~e3eC C !, $"$('6"N T' 0o PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
MANUFACTURI NG METHOD THEREOF, AND MAGNETI C RECORDI NG REP S
W BACKGROUND OF THE | NVENTI ON The present invention rel ates ummmmmmmtj
recor di ng-reproduci ng apparatus used as a hard di sk appar at us, . .
particularly, to a magnetic recording reproduci ng apparatus utilﬂ??%g t he

magneti zation in 10 the perpendi cul ar dirgqction, a perpendicul ar I
recordi ng medi um used therein, and a nmethod of manufacturing tMﬁmE@mﬂﬂw w
of the typical magnetic |layers used in a perpendicul ar magneti

mediumis, for 15 exanple, a Cof¥rgerbpsrarongligriayer. In the CoGeoo¥eries
magnetic layer, C in an anount larger than, for exanple, 20 atom c percent

is added to Co sfr@SND CCPEAH MAQRMTRENRLE CREI NQUNBI 49, beasepaegakedgar ound
the Co series magnetic crystal grains. As a result, 20 the magnetic

interaction progusesh anpgrdine AmgneAdE T ¥ StREoRD aNGSRESREBPeIREed so as
to achieve a magnetic recording of high recording density. In recent years,

t he perpendi cul mprammmesi c recording nediumis required to exhibit further
i nproved 25 recording density. However, if the size of the magnetic crystal
grains contained in the per p@dKIRGAND eFOITHINGNVEBNIIOAN nmade smal | er for
i nproving the - 2
The present invention relates to a magnetic
recording-reproducing apparatus used as a hard disk
apparatus, particularly, to a magnetic recording-
reproducing apparatus utilizing the magnetization in
10 the perpendicular direction, a perpendicular magnetic
recording medium used therein, and a method of
manufacturing the same.
One of the typical magnetic layers used in
a perpendicular magnetic recording medium is, for
15 example, a CoCr series magnetic layer. In the CoCr
series magnetic layer, Cr in an amount larger than,
for example, 20 atomic percent is added to Co so as to
permit nonmagnetic Cr atoms to be segregated around
the Co series magnetic crystal grains. As a result,
20 the magnetic interaction produced among the magnetic
crystal grains is separated so as to achieve a
magnetic recording of high recording density.
In recent years, the perpendicular magnetic recording
medium is required to exhibit further improved
25 recording density. However, if the size of the

magnetic crystal grains contained in the perpendicular

recording layer is made smaller for improving the



redium SN ratio (SNRnm), the thernmal decay tends to be generated, which give
rise to the problemthat the recorded information tends to be erased. Such
‘being the situation, various studies have 5 been made for inproving the
recordi ng-reproduction characteristics while maintaining the resistance to
the thermal decay by adding various elenents to the Co series perpendicul ar
magnetic recording |ayer. For exanple, jt 4s _proposed in Japanese Patent 10
Di scl osure (Kokai) No. 11-185236 that at | east one el enment selected from
the group consisting of G, Fe, Mo, V, Ta, Pt, Si, B, Ir, W Hf, Nb, Ru, N
and a rare eart d de o] ri nt aini ng Co
et B RN Tt REF o PR R e BB B R anc

as a nain conponéent. wever to i rove th

prevent the thergmnl gdecgy @hilheysaderiidec, Onine gther band, rdapanese

Pat ent Di scl osure No. 63-148411 di scl oses a nmagnetic recordi ng nmedi um

conprising a | opgidpgidal nieanetisn! eygss té s 2Pabagght that the
| ongi tudi nal magnetic layer is formed by form ng a nagnetic | ayer prepared

by adding Ta, M, angu¥wtBean§oCheS¥staatobnanvapdenkayendeesshatreng of Cr.
However, even if the longitudinal magnetic layer 25 is applied to a

per pendi cul ar negaetmhaeds ecor dimgraethgnthdbreco Wi thhgt nepsotihet toy st al
orienting properties so as to markedly inpair the perpendicul ar -3
magneti c ani sotclopyactethsthesresuleé nahattanging the ShRIshadcehe
capability of preventing the thermal decay were not inproved. As pointed
out above, the tongheuthebhahndaetlcbyeaddinggvardpum angmenkssto

per pendi cul ar magnetic recording nmediumdiffer fromeach other_in various
aspects includi B3 €orsexinpl eerPRBIEEHPOSI FRORSLEE FRECHAYRH| 4F¥PTand t he
magnetic | ayer, _the direition of the nagggtic anisotropﬁﬁtan t he use or

nonuse of the sbPf FhgHR{fc bhckPngrPRYEFS1H™dEPRABLRAG BRe difference in
the ma ic head. 1t foll that it LS i ible to _obtain a
satisfggf%ry efﬁéﬁ?igégﬁei?&ghalﬁagﬂet#i_hgggﬁguggatiﬁta FBRGi PUGi nal
magneti c recordi i i i appli di r netic
regord:ng 15 ne%?%ﬁgggkggké%EER&E#XEFggﬁESFﬂkﬁhﬁggﬁggEgﬁgs?%gg?éc gf the
resent inventi ig t revi de;a t hod @f nuf;act gr,i ng:a r pendi-cul ar
ﬁagnetic recor |§@ ﬁéd?ag1ﬁ§0i§a'agﬁigg'sﬁhngsélﬁg'aﬁ 'Z%leggglﬁe%gk%n its
resistance to thgrtheemehehtushdalioBe Aqaeaond abphgst AhttReapresent

invention is to
containing Co as a main component. However, it was
15 difficult to improve the SNRm and prevent the thermal
decay at the same time.
On the other hand, Japanese Patent Disclosure
No. 63-148411 discloses a magnetic recording medium
comprising a longitudinal magnetic layer. It is
20 taught that the longitudinal magnetic layer is formed
by forming a magnetic layer prepared by adding Ta, Mo,
and W to a CoCr system on an underlayer consisting
of Cr.
However, even 1if the longitudinal magnetic layer
25 is applied to a perpendicular magnetic recording
medium, Mo or W disturbs the crystal orienting

properties so as to markedly impair the perpendicular



provi de a perpendi cul ar recordi ng nmedi um having a high SNR val ue and
excellent in its resistance to thermal fluctuation. 25 Further, according
to a third object of the present invention, there is provided a magnetic
rrecor di ng-reproduci ng appar atus capabl e of suppressing - 4 the
occurrence of the thermal fluctuation and al so capable of achieving the
magnetic recordi ngreproduction at a high §\NRm value. The nethod of the
present invention for 5 manufacturing a perpendi cul ar magnetic recording
medi um conprises form ng on a nonnmagneti c substrate a magnetic |ayer at 280
to 450C by usi netic. | [-faorm terl cont ai ni pg_at. ] east one
g e b R e Grbun o Pes‘?Jtt &% %?Qc%ﬁaﬁ,g

addi ti ve conpone ec he group consi sting

plati num ol ybdaguraand 4onast a1 1he SRARELY el BYeT P! DR ERRp LT Ut od to

include a pluralit magnetic crys grains separate rom each ot her by

crystal grain Wr\jl@ﬁe anh PLRVEEN Q. @ ReTpendi cul sht MREBeL C layer in
whi ch the additive 15 conponent is segregated in the crystal grain

boundari es. Thecher peigh €ud Bta MBENGh & €1 ¢ CEOE S Ah gedé gl ahbecpeesent
i nvention conprises a nonmagnetic substrate; and a perpendi cul ar magnetic

| ayer 20 Tont aipgngeradidebst maenacldtiyeocommponestisel ecredrf Foomt he group
consisting of Co, Pt, Mo and W forned at 280 to 450C on the nonnmagnetic
substrate, and earistotitdedin ovantdusleasppttusaintyudingpgheri exempita
grains separated fromeach other by crystal grain 25 boundaries, the
addi ti ve conponem bdehpesseipergatedtihe thderiggenl agdathebvagdaties in the
per pendi cul ar nagnetic |ayer. - 5 Further, the magnetic
recor di ng-r epr olR¥ehg Eppadbrestoentmé presbagnehientndfoEsnpyi sésdt he
per pendi cul ar magneti c recordi ng medi um defined above; a nechani smfor
supporting and ¥of aiFACY HeoPpeFpent st cBPAF Waghetre PeEstBPng2Medi um a
magneti c. head incl udi ng an ehene t éor recor di information in the
per pendi € Iar_ﬁ%%%%??tg?e%%r Pﬁgghg fﬁﬁ?%ﬁdlﬁnggﬁewagpgﬁéﬁtRﬁaa'reproduping
the recorded inforpgtjgn: ande2; £arLi agg,ass8nB! ¥oSUBROLL! D9SLRE Fagnetic
tory effect even if the magnetic layer used in
a longitudinal magnetic recording medium is simply
applied to the perpendicular magnetic recording
15 medium.
BRIEF SUMMARY OF THE INVENTION
A first object of the present invention is to
provide a method of manufacturing a perpendicular
magnetic recording medium having a high SNRm value and
20 excellent in its resistance to the thermal fluctuation.
A second object of the present invention is to
provide a perpendicular recording medium having a high
SNR value and excellent in its resistance to thermal
fluctuation.
25 Further, according to a third object of the

present invention, there is provided a magnetic

recording-reproducing apparatus capable of suppressing



10 that the magnetic head is novable relative to the perpendi cul ar nmagnetic
recordi ng nmedium Additional advantages and nodifications will be set forth
in the description which follows, and in part will be obvious fromthe
description, or nmay be 15 |l eaned by practice of the invention. The objects
and advantages of the invention may be realized and obtai ned by nmeans of
the instrunentalities and conbinations_papticularly pointed out

herei nafter. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG 20 The
acconpanyi ng draw ngs, which are incorporated in and constitute a part of

