﬁg}nsheaaaégiﬁv £y
Hc h h t hi ‘nt of Vi
CHESTTD) R CADERSS Tt shet g DS e AL P f e
' attention to the coercivity Hc(_| ), the coercivity He( |)

N2 rises -'shafply from substantially 180 Oe" at the film

'thickness'of 0.05 to 0.15 micron and is over 900 Oe for the

10  film thickness of over 0.15 miqron. From these results, it
éah be seen-that'a boundary between the fifst and second
crystal layers exists at the film thickness of |
approximately 0.05 to 0.15'micron. The coercivities Hc(//)
and Hc(_| ) of the first crYstal layer are both under 180 oe

15 .and smail, and the first crystai layer is an isotropic
layer in which the difference between thé‘coercivities._
Hc(//) and Hc(_L) is small. At such a film thickness that
the jump does not occur, the coercivities Hc(//) and Hc(_L)
are both under 180 Oe and small. But at such a large film

20 thickness that the jump occurs, the coercivity He ()
sharpiy increases. It is hence also seen from this poiht
of view that the Co-Cr-Nbsingle film is constituted by £wo
layefs-haﬁing different magnetic characteristics when the
jump occurs. According to the experimehts performed by the

25 present inventors, when the composition and/or the



| ayers having different magnetic characteristics when the junp occurs.
According to the experinents perfornmed by the 25 present inventors, when
t he conposition and/or the 18. 1 sputtering condition‘is slightly ~
changed, there is a slight change in the filmthickness at which the junp
quantityel err] and the coercivity Hc([err]) respectively rise sharply, and
the slight change in the filmthickness occurs within the 5 range of 0.05
to 0.15 micron. |In addition, there arge slight changes in the coercivities
Hc(//) and Hc([err]) when the above di ti ons are changed, and the val ue
of the coercivity Hc(//) changes In the range of between substantlally 10
~and substantially 220 Ce. That is, it can be regarded that the junp 10

cOSU'E, WERutBepksosatsith oy WL R UNAARES Mkl g IR Bl 05 1

coercivity ange o

subst ant i ehhﬁgéolan@hsul!&uwtﬂheﬂaﬁhe%@ a2 w¥eeH ,tﬂéeab > Wdsh éﬁ}@% in FIG7

are obtained when sim |l ar experinents are perforned td 15

Co-Cr as afa@ ther doelreiitty( Heq §9MarHpRIBHIRAS Ssﬁlm_ét;] ey i s added
in a range of 2 to 10 at@@ygnd §%Utter|ng t he- Cr Ta on tﬁé pol.yi'm de

resin basehei shighti ehantyel hnt hihek fddsexhidkresk icccuey aptsiwving t he
coercivity He(//), the perpendicular coercivity He([err]) and the junp 20
guantaty fenge 66r 0e85h tbi Omlshimiloress WImn addd Hiidmy ttedenens of the
Co-Cr-Ta single filmis controlled by varylng t he
slight changes in the coerczvztxes Hc{//) and He(_| ) when
the above:condit;ons,are changed, and the value of the ' g)
coercivity Hc(//) changes in the range of between substantially 10 -
and substantially' 220 De.._That is, it c:_a.n_ be regarded that the jump
10 occurs when the first crystal layer has a thickness in the
range of 0.05 to 0.15 micron and the coercivity Hc(//) is
in 'the range of between sUbstantially 10 and substanfially 220 Ije.
Next, the results shown in FIG.7 are obtained
when s1m11ar experiments are performed by addlng Ta to
15 Co-Cr as the third element (the same phenomenon occurs when
the Ta is added in a range of 2 to 10 at%) and sputtering
the Co-Cr-Ta on the polyimide resin base with various film
thicknesses. FIG.7 is a graph showing the coerciuity
Hcf//i, the perpendicular coercivity He( | ) and the jump

J - .
of the Co-Cr-Tasingle film is controlled by varying the

20 quancity o, for each f£ilm thickness when the.film thickness

sputtering t}me,' The results obtained by adding the Ta to
- the Co-Cr are similar_to_the case,mhere the Nb is added to
the Co-Cr. As shown in FI1G.7, the boundary between the

25 first and second crystal layers exists at the film



sputtering time. The results obtained by adding the Ta to the Co-Cr are
simlar to the case where the Nb is added to the Co-Cr. As shown in FIG 7,
t he.boundary between the 25 - first and second crystal |ayers exists at the
film’ 19. 1 t hi ckness of 0.05 to 0.15 mcron. The coercivities Hc(//)
“and Hc([err]9™of the first crystal layer are both under 170 Ce and snall,
and the first crystal layer is an isotropic.layer.-in which the difference
bet ween the coercivities 5 Hc(//) and He([err]) is small. It should be
noted fromthe experinents descri bed above that the junp does not occur
when the sputtering condition and the adding quantity of the Nb or Ta (2 to
10 at%in the case of the Nb and 1 to 10 at%in the case of 10 the Ta)
are changkd f Ebdrckness @&s@ri0Be&obdf.d:5e mileaoamser Theheccfenasitv idvick ss ¢l )
crystal layers are also formed within the Co-Cr-No singlefilm the Co-Cr-Ta
single fil m afB8t He (ch) crisithgl £igistmorystalcHayey @ne dwhly sindest &7 ®« he
references cited on-gage 9).. An exanple of the in-plane 15, MH hysteresis
| oop of the CBREr SRBLLrngPE fRemiily Skhicdy ste) Jayescds amidisotseri&scri bed
by referring o FIGS. 8A through 8C.__. FI G 8A shows the in-plane MH
hysteresis Io ﬁy?ﬁrLBoV-the%gFr§Ff§ﬁ§e§§@bﬁé£§%ﬁ&zﬁiq 1vtdess. shows

e LA B DY R LSRR e Tt 20 erystal T
: It should be noted from the experiments described
above thaf the juﬁp does not occur when the sputtering |
condition and the adding quahtity of the Nb or Ta (2 to 10
at% in the case of the Nb and 1 to 10 at$ in the case of

10 ' the Ta) are changed'ffbm those described befére, however,
the first and second crystal 1ayers:are also férmed Qithin
the Co~Cr-Nb Shmlefilm,.thé Co-Cr-Ta singlefilm and the
Co-Crsihéhafilm in whiéh_no jump occuré (refer.to the
references cited on_pagé 9). An example of the in-plahe

