;e3eg#nd . *!1Z"6" THOV9 Magneti c Recordi ng Medi um And A Met hod For

Manuf acturing The Sane Technical field of the invention 5 T

I nvention relates to a magnetic recordi ng nedi um nount ed oqmn‘m%@\mmm\\mf
magneti c recordi ng devices such as an external nenory devic nput er .

The invention also relates to a nethod for manufacturing such S8BT um to
Background of the invention Renmarkabl e technol ogy devel opnent of magnetic

wen n grMEEnErE BechEABE MEGrL ARYA AR ehE BRSNS e R ands.
15 variou prgposals have been made concerning conpositions and structure
of a magn tiec P&EY@r and materials of a nonmagnetic

Technical field of the invention
5 The present invention relates to a magnetic recording medium
mounted on a variety of magnetic recording devices such as an
external memory device of a computer.
The invention also relates to a method for manufacturing such a
medium.
10
Background of the invention
Remarkable technology development of magnetic recording
devices in recent years is pushing for magnetic recording media with
higher coercive force and lower noises. For addressing such demands,
15 various proposals have been made concerning compositions and
structure of a magnetic layer and materials of a nonmagnetic

underlayer.

Recently, a magnetic layer has been proposed having a structure
20 in which ferromagnetic crystal grains are surrounded by nonmagnetic
and nonmetallic substance, such as an oxide. Such a magnetic layer
is generally called “a granular magnetic layer”. The granular
magnetic layer is considered that interaction between the

ferromagnetic crystal grains is decreased because the individual
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under | ayer. Recently, a magnetic |ayer has been proposed having a structure
20 in which ferromagnetic crystal grains are surrounded by nonmagnetic and
nonmetal | i ¢ substance, such as an oxide. Such a nagnetic |ayer is generally
called "a granul ar smagnetic layer”. The granul ar nagnetic |ayer is
considered that interaction between the ferromagnetic crystal grains is
decreased because the individual *159159* ferromagnetic crystal grainis

hace. - Unfs DBP Rt fa  BPAR BS VA GO REBR B B BhE et o
For oo andTRBRRENSHIC AhiE Mot aILiG EIRS bONBYGLY PBRRPS 1 of or once vas
formed by RF sputtering using a target of an alloy of Copt system

i ncorporating an oxide such as Si02. The reference, United States Patent
No. 5,679,473, also discloses the dianeter of the 1o crystal grains

constituting UwitedeBhess Pageeiti No. §/679, 4118 diselenetbat weathghetier yst al

grains, and nacroscopi c conposition of thé granul ar magnetic | ayer. The
granul gr Wom! ISl . tiing, for
cont ro?l [ %%f%’f%ﬁﬁé??%@f t}}%éa ﬁéﬁ%%&ﬂ@%@fﬂ;ﬁ{%ﬁggrc er?&%g@%ﬁbﬁég? i}é:1 ayer
has advant ages. of 15 supegr{ or pr.oducthyity and, possibility, of form ng on an
| nexpensi CORGRENES And losy ripigeR JLhg erAnul4 Magnetiglaiier ThthiF em t o
be sol ved b{fn% he invention In orﬁg‘r to obt.ain a, magnetic rei;or di ng rreﬂdi um
with excellBigtentee wanfermedbysBisputtetinighysing agbargetael aagaboycof ayer
it is necessary to increase coercive force and ani sotropic nagnetic field,
and al so ekt sysye hoincprpessting anastidensuehvaese 810z 'Thestaflergnaens in
the magnetic |ayer by enhancing nagnetic isolation of each crystal grain.
Thus, whefJgit@dSthées Pttt NJ.a5,679,478crAsbiEEcldextlfe diameter of the
10 crystal grains constituting the granular magnetic layer, the distance
between the crystal grains, and macroscopic composition of the
granular magnetic layer. The granular magnetic layer as disclosed
does not need substrate heating for controlling crystal structure.
Consequently, the granular magnetic layer has advantages of
15 superior productivity and possibility of forming on an inexpensive

nonmagnetic substrate made of plastic, for example.

Problem to be solved by the invention
In order to obtain a magnetic recording medium with excellent
20 recording performances using the granular magnetic layer, it is
necessary to increase coercive force and anisotropic magnetic field,
and also necessary to suppress interaction between the crystal grains
in the magnetic layer by enhancing magnetic isolation of each crystal

grain. Thus, when a granular magnetic layer is deposited using a



target containing an oxide such as Si02 and a ferromagnetic alloy such as
cobalt alloy, the oxide and the ferromagnetic all oy conposing the target
are desired to be well separated to one another in the deposited magnetic
film Consequently,.the target and its material 5 nust be appropriately
selected so that the ferromagnetic crystal grains made of the ferronmagnetic
all oy and the grain boundary region made of the oxide are well separated

Conauct cd PREgh cartaRElE Ak Bhige Sel B O Al & FRREERRbRE §1Bx1 oy e

deposition technique lLh nmost sputteri nmeghods, the i t of the.argon
Cons i n pRusheascobalt allosotan oide and the fRiroriagnesie aioycomposing
deconposition of the oxide such as SiQ2. The silicon atomns_ |ibherated by
deconposi thertaygedi are desdred toibe veellisepanated to omeagnotherdan tdye 15 such
as cobalt base alloy and are liable to cause degradati on of nagnetic

char act er ideipgosited magridtéc fdmoConseqabnthy, tleé darbet danbits adatedadtic

| ayer is often different fromthe conposition of the target supplied for
sputtegin iﬁg?) i ftﬂlﬁ) J i cted
under 5a d?“l gﬁ:ynei‘ﬁg n 'trﬁ%%@ﬁ%éencﬁg%fopgg%gg |onhg?g?%gic§%§05| Eed
magneti c | ayer possj bl h es. As descri,bed akoye, even.,if a,suitabl.e
target | s GitibeiBadle nt tReBEFOmABREERr ABTARA YR gRHE] Baudadty hB&ifh
when the target j s, depqsited aSﬂ magnetic | ayer. In grder, to adequately
control tHABagde olgtha@xd CnatR v e Seaﬂal‘ra,teidta terodeppsitionihy spumtiering.e
conposition of the magnetic |ayer resulted by deposition process.