the specificatign, Jllustrale griadl mls, of dhe.qrasel Jayepiion. and

together with the gene r'i ption given above an tarle

description of atei:f'abel@% rg’aﬁi%xﬂdrygerug é&%&%iée{w&mﬁp! ain the

principles of t present 1nvention. Fl 1 1s a graph show ng the

relationship refi-odiRIVRAN dthes fid gi foNER new hgperat ure and the SNRmin
respect of a CoPt'Cr M perpendicul ar” nagnetic layer; FIG 2 is a graph

showi ng the rel ati onghd pndetyeess tige fihtea &0F M dged€rper astre and the SNRm
in 5 respect of a CoPtCrW perpendicul ar magnetic layer; FIG 3 is a graph

showi ng tshe r elngdrivonsdtyr hef weesetgendidutdwmE gt aopesadtdien@nd t he SNRm
in respect of a CoPtCr MoW per pendi cul ar magnetic layer; FIG 4 is a graph
showi ng t he relmetdions hiqmdOl deet WBemrminge @ xondremgreetdi ¢ heulSNRma e respect
of a CoPtCrM perpendicul ar magnetic layer; FIG 5 is a graph show ng the
rel ationshi p bet wgnethiec M yohtaht2 &hdte hed SRRy msridspec tasmet iGoPt Cr M
per pendi cul ar magnetic layer; 15 FIG 6 is a graph show ng the relationship
bet ween the M kdvREntoEmnd Hea tgNrRh} reorkprindfata ¥4% ©r MBSV per pendi cul ar

magnetic | ayer; s
g y additive component selected from the group consisting

10 of cobalt, platinum, molybdenum and tungsten,
the magnetic layer being constructed to include
a plurality of magnetic crystal grains separated from
each other by crystal grain boundaries and providing
a perpendicular magnetic layer in which the additive
15 component is segregated in the crystal grain
boundaries.

The perpendicular magnetic recording medium of
the present invention comprises a nonmagnetic
substrate; and a perpendicular magnetic layer

- 20 containing at least one additive component selected
from the group consisting of Co, Pt, Mo and W, formed
at 280 to 450°C on the nonmagnetic substrate, and
constructed to include a plurality of magnetic crystal
grains separated from each other by crystal grain

25 boundaries, the additive component being segregated in
the crystal grain boundaries in the perpendicular

magnetic layer.



FIG 7 is a cross sectional view show ng as an exanple the construction of
a perpendi cul ar magnetic 20 recordi ng nedi um according to the present
invention; FIG 8 is a cross sectional view showi ng as an exanple the
construction of a perpendicular magnetic recordi ng nmedium according to the
present invention, FIG 9 is a cross sectional view show ng as 25 an
enbodi nent the construction of a perpendi gul ar magnetic recordi ng medi um
according to the present invention; FIG 10 is a cross sectional view
show ng as anot her enbodi nent the construction of a perpendi cul ar magnetic

recordi ng nmedi um ac i t J i on; 11 isS a cross
secti onal vieM/shomﬁﬁggg%ganggﬁgﬁm%%%%gﬂ%é%%&ﬁﬂgh%gn%%?{%é?%%&%f a

per pendi cul ar nRENELIG, I eeORGI NG, RAIIM AGAANDIND daothes &S egent invention;
FIG 12 is a cross sectional view show ng as 10 anot her enbodi nent the

construction ofy-heidend Ll griBdnet e d Qoo iy 1R AE aecQrsbage f 0 the
present invention; FIG 13 is a cross sectional view show ng as anot her

enbodi nent t he LonsiHaictdOnE fumRIPenty dildrrditatbgnethe seees:h ng medi um
according to the present invention; and
5 dicular magnetic recording medium; a magnetic head
including an element for recording information in the
perpendicular magnetic recording medium and another
element for reproducing the recorded information; and
a carriage assembly supporting the magnetic head such
10 that the magnetic head is movable relative to the
perpendicular magnetic recording medium.

Additional advantages and modifications will be
set forth in the description which follows, and in
part will be obvious from the description, or may be

15 leaned by practice of the invention. The objects and
advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

20 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the present invention, and
together with the general description given above and
the detailed description of the embodiments given

25 below, serve to explain the principles of the present

invention.

FIG. 1 is a graph showing the relationship



FIG 14 is a cross sectional view showing as still another enbodi ment the
construction of a perpendicul ar magnetic recordi ng nmedi umaccording to 20
the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON The net hod of
t-he present invention for manufacturing a perpendi cul ar nagnetic recording
medi um conprises form ng a perpendicul ar recording 25 |l ayer on a
nonmagneti c substrate. In formng the perpendi cul ar nagnetic recording

| ayer, a nmagnetic layer is formed at 280 to 450C by using a magnetic 9

| ayer-form ng material containing at | east one additive conponent

sel ected from tﬂkec e%upﬁhceo%gﬂﬂ-iP&ngggp%@?rn%ﬁﬁdaarw é@eer%f mng a

per pendi cul ar rmagnetic Tayer construc plurality of 5

magnetic crystalg é&ﬂ‘%ﬁ%ﬁfﬁ%ﬁ& g{@ﬁ?&tﬁp&mr By Sl ySi @l Jh%@%,

n
boundari es and having the a I ve conponent segregated in the crystal

grain boundaries. Algg;. the; pes pepshic Ul IRGNeLd Cr& e£01 ghogipedi um of the
present invention, which can be manufactured 10 by the nethod descri bed

above, is a penpefiehdanltaie NEONG! f CriAEPr thmge M ten HUAPELS| SIGRA in
nonmagneti ¢ substrate and perpendi cul ar magnetic |ayer fornmed on the

nonmagnets ¢ subséspdcet dhea peyelull qrd mpembgnelac hayest contayes; Co and Pt
and at | east one additive 15 conponent of Mo and W The perpendi cul ar

magnetic | ayer, whi chiGés 3 orsreal arapheshewpegatiue eredshionahiange of
between 280C and 450C, is constructed to include a plurality of magnetic
crystal grains kelpegen dthd rbeatdiroiherteoyoergsise dodndaei S¥Rm20nThe
addi ti ve conponents are segregated in the crystal grain boundari es.
According to oneeEMedi vermt ©IPEHEIPF Remrerdientabrmaypchihd YeEpE;
sufficiently diffused_so gs.to be segregated at. the crystal %rain
boundaries, with 25 ¥Yha- restft2taaePEndlevtad: toe reYAELPREPED separating

Lhe o L, CrShalod! Q%L el PLOLHhAO\RR, SenLe DespBLan B vel ve
T e o poorh PGS RS ARG, RO AU eLyged 0 he presert
FIG. 5 is a graph showing the relationship
between the Mo content and the SNRm in respect of
a CoPtCrMo perpendicular magnetic layer:;
15 FIG. 6 is a graph showing the relationship
between the Mo content and the SNRm in respect of
a CoPtCrMoW perpendicular magnetic layer;
FIG. 7 is a cross sectional view showing as an
example the construction of a perpendicular magnetic
20 recording medium according to the present invention;
FIG. 8 is a cross sectional view showing as an
example the construction of a perpendicular magnetic
recording medium according to the present invention;
FIG. 9 is a cross sectional view showing as
25 an embodiment the construction of a perpendicular
magnetic recording medium according to the present

invention;



5 produces the highest effect of magnetically separating the magnetic
crystal grains. M produces an internedi ate effect and Cr produces the

| onest effect of magnetically separating the magnetic crystal grains. The
dependence of effects is caused by 10 difference in lattice constants and
in structures of crystal. Whas the largest lattice constant, M has the
intermediate lattice constant, and O has+the smallest lattice constant.
The Co-Cr bond assunes the sanme hexagonal cl ose-packed structure within the
15 magnetic crystal grain and at the segregated crystal boundary, on the

ot her hand, each of ﬂg Cpbh@g?gt ggg é%g?C%n¥Yb9ﬂgﬂg$?er t%e Sestructure

e.g., a Csd type structure a e Crys oundary gregati on,

whi ch differs g&[;eeﬁ%te d’cﬁt&gr?cgtsk? NS LO- (i £ 11,0 5?9% ;@%@ﬂ&l@tmal

grain. However Ion rat segregation rat Mo and Wis

| over than t hatmé?jnecirlc %@Eéftﬁﬂ@rrﬁé&iﬁxﬁraé@é@dﬂ{? Wd st oveFeddian that of
Mo. Such being the situation, Mo and Ware unlikely to be 25 diffused into

the crystal boundasnsidihe difference in the diffusion rate noted above is
caused by the difference in the nelting point anong these additive - 10
conmponentss. Specificrity, 1 Midhas arbsghseetiongl peiet showbegtal, 700C, and
Wal so has a high nelting point of about 3,500C. On the other hand, the
mel ti ng poi nt afnddrhérs dmwdimnent Gboutorls 700G iMbhat £ shauwdoéndl solde not ed
is that, where Mo and Ware left within the Co-based nagnetic crystal
grain, the crysianetienté¢enrpropaneden anccohdinaghet tiee aptestropy of the
nagnetlc crystal grain tend to be markedly di sturbed because Mb and W have
larger |attice YVewhs®ants t han that of Co. As described above, Mo and W
whi ch are expected to_produce a h| netic separating effect, give rise
thogg Sed ﬁt&ttv gﬂ

to probl ens when put® rhﬁt?c% Oﬁge eFEé?H% WiRE 88se of usi ng
i st al t|c s in i cU

, the di st anc bet en t he cr % L
Tocor i1 ayerig SfS R ton Sl Ee it dat § BERPERGI SHLEE | 1
the crystal orrﬁg% grpg féfﬁ tﬁg% fﬁdg Qtn b@gt ﬁgnégegggﬁe pthereby

i nprovi ng the seg ega i on ereo rcuns resent
i nventions have; at ﬂ%g a perpendlcular recordlng | ayer in an attenpt to
permt M and V@to € segregated at the crystal boundary in |arger amounts.