15 M-H hyétéresié loop of the Co-Cr-Nbsimﬂe film in which no
jump occurs wi;l be deséribed bj,refefring to FIGS.82a

Y through 8C. FIG.8A shows the.in-piéne M-H hysteresis loop
. for both the first and second chétal'layers, FIG.8B shows
the-in-plane'ﬁ—ﬁ'hysteresis loop solely for the first
20 crystal layer and.FIG.SC shows the in-plané M-H hysﬁeresis'
loop solely for the second.crystal'layer. It is seen from;
FIGS.SA through 8C that fhe in-plane remanent magnetization
Mré(//) of the first érystal layer is larger than the |

in-plane remanent magnetization Mr, of the second crystal

C
25 layer. Further, the in-plane remanent magnetization



| oop solely for the second crystal layer. It is seen from FIGS. 8A through
8C that the in-plane remanent nmagnetization [err](//) of the first crystal
| ayer is larger than the in-plane remanent magnetization [€rr] of the
second crystal 25 layer. Further, the in-plane remanent magnetization
20. 1 [err](//) of both the first and second crystal layers is

unf avor alsee conpared to the in-plane remanent nagnetization [err](//) of.
the second crystal layer, and the anisotropic magnetic field Hk is small:
In addition, it is known that 5 ' theyg@rientation of the first crystal

| ayer is poor (the [err] is large) and the first crystal layer is unsuited
for the perpendicular magnetic recording. FIG9 is a graph show ng the .
rel ati onshi ps of the rocking curve hal f-value [err] of the hep (002) pl ane

of 101 eumg}dV)acﬁﬂhdﬁh(ﬁhenﬁiﬁsﬁ(EndléecomwlGristal(Eanpgl1gon of [err]
at%9 and the Co-Cr-Nbsingle filmwth respect to the filmthickness. The
Co- O t hi mnfiavoriab lfeocompanreaitrta hehes aire-phane eremgnenbchagnetisatibnse
descri bed before except for -the condition (4), and the Co-Cr alloy alone is
15  usedM¥g (t/Md w©of gréne iseqand arypatal |layer scud f then &isetropict he
orientation of the Co-Cr-Nb thin filmis extrenmely poor in the initial -
stage of MRFPEHLG ddeddt Ndn imismakhe ofn addition ofithis dnayntthatiiimis

3019520t @i Ghahtallo B Ve led "l oddl "PAVRL £2 pod " TiRE 11

650 is large) and the first crystal layer is ‘unsuited for
the perpendicular magnetic recording. ' _ ' o/
FIG 9. 1s a graph showing the relationships of the
_rocking curve half-value (Aeso) of the hep (002) plane of
10 each of a cobalt-chromium (CO-Cr)snnglefilm (composition of--
0g1CTry o 2t%) and the__Co-C_r-NhSll'“_;le £ilm with respect to
the film thickness. The Co-Cr thin film is formed under
the same sputtering concitions as those described-before
.except for the condition (4),'and the Co-Cr alloy alone is
15 used as the target'in”this case. It is seen from FIG.9
that the orientation of the Co-Cr-Nb thin film is extremely _\;J
poor in the initial stage of the film formation while the |
orientation of the Co-Cr thin film is satisfactory in the
1nitial stage of the film formation. However, the
20 orientation of the Co-Cr-Nb thin film improves rapidly as
the film thickness of the thin film increases. In other
lwords, the orientation of the Co-Cr-Nb thin film is poor in
the initial stage of the film formation, that is, during '
: the formation of the first crystal layer, but the

25 orientation of the Co-Cr-Nb thin film rapidly improves when



20 orientation of the Co-Cr-No thin filminproves rapidly as the film
thickness of the thinfilmincreases. |In other words, the orientation of
the Co-Cr-Nb thin filmis poor in the initial stage of the filmformation,
that Ts, during the formation of the first crystal |ayer, but the 25
orientation Qf the Co-Cr-No thin filmrapidly inproves when 21. 1 t he
filmthi ckness becones over substantially 0.15 mcron, that is, when the
second crystal layer is fornmed. Hence, it _.can be understood that in the
case of.- the Co-Cr-Nb thin film two Iaye?&-having di fferent magnetic
characteristics 5 are formed depending on the filmthickness, and the
orientation of the second crystal |ayer is nore satisfactory than that of

LQ.em:"’o? b onise! l%ﬂ‘lm?#.‘?é%s xhaSs Belordl Vel Subaeia e hé)u&}{f%éraqr@‘ the
oot vers CEhUE, XspHleRl ehf Q4RO K3y s¥ar Aoyl We ¥dlied. | Honce,
FI GS. 11A throyahcaikcbar snaésalaaoae%as@ 'me][«-xﬂe;%%gen%ﬁ] TRARE, 8&951“

Co-Cr-Nb single filnms respectively having nesses
0.18 and 0. 05filf, O8wo lLBye@ehhak ihges’ r¥edeht d&a&eﬁ%aﬂdﬁi%AA%éﬂzstlcs h

represents the angle formed between the normal to the filmsurface and t
appl i ed nagneare foemdd tependdngaba ther €iam a:riilaﬂ:ﬂe(yslue,ndartdzé he
orlentatzon of the second crystal layer is more
W, satisfactory than that of the Co-Cr thin film.
| Next, the Co-Cr-Nb thin film will be examined
from the p01nt of view of the magnetic anisotropy.

10 FIGS.1l0A through 10C are graphs respectively show1ng'torque
curves of the Co-Cr single films reséectiveiy having film
thicknesses of 0.50, O,ZO and 0.0S-micron, and FIGS.llA
through 11C are graphs respectively showing torque curves
of the Co~Cr-Nb single films respectively having film

15 thicknesses.of 0.50, 0.18 and 0.05 micron. In each of
these graphs, the abscissa (9) represents the'angle formed
“between the no:mal to_the_film surface and the applied
magnetic field, the ordinate represents the torque,.and the
applied magnetic field to the thin film is 10 koe.

20 Moreover; the Co-Cr thin films and the Co-Cr-Nb thin films
respectively have the composition of C081Cr19 ats and

77‘9 16 oNb6 1 -at% and the saturation magnetizat;on Ms
of 400 emu/cc and 350 emu/cc.
In the case of the Co-Cr thin f£ilms shown in

25 FIGS.10A thfough 10C, the polarity of the tofque curve is



applied magnetic field to the thin filmis 10 kCe. 20  Mreover, the Co-Cr
thin filnms and the Co-Cr-Nb thin filnms respectively have'the conposition of
[err] at%and [err] at%and the saturation nmagnetization Ms of 400 enu/Cg
and 350 enu/cc. In the case of the Co-Cr thin fillms shown in 25  FIGS. 10A
through 10C, the polarity of the torque curve is =~ 22. 1 the sane for

the three thin filnms and the axis of Sggy magneti zation is perpendicular to
the filmsurface. |In the case of the“Co-Cr-Nb thin filns shown in FIGS. 11A
and 11B respectively having the filmthicknesses of 0.50 and 0.18 5 '
m cron, the polarity of the torque curve is the same for the two thin filns

and tRe axi ( t4 y ; ngli.gu sLheefi surf ace.
ovever o RafeHOFAORG LEBce denis PELRENGNALLRE BRALISE bl h i no e

1; i 1'm thi ckinggte©fz0: 05n N £ PerpéheioQlari £y QﬁétPflﬁloéﬁk'faEUtveIéotﬁei S
pposite to that of the torque curves of the other thin filns and the axis
of easy nmagiss igfttlosn ¢o-Cr-Nb aekinf fibest Bhowhi L FAesdesar hhadibpgfore, it
can be regarded that only the first crystal layer is fornmed in the case of
t he Co- O -tdspéctivelyn hawimg the film thicknessesfof. 05505andnoclhen, and
the axis of easy magnetization of the first crystal |ayer is in-plane of
the fi5rst mismami thy @elaxitnert theshouydebeurveciistthe sameh€oror que
CUTVEs Of't.:he two thin films and the:akis of eésynmagnetiza;ion is
perpendiéuiar to the film surface. However, in_the case of |
the Co-Cr-Nb thin film shown in FIG.11lC having the £ilm o
thickness of 0.05 micron, the poléfity-of the torque curve
10 is opposite to tﬁaﬁ Qf'the torque curves of the'othér:thin
films and the axié of easy'hagnetizaiion is in-plane of the
thin film. As described before, it can be regarded that | |
only the first crystal layer is forméd.in the case of the
Co-Cr-Nb thin film having the film thickness of 0.05
15 nmicron, and the éxis of easy hégnetization of the first
crystal layer is in-plane of the first crystal layer. |
Further, it should be noted that in the torque cur&es of o
- the'Co~Cr4Nb fhin films having the film-thicknesses of over
0.65 micron, there are anomalous parts indiéated by arrows
20 B in FIGS.1lA and ilBQ It-can’be'regarded.ﬁhat the
anomalous part in the torque curﬁe-is introduced due.to'the . - _
magnetic characteristic oflthe-firét crYstal layer;' In |
other words, when the film thickness of the thin film
becomes lérger than a predetermined valﬁe, the second

25 crystal layer which has an axis:of'easy magnetization



the Co-Cr-Nb thin filns-having the filmthicknesses of over 0.05 mcron,
there are anomal ous parts indicated by arrows 20 Bin FIGS. 11A and 11B.