Nevert hel ess, such a guideline has not elucidated yet. 5 Accordingly, an
object of the invention is to provide a nmagnetic recording nmediumwth

excel | ent maghairiowdsp ustndnigcnisthalsthat chey echducted dn o agiow gas
granul ar magnetic | ayer having a specified conposition. Another object is

to prqoyid f WI’ i i % sol ve the
pr obl g% T%ﬁﬁ%ﬁ?g?sﬂfﬁ e g?éelgl?n F%\&/%%taligﬂgg%yleaynéa(gg xt e%lg)?lve studi es
to sol ve the,probl ensy and found ,t hat exce]d et netic pepformnce can be
bt ned VchRiaReR TR Mosf sihttafing Methols s tRg iRubacf 8F B ARETn 300s
ferromagnetic crystal grain.and the grain .

1n plasma at the c&hslon with tﬁe target readily causes

decomposition of the oxide such as SiO2. The silicon atoms liberated
by decomposition of SiO2 readily diffuse into the ferromagnetic alloy
15 such as cobalt base alloy and are liable to cause degradation of
magnetic characteristics. Thus, the composition of the actually
deposited magnetic layer is often different from the composition of the
target supplied for sputtering. If the same target is used, but the
sputtering is conducted under a different condition, then the

20 composition of the deposited magnetic layer possibly changes.

As described above, even if a suitable target is selected, the
target can not necessarily achieve its full ability when the target is

deposited as a magnetic layer. In order to adequately control the



bounedary region of the granular magnetic |ayer containing a cobalt alloy. A
magneti c recordi ng nmedium constituted by enpl oying such a granul ar nmagnetic
| ayer acconplishes excellent recording performances, that is, high coercive
force and | ow noi se. of the 20 magnetic recording nmedium A nagnetic
recordi ng nmedi um according to the present invention conprises at |east a
nonnmagneti ¢ underl ayer, a granular magnetic |ayer, a protective film and a

liquid | . . i ' i ak . .
subst r at o BB AT IRYER, 1 1o épSentinhd Bberal ik eaRBRRR G o
grains containing cabaglt and gr.ain.,boundary region surrqundi he

f éi’iecm@ra%&fapal yerestifed by dSpogition pEPGess vertticlgbai suchs
a?r(r%)oPEQL at h;{g}qf pkllatai n&qunhi iﬁfavtg?it agteousl Y, the%onna%eti C grain

b d Begil 1n€l bas Naeihe e ¥e&t.i con. The nonmagnetic grain
b832d2;¥ region preferably further incluhes one or nDregoxihesgorlnitrides

of an element selected fromC, Co A, Ti, Ta, Zr Ce Y, and H . 10
Advant ageously, the nonmagnetic grain boundary region contains 1 at %to 10

at % of plati : i, O Of i 4 : t t) nt in
the nonmagnet P corBihgly faff obfeetf Ui InEBREEN ib RolpRoVide) a HEETRe
atom c ratj |l v..1t he n netic ,substyate is.a plastic
Subst r at oYeRopdfH@AnBATOHE wis §RcRICHRIBRETtIE ] BBebBtihfofibtfiong o
20 magneti ¢ recordjng di um manuf actutes the magnetic recaordi ng nedium
descri bed c;w@@tamt ¥i g@mgtaeggaaui@éqnagne&m aygﬁﬁwmggaaape@ﬁ@d a
nonmagnetic underlayer, a magnetic |ayer, aa protective layer, and a liquid
| ubri cat i @ompgsitiotheAnathextobjecttieds pravicendunethod foromapufaetaning
t he nonmagnetic substrate. 5
such a medium.
10
Means to solve the problem
The inventors of the present invention have made extensive
studies to solve the problems and found that excellent magnetic
performance can be obtained when a specified amount of platinum
15  exists in each of the ferromagnetic crystal grain and the grain
boundary region of the granular magnetic layer containing a cobalt
alloy. A magnetic recording medium constituted by employing such a
granular magnetic layer accomplishes excellent recording

performances, that is, high coercive force and low noise of the

20 magnetic recording medium.

A magnetic recording medium according to the present invention
comprises at least a nonmagnetic underlayer, a granular magnetic

layer, a protective film, and a liquid lubrication layer sequentially



Advanmt ageously, the step of |lam nating the nmagnetic |ayer is conducted by
means of an RF sputtering nethod using a target conposed of a m xture
including Si02 and a ferronagnetic nmaterial containing at |east cobalt and
pl ati num under a pressure in the 5 range of 5 mlorr to 30 mlorr. Brief
description of drawings Figure 1 is a schematic cross-sectional view of an
exanpl e of 1o enbodi nent of a magnetic recordi ng nedi um according to the

resent i i ' i i N r ' e | at i num
Concent r bt iate o Fosfmakufbtde bRt A Re din Bl AR SRRl
| ayer and coetcive éiorce He of.a ma eltic recordi ng nedi ug1 Figure 3. is a
graph sho®PR§LEES nr&msgﬂﬁéé%cwgga grams contaning capalk and geaiar y
region of a granular magnetic |ayer and coercive force He of a magnetic
recor di ngbesthdary zegiepeatrrontn thedfersontagheticreryratad gronnst i The
aspect of the present invention is a magnetic recording

ferromagnetic crystal grain contains 15 at % to 17 at % of platinum.

5
Advantageously, the nonmagnetic grain boundary region
includes an oxide of silicon. The nonmagnetic grain boundary region
preferably further includes one or more oxides or nitrides of an
element selected from Cr, Co, Al, Ti, Ta, Zr, Ce, Y, and Hf.
10

Advantageously, the nonmagnetic grain boundary region
contains 1 at % to 10 at % of platinum.
A ratio of the silicon content to the platinum content in the

nonmagnetic grain boundary region is preferably at least 6 in an

15 atomic ratio.

Advantageously, the nonmagnetic substrate is a plastic substrate.