Speci fically, the pefrpgndisularamegpgki ebayshavasibpr gREwHgChENgi ng 25
the filmformng tenperature under the conditions that Pt was added to the

recordi ng | ayeranatilen Stibsdaneet heNeNgoRsbragbti6si 8t ancpetpeheatuvas
heated to - 11 a sufficiently high tenperature.
15 magnetic recording medium according to the present
invention; and
FIG. 14 is a cross sectional view showing as
still another embodiment the construction of a
perpendicular magnetic recording medium according to
20 the present invention.
DETAILED DESCRIPTION OF THE INVENTION
The method of the present invention for
manufacturing a perpendicular magnetic recording
medium comprises forming a perpendicular recording
25 layer on a nonmagnetic substrate. In forming the

perpendicular magnetic recording layer, a magnetic

layer is formed at 280 to 450°C by using a magnetic



FIG 1 is a graph showing the relationship between the filmform ng
tenperature and the SNRmin respect of a perpendicular recording |ayer of 5
Co-16 at%t-14 at %Cr-xat %vb. Curve 101 included in the graph covers the
case where x is 0, curve 102 included in the graph covers the case where Xx
is 5 and curve 103 included in the graph covers the case where x is 10. 10
As apparent fromcurve 101, where Cr is added as a segregating conponent to
the Copt series magnetic material, the optinmum 5NRm was obtai ned at about
250C because O exhibits a relatively high segregating rate. On the ot her

hand, when it caones jﬁ;éhf 15 erﬁenficuL@r.nqgnetic recordi ng nmedi um
i ncludi ng a per sefdi culdr 1o 4%t Jga ayer-toh c-?n?thglﬁs r°Wb, a maxi mal

I derived f - t i Li} to th
max el val eGSR Hend rnEiTaY, | S PREEAS Slod S GPBn PoRCELLLAE Lo ent
fromcurves 10% and 103, hio | seansi deiagby easanabl e tgoupdeastand:that the

particul ar phenonenon was brought about by the situation that each of

and G has a | oy Gedr egatd P& r des entchas @ohixg@llﬂ@étégﬁl@ﬁéﬂity@fV?S 102
and 103 support 25 that, in the case of using a perpendicul ar recording

| ayer corg ai ni ngadeget &, cystend dvba bigl Hopacoré@i Ntdg Mdcih sahésfagtory
SNRm val ue can be obtained at 280 to - 12 450C, desirably 290 to 420C,
and nore desirattyst32D doa 3BAHuAEsD] e$ hendt henitagi the vaddetwvas neasured at
50 kFCI. The attenuation value was found to be -0.10 to -0.15 dB/ decade
when it cones toonpenertosedngodteddinnthancfastal edrandebotedpeiatur es
within a range of between 290C and 420C, supporting that a satisfactory
resistance to the thdtsal teeaperbenddrnlarnedynprLte zersrdiggapeddbiowi ng
the rel ationship_between the filmformng tenperature and the SNRm 10 in
respect of a pe?pehdf RFaFeRrechrirhbl PRy eV ofh corRePat vppuiachioer- yat ow
Curve 201 included in th raph covers the case where i5.0, curve 202
"ol udedt T n ¢ heb e b ooefs FraCehied pBres; Fa S PaRNeEdi Gh1585 | nel uded
in the graph covers %Pg gasse %Snmhgrgigmisolo..éﬁ apggregt fgogkcurve 201
where O is added?as & se%?% %i%g %onpon%n?pfﬁ the E? Yedie ﬁagnetic
material, the opty i 0 a hibits a
relatively highgéggyg%ggﬁﬁg&g%egg%%afgglgﬁeﬂgﬁﬁéFggaﬁéggﬁhgﬁgﬁgﬁcgﬁbs to
the perpendi cul gt MBGNRL L Ge £ £EO5 G BYr JELI !J%h@cbgggegd%{i?éE%Q%ﬁ%‘t%
recording layer containing & or W a nmaxinmal valu erived fromC was
caused to appeafapbr abOita299Cca@sahd FtGind ho additi 8Ret Qatihe iRxi mal 25
val ue derived fromW which appeared at about 375C, as apparent from curves
202 and P93. Cucyesor@t antl RO3andpport ThbaperpBntiheutagemabnesiag a

per pendi cul ar - 13 recording layer containing Co, Pt, C and Wand not
contai ning Mo, hagatri sWattbr ysSNRmmed| aé tha bempbtrained atitB8@ to 450C,
desirably 300 to 425C, and nore desirably 320 to 410C. Also, the
attenuation 5 val tengasofrebstivegna2s8 kit . 490E atitsermpatd tomatadie was
found to be -0.11 to -0.16 dB/decade when it conmes to the recordi ng nedi um
manuf act ured unBerifehperatuPe8rMLRVNCE PaApeter pevwEen J00ENEnd 425C,

supporting that a satisfactory resistance to the 10 thernmal .decay was
na?ﬁtaineg. separated %romyeach other by crystal boung%ries. y

20 The additive components are segregated in the crystal
grain boundaries.

According to one embodiment of the present
invention, Mo and W are sufficiently diffused so as to
be segregated at the crystal grain boundaries, with

25 the result that the effect of magnetically separating
the magnetic crystal grains is improved so as to

obtain a high SNRm value and an excellent resistance



FIG 3 is a graph show ng the relationship between the filmformng
tenperature and the SNRmin respect of a perpendicular recording | ayer of
Co-16 at%t-14 at %Cr - xat %vb-yat %WV Curve 301 included 15 in the graph
covers the case where each of x and y is 0, curve 202 included in the graph
covers the case where each of x and y is 5, and curve 203 included in the
graph covers the case where each of x andgy is 10. 20 As apparent from
curve 301, where O is added as a segregating conponent to the Copt series
magnetic material, the opti mum SNRm was obt ai ned at about 250C because Cr

exhibits a relatiy i eqgr.e ing rate. On the other hand, when it
cones to the 23&%é§%%&§F%§¥%ﬁq%%g tic recording nediumincluding a

per pendi cul ar recor dj ng; | ayets oo af o A Gy Moy G M A Y gopmxi mal

val ue derived from was ‘cause t 0o appear at abou as in FIG
1 in addition tg &he maddvele M@l ug derived f1 oMW, Mhioh: appeated,gt about
350C, as apparent from curves 302 'and 303. Curves "302 and 303 support that,
in the case of usingamoRgPeidendict] ¥ EoresEéngs | & ao comt ahdi 08, Gy, P,
Cr, Mo and W a satisfactory SNRm val ue can be obtained at 280 to 480C,
desirabl 5 300 tpxrcdhiiss atttk Morghatesi ¢abdyt 320 Moy ea A $osepdreating
attenuati on val ue was neasured at 50 kFCl. The attenuation value was 10
found to be -0.1% treagretlitc dBf yetadegrwdiems | t MomEsodwcddhean ecor di ng nedi um
manuf act ured under tenperatures within a range of between 300C and 460C,
supporting thatirtewmediaie: iz Yfeesiandnce poodiess hererml owlesiye asct

mai ntai ned. 15 As apparent fromthe filmformng tenperature range within
whi ch a sati sf a&f Jr3OBNRE Akl Yies oRar dbiRg nidte itAst v Fall to 3, the
per pendi cul ar magneti c recordi ng nmedi um i ncludi ng a perpendi cul ar nmagnetic
| ayer containi igraons pt, Ty dPRPRACRERII 2T onbf oS chiperientd sy ect ed from

t he group, consi st of M, an should be fornmed wthin a range of between
280 and UE0C. TELFTRTRGE bt Vet SO0 RBE AT, Sithclhor b HEETFEB1 9 bt ween
320C and 380C. According.t.0o_one e i t the present. 25,i nvention, M
and Ware suffi%xlc“gér)l%?iy' g?’f Use %ndgg%egggg%%%%l%? ‘?%g%rl@%t gbl{ogkrl%lsn

boundary, i f the, pefpendioul 2t "RONEILL Layetaks, TargRd-alaa pigh - 15

filmformng tenperature referred to above so as to e It possible to

enhance the effged) pisaonetical bynsepar attng thecragheli gssnyssal grains
and, thus, to obtain a high SNRm value and a high resistance to the 5

thermal decay. dhe PARSeENExAfyRAL Of Bobavieadksq ¢opketuiatRiehsHi Akl e
addi ti on anount of Mo and Win an attenpt to suppress the disturbance of

the crystml orimadhegiPrepestiesgpatnt an@biti tha sagneghtedrysyatagrain 10
havi ng a hexagonal cl ose-packed structure. FIG 4 is a graph show ng the
rel ati onshi p betoredate G thatebheandanfle SARmM vl teei GorMgpeenhdof a
CoPt Cr Mo series perpendi cul ar magnetic |ayer. Curve 401 shown in the graph
covers the caseaiiefketfe-15ocnPt &sapneer Fees perpehdreul argrmaghetpell ayer

cont ai ns
type structure, at the crystal boundary after the

segregation, which differs from the structure assumed
20 within the magnetic crystal grain.