It ean be regarded that the anomal ous part in the torque curve is

i ntroduced due to the magnetic characteristic of the first crystal |ayer.
In other words, when the filmthickness of the thin film becones |arger
than a predérérnined val ue, the second 25 crystal |ayer which has an axis

of edsy mmgneti zation 23. perpendicular to the filmsurface is fornmed on
the first crystal layer which has an axi 83ef easy nagnetization in-plane of
the first crystal layer. It can bg conjectured that the first and second

crystal layers having the 5 different magnetic characteristics affect
each other'and.the‘gfonflous pﬂ%t gs introguced,in t he torque curve of the
thin filn as BRTRAELICHLIAL tQFRe L1l grptager i8nfPrBedoPRutheufiEstt hat

Co-ar Kb ¢ hi YL YR WREER ha, S R RELCRECRaRE BRGRSERPRRAOR ngl 0"
mmanet (o | ayeRiane OL HAS 120 PEEREST H8VRr . OHF SabipdBEn3agkutea
e ) i SRR b CcUeal, LAl HavELGoACT
concept, gt WSt fOruPRthaRTet Vo CORaLEOEEL: sbaEst Rer8etSERBRCORhekNBNEI I ST
~the -anomalous part is.introduced in the torque curve of the
Y, thin film as a whole. It is hence also proved from the
torque_curves that two layers having different magnetic
- characteristics coexist in the single Co-Cr-Nb thin film,
10 | Wﬁe_n the ;Co~Cr-Nb or'Co-Cr-'ra single film
- constituted by the first and second crystal layers is used
| as the magngtic layer of thé perpendicular mégnetic
re¢ording medium and_an attempt iS-madé to magnetize_the
entire ﬁhin film in the direction perpendicular to the film
15 surface according to the conventional concept, it was
conventionally considered that the existence of the first
“crystal layer is an:extremely unfavorable primary factor to
the_perpéndicular magnetization. The existence of the
fifst-crystal layer was considered to be an unfavorable
20 primary_factor for both cases where the jump does and does
. not occur. In other words, in the case where the.jﬁﬁp.
_occurs,fthe'coércivities Hc(//) and Bc{_| ) of the first
crystal layer is extremely small and it can be regarded
that there is virtually no perpendicular magnetization.in

25 the first crystal layer. On the other hand, in the case



crystal layer is an extrenely unfavorable primary factor to the

per pendi cul ar magnetization. The existence of the first crystal |ayer was
considered to be an unfavorable 20- primary factor for both cases wher

t he junp does and does not occur. In other words, in the case where the "
junp occurs, the coercivities He(//) and Fb([err]) of the first crystal
‘layer is extrenely small and it can. bﬁ regarded that there is virtually no
per pendi cul ar magnetization in 25 % first crystal layer. On the other
hand, in the case 24. 1 where the junp does not occur, the coercivity
Fb(//) of the first crystal layer is larger than that of the case where the

junp ?FC“W%eJE“tﬂé“?ﬁﬁﬁ”&ﬁéﬁtﬂbttéé@ﬁfl)tﬂé f@éréi&f& CH¥YA) bRYehe! S

insufficient for realizing the 5 per pendi cu nagne ic recording, and it

can be regarand dpdtdl 1Sy PPDSSLRtGet OtReA( Ehat Sosathel 88587 Where
per pendi cul ar magnetic recording. Accordingly, even when the magnetization

S perforru&\:éljumﬁla:@bumxlmpeh@eedewimtyoném jiof ghef fgestt here is
virtually no 10 = perpendicul ar magnetization in the first crystal |ayer,
and the<ﬁdrysta&aﬂayetrmsmecwﬁﬁlcnént ﬁagnsealazing thethe thin filmas a
"whole is deteriorated. Such a deterioration in the efficiency of the
perpenﬁlcnpeﬂpenﬂﬁmn1axum@sn¢t1©spe@¢aﬁiqgno@n@lathanhbecaeeanded magneti c

head such as 15 the ring core head whi ch generates a magnetic field
that it is imp0551b1e to perform a satisfactory

perpendlcular magnetic recordlng. Acc0rd1ng1y,_even-when
‘the magnetizétion'is pé:formed in the direction = |
perpendicular to the film surface, thefe is'virtually'no'
10 perpendicular magnetizacion'in the first crystal layer, and
the efficiency of the perpendicular magnetizétion of the
thin film as a whole is detericrated. Such a deterioration
in the efficiency of the perpendicula:'maghétizatiOn is
especially'notabié in the case of‘a.magneﬁicuheéd-such as
15 the ring core head ﬁhich generates a macnetic field
including considerable components in' the in-plane
"direction. - : o i 1 ' | ;J
However, the first crystal layer of the recording
medium.according to the present invéﬁtion"has such a_
20 characteristic that”the'coercivity He(//) is small, that
is, the first crystal layer has a relatively hlgh B
permeability and an isotropic magnetlc characteristic. The
characterlst;c of~the,f1rst_crysta1 layer is thus similar
to the high perﬁeability layer of the conventional

25 recording medium provided between the Co-Cr film and the



i ncl udi ng consi derabl & components in the in-plane direction. However, the
first crystal |ayer of the recording nmediumaccording to the present

i nvention has such'a 20 characteristic that the coercivity He(//) is
smal T, that is, the first crystal layer has a relatively high permeability
and .an isotropic magnetic characteristic. The characteristic of the first
crystal layer is thus simlar to the highyperneability layer of the
conventional 25 recording medium provi ded between the Co-Cr film and the
25. base. It .can thus.be regarded that in the Co-Cr-No or Co-Cr-Ta single
film the first crystal layer having the | ow coercivity Hc(//) is usable as
the hi'gh pernasddd) t yIt aya tHus e resgdfded tkhat uih She Co-Cr-Nb or
Accordingly, it is possible to consider utilizing the first crystal |ayer
as the high petoreabiTa sindlayBilmherhepfiteti cogystel slagée hayingothéhkow
Co-Cr-Nb or Co-Cr-Ta thin filmand utilizing the second crystal |ayer as