A method according to the present invention for manufacturing a
20 magnetic recording medium manufactures the magnetic recording
medium described above and comprises steps of sequentially
laminating at least a nonmagnetic underlayer, a magnetic layer, a
protective layer, and a liquid lubrication layer. The laminating steps

are conducted without preheating the nonmagnetic substrate.



medium Figure 1 is a schematic cross-sectional view of an exanple of a
pagneti c recordi ng nmedium according to the present invention. 6 As shown
in Figure 1, the magnetic recording nediumhas a structure in which a
nonmagneti ¢ underl ayer 2, a granular nagnetic |ayer 3, and a protective
film4 are sequentially formed on a nonnmagnetic substrate 1, and a liquid
| ubrication layer 5 is formed on 5 the protective film4. The magnetic

| ayer in a na i 1 i i to r i mtion is
2 anul ar e AR Bl o35 A b SRR 1APEE R, 1O
conposed of cobglt alloy angd t nmagnet.i ¢ grai,n boundary region

sur r oundi ﬁ@nah’é:%ea?bﬁ@e@ ¢ ?ngﬁBH%E@%gkﬁt}W‘gmngo%@QW ets at %wto
17 at % of platinum The ferromagnetic crystal grains contain at |east
cobal t angoprpesed of snmixtaineo ngf S @indy ferromaguesicmatenal
exanple. 15 The Copt alloy is not limted to a special alloy. The Copt

al l oy may cbnmahein%.amtleastmalt arnd plathigni, suadeed prebsare tihetles oup
consisting of Cr, Ni, and Ta. The nonmagneti c grain boundary region

sur rougdi Qgggégog?@q%n% i39) ﬁiTé{‘f“.' grains contains at |east an oxide of

silicon, na e nonnmagnetic grain boundary 20 region may further
contain one or nore oxides or nitrides of an elenent selected fromCr, Co,
A, Ti, Ta, Zr, Ce, Y, and Hf. Nanely, the oxide may be selected froma
group congj sti,ng of,Si,OZ,@gZOs,, CoO A120s, Ti 02, Ta20s, Zr02, and Hf 02.
The nitri mﬁﬁe@@rml@m dragingsgr oup consisting of SiN, TiN, and ALN.
To stably maintain the 7 granul ar structure, the oxides are preferable to
the nitrides. As stated before, the ferromagnetic crystal grains need to
contain 15 at %to 17 at % of platinumto acconplish a magnetic recording 5

nmedi um wi iglirehl d9er scheni ffieccrobsese@ivHal viéwPohhmerhaepleibfied in the
ferromagnetic crystal grains also produces high anisotropic magnetic field.

Plati pgm %%b@piniéhtt %aﬁxﬁ%ﬁ%ﬁéti@rﬁ&%d%%ﬁ%ﬂih%ﬁ%ﬁgﬁ?ﬂ%%@gﬁggéﬁ uce

hi gh coercive torce and ani sotropic gnetic can ress

hi gh recoggbg%tﬂ%Q5|ty. I n addi ti on,

Figure 2 is a graph showing a relation between platinum
concentration in the ferromagnetic crystal grains of a granular

15 magnetic layer and coercive force Hc of a magnetic recording medium.

Figure 3 is a graph showing a relation between Si/Pt atomic ratio in
the grain boundary region of a granular magnetic layer and coercive
force Hc of a magnetic recording medium.
20
Aspects of embodiments of the invention
The first aspect of the present invention is a magnetic recording
medium. Figure 1 is a schematic cross-sectional view of an example

of a magnetic recording medium according to the present invention.



1o separation of crystal grains in the nmagnetic |ayer woul d be
insufficient, resulting in increase of noises. On the other hand, if

pl ati num content in the crystal grains exceeds 17 at % the platinum cannot
stably remain within the crystal grain and tends to segregate to the grain
boundary. As a result, isolation of the crystal grain is 15 hindered
causi ng deterioration of recordi ng performnces. Mreover, increase of

Shﬁt L ow noSERBRAL iha“fgfgetlﬁf%q?%b%?ﬁi%ﬁiﬁiﬁ%&@%s?@%gﬁét B Ro ot on of
betveen CPRUHERUER Hh fEhich e BOPTREERCHS HOMRIIANET ) 3 BTERAIAS MAGIHIAE C
crystal grains. For this purpose, separation of the ferromagnetic crystal

grai ns of layenid, and @yprotective filmi 4 areuseguentizdiy dformred onba pronot ed by
segregating oxides or nitrides to the grain boundary region. 8 Most of
the plati MoRMAghdtaé @thstﬁafﬂésn,raﬁ(ﬂdta),lifeﬁxig?mibﬁﬂio% lay &P iOfordhelth

ferromagnetic crystal grain for "achi eving hi gher magnetic performance.

Howeveg, ¢ ﬁﬁ}ﬂ’é%t tic grain boundary region of the magnetic |ayer
al so incl ugg p atl%l‘ﬂér)n eqe'S inventors of the present invention found that

a suitable quantity of platinumcontained in each of the crystal grain and
grai n boundary region inproves magnetic performance. It nmay be assuned t hat
a suitable an&qg% of platipumexisting in the grajn boundary region
functions as magnetin layer invemagnetic reeandingamedizgnoacegrding to
crystal grain during the sputtering process and retain the oxide or the
nitride sthiel predemt nvéntprais abgradalyr Magaediatiyer thatedrsisteef of a
suitable quantity of platinumin the grain boundary region is desired for

acconpl i slféPEoEREIIE cHyEbAL F_i'aiﬂé cogpesed vfad cobalehlloy awel - Measuring

the quantity of platinumexisting in the i5 grain boundary region is
diffigylt i Yrdsi i s
scatt & ' EUERERCHE ednb AU AL UPOARAIRBRHERIIRE, ThePS |
hard task, However. taking, a,|arge nunper ur ed.dat g, and .t ar get
conposi ti gﬂgr?%%t&‘c‘)mgtﬂ ggﬁﬂn%é’og{%éﬁggfﬁ %ﬁ%%ﬁa@ﬁ/f’lﬂ? R)]@%b'i%ém'num
existing in the 20 grain boundary region is preferably in the range of 1 to
10 at % nore preferably about 5 at% w th respect to the conposition of
the grain boundary region. If the quantity of platinumexisting in the
grai n boundar fheferromagrestic crgstdl graths evntainet Masti ¢olsalt and
insufficient and the oxide is hard to stably remain in the grain boundary
region, 9platinum and are composed of an alloy of CoPt system, for example.