However, the diffusion rate (segregation rate)
each of Mo and W is lower than that of Cr, and the
particular rate of W is lower than that of Mo. Such
being the situation, Mo and W are unlikely to be

25 diffused into the crystal boundary. The difference
in the diffusion rate noted above is caused by the

difference in the melting point among these additive



16 atomc %of Pt, 5 atomc %of My, a varied anount of Cr, and the bal ance
of Co. Curve 402 shown in the graph covers the case where the CoPt Cr Mo
series perpendicul ar magnetic |ayer contains 16 atomc % of 20 Pt, 10
atomc %of M, a varied anount of Cr, and the bal ance of Co. Further,
curve 403 shown in the graph covers the case where the CoPtCrM series

per pendi cul ar magnetic |ayer contains 16 gtomc %of Pt, 15 atom c % of M,
a varied anount of Cr, and the 25 bal ance of Co. As apparent fromthe
curves 401, 402 and 403, a satisfactory SNRm val ue can be obtained in the

- iNs: .5, t.0. . tom
e o R s g e e R

attenuation valgse sasd unthde, bend0sl21k8 ndsla dBgegade e dihcomes to
the 5 recording nedium containing 5 to 20 atom ¢ o , supporting that a

satisfactory res siige 3,06dd% .t hehmhedeeay MasniBi rhal Red.t i Sisa
graph show ng the relati onshi p between the M content and the SNRm value in

respect 10 of adlef GiMrserd aswperpandi cabait nBgned’Ce | agert sBywiel 501
shown in the graph covers the case where the CoPtCrM series perpendicul ar

magneti c 8 ayer ot denndifedaticamtthax ofwiRire My aandedi anmeinte 6f Wbthamd t he
bal ance of Co. Curve 502 shown in the graph covers 15 the case where the
CoPt Cr Mo seri eshperGrerizhisad aragregihiet i crysiyer @omimi nshd6caysbdt % of Pt, 10
atomc ~ of My, a varied anount of M, and the bal ance of Co. Further,
curve 503 showPhiehHaOGrpPdiies ane e dnagirelel ¢ RN CHPECPRY 8Bries

per pendi cul ar magnetic 20 | ayer contains 16 atomc s of Pt, 15 atom c % of
Pt, a varied arSthtmafnabic oy el parake et erd C*bo e ByPSE@RY from t he

curves 501, 502, and 503 sati sf ct or(¥ SE‘? | ue can be pobtained in the
case V\/nere t he et %Lﬁ%ﬁa‘ﬁ% & aY:% T 512820 atonic ~ of

the atte atl on_.val sured at 50 kFCl. The attenuati on
vaI ue Wgs founcfxf%qi) r\:1 utenw@ fre decade when it cones to the - 17

recording medi um Corﬂ@' «%é‘&fﬁo&?hg@o %0 § On8fyMyn$ gpgg% Qg})ég@%da

satisfactory resistance erm ecay vvas nmal n al ne

graph show ng t t e t NRmM vaI ue
in respect of awCoﬁPfAdﬁEl\/ébéJvr%gipgelg ﬁ%ﬁﬁ%é‘%%ﬁ%&ﬁ%t?? agereg‘éﬁrve 601

shown in the graphe cay&sSol Tensaneerhone 1heo GOPA&F Moa serkes perpendi cul ar
magnetic layer contains 16 atomc %of Pt, 14 atomc %of C, 5 atomc o of

10 Mb, a varied anountcofeitadng, t he bnéaaggeo&fcgsiﬁg appacaat fromthe
curves 601, a satisfactory SNRm val ue can be obtained in the case where the
per pendilcul ar nhgrEdnce |lyereemntze nerpstal 1bavtbors moth®¥ Al so, the
attenuation val ue was neasured at
perpendicular recording layer tends to be increased so
as to lessen the disturbance in the crystal orienting
properties that is brought about by Mo and W, thereby
improving the segregation thereof.

20 Under the circumstances, the present inventions
have attained a perpendicular recording layer in an
attempt to permit Mo and W to be segregated at the
crystal boundary in larger amounts. Specifically, the
perpendicular magnetic layer was formed by changing

25 the film-forming temperature under the conditions that

Pt was added to the recording layer, and a substance

having a high resistance to heat was heated to



15 50 kFCl. The attenuation value was found to be -0.13 to -0.16 dB/ decade
when it cones to the recording nmediumcontaining 5 to 15 atomc o of W
supporting that a satisfactory resistance to the thernmal decay was

mai ntained. 20 It is desirable for the perpendicul ar recording |ayer used
in the present invention to contain 5 to 25 atomc %of Pt and 50 to 80
atom c o of Co. The anpunts of these conpppents denote a range w thin which
t he Co-based magnetic crystal grains contained 25 in the perpendicul ar
magnetic | ayer form a hexagonal cl ose-packed (HCP) structure. For form ng

t he perpendi cul ar netic |ayer .at -1 he filmformng tenperature
B R somaed gt

enpl oyed in théiﬁ? i3S ossible to use a conventi onal

substrate having a I@Mégegt%%gigié ye?%§§?§§g%% g¥81a9P8H§h 0C such as an

al um nosi l i cate gl ass, ass or ‘a NFP-plated Al My

substrate. In the prasente i AVENL#ORnihd ¢ SnPOSStRLE 104 USEe Stikabl y a

nonnmagneti ¢ substrate having a high heat resistance tenperature such as a
crystallized glassrsshsit €2 pShpSasdiBhe, réclrsthgtIayerokra Ti 10
substrate. FIG 7 is a cross sectional view show ng as an exanpl e the
constructj on ofcd-hes pet prndi £ Ul e CragnetNes. I ecored NQo Nedhaeédt be present
i nvention. As shown in the draw ng, the perpendi cul ar magnetic recordi ng 15
medi um 10 of t hehgresssit cowend i ttre conpe | Blesra xnohsmgnetwcvsub8rate 1 and
a perpendi cul ar magnetic |ayer 2 forned on the nonmagneti c substrate 1.
FIG 8 is a crosscheded oial tivé eyralowioige es Enot bese exlaepe ext he 5,
construction of the perpendi cular 20 nagnetic recordi ng nmedi um of the
present inventi@amd Asredholi3 i Inekedeld aim nighe t eapler pevidrsutae Fagheti c
recordi ng medi um 20 of the present invention is substantially equal in
construction th@%@epérb%nﬁgcular magneti c recordi ng medi um shown in FI G

T 20, SEFEL Lhet enunderlarer 915 LoLsLoopgd belveen,the nonmonstic
5 Vs ormed of alalamplagni,TELatlalyecl soled, L16m Le,gLopccapelsting of
el er e oo ool g LR L0 B B €009 O T Bl R o0

embodi nents, the.undes! ayesxshoptd ek orpedeof ﬁ%%hegégreastﬁﬁgerial
f Co, Cr and . F

selected fromthe group consisting o , urthér, 1n some 10

enbodi ments, thgapader bayehe SbEREE REnHOr WBENOT t atoh83StoORBeNBL €T al
selected fromthe group consisting of Co, & and Pt and at | east one

addi tiongd mat epbapeselecled hagnetbe geevpdacngshetiing ohicBudlag Ru and O
In the present 1nvention, the orienting 15 properties of the perpendicul ar
magnetic fil mtendetpehdiduséur bedobgiinbelagdrt contefinbbgafd/ or Wb,
Therefore, it is desirable to format | east one nonmagnetic underl ayer

havi ng an HCP s&ruerximelbérbuet derpeérgehdPruMar waagRetpedf tPmEPRPGaFI G 9 is

a cross sectional vieM/shom%yg,as anot her exanple the construction of the
per pendi cul ar at about 350 in addition to the maximal wvalue

derived from Cr, which appeared at about 250°C, as

20 apparent from curves 102 and 103. It is considered
reasonable to understand that the particular
phenomenon was brought about by the situation that
each of Mo and Cr has a low segregating rate and has
a high melting point. Curves 102 and 103 support

25 that, in the case of using a perpendicular recording
layer containing Co, Pt, Cr and Mo and not containing

W, a satisfactory SNRm value can be obtained at 280 to



ragneti c recordi ng nmedi um of the present invention. As shown in the

drawi ng, the perpendi cul ar magnetic recordi ng nedi um 30 of the present
invention is 25 substantially equal in construction to the perpendicul ar
magneti c recordi ng nmedium shown in FIG 7, except that an underlayer 4 is
of a double |ayer - 20 structure consisting of a first underlayer 5 and
a second underl ayer 6. As shown in the_drawing, it is possible to use a
material simlar to the material of the underlayer 3 5 shown in FIG 8 for
formng the first underlayer 5. For form ng the second underlayer, in one

enbodi nent of the,o~nventi. it i sible~to e I . ria
sel ected from t@ gr’og%ségf%?ll?t .2%)'0% [6?0 b, aﬁg, mg\]E,e @\?gﬁf,%%ygﬁg@ﬁ , in
some 10 enbodi t | e on rial | ec fr t r

consisting of Ni bS:SB ﬁ:Ta, %‘E]ltsﬁl’ %ﬁ%ﬁ&#ﬁ%%&%tﬁgq&w@&%ga%ﬂ aC,atCoTaW
CoTaC, CoTaW angh T n spie 5{%&&%&@&3 N i e b
conpound such arﬂgsjO l\]ﬁ\fb]! Ni Ta, NtA, N WﬁNYéI'%% Z?\%gi%%&}a%&f%%. (?bir\bn’i ng the

second under | aygs .- Jhes uss/ &f c S hyierN 1 €08BRLNG: b Stidvadd sgeoms i n that
high orientation controllability can be obtained with a small film

thi ckness and t@didmengief st @f ed hendiét M émp dEg@red hei tiderd aygigean have
an appropriate 20 grain size. FIG 10 is a cross sectional view show ng as
anot her exanpl e f Hee oot r2et Tommaf 420Cpespepdirtihgr thagnet setiecarcdi ng
medi um of the present invention. As shown in the draw ng, the perpendicul ar
magneti c 25 recovuy nesksiiamedOtof théetipeesaht déowerwaomasnsabsedntial |y
equal in construction to the perpen dicular magnetic recordi ng nmedi um shown
in FIG 9, FIG. 2 is a graph showing the relationship
between the film-forming temperature and the SNRm
10 in respect of a perpendicular recording layer of
Co-16 at%$Pt-14 at%Cr-yat%W. Curve 201 included in
the graph covers the case where y is 0, curve 202
included in the graph covers the case where y is 5,
and curve 203 included in the graph covers the case
15 where y is 10,
As apparent from curve 201, where Cr is added as
a segregating component to the CoPt series magnetic
material, the optimum SNRm was obtained at about 250C
because Cr exhibits a relatively high segregating
20 rate. On the other hand, when it comes to the
perpendicular magnetic recording medium including
a perpendicular recording layer containing Cr or W,
a maximal value derived from Cr was caused to appear
at about 250°C as in FIG. 1 in addition to the maximal
25 value derived from W, which appeared at about 375°C,