t he perpendi cugeeraiiky i Bt/ oh isyesablewescthei highepeimgakbility lLayer of -
the Co-Cr-No or Co-Cr-Ta thin fil the quantity of Nb or Ta added to Co-Cr
becones |i nit «f tthe rreerding @Bantity with which the junp occurs. In
addition, when Nb or Ta which_is a nop-npgnetic naterial is_ added to Co
which is & ferronagneticA?ER¥§%Qﬂ}Ytr&F 18 possible to consider utilizing

the first crystal layer as the high permeability layer when
sputtering the single layer of the Co-Cr-Nb or Co-Cr-Ta |
N\ thin film and utilizing the second crystal layer as thé
perpendiéular magnetization layer. However, in the single
10  layer of the Co-Cr-Nb or Co-Cr-Ta thin film, the quantity
| of Nb or Ta added to Co-Cr becomes limited to a
predetermined guantity with which the jump occurs. .In
addition, when Nb or Ta which is a non-magnetié material is
added to. Co which is é ferromagnetic material, the
15 .saturation'magnetization Ms becomes small compared to that
of the Co-Cr thin film, and it is impossible to perform
perpendicular m&gnetic recording and reproduction so that a
high_reproduced:outpuf is obtainable.
By taking the above points into consideration,
20 the recording mgdium-according-to the present invention is .
- formed as follows. That is, a first crystal layer of fine
grain of a Co-Cr-Nb or Co-Cr-Té,thin £ilm is formed on a
base undef the conditions with which the jump described
before would occur if the thickness of the louer crystal

25 layer were over a predetermined value, and then, an upper



15 saturation magnetization Ms becones small conpared to that of the

Co-Cr thin film and it is inpossible to-perform perpendicular nmagnetic .y

-recording and reproduction so that a high reproduced out put is obtainabl;

By taking the above points into consideration, 20 the recording nedi unt.

accordi n%wo the present invention is forned as follows. That is, a first
I

- crystal er of fine grain of a Co-Cr-No or Co-Cr-Ta thin fI|mIS f or med
on a base under the conditions with which the junp described before woul d
occur if the thickness of the |ower czg/stal 25 | ayer were over a’
predeterm ned val ue, and then, an upper 26. layer of a

Co-Cr-Nb or. Co-Cr-Ta thin filmhaving a high saturation magnet | zation Ms
and havi ng such an added quantity of Nb or Ta that is smaller than an added’
quantity wi th whi dayelre junp woul d occurof & Lo-CwNEb®OCI+Er+THVEr

crystal The upper layer is used as a |ayer which contributes to the
per pendi clbi;an kddmethiayinge or didgh @aturstrioh madgne tiketjon Mharmd vari ous
magnetic characteristics.of a single filmrecording nedium| conprising a

singl e thPAViDg suchmagr addled QUANtLtiich Ny (im thaturks smalleffe film

recordi ng dium | rrpr|5|r1 a sj.ngl thlnfllmof CoCr Nb in which the.
added qua'l"rgE ags: aﬁgel%s nd"jt'ﬂb A QEREE dubl e

film Eecorfg!_cngdnedl 'f:lg'el Eo_wer cryStal layer. The upper

layer is used as a layer which contributes to the
perpendicular magnetic recording and reproduction. "
Tab;é 1 shows-varidus-magngtid characferistics of |
a single film recording médium.I comprising a single thin
10 film of Cé?ér-Nb in_which_the Jump occurs, a single film
recording medium II comprisihgsa single thin film of
Co~Cr-Nb in which the added quanfity of Nb is small'and the
jump does not occur, and a dduble film recording medium III
having the'constfuctibn.described above wherein the lower
15 crystal layer is constituted by a Co-Cr-Nb thin £ilm which
is formed under such conditions ﬁhat the jump would occur ,
'if the thickness of the lower crystal layer were over a
prédetermined value-and_the upper . ' layer is
gonstituﬁed by a Co-Cr-Nb thin film which is formed under
20 . such conditions that the jump would not occur even if the .
- . thickness of upper . crystal layer were over a
predetermined value. 1In the double film recording medium
3IiI,,the_addediquantity-of Nb in the upper " layer
is smaller than the added quahtity of Nb in thelower .

‘25 crystal layer.. The relationships between the recording



havi ng the construction described above wherein the lower 15 crystal
| ayer is constituted by a Co-Cr-Nb thin filmwhich is formed under such
condiitions that the junp would occur if the thickness of the |ower crystal

| ayer were over a predetermni ned value and the upper | ayer is
constituted by a Co-Cr-No thin filmwhich is fornmed under 20 such

conditions t the junp woul d not occur even if the thickness of upper
crystal |ayer were over a predetermned value. In the double filmrecording
medium 111, the added quantity of No in27he upper : | ayer is

smal ker than the added quantity of No in the lower 25 crystal |layer. The
rel ati onshi ps between the.recording 27. 1 wavelength and the reproduced -

out put when the perpendi cular magnetic recordi ng and reproduction are
per f or nedtwi t Navedpgegtht andasheoreprodused: dutpute shems thieoperpentdocudar by
use of a ring_core head nmade, of sendust (registered 5 trademark) are

shown in FI G 139R¢5bFer2COREHBIy AP0 EEPFRENEELON: RELa PedfoTMeds Wittha si ngl e
the | ump. occUF SSBECE! K1 ERFPI R b8: SPRGEALR. eV 0B ARoMRy 18 SaRdio ki ni 1
S, B 685 0218 B8, RRAR SRR Vol gt "
constructg on desgehled) aReYesHBGheLR FHE . 13Ve"
Table 2 shows various magnétic characterisﬁiqs of .
- a single film recording medium IV comprising a single thin
film of Co-Cr-Ta in which theljump occurs, é single £film
recording medium V comprising a single thin film of
10 Co-Cr-Ta in which the added qﬁantity of Ta is small and the
jump does not occur, and a double film recording medium VI
‘having the constructién described above wherein the hﬁﬁr
'cryétal layef is constituted by a Co-Cr-Ta thin film which
is formed under such conditions that the jump wéuld occur
15 if the thickness of the lower crystal layer were over a
W prede;erﬁihed value and the}mber layer is
constituted by a Co-Cr-Ta thin film which is formed under
such conditiohs that the jump would not occur even if the
thickness of the upper _ layer were over a
20 | predefe:mined value. In the double film recording medium
VI, the added quantity of Ta in the uppér ’ layer is
smaller than the added quantity of Ta in thelower crystal
layer. The relationships.between the recording wavéléngth

and the reproduced output when thefperpendicular magnetic

25 reéoiding and ;eprodﬁction are performed with respect to



crystal layer is constituted by a Co-Cr-Ta thin filmwhich is forned under
such conditions that the junp would occur 15 if the thickness of the

|l ower crystal |ayer were over a predeternmined value and the upper

layer is constituted by a Co-Cr-Ta thin filmwhich is formed under such
conditions that the junp would not occur .even if the thickness of the
upper . layer were over a 20 redeterm ned value. |In the double
filmrecording nediumVl, the added- ntity of Ta in the upper :
| ayer is smaller than the added quantity of Ta in the |ower crystal |ayer.
The rel ati onshi ps between the recordi ng wavel ength and the reproduced .

oot ot mog Seth O Hple 4 o WRE e oy P52 Falfh 3Py RS CHE Shown
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10. &he hgpg&aa&dsqweqness ratio, M (//) represent slﬂa@rg NePl e remanent
magneti zation, [err] represents the _ R _ -
double film recording medium, § represents the film