15 The CoPt alloy is not limited to a special alloy. The CoPt alloy may
further contain one or more elements selected from the group
consisting of Cr, Ni, and Ta. The nonmagnetic grain boundary region
surrounding the ferromagnetic crystal grains contains at least an
oxide of silicon, namely SiO2. The nonmagnetic grain boundary

20 region may further contain one or more oxides or nitrides of an
element selected from Cr, Co, Al, Ti, Ta, Zr, Ce, Y, and Hf. Namely,
the oxide may be selected from a group consisting of SiOz, Cr203, CoO,
Al203, TiOgz, Ta20s, ZrO2, and HfOz. The nitride may be selected from

a group consisting of SiN, TiN, and AIN. To stably maintain the



generating unstable silicon. This causes deterioration of magnetic
performances, increase of noises induced by inter-grain interaction that is
acconpani ed by poor separation between the nmagnetic grains, and | owering of
thermal stability. On the other hand, if the quantity 5 of platinum
existing in the grain boundary regi on exceeds 10 at % the plati num content
in the magnetic grains and the platinumcontent in the grain boundary

it or i y S RELAHE REERE ke che DAR0E arRRErord i B RS T "o st

stably in the 1o ferromagnetic crystal grains decreases, which causes

deterioration of recording performances. In order to acconplish superior
recordi ng performances, the atom c ratio Si/Pt is preferably at |east 6,
wherei n the af\snstatest befare, dheferroragnetio crystabgraing need to sansain

percent of silicon to the atom c percent of platinumin the grain boundary

region. |f5tae%tton ¢ ata% of platinum teaecoheplish senaguetiorecdrding

nonmagneti ¢ substance is insufficient. Since the anmount of platinum

Fecor df ng me R B L e PO (Lol ARPRE D g rul ShhefuRd
crystal oiine BrhphEER R Bt AmERIE REOgNRES Hilth HisBERAE i i o
o um - ATBAEBetiS Figldn e [t iBtul A e T T eIt Ah ERRIBA alriesgrdian 15
boundary region is segregated and separated well fromthe cobalt alloy in

t he magnegitdol carmotwpreducathigh coercive forge andthighraindsotrapicned in 5
the grain boundary region and the atomc ratio Si/Pt in the grain boundary

regi on i s maghedid field Hhst, c@n%ﬂhﬁéé@hﬁgh@eﬁﬁdﬂiﬁgﬂmw hle>eakd itéon,

magneti c perfornmances is obtained by enploying a granul ar magnetic layer in

whi chyg hes@@&fiﬁttm gf%ﬁaﬂgﬁhﬁ'%sgp%ﬁ@%ﬁgﬂdﬁ@?é’f@ﬁ%’oﬁﬁﬂg%“ contain

respective Speci t atinum “A magnetic recordi ng nmedi um of
the invent] i SEes ch [ |ar netic as,ydes¢ri bedecabove.
The ot ner PSR, Ykuitiitk o RiRaRe dEA0RES", QY heiutiy RmiE s
limted to an%/ . . .
platinum content in the crystal grains exceeds 17 at %, the platinum
cannot stably remain within the crystal grain and tends to segregate
to the grain boundary. As a result, isolation of the crystal grain is

15 hindered causing deterioration of recording performances. Moreover,

increase of platinum contained in a target would cause higher cost.

High coercive force and low noise of a magnetic recording
medium require magnetic isolation of the ferromagnetic crystal
20 grains and reduction in magnetic interaction between crystal grains
controlling platinum quantity in the ferromagnetic crystal grains.
For this purpose, separation of the ferromagnetic crystal grains of
cobalt alloy from the grain boundary region has to be promoted by

segregating oxides or nitrides to the grain boundary region.



15 special forms. Mjor conponents of a magnetic recording nediumw || be
briefly described belowwth reference to Figure 1. A nonmagnetic substrate
1 can be conposed of a N P-plated al um num al |l oy, strengthened gl ass, or
crystallized glass,- which is 20 used in a usual magnetic recordi ng nedi um
Since formng a granular magnetic | ayer does not need substrate heating, an
| nexpensi ve substrate made by injection nolding polycarbonate, polyolefin,

th j : D ' ' b
or INOKNSr [ CAAEER the BERHnEn I hipelher CSHHEIFHY PolFokibdcad o
al 1 gnnent PUgigtn o thE Feibrargne it iruera) Eatibdat PORICHHEE HIERED) o
mat eri al includes, for exanple,_5 chromiumand a _chrom um based aJ | oy t hat

are used maagnesis performanaegnblowevetotheractvali nenmagnatic geain ¢ he
nmetals of Ru, Gs, and Re and the alloys based on these netals can al so be
used. Suchovndasy aegiehl sfthdamaghetic kapér adéé ¢nclwdes ipdatirammi.afThe

magnetic | ayer. The thickness of the nonmagnetic underlayer is 1o sel ected

fromthe RRGBRIBLY oafri-}hefs prbiehe rihvlbwtféfﬂ Toerd epa%iaﬂgﬁiwolbgtﬁlﬁhftﬂsﬁ of

controllthe structure of “the granular magnetic |ayer, produ vity, ang o
Cormbssy TR chRER 57139 SofRTE Ao Kol ERERRI BRI IRAES
eri .a CV : . T i, qui
Ubr T cat | SREIADABTOURS FBOBSINSIA BATERTIBINc 0 L6 PRy drh aPSHABPACHIAL A1 or
exanpl e. Al though a magnetic_recordi ng nmediumof the_ invention has been 20
descri bed s\ultab?@a@n@u@é efopRatgouen existing it the gratn diowndany wegiont he

i nvention shall not be limted to the above-descri bed structure, but a seed
| ayer, anfumnictiomsiaat @ datudystnd thiehbntdrdee ofeyutsideppndnnsitelof Heded.