as apparent from curves 202 and 203. Curves 202 and

203 support that, in the case of using a perpendicular



- 21 except that a soft nmagnetic backing layer 7 is interposed between the
under |l ayer 4 and the nonmagnetic substrate 1. Also, it is possible to form
a hard magnetic 5 layer (not shown) between the soft nagnetic backing |ayer
7 and the nonmagnetic substrate 1. In the manufacturing process of the
per pendi cul ar magnetic recording medium |ayers of, for exanple, CoCrPt and
CoZrNb are fornmed in the order nentioned 10 a nonmagnetic substrate. It
is possible to prevent the generation of a domain wall by applying a
magnetic field to the hard magnetic layer in a radial direction after
formati on of the Pt | .ay: 0 t p | &s ghetic
field to the sg"f C%ng%lr?e% ?lc%%legol%g)ygélqrﬁqsséodog%’b?celat%{%/o@n%% rﬁér:]gerl ayer
made of, for exal e, g{:,}\]élora NiAl 5 bet tm%%d@%iﬁ | ayer and the
nonmagneti ¢ substrate 1. e soft magnetic ‘backing Tayer can %e formed of
20 a soft magnediG Rl Lrd @l v o o, 9k ReBARI laidey HnalUACng anfor
exanpl e, CoZrNb, FeTaC, FeZrN, an FeSi alloy, an"FeAl alloy, an FeN all oy
such as permal hgyse aleF0GHISEriEs @ | Py0%BUCh ras Hemndterdft theoN  al | oy
such as Perm nbar, a MyZn series ferrite, a MgWvh 25 series ferrite, FeA Ga,
FeCuNbSi B, FeGafgudataSinedaNdd,atreRuGaSi: . Fefi 8, atieShat Fedr a1 ke Zr BCu,
CoFeSi B, CoTi and CoZr Ta. - 22 A so-called "doubl e-1ayered perpendi cul ar
medi um' havi ng v pefqpentlittulles +agnetic 0| hé odB Adsodde nelgeet it tayes is
formed by form ng a soft magnetic |ayer having a high perneability. In the
doubl e s | ayer €t perpersiicudiarg mefiim ndeuSaf tunegnetder | bgepephays a part
of the role of the magnetjc head in which the recording magnetic field
gener at ed fromEuesaghetit hernIorohdemereon ngl? ke aret feul ar magnetic
filmruns in the horizontal direction, so as 10 to be brought back toward
the magnetic hedPPHstEG e@&ﬂ?,aiﬁa?%s%%E?Wer?%%sF%c%oFg FB§netic |ayer
to inpraove the recordj ng-reproducing efficiency. Al so, the hard magnetic
| ayer isloforneo“b?’{m#jjlor‘gee%%p"(ae% I&%Ma S8: CoorPt, CoCrPtB and CoCr Pt Cu.
OW1l

15 FIG 11 i i | vi how I { . le th
constructi olnso?1 tCLgs%Jé fe)g%l:j?gﬁ? a%’/%aﬁé\%?@ﬁymcnggggpg{lﬁatﬂ%agﬁ%gg?et heepr esent
invention. As %@e%éﬁ'n\%t@& P{ﬂéﬁif‘&miﬁgo@gﬁu@%ﬁﬂéa ngﬁgﬁslt kfrpecor di ng

medi um 50 of the prese Invention 1s stantrally equal 1n

construction tojt h@e@ﬁé@@”oﬁi&%@fpé’i@@ﬂé’ﬁi&rrEé@éP&DH%”EQi/HH‘ ghown in FIG
7, except that another perpendicular recording |ayer i s”interposed

between the undeslayesitSpends thesperpepsisuyatsnecordi#g Bayeindiudedrlhe
"anot her perpendicular recording filnl referred to above is forned of, for
exanpl e,1¥opt, oGk, gfoth Qoo G-h&oPh & Ovh E0€r PaBh €0CkPhAd, v is
0, curve 202 included in the graph covers the case
where each of x and vy is 5, and curve 203 included
in the graph covers the case where each of x and y
is 10.
20 As.apparent from curve 301, where Cr is added as
a segregating component to the CoPt series magnetic
material, the optimum SNRm was obtained at about 250°C
because Cr exhibits a relatively high segregating
rate. On the other hand, when it comes to the
25 perpendicular magnetic recording medium including

a perpendicular recording layer containing Co, Pt, Cr,

Mo and W, a maximal value derived from Cr was caused



- 23 CoCPtW CoCrPtM, CoCrPtCu, CoCrPtRu, CoCrPtWC, CoCrPtRuC,

CoCr Pt CuB, CoCr Pt WB, CoCrPt TaCu, CoCrPtTaW Copt-Si02 and CoPt Si O

I ncidentally, each layer included in the 5 perpendicular magnetic recording
medi um shown in any of FIGS. 7 to 11 can be conbi ned appropriately. It is
possible to forma protective |layer nade of, for exanple, C on the surface
of the perpendicul ar magnetic recording nggiumused in the present 10
invention. Further, it is possible to forma lubricating |ayer on the
surface of the perpendi cul ar magnetic |ayer or the surface of the

protective | ayer, "Zla%ep%zif] éé‘eaﬂéc{@é LML HORBY, 4f QF, %’&%’I‘E‘i%n g di pping

15 nmethod. FIG 1Z°°s a parti cutaway, exenplifying the construction of a

Tagneti ¢ ecor diyig{.epnaticyng, anpar s Sfod NP, RRESSNGAMMEIA O AS shown

in the drawi ng, a nmagnetic 121 of 20 a rigid structure used In the

present inventigh{Or34Ecor disnGpoarenilieh ichridntzed hedasepi.ndle 122,
and is rotated at a prescribed constant rotating speed by a spindl e notor

(not shown). Awlivley 4@8 havites d@pexanplies, aidofe: egetd € polegtype
recordi ng head and 25 an MR head for reproducing the recorded information

are nmountsed t o & he=tpgndfcul stispernstdind 24ayedecaritaidinan @b atet) i ke, | eaf
spring. The suspension 124 is - 24
Mo and W, a satisfactory SNRm value can be obtained
at 280 to 480°C, desirably 300 to 460°C, and more
desirably 320 to 420C. Also, the attenuation value
was measured at 50 kFCI. The attenuation value was

10 found to be -0.09 to -0.16 dB/decade when it comes to
the recording medium manufactured under temperatures
within a range of between 300°C and 460°C, supporting
that a satisfactory resistance to the thermal decay
was maintained.

15 As apparent from the film-forming temperature
range within which a satisfactory SNRm value was
obtained in any of FIGS. 1 to 3, the perpendicular
magnetic recording medium including a perpendicular
magnetic layer containing Co, Pt, Cr and an additional

20 component selected from the group consisting of Mo and
W should be formed within a range of between 280°C and
450°C, desirably between 300°C and 400°C, and more
desirably between 320°C and 3807C.

According to one embodiment of the present

25 invention, Mo and W are sufficiently diffused and

segregated at the crystal grain boundary, if the

perpendicular magnetic layer is formed at a high



eonnected to one edge side of an arm 125 having, for exanple, a bobbin
portion for holding a driving coil (not shown) . A voice coil notor 126,
which is a kind of linear 5 notor, is nounted to the other edge side of the
arm 125. The voice coil notor 126 includes a driving coil (not shown) wound
about the bobbin portion of the arm 125 and a magnetic circuit consisting
of a permanent nmagnet and a counter yoke péranged to face 10 each other in
a manner to have the driving coil held therebetween. The arm 125 is held by
bal | bearings (not shown) arranged at upper and |ower portions of a

stationary armZ27 . 1 t i il 15 notor
126. To be mrﬁé&eﬁ?@nfh%%ﬁze%o%n%gf%g% %erﬁ%%&osrcl&t%% 1%1%gneti C
disk 121 is co |4 : i j J26. § ;

reference nune?%%g%fgpgﬁ%ﬁ%ﬁfﬁyﬂﬁﬁqﬂgga#ﬁgq%g%otes %#{§¥f§§g§%%%§%ﬁ% es: 20

The present inwendd, Qi Md ltowSmdescrdBpstdn dedald mdh #gherense to
sone Exanpl es of "'the present invention. anple 1. Prepared was a

nonmagnet i ¢ sulydate £ g stdNgy 2mfe il SUDSIH at&s f HF a2 So | RS
magneti c di sk. The nonmagnetic Si substrate was put in a vacuum chanber
havi ng asdegr eadrmedicwdaapf. 1 X 10-5 Pa, and - 25 a DC nagnetron
sputtering was perfornmed within an Ar gas atnosphere having a gas pressure
of 0.6 Pa while heatThyg phessnbsimaertdespeaad unbsd 0136BEL intdhe first
step, the nonmagnetic substrate was arranged 5 to face the target, thereby
formng a O fid rAditabkaiaddidskonfam@immuhdée amé Wobai 21 odt b¢mpt DC
sputtering power of 2.4WcnR2 as_a nonmagnetic backing |layer. In the next
step, a CoCrPt qgﬂquﬁﬁﬁﬁﬁighqéﬂkﬁturbance of the crystal orienting

properties and to obtain a magnetic crystal grain
10 having a hexagonal close-packed structure.