T -

thickness, Ms répresehts the sétﬁration magﬂétization,
He(_|) represents the perpeﬂdiduiar;ébefcivity,-Hc(//)
représents thé”in;plane_coerCivity, M:(//)/Ms représents

10 the in-plane squérenéss ratio, Mr(//) represents the
in-plane remanent'magnéfization;lAeso igpresents the
rocking half-value of the hep (002) plane, and "YES" and
"NO" under the co;umn~“Jump? indiCates whether qr'noé the
jump'dccurs. In FIGS.12 and 13, the same &esignatiohs used

15 in Tables 1 and 2 are used to inaicate'thé'respeqtive
reproduced output versus :ecdrding wavelength |

characteristics of the recording mediums I throﬁgh VI. o/

20

25



rocking hal f -val ue of the hcp (002) plane, and "YES" and "NO' under the
colum "Junp" indicates whether or not the junp occurs. In FIGS 12 and 13,
t he ggne‘de5|gnat|ons used 15 in Tables 1 and 2 are used to indicate the
respective reproduced out put versus recordi ng wavel ength characteristics of
the recording nediuns | through VI. 20 259, 29. Table 1 Conposition

[err] Vs Hc([err]) Hc(//) M (/1) [err]50 Junp (at@a [err]
(emu/cc) (Ce) (Ce) Ms. (deg) | [err] [err] [err] 0.19 448
893 177 0.24 8.7 Yes || [err] [err] [err] 0.19 518 720
460 . 03118 _8.8 No 5 U [err] [ermhbleral 0.11
8.3 111 \, - Composition
[err] [err] 11 (eedd)e 2 Co
Hc(/1) M (/1] FTo0 It ETFEC S o
(deg) 10 | [[eld,, [CB;&Q]NI:[,e, 0419(. 2048 461 7517723] 0.2
Yes V [ errfi—ferri—Tterri— S \1“3 686 STH— 22 93 No—ip
[err] [err] F@r [ ] an.‘rM Nb 0 19 518 720 Yy 460 0.18 8.8 | No
477 1080 +P2 : 28 s—t—terri—terrterr—9—— '
- 5 U CO,,_, Cr,7 Nb,s 0.11 8.3
III — 503. | 816 219 0.21 Yes
L c_°s¢.f Cr,.Nb,, 0.}1 _ : ST
U : _ Table 2 -
Composition 8 Ms He( | ) |He (/7)Y Mx (/7YTA050 | Jump
(at%) (um) [(emu/cc)| (Oe (Oe) Ms (deg)

10 IV | CQyCry, Tay 0.20[ 464 | 1275 | 231 0.23 | 8.4 |Yes

v co,,Cx,, Ta,,| 0.19] 520 | 1080 | 570 | 0.22 | 9.1 |No
U{Cq,,Cx,, Ta,,l 0.09 . ——
Vi - 477 | 1080 | 122 0.28 Yes
| LiCa, CgsyTa 0.11 . -—
15 As may be seen from Table 1, the saturatlon

magnetization Ms of the double film recordlng medlum III is
greater than the saturation magnetization Ms of the single
film recording_medium I comprising the_Co-Crer thin film
in which the jump occurs. Similafly, the saturation |
20 magnetization Ms of the double film recording medium VI is
| greater than the saturatlon magnetlzation Ms ‘of the single
film recording medium IV comprising the Co-Cr-Ta thin £ilm
in which the jump occufs; In addition, the coercivities |
Hc(_L) of the double film recofding mediﬁms III and VI are

25 sufficiently high, and the magnetic charactéristics of the



15 As may be seen from Table 1, the saturatian magneti zation M
of the double filmrecording nediumlll is greater. than the saturation ..
magneti zation Ms of the single filmrecording medium| conprising the )
Co-Cr-Nb thin filmin which the junp occurs. Simlarly, the saturation 20
magneti zati on Ms of the double filmrecording nediumVl is greater than the
saturation magnetization Ms of the SI%%|€ filmrecording mediumlV
conprising the Co-Cr-Ta thin film.in i‘ch the junmp occurs. In addition,
the coercivities HC([err]) of the double filmrecording nediuns Il and VI
are 25 sufficiently high, and the nagnetic¢ characteristics of the 30. 1
doubl g f gbibleceidmneedRiaint meldidnd WImaads v edd Guited FypaHd cul ar
magnetic recordi ng and reproduction. According to the experiments perforned
by the ppegpendieudairomagnetdc rreordd ) and reprodidtdon\Vt (//)/ Ms .5 of- the
doubl e fil mrecordi.ng nediuns fornmed under the predeterm ned conditions .
descri bed before hadcardinge teqthe mmparﬂmem&meperurmedﬂhyltha'value of
0.21. On the other hand, as -may be seen fromthe reproduced output versus

r ecor di ngre@ens engsntmmh&becm-pd@n@ sganeness-iratizs Ml //0piMsiuced
out put obtained with the _double filmrecording mediumIll is higher than
the r&profutbe Soupdes fddmarecerding medisme tormedmundest dihey. medi urs |

and Il for the entire rec rdln%~——* —
predetermine con%itio s described before had a value equal

-

to or greater than a minimum value of 0.21.

= o

‘on the other hand, as may be seen from the .

reproduced output versus recording wavelength
10 characteristics. shown in FIG. 12, the reproduced output
obtained with the double film recording medium IIT is
.higher than the reproduced outputs obtained with the 51ngle:
film recording mediums I and II for the entire recordina
wavelength range. EspeCially in the short recording
15 wavelength range of l to 0.2 micron, the reproduced outputs
obtained with the Single film recording mediums I and II
increase, but the_reproduced output obtained With the - o
double film recording medium'IlI.increaSes with a much
greater rate; Accordingly, it can be seen that the double |
20 £ilm recording medium III is especially suited for the
perpendicular magnetic recording and reproduction in the
short recording wavelength range. .
' Results similar to those shown in FIG.12 were
also obtained with the double film recording medium VI as

25 shown in FIG. 13.



wavel ength range. Especially in the short recording 15 wavel ength range of
1 to 0 2 micron, the'reproduced outputs obtained with the single film
recqrding medi unms 1 and || i ncrease, but the reproduced out put obtai ned
mnth t he doubl e filmrecording nediumlll increases with a nuch greater
rate. Accordingly, it can be seen that the double 20 filmrecordi ng nedi um
1l is especially suited for the perpend?%ular magnetic recordi-ng and.
reproduction in the short recording wavel ength range. Results simlar to
those shown in FIG 12 were also obtained with the double filmrecording

e el 2how Charkfstie dda 15 despderively shok: thacfalRiagS, v,

di h |
magnet i o f f@f%“g?eﬂgk@g?w of PHE aPuBiR Biuh Pofalfl hESLGASCLIECLS B
11 and VI. an&svfa¥h8ﬁn5§ﬁnT£BQ€hFic§né4zaﬁgr1§hetESSé”WHEf@eaN¢H,

hystereS|s l'oops of the double filmrecording nediunms Il and VI
respectivel jape€ie £i€EQ HESESI KO8 !SChﬁglie&f t8NtRéi @bibeadeihm so-cal l ed
junp occurs. The junp quantity of the double filmrecording 10 nedium Il

is greates tréetrdbagmediaqmanIIIyan@ vile shsghayfbénseenofdomgrresi um |
having the in-plane MH hysteresis |oop showmn in FIG 1. Simlarly, the junp
quantity ofandéel5, the in-plane M-H hysteresis ;oops of the double
film recording mediﬁme IITI and VI respectively have a steep
i./ rise in a vicinity of an origin and the so-called jﬁmp
occﬁrs.' The jump quantlty of the double film recordlng
10 medlum IIT is greater than the jump quantity of the single
film recording medlum I hav1ng the in-plane M-H hysteresis
loop shown in FIG.1. Similarly, the jump quantity of_the_
double film recording medium VI is greater then'the jump
quantity of the singie film recording medium IV. In other
15 werds, the in-plane'M-H hysteresis-loops of the double film
recording mediume III ahd Vi respectively have a steep rise
~in the vici#ity of the origin compared to the in-piane M-H
hysteresis"ioops of the ethef single film recording
mediums, and as may be seen from FIGS.12 and 13, the
. 20 perpendicdlaf magnetic recordihg and reproducing |
characteristics of these reeording mediums III and VI are
highly efficient compared to those of the single film
recording mediums. | -