For the purpose of controlling crystal alignnment or other structure of the

nonnagpet i&?/sggp g&ﬁi{ﬁ rd&fihrfeg@he :%Jéur?t%h g %rd@é‘%@,eéﬁ& c}‘e{%ﬁ‘i’ﬁ’tlﬁ 8%ede bayer

may be prov d etween t _ I’lO!’l etl C strate an e no_nrragnet I C
e nonaghs R HEGREREWAthi HEE A e\t AR R I 0 "

existence of a suitable quantity of platinum in the grain boundary

region is desired for accomplishing superior structure of the granular
magnetic layer. Measuring the quantity of platinum existing in the
15 grain boundary region is difficult because the grain boundary is
narrow and the measured values scatter. Consequently, exact
determination of the platinum quantity is a hard task. However,
taking a large number of measured data and target compositions into
account, it can be stated that the quantity of platinum existing in the
20 grain boundary region is preferably in the range of 1 to 10 at %, more
preferably about 5 at%, with respect to the composition of the grain
boundary region. If the quantity of platinum existing in the grain
boundary region is less than 1 at %, oxidation of silicon is insufficient

and the oxide is hard to stably remain in the grain boundary region,



5 of *such layers also preserves the effects of the invention, or noreover,
brings about superior performances. The second aspect of the invention is a
nmet hod for manufacturing a magnetic recording nediumthat is described
above. The nethod of 1o the invention conprises steps of sequentially

| am nating at | east a nonmagneti c underl ayer, a magnetic |ayer, a
protective film and a liquid lubrication |ayer on a nonmagneti c substrate,

ﬁ‘éﬁ(&i;Eeg%%ﬂgﬁ‘%@?%i‘g?s%fﬁ%ﬁ%iﬂqﬁéﬁ°ﬁﬁﬁﬁéﬁ€%§%% E‘%*%ﬁ@%@%ﬁfﬁ%ji%%?g e
mxture | ROFIOTRETCT. IPGTRANGIaTmes i USer b Wy GralRdBLoRaBaPP and
pl ati num and an oxide of silicon. The conposjtion of the target and 20 the

deposi t i otthabrigiaceanpanieduby gioor separationsbetween the dopgnatic gyaing) ar
magneti c | ayer has the specified conposition and structure. For controlling

the str UCEalHdﬂl@\fvefringgfdehéﬁhaMQbﬂiﬁyJ Qe thé btheedesnd] dhthé duentiayer

is preferably conducted by neans of an RF 13 sputtering nmethod under a

pressuge | : 5 L t I I h

deposi %i onglag}s%ﬁfe}?g}@étlﬁﬁl?rtpﬁagr%%mﬁgﬂd?ﬁ rl;gglf%lg e?)‘?%t% ﬁg 1Sér)aéryu%ah
structure s yndered because. of,deterioration.of crystal ali.gnment due to
an it athgBABRE SHIRMENT b indamt i shiRs #5 R platistis .

grains, causing.,deterioratiaqon of a variety of characteristics. t he ot her
hand, if ﬁﬁ@tsnéslghﬁée igrainghenndaay meignbecomg ﬁvi)@taaﬁ ¥ thecsames
and crystal alignment is disturbed, causing deterioration of recording,

per f or mand¥amelyq thesplatinumi sgdistpibutedemiforoflyria theiwhole magnedic
cobalt corrosion. 1o For depositing the granular nmagnetic |ayer, a target

of a CoCr Payar! SPhaenbghoutd ¢hphdiaeirmhnthatleRists Shablyoim ekanpl e, can be

preferably used. A suitable proportion of the oxide contained in the target

i'S appRoOpPEl t i 0 iy |

the desosteriomaBin e Ay staPRItiAY RRreapss PRI baflseh dctprigtation e

| ayer, however ,.1S not.restricted so far as the target achi eves the

specified r@SﬂB@%‘?giQﬁﬂpﬁm%c%‘T‘anul ar magnetic layer. A nethod for

manuf acturi ng a magnetic recordi ng nedi um according to the invention

acconpl i shes a magnetic recording 20 nediumw th high He and | ow nedi a

noise even if a step of substrate heating is omtted, which step has been

essential in dosordér toracurmphizh saperite racorsding performandes; the

invention can reduce manufacturing costs by virtue of sinplification of the

manuf act urdtesn iy PAEIRSSI/P L préfewiblyt 481€a 888! WHetein bReGaDIAIY rafid he 14

15 Si/Pt is equal to the ratio of the atomic percent of silicon to the atomic

percent of platinum in the grain boundary region. If the atomic ratio
Si/Pt is less than 6, segregation of the nonmagnetic substance is
insufficient. Since the amount of platinum existing in the magnetic
grains is relatively reduced, deterioration of recording performance

20 may occur.

As described previously, high coercive force of a magnetic
recording medium is attained when the ferromagnetic crystal grains

of a cobalt alloy contains 15 at % to 17 at % of platinum in the crystal

10



manufacturi ng nmethod of the invention, an inexpensive plastic substrate
made of pol ycarbonate, polyolefin, or other resins can be used as well as a
conventional al um num substrate and a gl ass substrate. 5 Exanples A
magneti c recordi ng nedium and a manufacturing nethod therefor according to
the present invention will be described in further detail with reference to
sone exanpl es of enbodi nents. io However, the exanples shall not limt the

ELSZE“ZRLEQ%% 335#1?(%;%g%%@ék?@%%ﬁ%iﬁlﬂ%&‘s%f%ﬁtﬁwiﬁéBbgé%b?-‘r Q%tehgm- th
35 | . s : i .

or & nonPHPREIST ESBHOIAL SLURHIER 16 ARt d ThV Blek the: B Al DR e
into a sputtering apparatus, and a rutheni um underl ayer 30 nmthick was

formed undeglom lasegregated: andseparatewebldrom sheseahaltitaloy dnothe

granul ar magnetic layer 15 nmthick was fornmed by neans of an RF sputtering

met hod usimggaetay beyenf wleas 134t P2EbX1 0 @tt % of pladiiuml iéotDihathilmr an

argon gas atnosphere of 15 niforr. The granul ar nagnetic | ayers were

deposi g ed tyg ai&i‘Boﬁ"i‘f&’a@P ?Qgiéﬁ’ %{?ﬁ%pétérﬁ% ritio B17Pt IHSgrane used
cont al ni ng p| I num i1 n proporrtion X
boundary region is at least 6. Thus, a magnetic recording medium
with excellent magnetic performances is obtained by employing a
granular magnetic layer in which the magnetic crystal grains and the

grain boundary region contain respective specified amount of

10 platinum.