FIG. 4 is a graph showing the relationship
between the Cr content and the SNRm value in respect
of a CoPtCrMo series perpendicular magnetic layer.
Curve 401 shown in the graph covers the case where the

15 CoPtCrMo series perpendicular magnetic layer contains
16 atomic % of Pt, 5 atomic % of Mo, a varied amount
of Cr, and the balance of Co. Curve 402 shown in
the graph covers the case where the CoPtCrMo series
perpendicular magnetic layer contains 16 atomic % of

20 Pt, 10 atcmic % of Mo, a varied amount of Cr, and the
balance of Co. Further, curve 403 shown in the graph
covers the case where the CoPtCrMo series perpendicu-
lar magnetic layer contains 16 atomic % of Pt,

15 atomic % of Mo, a varied amount of Cr, and the

25 balance of Co.

As apparent from the curves 401, 402 and 403,

a satisfactory SNRm value can be obtained in the case



10 was fornmed in a thickness of 25 nmon the nonmagnetic backi ng | ayer,
followed by formng a CoZrNo soft magnetic backing layer in a thickness of
200 nmon the CoCrPt hard magnetic | ayer. Then, a second underl ayer having
a thickness of 15 5 nmon the CoZrNb soft magnetic backing |ayer is forned,
thereby formng a Ni-30at%\b fil munder the condition of a DC sputtering
power of 1.4WcnR. In the next step, a~fi{§t under| ayer having a thickness
of 15 nmon the NNNb filmis forned, thereby 20 form ng a nonmagneti c HCP
structured Ru filmunder the condition of a DC sputtering power of

2.4WcnR. Furt ] tic fil f d
t hi ck(r:1ess o1l‘J r 3 Len%egntgf{tep%%eﬁg%%ﬂn%{ %tg%%edﬂ;lﬁg gjgaé\#ecrbyéourg%v%lssa ?!ﬂ%etl Rage
of 25 Co-|6at %}y | AUEY -Ha P8k F'Zﬁaéct,y ik %‘cﬁi&{ﬁéi%ﬁ VANEL for med

in a thickness of 7 nm - 26 The substrate having the various filns

consecutively frama-ddeseoth wfdi N g VASKKERLONRINETudaga s eFpyed to an
air atnosphere, followed by form ng a perfluoropol yether (PFPE) series 5

lubricating | ayey Heh 20 11 cidhess. 18 dB AldHAR wheh G Predwsd i ve tieyer by a
di pping nethod so as to obtain a perpendi cul ar nmagnetic recordi ng nedi um

60. FI G 513 schedmitdiald nedions ddrer Lionsig wti®me ofatdhel ek pendoepl ar
magneti c recordi ng nmedium 60 thus 10 obtained. As shown in the drawi ng, the
per pendi cul ar rageittcinecdiai ng seedi sifa G op nps § Sesarecr tmotinagnet i ¢ | ayer
10, a CoCrPt hard magnetic layer 9, a CoZrNb soft magnetic |ayer 7, an
under | ayer 4 corsmtd hgdafayn WiNmsecondhemhder | ayer 6 and a Ru 15 first
under | ayer 5, a CoPtCr Mo perpendicular magnetic film2, a C protective

| ayer 11, and a IubrFE%tiggl$a@e@¥aﬁhi§h0@¥@gsE%@e§§1©EL9HFQthated one
upon the other .in the order nentioned on_a nonmagnetic substrate 1, 20 The

| ocal distri butk?%tr’("eo?ntme @F%n‘é‘?ﬁt%’%c%@ rehg n‘_’ff%lée p%?pEﬁﬂP%EF_ar

obtal ned-bas exim A By L P i LRy bHereF e SyREES. Fagdz oo M LS
t i t T E . h i cul ic |

Found to. i ol udare LR o9 PSR TRt ChhE Lo g the e B8 Ll

conponent and Q£é$%é4Mé”§%£&é¥“§5¥géﬁéi£8fééjﬂé&@etic layer contains

16 atomic % of Pt, a varied amount of Mo, and the
balance of Co. Curve 502 shown in the graph covers
15 the case where the CoPtCrMo series perpendicular
magnetic layer contains 16 atomic % of Pt, 10 atomic %
of Mo, a varied amount of Mo, and the balance of Co.
Further, curve 503 shown in the graph covers the case
where the CoPtCrMo series perpendicular magnetic
20 layer contains 16 atomic % of Pt, 15 atomic % of Pt,
a varied amount of Mo, and the balance of Co.
As apparent from the curves 501, 502 and 503,
a satisfactory SNRm value can be obtained in the case
where the perpendicular magnetic layer contains 5 to
25 20 atomic % of Mo. Also, the attenuation value was
measured at 50 kFCI. The attenuation value was found

to be -0.12 to -0.14 dB/decade when it comes to the



- 27 M and C as main conponents and positioned to surround the Co-based
magnetic crystal grains. A nmagnetic field of 1185 kA/mwas applied radially
outward to the circular substrate included in 5 the perpendi cul ar magnetic
rrecordi ng nmedi um 60 t hus obtained by using a magneti zi ng apparatus equi pped
with an el ectromagnet so as to magnetize radially inward the hard magnetic
| ayer. The eval uation of the recording;refgodycing characteristics
utilizing 10 the magnet oresi stance effect” was performed by using a

nono- magneti ¢ head having a recording truck width of 0.3 ,umand a
reproducing truck width o

f 0.2, in r t.of th [
per pendi cul ar Magri&t TS étb%cfjdf%gcu?r?ﬁtlcﬁn]tﬂrﬁensgﬁi téﬁng’é (%%@Jﬁ%% Iréf&ﬁ%’ | ow 15
f i : 1] . noj 400, dtob
2.0, B, i oh WL 141 acrory: A S0 ATe S tSRUAT I OI Yal e a1 50 KFQI
whi ch provides fﬂH%?ﬁég%ﬁfW5§!@ﬁfﬁ%afﬁ@@y’ was found to be -0.12

dB/ decade, which was al so sat actory. Conparative Exanple 1: For

conmparison, a perpengi€ul @ri gagnetisnr €6k ShHINBOL LM WBSHPRepared as in
Exanpl e 1, except that CoCrPt |ayer was formed in a thickness of 30 nm 25

by using s Co- IatWaan | Gad WS dfeeit and henoosnmgnesige substespect n pl ace
of the CoPt Cr Mo perpendi cul ar magnetic film The | ocal distribution - 28
of the el ement «HneealdPEt MW WaSr BXAND eveple iy ¢isi g ma it EOXLaper espect of
t he perpendi cul ar magnetic recordi ng nmedi umthus obtai ned. The

per pendi cul ar ragmet | €0 estorwhi NDn Ntk uprawls ¢owueds t thé nch sielewlbe G- blaged
magnetic crystal grains containing Co as a main conponent and crystal grain
boundari es contGni¢MCrseslas npg roeodbonkar Badnebsttlaved ¢ontairdund t he
Co- based magnetic crystal grains. Al so, the recording-reproducing

charact eri sti csl @e?enic evaPiated b% 2FoEkanpl @f 1Crwi P hatPRi¢e3uPf that the
SNRm was, found to be 20.7 dB. Al spo, %he attenuation val ue at 50 kFCl was
found tdhe -0.M0 db WRELE, 20RTRh @t el | FPF ntite AP2H2RF&tOt heCr esi st ance to

h h | d .15 le 2: A i cul . '
" eeor di g medt um wackBbTAPAEG bt T AERARpF " 1o bRHept 2t RAE AL AehRBYnet i
CoCrpPt fil [ I ck - 2 fJ I
ander the conart o 2018 ShAE IRty TauBhert B ahens A TS

Co- 37at % - 8at 9FL 1 L &K 9ELu DAY RPgRe PEX20QDEL CLRESIRACKEHSTEUSLURE: &

of W. Also, the attenuation wvalue was measured at

15 50 kFCI. The attenuation value was found to be -0.13
to -0.16 dB/decade when it comes to the recording
medium containing 5 to 15 atomic % of W, supporting
that a satisfactory resistance to the thermal decay
was maintained.

20 It is desirable for the perpendicular recording
layer used in the present invention to contain 5 to
25 atomic % of Pt and 50 to 80 atomic % of Co. The
amounts of these components denote a range within
which the Co-based magnetic crystal grains contained

25 in the perpendicular magnetic layer form a hexagonal
close-packed (HCP) structure.

For forming the perpendicular magnetic layer at



The local distribution of the el enent concentra tion was exam ned in
respect of the perpendicular 25 magnetic |layer included in the

per pendi cul ar magnetic recordi ng nmedi umthus obtai ned. The perpendi cul ar
magnetic | ayer was found to have been constructed to - 29 include

Co- base magnetic crystal grains containing Co as a main conponent and
crystal grain boundaries containing M_a Cr_as mai n conponents and
positioned to surround each of the Co-based magnetic crystal 5 grains.