The reasons why the phenomenon descrlbed before

~ 25 occur will now be descrlbed in conjunctlon W1th FIG.16.



double filmrecording mediumVl is greater than the junp quantity of the
single filmrecording nediumlIV. In other 15 words, the in-plane MH
hysteresis | oops of the double filmrecording mediums 111 and W )
respectively have a steep rise in the vicinity of the origin conpared to*’
the in-plane MH hysteresis | oops of the other -single filmrecording

medi uns, ;g\d as may be seen from FIGS. 12 and 13, the 20 perpendicul ar
-nagnetic recor di ng and reproduci ng characteristics. of these recording
mediunms 111 and VI are highly efficient conpared to those of the single
fil'mrecording nediums. The reasons ﬁ@y t he phenonenon descri bed before 25
occur will now be described in conjunction with FIG 16. 32. 1 When
Co-Cr-Nb or. Co-Cr-Ta (hereinafter sinply referred to as Co-Cr- Nb(Ta)) i's

SPut L 5" fleRcB REs ! brRAECL ! RS b el kG LTI
t he JungsgggLerQ&ngahg ke g ?@t&br@@é regar§&§§ﬁhagﬁﬁﬁg<; a fllnrthlcknessi

over a predetermn val ue, . can t a crystal layer 12 of
fine gr bﬂgiﬁiﬁﬂr%&QithQUQB@UHi%EP&Q%bm%wid/éﬂ%tﬁﬂgééfbfb Cr-No(Ta) thin
film T oercivity Hc(//): of this crystal layer 12 i.s small. 10 For this

reason, siisteAt{Eldgi bl @ .00 milcirlon? &inldes Qﬂnestcﬁndlasﬁnsl%m taeide- cal led
hi gh perneablllty Iayer of the :

5 the jump would occur if the Co-Cr-Nb(Ta) were sput ered to

=

a film thickness over a predetermined value, it can be
.regarded that a crystal layer 12 of fine graln is formed
throughout approximately the entire Co-Cr-Nb{Ta) thin film.
The coerciVity Hc(//) of this crystal layer 12 is small
10 For this reason, it 1s possible to utilize the crystal _
layer 12 as the so-called high permeability 1ayer of the
recording medium so that .the crystal layer 12 functions
_similarly to the high permeability 1ayer. _
Co-Cr-Nb(Ta) havzng an added quantity of Nb(Ta)
15 which is smaller than an added quantity of Nb(Ta) in the
crystal layer 12 is sputtered on the crystal layer 12 to a \u/_-
film thickness of substantially O 1 micron so as to form a
crystal layer 13 of coarse grain. The added quantity of
Nb(Ta) in the crystal 1ayer 13 is smaller than the added
20 quantity with which the jump would occur if the
Co-Cr-Nb(Ta) were sputtered to a film thickness over a
predetermined value. When Coecr-Nb(Ta)'cbntaining.less
added quantity of Nb(Ta) than Co-Cr-Nb(Ta) forming the
crystal 1ayer 12 is sputtered on the crystal layer 12, a

25 crystal layer of fine grain of Co-Cxr~Nb (Ta) containing the



recordi ng mediumso that the crystal layer 12 functions similarly to the
hi gh perneability |ayer. Co-Cr-Nb(Ta) having an added quantity of No(Ta) 15
which is smaller than an added quantity of Nb(Ta) in the crystal layer 12
is Sputtered on the crystal layer 12 to a fil mthickness of substantially
0.1 micron so as to forma crystal layer Q3 of coarse grain. The added
guantity of Nb(Ta) in the crystal layer 13 1s smaller than the added 20
gquantity with which the junp would occur if the Co-Cr-Nb(Ta) were sputtered
to a filmthickness over a predetern1ned val ue. Wen Co-Cr- Nb(Ta)

contai ni ng l1es%s dERE didy S Ml (9R) tf@%&éﬁié\ﬂf@oé

crystal layer 12 is sputtered-on the crystal |ayer a 25 crystal ayer

of fine graiah bfurdary -Pédrwledn CEHEH-NEOrd heform tlhé sy skl i gt i ty
of Nb(Ta) is essentially not forned at a boundary between Co-Cr-Nb(Ta)

form ng t he 12 ysidalCd-CeNHLPraan Edimitig MK ryseal Mayde I3 Wdcdudayer 13
because the two Co-Cr-No(Ta) formng the crystal |ayers 12 and 13 5 are
simlar bot lthen twanslesiGr-0ib (e - ciomsiiag stheitry sta Eviayerfs t1 and/s1al

| ayer of fine grain of Co-Cr-No(Ta).containing the |ess added quantity of
Nb( Ta). shéuﬁ$3x§ﬂmiﬁﬁﬁihﬂtht#?kﬂnmnkﬂ%ﬁlqn anth ¢y stajhrstethctunet his
crystal layer will_ nqt reach such a filmthickness that 10 would affect the
per pendi cul &Vefadrfetthe (S RhgiayRF of fine grain of Co-Cr-Nb(Ta)

containing the less added quantlty of Nb(Ta) should be
formed at the boundary, 1t can be regarded that this
crystal layer w;ll not reach such a film thickness that
10 would affect the perpendicular magnetic recording and
reproducing characteristice. Hence, it.can be regarded-
that the crystal layer 13 of coarse grain of Co-Cr-Nb(Ta)
is'formed directly on'the-crystal-layer 12 of fine grain of
Co-Cr-Nb(Ta) ~ As described before, the crystal layer 13
15 has a hzgh saturatlon magnetlzatlon Ms and also has a hlgh
coerc;v;ty He( 1)
In addltlon, in Co-Cr-Nb(Ta) which forms the
N crystal layer 13, the added quantlty of Nb{(Ta) may be
selected arbltrarily w1thout belng limited by the
20 conditlons Wlth which the jump would occur if the crystal
layer 13 were formed to a f11m thickness over a
predetermined value. As;described before, the saturation
magnetization Ms;of'Co decreases due to the addition of
NbfTa),:but tne axis of eaey:maqnetiiation of Co is