A magnetic recording medium of the invention comprises such a
granular magnetic layer as described above. The other components
than the granular magnetic layer are by no means limited to any

15 special forms. Major components of a magnetic recording medium

will be briefly described below with reference to Figure 1.

A nonmagnetic substrate 1 can be composed of a NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, which is
20 used in a usual magnetic recording medium. Since forming a
granular magnetic layer does not need substrate heating, an
inexpensive substrate made by injection molding polycarbonate,

polyolefin, or another resin can be used as well.

11



from10 to 25. After depositing a carbon protective |ayer 10 nmthick on
each of the granular magnetic layers, the resulted article was taken out
fromthe vacuum chanber. After that, liquid lubricant was applied to the

t hi ckness of 1.5 nmto produce a magnetic recording 5 nedium Substrate
heating prior to the deposition was not conducted. The thus obtai ned
magneti c recordi ng nedia, having the structure of Figure 1 differ from each

Gi 7erence of ‘o0 SargBle Baaleaticd bR BRRTEF the ROEMABRRI %0l 21 i num
Cayer of GHMETAGRR S 5% Bond e HateridhadlomacantaofinEdipeat HgEure of

anal ysis by means of energy. dispersion X-ray, spectroscopy (EDS). Coercive
force He ctXleem:&gm@ne]BW@I‘erludmg enyitadhalsgn meestrgeniny sizel and igrainng

sanpl e magnetoneter (VSM. Figure 2 is a graph showi ng the relation between

pl ati num danosdarypisepreigatidn. fEhe wmoableé matysiadlinglades, fowlegagiple/e
force He of the magnetic recording medium The graph cleariy shows that the
He of he dHimtatiBhl shidhaRtamadid A1IHICERAE R ubba ifl &t | num |
concentration i n the ferromagnetic crystdl grains and then decreases in
the regio f atingmeconcentrati gn. of 18 .at. % gnd k8. . T hi oelCi ve
force- te varysphi aRnass tPeofliss: shafl 0 pdHipe: Jhe hiklals s
concentration yn th erro netj.c crystal grajns was ip the range from 15
at %to 144t Us, and ﬁm@? ezaidoyﬁm%ﬁa pivthege deetaly eabiaisRdbeats

was produced in the sanme manner as in Exanple 1 except that a granul ar

magnet i ¢ 1Syeh metabepndd atlwysshayeaemagknble effectoonothe gramadaicni ng 10
mol % of 5 Si02 under deposition conditions different fromeach other to

control thaagmstiolayepht’Ehe tifickéess dfhthe agemeigrndtistuidétlayjer vt %

Conposition of the grain boundary region in the granular magnetic | ayer of

each qp theleeidd B5id e cfﬁ[?%ﬁ%%%ﬁ%%#ﬂ#@g dOhdTHBR Mt heDS:

Figure 3 is a graph showng are _ atomc ratro’in the
grain bounggl s [SeLAr8 the RreQELEs F (1R gFanular magnetic layer,

productivity, and cost, although not limited to a special value.

The protective film 4 can be composed of a thin film of
15 substantially carbon that is deposited by means of a sputtering
method or a CVD method, for example. The liquid lubrication layer 5

can be composed of perfluoropolyether lubricant, for example.

Although a magnetic recording medium of the invention has been
20 described with reference to Figure 1, a magnetic recording medium of
the invention shall not be limited to the above-described structure,
but a seed layer, an intermediate layer and other layer may be
appropriately added. For the purpose of controlling crystal alignment

or other structure of the nonmagnetic underlayer or the granular

12



He of a magnetic recording nedium The graph of Figure 3 shows a tendency
of the He values in a low |evel when the SilPt atomic ratio is |ower than
3, and high coercive force of about 3,500 [Ce] is achieved when the Si/Pt
atomc ratio is larger than 6. 15 However, the coercive force He can be
occasionally high even if the Si/Pt atomic ratio is [ow Accordingly, the
effect of the Si/Pt atomc ratio has been further studied in terns of a

*ecordi ng Iﬁ%éﬁ%ﬁ#%"eﬂém%éﬁ& weif%iﬁpfﬁ?%i%%eﬁé%éa@ wor ¢ pr epar ed

and dlfference in ween the,t | es ured at 3Q0 kFCl:
sanpl e 2- R e?» batzate and thecnonmmagngticunderiayercanfaof 2. 080

Ce dep05|ted under gas pressure of 40 nmrlorr, and sanple 2-2 having Si / Pt
atoni ¢ ramonmagietiaintenmediaseflayer mapbepEmades betwesapthet ed under
gas pressure of 5 niforr. Measurenent of the SNR was nmade with a spinning

stand tes trﬁmnévlgﬁeﬂi@ watderleadimantdothé Ig@a@ﬁﬂa@tnrfagmm dayereAdditions

done using a head having a witing track wwdth of 1 ~m a gap | engt h

of 0.256 Vi of
0 12 %%%@?&%@ﬁ%ﬁ%@%ﬁ?%° syt SRRy
neasurene are ven in Table 1, Table 1 io

magnet i cc%@f‘@%%qlﬁ SNRELLQY @%&W@@%t om c[dB] nediunfCe]ratio (*
1)sanpl e 2-12,9801. 816. 9sanpl e 2-23, 5036.420. 4

The second aspect of the invention is a method for manufacturing
a magnetic recording medium that is described above. The method of
10 the invention comprises steps of sequentially laminating at least a
nonmagnetic underlayer, a magnetic layer, a protective film, and a
liquid lubrication layer on a nonmagnetic substrate, wherein the
laminating steps are conducted without a step of preheating the
nonmagnetic substrate.
15
The step of laminating the magnetic layer is conducted by means
of a sputtering method using a target composed of a mixture
including a ferromagnetic material containing at least cobalt and
platinum, and an oxide of silicon. The composition of the target and
20 the deposition conditions are suitably selected so that the deposited

granular magnetic layer has the specified composition and structure.