Al so, a rocking curve neasurenent was perfornmed to the Co (00.2) peak by

i X- i ff t t t h di cul
mgnet ¢ recor difify adi ra”rr%‘iegaLZﬁr#’psevraa%res“’%%%lo?xecﬁ e e HEPER f ound to
be 7, which was Eg&gx 5§g¥g%ést5rﬁget§e &H 109, properties

of Co were satlg?ac ory. recor ng- r epr oduci n aracteristics

were eval uat ed Q§,d¢ A@@m‘ﬁﬁg T%@N@gﬁ/agé@lm%%g@%{@%ogg%o 5 dB,

whi ch was 15 satlsfactory Al so, the attenuation va was found

to be -0.11 dB/fecadat SLRPON ik tafa;atant ha urBSicxianca ted Jies 4, her mal decay
was satisfactory. Conparative Exanple 2: A conventional perpendlcular

magnet i ¢ 5 ecor i ngh el deEdi W ast oRted Nerh £ én Exanpleldte@xappy that a Pt
filmwas formed on a nonmagnetic substrate in a thickness of 30 nm by using
a Pt body havi ngiles tfiectee centrertte quhe Lef{FCE veht ok Ur et aSs apdasheleso as to
provi de the first underlayer. 25 The | ocal distribution of the el enent
concentrati on vies w@nsuiethh Iy respevtagfiet he peprpendtevhavinmgaehighl ayer
included in the perpendicul ar magnetic - 30 recording nediumthus
obt ai ned. The pw3ylernchtis@neRgiriPeratyee sachfasing coyhbetl beed
constructed to |nclude Co- base magnetic crystal grains containing Co as
mai n conponent &RFTrFRBLYrA P bobinttdPF e52 5 coht @i ATRFEERTASOR Faf A
conponent and posi tioned to surround each of the Co-based magnetic crystal
grai ns. Yoveverst %?%Er@?%Jn boundary was not clear in the perpendlcular

tic | A ki t d_to_ 10 the Co
(00.2) peak by us ﬁSFaﬁ PrLy 8 EORE PRREBRa ar b, ACPBAPECE 0P e

per pendi cul ar paeli e {eeordhnon Bl 4 o FNen DAL Loxal yeuh dt by gl L pe peak

was found to b wor ds crys |ng propertres of the

Co- based Wg”etf&c&fa’ﬁ@'méél&E%PStM@rﬁrQQQﬁt EHOQEEEQnW‘ tﬂstQﬁown
per pendi cul ar magnetic Tecordi ng nmedium prepared in Exanple 2. Also, the

recor di ng-repr oghict g &ﬂ@&ﬁ&%ﬁftﬁélﬁérw@ﬁéléuﬁéﬂaﬁsgneih@ §HB€kM§h§e was
found to be 19.2 dB. Al so e attenuation value at 50 kFCI was found to be
20 -0. 25 51B/ decnskeiuh Nt cati tige t patséhe irsentaonecbaptheethar mal decay was
not satisfactory. Exanple 3:

nonmagnetic substrate 1 and a perpendicular magnetic

a

layer 2 formed on the nonmagnetic substrate 1.
FIG. 8 is a cross sectional view showing as
another example the construction of the perpendicular
20 magnetic recording medium of the present invention.
As shown in the drawing, the perpendicular magnetic
recording medium 20 of the present invention is
substantially equal in construction to the perpen-
dicular magnetic recording medium shown in FIG. 7,
25 except that an underlayer 3 is interposed between
the nonmagnetic substrate 1 and the perpendicular

recording layer 2.



A perpendi cul ar magnetic recordi ng nmedi um was obtained as in Exanple 1,
except that a nonmagnetic 25 CoCrPtTa filmwas forned in a thickness of 20
nmas the first underlayer in place of the Ru filmunder the condition of a

BC sputtering power of 2.4WcnR agai nst - 31 a Co-37atoCr-Bat~Pt-3atoTa
target. The local distribution of the el enent concentration was exam ned in
respect of the perpendi cul ar magnetic | ay included in the perpendicul ar

magneti c 5 recordi ng medi umthus obtai ned.” The perpendi cul ar nmagnetic | ayer
was found to have been constructed to include Co-base magnetic crystal

grai ns containing as a in component and crystal grai,n boundaries
contai ning Mo and CCJthaes un%l%rlca jorents %on%nep%sﬁyfi%hel a150t t9"Surround each

of the Co-baseq magnely G S1SIal A1 Nre A3 3-4:00K NG, £r¥er Teagyr erent

was applied to the perpen magnet i c ing me us ‘obt @i ned as

in Exanpl e 2_- 'B}e, h!%"ﬂ,f d@,' Ltﬁ:,WiEit rtmp,f T, e a‘%f‘cﬂ'ﬁv,"\’ai% fEn it Pnent Al SO,
the attenuation value at 50 kFCI was found to be -0.10 dB/ decade. Al so, a

perpendi cul ar rRYN&Sd L RGO g i JHD drse Profal ethesigidwas | y, except that
the first underl ayer was forned by addi ng each of Ru, B and O in 20 pl ace
of Ta. It5 was pessiildHteido obtmin Hihe ridectHDf doqumy,i pddrEcENRm val ue
W t hout deteriorating the crystal orienting properties of the Co-based
magneti c cryst dlo@uRiRns, auCimheCy,edsiecE t CddePiMerarad CeteBtWw 25 Exanpl e
4: A perpendi cul ar magnetic recordi ng nedi umwas obtained as in Exanple 1,
except, after In Re formetimmtof, tttee fundar etk |shyamrld ooy Piedmgnet i ¢
filmwas fornmed in a thickness of 15 nm by using a Co-l|9at %Cr -1 6at %4t body
used as a targetf Ftollenmd wie rorts gl rﬁ%let%ﬁ%gn%@%iﬂoﬁhQngﬁ% CoPt Cr Mo 5
per pendi cul ar magnetic layer simlar to that in Exanple 1 on the CoCrPt
magneti c | ayer .COPHE Tlold "t &% Huit id dft t et oM rati on was

n

exam ned i n respect of the perpendicu ar magnetic |ayer included in the
perpendiq@ul ar r?ﬁ”é?%qlil?:erltbs’r e@b&dfrh%e%?ﬁn %Pﬂ}éi%bbf%l %]f)m%(i ?in“llj?zi ng a
TEM EDX. The perpendi cul ar nef i ayver found to have been .
constructed toejiéral%ﬁr% enecgg%geg%aaefna%%%?%%e%ﬁ Tl élré;er a‘#rn%u%on %lgln%]%lgn%o as a

mai n_component gng. eryst al, graf n,hpundar es; oot al ging: M. Al QL 25, i n 15

conponent s and posit’i one 0 surround eac ased nagnetic crystal

grains. Also, the de691 dings et OGRS CLegi SEigS ey ergvahyabed in
respect of the perpendicul ar nagnetic recordi ng nmedi umthus obtained. The
SNRm In the present invention, the orienting
15 properties 0of the perpendicular magnetic film tend
to be disturbed by the addition of Mo and/or W.
Therefore, it is desirable to form at least one
nonmagnetic underlayer having an HCP structure below
the perpendicular magnetic film.
20 : FIG. 9 is a cross sectional view showing as
another example the construction of the perpendicular
magnetic recording medium of the present invention.
As shown in the drawing, the perpendicular magnetic
recording medium 30 of the present invention is
25 substantially equal in construction to the perpen-

dicular magnetic recording medium shown in FIG. 7,

except that an underlayer 4 is of a double layer



20 val ue was found to be 23.8 dB, which was satisfactory. Also, the
attenuation value at 50 kFCl was found to be -0.11 dB/ decade, supporting
that the resistance to the thermal decay was satisfactory. Al so, the
rocki ng curve neasurenment was perfornmed to the Co (00.2) peak 25 by using
an X-ray diffraction apparatus. The half w dth value of the peak was found
to be 5. - 33 Exanple 5: A perpendicul magneti ¢ recordi ng nmedi um was
manuf actured as in Exanple 1, except that the nonmagnetic C | ayer, the
CoCrPt hard magnetic layer 5 and the CoZrNb soft nagnetic backing | ayer

wer e not forned., Fl 14 is a crass sectional, vie how ng- t he, construction
of the perpendisgljrluacr un%gﬁ&%}sclsﬁelglﬁcﬁ]ﬁga n]gldﬁsutm%%uasy%%%aian%%. As shown

in the drawi ng,_t i ghetic recording medium 70 was 10
3 s PR

constructed to 1 n ayer 4 consisting of the Ni Nb second

under | ayer 6 and thﬁgigﬁwynﬁr%@?r@m@p% R, pd 51 LPELE Mase

per pendi cul ar magnetic film2, t protective layer 11, and a lubricating

llayer (not shown)ma iy G adi8nil @R nat athOnes teik 1 her otheruie dba fde 3
nonmagneti c substrate 1. The |l ocal distribution of the el enent

concentr & i on vAsoweXam Ert | e respetdrmoing hehpef pediedi eudier 1 apgnedsi c | ayer

i ncluded in the perpendi cul ar magnetic recordi ng nedi um thus obtai ned by
utilizing a TEM EDX. F@ fdwenjrey pendi sedand negdet 1eyéayeinwasef ound to have
been constructed to include Co-based magnetic crystal grains containing Co
as a mai n conponEmdimehitroftidie graienthioumdal | B3 oMt HY hé nge Mesandt Cr  as
mai N conponents and positioned to surround each of the 25 Co-based nagnetic
crystal grains.legsso onhanalernrall mereprediuErony therdtewer | cengsshbne

evaluated as in Exanple 1 in respect of the - 34 perpendicul ar magnetic
recordi ng nedi it thirs Mt afdved®l THY SfRm Yadé Tas $ufe™to be 22.1 dB,

whi ch was satisfactory. Also, the attenuatjon, value at 50 kFCl s found to
e -0, 1415/ de e SRR (Thg Th5E T 151 G014 aPEbrbeRnEr thebRel decay
was satisfactory, Conparative Exa 3: A perpendic ic recording
medi um was nan %%lf%r?éoopsalsStilnn%x%grrﬁlqu’, @%(rgaé’plt% %‘%jat ulg?%bg?g?g‘{vayer was

formed in a thickasss.gf 30.pm by hsina:do.e, Qoshoat oQyrhfalzgiriarget in
pl ace of the Co Mo per pendi cular nagnetic film

In some embodiments, it is possible to use a Ni
compound such as NiNb, NiTa, NiAl, NiW, NiTaW and

15 NiTaC for forming the second underlayer. The use of
such a Ni compound is advantageous in that high
orientation controllability can be obtained with
a small film thickness and that the grains of the
film formed on the underlayer can have an appropriate

20 grain size.