25 satiéfactorily perpendicular to the film. Accordingly, by



reproduci ng characteristics. Hence, it can be regarded that the crystal

| ayer 13 of coarse grain of Co-Cr-No(Ta) is formed directly on the crystal
| ayer 12 of fine grain of Co-Cr-Nb(Ta). As described before, the crystay
| ayer 13 15 has a high saturation nmagnetization Ms and al so-has a high
coercivity He([err]). In addition, in Co-Cr-No(Ta) which forns the crystal
| ayer 13, the added quantity of No(T 3 TRY be selected arbitrarily w thout
being limted by the 20 conditions wi tthwhich the junp would occur if the
crystal layer 13 were formed to a filmthickness over a predeternined -
val.ue. As described before, the.saturati.on magnetization M of Co

decr eaﬁeﬁggESprQatEQ addibbeing! tNa( Taded Wuaia 13XicE &b @) dRget ' zation

of Cois sati sfac or|Iy per pendicul ar to the f|In1 Ac i ngly,

34. 1 apahapciat gkyisecbeskible! o a@tked theél@d hHavef sidhlan to Co and Cr, it
is possible to nake the Co have such an orientation that the axis of easy

nagnetlzormentasieatthaacthelaxipemﬁbmﬂsguMHgndtﬂzaﬂnunﬂrs|M ng a high 5
saturation magnetizatij-on Ms. ..Accordingly, when a perpendicular magnetic
recor di ngatésfactoridy perpenddgudiarn whilgomintainingeotdigy nedi um 14 by
use of _a ring core-head 15, the |ines of ‘magnetic flux fromthe ring core
head 15 saturation magnetization Ms. .

Accordingly, when a perpendicular magnetic
recording 1s performed w1th respect to a double film
recording medium 14 by use of a ring core head 15, the
11nes of magnetic flux from the ring core head 15

1o penetrates the crystal layer 13 and reaches the crystal
layer 12 It can be regarded that the lines of magnetic
flux advance in the 1n-p1ane direction w1th1n the crystal
layer 12 which is an isotropic low coerc1v1ty layer, and
then advances perpendicularly toward the magnetic pole

15 portion of the ring core head 15 ria the crystal layer 13,
to_magnetize the-crystal layer 13 in the'perpendicular |
direction._ Thus, a magnetic loop formed by the magnetic Y
.Flux has a substantially U-shape as shown in FIG 16.

According to this perpendicular magnetic recording, a large

20 remanent magnetization remains w1thin the crystal layer 13 |
since the magnetic flux is concentrated at a predetermined
position where the perpendicular magnetization is performed
and perpendicularly penetrates the crystal layer 13 hav1ng

the large saturation magnetization Ms. In other words,

25 althongh the magnetic field generated bygthe_ring core head



10 penetrates the crystal |ayer 13 and reaches the crystal layer 12. It
can be regarded that ‘the |ines of nmagnetic flux advance in the in-plane
dirqg;ion within the crystal layer 12 which is an isotropic | ow coercivity
| ayer, and then advances perpendicularly toward the nagnetic pole 15
portion of the ring core head 15 via the crystal layer 13, to magnetize the
crystal layer 13 in the perpendicul ar di3®etion. Thus, a magnetic | oop
fornmed by the magnetic flux has a substantially U shape as shown in FI G 16.
According to this perpendicul ar nagnetic recording, a |arge 20 renanent

magnetization rempipns wthin the crystal_layer 13 since the pmagnetic flux
is conce r%ﬁE&Péghékiwﬁﬁﬁﬁ¥§?ﬁ?ki?;i%ﬁ?*%ﬂgmﬁ%?ﬁ°?ﬂ%t§erbEnHFcuIar

13 havi ng. (PTERER SQIRReTR Higerradhriielal RisngHES tefofllRgcee V'

el ot comiB I | fedd St SRNGAL EfaboA Fo " HRLED SRCHY 15 Ris T 1

i ncl udes consi derable i n-plane Tonponen 0§s . formthe
per bend, 1l adBOELES LESRERL NSt Bibadliey SpnoRs oBBpBEA e |
perp_endi wlﬁgg@g@@r@é&dwrﬂ@%%a@@epgﬂption. On t_he ot her _ha_nd, it
Is known that" it is possible to adjust the thermal expansion coefficient of
t he recording nediunﬁéu{inbﬁéghsmehamdpnie fgenﬁ@&ﬁ ﬁh@atifsis
pbssible to adjuét the therﬁal éxpansibn'COefficient of the

g/,' recording medium by adding one or more elements (that is,

Nb énd/or Ta, for example) to Co-Cr.  Hence, it_is possible
10 to adjust the thermal expansionfcoefficient of the

recording medium according to the present invention since

the added quantity of the one or more elements added to

Co=-Cr can belappropriately selectéd as_described above, and

it is possible to easily manufacture recording mediums
15 haviﬁé no curls.

In addition, since the coefcivity He(//) of the
crystal layer 12 is not extremely small cémpared to the
coerciyity He(_| ) of the crYétal_layer 13 as may be seen
from-fIGS.G and -7, thé_Baikhausen noise will not be

. 20-gené;atéd; and it.is possibie to perform satisfactory
perpendicular magnetic reéérding and reproduction.
Furthermore, because the ‘coercivity Hc(//) of the crystal
layer_lz is not zero.but is in the range of 10 to 220 oé,
it is-possible to'perform a magnetization corresponding to

25 this coercivity Hc(//).



Nb and/or Ta, for exanple) to Co-Cr. Hence, it is possible 10 to adjust the
t hermal expansi on coefficient of the recording nmediumaccording to the __
present invention since the added quantity of the one or nore el enents v
added to Co-Cr can be appropriately selected as described above, and it is
possi ble to easily manufacture recording nmediuns 15 having no curls.. In
addition, since the coercivity Hc(//) the crystal layer 12 is not
extrenely smal|l conpared to the coerci'Vity Hc([err]) of the crystal |ayer
13 as may be seen fromFIGS. 6 and 7, the Barkhausen noise will not be 20 .
generated, and it is possible to perform satisfactory perpendi cul ar

magnet kc recordingwﬁFQ rs (ﬁgga' e ~ UL : ) . f he; gcoercivity 1
Hc(//)h'of the crysta at?/fe% 12 I%@O?%%gﬁﬁéﬁc %é:ﬁé&%ﬁa gjégof 10-to 220

Co, 11 1 peotee it HUdHdB (10N AN TN £01: OSPEEHE ¥ t e @Burh Ni S
coercivity Hc(//). 36. en the perpendi cul ar magnetic recording is
perforned 4y tah plemadity @f ikagiuty chdving reovstied maghewiddeionpl urality

of magnets having reversed magnetization direction in correspondence with a
pr edet er diretticn 3n doarmedponderndd aritdt ad \predewsrminédicbitystal | ayer 13.
as shown in FIG 17, wherein the arrows indicate the directions:of the '
‘magnet Bz dntervalBageuad temnatedyt formgdrin thescrystal layer 13 as
shown in FIG.l17, wherein the arrows indicate the directions
of the mégnetizatioh; Because the cryétal'laYer 12 has a
coercivity in the range of 10 to 226 Oe, ahmagﬁetic flux
linking the 1ower'portioﬂs of thé'mutually adjacent mégnets
10 is formed in the crystal layer iz'as indiéated by'thé:
arrows in FIG.17. Hence, there islno_demaghetizatioh
phenomenon between the mutually adjacent magnéts in the
crystal iayér 13 because the'mﬁtuaily adjécent magnets are .
magnetiéaliy coupled to each other, and this phenomendh is
15 especially notable when the density between the mﬁtually |
adjacent magnets is high. As a result, it'is possible to
cbtain a high reproduced output... | _ - | Y,
On the other hand,.it'is'possible to makenﬁhe
'thickness'of the recording medium 14'extrémély small since
20 the film thickness of the crysyai layer 12 is in the order
of 0.15 miCron-énd-extremely émaill .As a résult;'the' o
resiliency bf the'magﬁetic layer of the recording meéium 14
is very satisfactdr&} and it is poésiblg to realize a
satisfaétory cdhﬁaét'betweén the riné core head 15 and the