For controlling the structure of the granular magnetic layer, the

deposition of the layer is preferably conducted by means of an RF

13



(*1)+in the nonmagnetic grain boundary region Table 1 indicates that the
SNR is better for larger value of the Si/Pt atomc ratio. Accordingly,

| arger val ues are favorable for the 15 Si/Pt atomc ratio in the grain
boundary region. In particular, the SilIPt atomc ratio of 6 or nore all ows
attaining high coercive force and | ow noi se. Exanple 3 Two recordi ng nedi a
were produced in the sanme manner as in 20 Exanple 1 except that each

gr anul ar s i od
dsing a ¢ Paflipe Bah U RGER DR thethffee S ofi Tl APS0TT, o
of Cr20a under a on gas at here of. 40 nilorr for the sanple,3-1_or 15
mort - f or I hGTEa b thespeessurs, of the,depositipn tmonpheseris losker (ban:5
crystal grains in the granul ar magnetic | ayer of —each of the obtained
magneti ¢ mefory faymation widhecgranudapptnvetiareis koadered heagusedival ues
of platinumcontent were 13 at % for the sanple 3-1 and 16 at % for the
sanpl e 3- detérioFaltin af arystabalignmernedoeato aboinidialy grewithnlayfert andach
sanpl e was determ ned from conposition analysis for the grain boundary
regi org by 3 ' ' Q3 y r
5 e baRatal of agiyae e i SR uinte fteTaatoacire

each sanple at writing and rea ot _

RN AN O TSRS o

the Si/ P zggiaﬁrct?m B9’ mTore ftice InGlERssR and eEtekRlIgRIAN e,
is disturbed, causing deterioration of recording performances, and

besides, brings upon lowering of reliability such as cobalt corrosion.

10 For depositing the granular magnetic layer, a target of a CoCrPt
alloy containing an oxide including SiOs, for example, can be
preferably used. A suitable proportion of the oxide contained in the
target is appropriately selected depending on the composition of the
target and the deposition conditions. A target used for depositing the

15 magnetic layer, however, is not restricted so far as the target achieves

the specified composition in the granular magnetic layer.

A method for manufacturing a magnetic recording medium
according to the invention accomplishes a magnetic recording
20 medium with high Hc and low media noise even if a step of substrate
heating is omitted, which step has been essential in most of
conventional methods. Thus, the method of the invention can reduce
manufacturing costs by virtue of simplification of the manufacturing

process. Since the substrate heating is unnecessary in the

14



20 19 Tabl e 2 magneti cPt contentcoerciveSi/ Pt SNRrecordi ngin grainsforce
Heatom c[dB] medi unfat % (*1)[Ce]ratio (*2)sanple 3-1132, 8054. 010. 5sanpl e
3-2163,4326.111.9 (* 1) in the ferronmagnetic crystal grains 5 (*2) in the
nonmagneti c grain boundary region Table 2 clearly shows that the SNR is
better for larger Si/Pt atomc ratio. In particular, high coercive force
and | ow noi se can be attained when the Si/Pt atomc ratiois 6 or nore. 10

Advant ageganEihelyole HEKAN B (IR0 IAPCERGT | ARURariHsiva TRARRL ©

recordi ng medi um w ent recordl ng perfornanc

enpl oyi ng_a,granul ar gneti¢ | ayer having a,cgnpositj,on of a specified
ol at i num SOhEGRete Seaflaiolopely carhanate: REOISHIE of ofheresins Ran e ¢
recordi ng medi um doges not need a, substrate heating step in_the

manuf act utisegl asokedsasa eoaventional aluminum substrate and a glass

substrate.

Examples
A magnetic recording medium and a manufacturing method
therefor according to the present invention will be described in
further detail with reference to some examples of embodiments.
10 However, the examples shall not limit the present invention, and a
variety of modifications is possible within the scope and spirit of the

1nvention.

Example 1

15 A disk shape substrate with 3.5 inch diameter made by injection
molding polycarbonate resin was used for a nonmagnetic substrate.
After cleaning, the substrate was introduced into a sputtering
apparatus, and a ruthenium underlayer 30 nm thick was formed
under an argon gas atmosphere of 30 mTorr. Subsequently, a

20 . granular magnetic layer 15 nm thick was formed by means of an RF
sputtering method using a target of Coss-xCri2Ptx containing 10 mol %
of SiO2 under an argon gas atmosphere of 15 mTorr. The granular
magnetic layers were deposited under the same conditions except

that various targets were used containing platinum in proportion x

15



medi um Consequently, sinplification of the manufacturing process is
acconpl i shed and the use of a plastic substrate, which is inexpensive, is
possi bl e. 20 20 Clainms 1. A magnetic recordi ng nedium conprising: a
nonmagneti c substrate and | ayers sequentially |am nated on said substrate
I ncluding at |east 5 a nonmagnetic underl ayer, a granul ar nmagnetic |ayer
consisting of ferromagnetic crystal grains containing at |east cobalt and

pl ati num et ) ' regi. o ' i .

fer omagnity lc 1O 9p: gégﬁe%’sﬁéQO%ﬁEﬁfgﬁé %ei‘%?):q %#%*%%F?Y@‘%S’EF;%? i thick

cryst cat 3P ¢eh of e b A et tid Th e bbb YosultSd b tidie wasdnet | ©
taken out from the vacuum chamber. After that, liquid lubricant was

applied to the thickness of 1.5 nm to produce a magnetic recording

5 medium. Substrate heating prior to the deposition was not conducted.

The thus obtained magnetic recording media, having the
structure of Figure 1 differ from each other in the composition of the
granular magnetic layer according to the difference of the target used

10 for the deposition. Quantity of platinum contained in the
ferromagnetic crystal grains in the granular magnetic layer of each
magnetic recording medium was measured by composition analysis
by means of energy dispersion X-ray spectroscopy (EDS). Coercive
force Hc of each magnetic recording medium was measured by a

15 vibrating sample magnetometer (VSM). Figure 2 is a graph showing
the relation between platinum concentration in the ferromagnetic
crystal grains and coercive force He of the magnetic recording
medium. The graph clearly shows that the He of the medium initially
increases with increase of the platinum concentration in the