25 recording medium 14 (that is, the crystal layer 13)}"'



coercivity in the range of 10 to 220 Ce, a magnetic flux linking the | ower
portions of the nutually adjacent magnets 10 is fornmed in the crystal |ayer
12 gs indicated by the arrows in FIG 17. Hence, there is no
dengﬁhetization phenonenon between the nutually adjacent magnets in the
crystal layqr 13 because the nutually adjacent magnets are magnetically
coupled to ea other, and this phenonmenon is 15 especially notable when

t he density between. t he nmut ual | y adj acent magnets is high. As a result, it
is possible to obtain a high reproduced dltput. On the other hand, it is
possi bl e to make the thickness of the recording nmedium 14 extrenely snall
since 20 the filmthickness of the crystal layer 12 is in the order of 0.15

i d extrerel 11, As f h 1] h ti
ayer of hixréﬁgfdiy TR 157 SHET AT FEie o SHOLFRR  £9) E5Besi bl o

o) e e AR B CL DL RO L ol 0FCulig dy dReley o 25
Mor eover, téﬁéfﬂnﬁ%fgﬁﬂgkél ; Sn;#§53%|£$%0ﬁgai ﬁCOégapgthdIUﬁll4 i's

short because of the extre ess 0 reco ng medi um 14,

and the rew&m@daéam&rﬂ TAcde s@%ﬁ&fa&@@ré&t%% hagxlam?hproduct ivity
and at a | ow cost he recordi ng nmedi um of -t he ‘present invention is"

5 productivity and at a low cost.

The recording medium bf the present invention is
LJ, not limited to the embodiment described heretofore, and
more than one element may be addéd'to Co and Cr in each of
the upper and lower . layers formed on the base.

10 However, a quantity of the element(s) added to Co and Cr in.
the upper layer must be smaller than a quantity of
the element(s) added to Co and Cr in the lower
layer. ' The elements added to Co and Cr in the materials
constituting the upper and lower layers are not

15 limited to Nb and Ta, and the element(s) added to Co and Cr
in the lower layer need hot be identical to the
element(s) added to Co And Cr in the upper : layer.
In addition, Nb may be added to Co and Cr in the lower

. layer'while Nb and Ta are added to Co aﬁd Cr in the

20 upper | layer, for example.



not limted to the enbodi nent described heretofore, and nore than one

el ement may be added to Co and Cr in each of the upper and |ower —,
layers fornmed on the base. 10 However, a quantity of the element(s) added
to Co and C in the upper | ayer must be smaller than a quantity of

the el ement(s) added to Co and Cr in the |ower layer. The el enents added to
Co and.Cr in the materials constituting the upper and—+tower—

| ayers are not 15 limted to Nb and Taggand the e|enent(s) added to Co and
Cr in the | ower - layer need not be ident :mm W""Mm nt(s)
added. to Co and Cr(_-ianHg upper | ayer. mmay.be
added to Co and O in the |ower layer while Nb and Ta are"added*to-Co and

Cr in the 20 upper———=—=="13aver for exanple. - 38- 1. 1. A
per pendi cul ar magneti c-recordi ng nedi um on which a signal is recorded and
from whi ch thelsi gngdrpesdicefsndugeet iy recoraigng trieditme ad, wisizhda peiigpehdi cul ar
magneti c recordi ng medi um conprising: a recording medi um base; and 5 '
a magnet i cid ayeordedrstd fnmedhigh &he cadgnal dyseredoodnest On a megnetdor teéasy
medi um base and an upper |ayer forned on the |ower |ayer, said | ower |ayer
havi ng an saidppenpecdiaud oy imagnetiorcespridnmamegdign ZR0PsinaY a t hi ckness
between 0.05 micron-and 0.15 micron and being nmade of a first nmateri al

i ncl udi ng & @BeerdingHresHmAasRY A | east one el ement -ot her 10. t han

cobalt and chromumw th a predeterm ned raln e qof concentration sSo
5 a magnetic layer constituted by a lower ager;formed on the recording

medium base and an upper layer formed on the lower layer, - g_)
said.lower layer having anin-planecoercivity between 10 Oe and 220 Oe
and a thickness between 0.05 micron and 0.15 micron and being made of a
first material inciuding cobalt, cnromium-and'at.least one element other
10 thén cobalt and chrpmium with a predetermined range of concentration so
that an in-plane M-k nysteresis loop of said magnetic layer has an
inclination such that.fhe inclination of a part of. the in-plae M-H
‘hysteresis ldop in the'vicinity nf_the origin is substantially greater
_than the inclination of the remaining part of tnelin-plane M-H hysteresis
15 loop; said'uppér_layer being made of a-senond material inclnding cobalt,'
chromium.and said at least one element, the.concentration of said at i

least one element in said second material being less than the concentration.

of said at least one element in said first material.

2. A perpendicular. magnetic feqording medium as claimed in claim 1, in

20 uhinh said at least one element is one of niobium and tantalum.

3. A perpendicular magnetic recording me<‘um as claimed in claim 2, in
which said first material includes cobalt, chromium and niobium which

has a concentration in a range between 2 and 10 at %.



that an in-plane Mh nysteresis |oop of said nagnetic |ayer has an
inclination such that the inclination of a part of the in-plane MH
hysﬁgresis loop in the vicinity of the origin is substantially greater than
t'he "f'nclination of the remaining part of the in-plane MH hysteresis 15

| oop, said upper |ayer being made of a second material inctudi-ng—caobal t,

chrom um and said at |east one el enent, t concentr ion of said at Ieast
one element in said second nmateri al bei ng Tess than i’ gum

said at |east one elenent in said first material. ’mum
magnetic recording nediumas clained in claim1, |n 20 Wmﬁch*sald at
| east one elenent is one of niobiumand tantalum 3. A perpendicul ar

magneti c recording mediumas claimed in claim2, in which said first
material inclades sepahdicuths Qﬁgﬂéml%nﬁedurebhglmemncas haisifed QRCENYIRAR| ON N
a range between 2 and 10 at % - - 4. A perpendicul ar magnetic
recordi ng medifuwhish ehid rfadst rmac:éﬁiam 2ncuuaey\moeans,acﬁlrdmmﬁtarmat@rﬁﬁaabm

i ncl udes cobalt, chrom um and tantal um which has a concentration in a range
between 1 andifiGhatas¥a concAnfxatpemdincal mngatmptetére 1r ecbndi aig %redi um as
claimed in claim1, 5 in which in-plane squareness ratio of an

i n-plane MH hysteresi.s characteristic of said upper and | ower |ayers as a
whole is 0.21 or nore.

S, A perpendicular magnetic recordlng medlum as claimed in claim 1,
5 in which in-plane sguareness ratio of an in-plame M-H hysteresis

characteristic of said upper and lower layers as 2 whole is 0.21 or

mere.