20 ferromagnetic crystal grains and then decreases in the region of
platinum concentration of 18 at % and more. The high coercive force
Hc values of about 3,500 [Oe] were attained when the platinum

concentration in the ferromagnetic crystal grains was in the range

from 15 at % to 17 at %.
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being in the range of 15 at %to 17 at % 2. A magnetic recordi ng nmedi um
according to claim1, wherein said 15 nonmagnetic grain boundary region
contains an oxide of silicon. 3. A magnetic recording nedium according to
claim 2, wherein said nonnmagnetic grain boundary region further contains
one or nore oxides or nitrides of an elenent selected froma group
consisting of Cr, 20 Co, A, Ti, Ta, Zr, Ce, Y, and H. 4. A magnetic
recor di ngm%a%cordi ng to any one of clainms 1 through 3, wherein said
nonmagneti ¢ grarn boundary region contains 1 at %to 10 at % of platinum

through 4, wher BHTAREE ot FRAETHE SRCOBHISE PEERIED YR PRI ERum | n
sai d nonmagnetic grain boundary region is at_least 6 in atomc ratio. 5 6.
A magnet | §ame snannemadiioniizasaple dgexeephyhata granudarsmagnetacdayer
wherein said nonmagnetic substrate is a plastic substrate. 7. A nethod for
manuf act uwawy de posdted usingcatdirget vfdComCihaPti2 containing 10 mol % of
5 SiOz under deposition conditions different from each other to control
the platinum content being in the range of 15 at % to 17 at %.
Composition of the grain boundary region in the granular magnetic
layer of each of the obtained magnetic recording media was analyzed
by means of EDS. Figure 3 is a graph showing a relation between
10 Si/Pt atomic ratio in the grain boundary region and the coercive force
Hc of a magnetic recording medium. The graph of Figure 3 shows a
tendency of the Hc values in a low level when the Si/Pt atomic ratio is
lower than 3, and high coercive force of about 3,500 [Oe] is achieved
when the Si/Pt atomic ratio is larger than 6.
15
However, the coercive force He can be occasionally high even if
the Si/Pt atomic ratio is low. Accordingly, the effect of the Si/Pt
atomic ratio has been further studied in terms of a signal to noise
ratio (SNR) at reading and writing in the magnetic recording medium.
20 Two samples of magnetic recording media were prepared and
difference in SNR between the two samples was measured at 300
kFCI: sample 2-1 having Si/Pt atomic ratio of 1.8 and coercive force

Hc of 2,980 Oe deposited under gas pressure of 40 mTorr, and sample
2-2 having Si/Pt atomic ratio of 6.4 and coercive force Hc of 3,503 Oe

17



lo is defined by any one of clains 1 through 6, said nethod conprising
steps of sequentially lam nating at |east a nonmagnetic under |ayer, a
magnetic |ayer, a protective film and a liquid lubrication |ayer on a
nonmagneti ¢ substrate, wherein said |am nating steps are conducted w t hout
preheating said nonmagnetic substrate. 15 8. A nethod according to claim7,
wherein said step of lamnating said magnetic |ayer is conducted by neans

S 02 and SePERRed Bt B Bidh e BF ST ROREO N %%8{“‘3“%@‘?‘? O e N

20 under re I- the ra ror,r t Q. mlorr
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Table 1 indicates that the SNR is better for larger value of the
Si/Pt atomic ratio. Accordingly, larger values are favorable for the
15 Si/Pt atomic ratio in the grain boundary region. In particular, the
Si/Pt atomic ratio of 6 or more allows attaining high coercive force
and low noise.
Example 3
Two recording media were produced in the same manner as in
20 Example 1 except that each granular magnetic layer was formed by

means of an RF sputtering method using a target of Cos2CrsPti2
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*()- 10 h granular magnetic layer of each of the obtained magnetlc recording
media was measured by means of EDS. The measured values of
platinum content were 13 at % for the sample 3-1 and 16 at % for the
sample 3-2. An Si/Pt atomic ratio in the grain boundary region of
10 each sample was determined from composition analysis for the grain
boundary region by means of EDS. Signal to noise ratio (SNR) was
also measured for each sample at writing and reading density of 300
kFCI. The SNR was measured using a spinning stand tester.
Writing and reading for the magnetic recording medium was done
15 using the same GMR head as in Example 2. The head flying height

was again about 20 nm. Results of measurement of the Si/Pt atomic

ratio in the grain boundary region and the SNR are given in Table 2.

20
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sample 3-2 16 3,432 6.1 11.9

(*1) in the ferromagnetic crystal grains

5 (*2) in the nonmagnetic grain boundary region

Table 2 clearly shows that the SNR is better for larger Si/Pt
atomic ratio. In particular, high coercive force and low noise can be
attained when the Si/Pt atomic ratio is 6 or more.

10
Advantageous Effect of the invention

As described so far, a magnetic recording medium with excellent
recording performances is obtained by employing a granular magnetic
layer having a composition of a specified platinum content according

15 to the present invention. Such a magnetic recording medium does not
need a substrate heating step in the manufacturing process of the
medium. Consequently, simplification of the manufacturing process
is accomplished and the use of a plastic substrate, which is
inexpensive, is possible.

20
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] eA @ a nonmagnetic substrate; and layers sequentially

aminated on
said substrate including at least
5 a nonmagnetic underlayer,

a granular magnetic layer consisting of ferromagnetic crystal
grains containing at least cobalt and platinum, and nonmagnetic
grain boundary region surrounding said ferromagnetic crystal grains,

a protective film, and

10 a liquid lubrication layer, wherein

content of said platinum in said ferromagnetic crystal grains

being in the range of 15 at % to 17 at %.

2. A magnetic recording medium according to claim 1, wherein said

15 nonmagnetic grain boundary region contains an oxide of silicon.

3. A magnetic recording medium according to claim 2, wherein said
nonmagnetic grain boundary region further contains one or more

oxides or nitrides of an element selected from a group consisting of Cr,

20 Co, Al, Ti, Ta, Zr, Ce, Y, and Hf.
4. A magnetic recording medium according to any one of claims 1
through 3, wherein said nonmagnetic grain boundary region contains

1 at % to 10 at % of platinum.
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without preheating said nonmagnetic substrate.

15
8. A method according to claim 7, wherein said step of laminating
said magnetic layer is conducted by means of an RF sputtering
method using a target composed of a mixture including SiO2 and a
ferromagnetic material containing at least cobalt and platinum,

20 under a pressure in the range of 5 mTorr to 30 mTorr.
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