FIG., 10 is a cross sectional view showing as
another example the construction of the perpendicular
magnetic recording medium of the present invention.
As shown in the drawing, the perpendicular magnetic

25 recording medium 40 of the present invention is

substantially equal in construction to the perpen-

dicular magnetic recording medium shown in FIG. 9,



The |l ocal distribution of the elenent concentration was exam ned in respect
of the perpendi cul ar magnetic | ayer included in the perpendi cul ar magnetic
15 recordi ng nediumthus obtained by utilizing a TEMEDX. The perpendi cul ar
magnetic | ayer was found to have been constructed to include Co-based
magnetic crystal grains containing Co as a main conponent and crystal grain
boundaries containing Cr as a main conpongnt and 20 positioned to surround
each of the Co-based magnetic crystal grains. Al so, the

recordi ng-reproduci ng characteristics were evaluated as in Exanple 1. The

SNRm val ue was found t e 17,5 .dB _ whi.ch S .S at _unsatis 25 factory.

Al so, the att er?&éi%p%n t\%aq;uea as[OSfStO Hk%etmjhcs\gaocuglgj??%eg 87'32]2S dB/ decade,

supporting that, | st CAY. SO - 35
RIS ARG e SRR el

unsati sfactory. per pe gneti1c recordi ng nedi um was
manuf actured as,ddy le dup&Xcant that a perpenS dicular magnetic film
was fornmed in a thickness of 30 nmas a perpendicul ar magnetic | ayer under
the condition of a DG sputieriNGpposnesl Oftd. AWETE MSFAInAgnetic

Co-| 6at %t - | 5at %vb body. The | ocal distribution of the el enment concentra 10
tion was xam ned;dm respegiowt) thecwpenpendd cid o mpgieti € bayeind ncl uded
in the perpendi cul ar magneti c recordi ng nedi umthus obtained. The

per pendi cul ar megreet it day erhenvasoriname tioc haves teetre constTmctlesl to i ncl ude
Co- based nmagnetic crystal grains containing 15 Co as a nain conponent and
crystal grain boamdadBsicontiodess ML dsha perfperndihpobentmage pbsi ti oned
to surround each of the Co-based magnetic crystal grains. Al so, the rocking
curve measur emerCoiti e met et b2 Teies f ( 0oR)epaarl oy €AYt an X-ray
diffraction 20 aegaratus in respect of the perpendi cul ar magnetic recording
medi um t hus obt3ihePZEHe Hek fLoFERG 1l the Pt PRRAKIMRRIfYund to be 9,
supporti that the crystal orienting properties of, were satisfactory.
Fur Eher fhe e driAE i Sot oI Be Ty ackor 1 S(7R85 P8 Gk @ BOSTEated as i n

Exanmpl e 1. The SNRm val ue was found,to be 23 6 dB,_which was satisfactory.
Al'so, the attentt i G ¥/t ueatC oak?f&‘a%sw?logn%yt%p%%ﬂ%f %6‘“39]6?1&%‘3

dB/ decade, suppﬁ{dglj[@gté hat, t n]{&%%é&ﬁ@@dfﬁo%%épejfﬁh?PQJi:'r?fC&i’ﬁ%‘??iggcur ‘o

satisfactory. A i onal "advant ages™an ications W rea

those skilled iz{“‘fiﬁé‘xe A bma 116K €5 BT Ene %6@?9@[%%&”@0%9&#@”1&9&&%&§sbroader

aspects i s not mted to the specific details and representative

enbodi ments showwn sh gescri petndighet e ACEDAOENOtNe ¥8FtOMSgHBELEI cations
may be nmade without departing fromthe spirit or scope of the general

inventivies 10 congept. as defined by the appended clains and their
equi val ent s.
It is possible to form an underlayer made of, for
example, Cr, V or NiAl between the hard magnetic layer
and the nonmagnetic substrate 1.
The soft magnetic backing layer can be formed of
20 a soft magnetic material having a high permeability
including, for example, CoZrNb, FeTaC, FeZrN, an FeSi
alloy, an FeAl alloy, an FeNi alloy such as permalloy,
an FeCo series alloy such as Permendur, an FeCoNi
alloy such as Perminbar, a MgZn series ferrite, a MgMn
25 series ferrite, FeAlGa, FeCuNbSiB, FeGaGe, FeGeSi,
FeNiPb, FeRuGaSi, FeSiB, FeSiC, FeZrB, FeZrBCu,

CoFeSiB, CoTi and CoZrTa.



- 37 WHAT IS CLAIMED 1S: 1. A method of manufacturing a perpendicul ar
magneti c recordi ng nmedium conprising formng on a nonnagnetic substrate a
magnetic |ayer at 280 to 5 450C by using a magnetic |ayer-formng nateri al
containing at | east one additive conponent selected fromthe group
consisting of cobalt, platinum nolybdenum and tungsten, said nmagnetic

| ayer being constructed to include a plurg%ity of magnetic crystal 10
grai ns separated fromeach other by crystal grain boundaries and providing
a perpendi cul ar magnetic layer in which the additive conponent is

segregated in the cr s%al g{f@@ b uggféifg.egédngaggég?guffrnﬁgﬁigﬁ;uring

a perpendi cul ar 15 g 2t7e Tetor I g nedi tim acc 0 claim wher ei n

t he per pendi cul . et | o 3 ta 400 t he
nonmagneti c subkga["?laq'?(g5 é%@cﬁle 1151%%; gﬁ%%ﬁ%c?%% n(gn agpée%?ggndi cul ar
magnetic recor ding, medl %%g{@“ fOrh&d Cﬂ;;ﬁi £ dmi g0 § WL PErng ising

formng at | east one under havi ng a hexagonal cl ose-packed structure

on the nonmgneﬁa}ﬁeﬁl&bﬁi €2 hef @ epd e S £1i ©F . f O M1 fige t SuPEE PENdI CUl ar
magnetic | ayer. 4. The nethod of manufacturing a perpendicular 25 nagnetic

recordi ng nmedi un gecod dbangp é10d Cdal 4t Ineddhat £i thé osoTf tgnédee hder dayer

conprises formng a second underl ayer containing at |east one el enent
plays a part of the role of the magnetic head in which
the recording magnetic field generated from the
magnetic head for magnetizing the perpendicular
magnetic film runs in the horizontal direction, so as

10 to be brought back toward the magnetic head. As a
result, it is possible for the soft magnetic layer to
improve the recording-reproducing efficiency.

Also, the hard magnetic layer is formed of, for
example, CoSm, CoPt, CoCrPt, CoCrPtB and CoCrPtCu.

15 FIG. 11 is a cross sectional view showing as
another example the construction of the perpendicular
magnetic recording medium of the present invention.
As shown in the drawing, the perpendicular magnetic
recording medium 50 of the present invention is

20 substantially equal in construction to the perpen-
dicular magnetic recording medium shown in FIG. 7,
except that another perpendicular recording layer 8
is interposed between the underlayer 3 and the
perpendicular recording layer 2.

25 The “another perpendicular recording film”
referred to above is formed of, for example, CoPt,

CoCrPt, CoCr0O, CoPt0O, CoPtCr0O, CoCrPtB, CoCrPtTa,



- 38 selected fromthe group consisting of nickel, niobium tantalum

al um num tungsten, cobalt, carbon and titanium and form ng on the second
underl ayer a first underlayer containing at |east one el enent selected 5
fromthe group consisting of titanium ruthenium chrom um hafnium

cobalt, platinum boron, copper, tantalum nolybdenum and tungsten. 5. The
met hod of manufacturing a perpendi cular nggnetic recordi ng medi um according
to claim3, 10 further conprising form ng a soft magnetic backing | ayer
before form ng the underlayer. 6. The nethod of manufacturing a

perpendhoul . mpneiir Leclhgg mEpaccolghanlg Clamdc [t b

conprising formng a ¢obalt- r'ecor di ng

| ayer after foryxg f.~t #gﬂqﬂ net | i n ormn
of the underla&%&&gygug'pggggﬁrlcu'a?ﬁkggﬁgﬁgcQ%%%Eﬁ%ﬁ%%ﬁhé&ﬁ?ﬁggf%ﬁ' )

conprising: 20 @ maymrgnetiL£ sithsdiqate;, and a perpendi cul ar magnetic |ayer
containing at |east oné additive conponent selected fromthe group

consi sting of cobaJthdmdgﬂﬁgmmy;ngégxkﬂ%?@ﬁﬂmhélmagaeﬂm fiwenmed at 280 to
450C on the nonmagnetic 25 substrate, and constructed to include a

plurality of magyeidrelicryisialmgradtise separaiiedy fnadl wacdhothern byngr yst al
grai n boundaries, the additive conponent being - 39 segregated in the
crystal grain bduitigd.es ito tHe qeer fendiaw aredreapetorriayery. 8. The
per pendi cul ar magnetic recordi ng medi um according to claim?7, wherein the
per pendi cul ar It is possible to form a protective layer made

of, for example, C on the surface of the perpendicular

magnetic recording medium used in the present

10 invention.

Further, it is possible to form a lubricating
layer on the surface of the perpendicular magnetic
layer or the surface of the protective layer used in
the present invention by, for example, a dipping

15 method.

FIG. 12 is a partial cutaway, exemplifying the
construction of a magnetic recording-reproducing
apparatus of the present invention.

As shown in the drawing, a magnetic disk 121 of

20 a rigid structure used in the present invention for
recording information is mounted to a spindle 122, and
is rotated at a prescribed constant rotating speed by
a spindle motor (not shown). A slider 123 having, for
example, a mono-magnetic pole type recording head and

25 an MR head for reproducing the recorded information

are mounted to the tip of a suspension 124 made of

a thin plate-like leaf spring. The suspension 124 is



5 magnetic recording | ayer contains chromumin an anount of 5 to 20 atomc
0. 9. The perpendi cul ar magnetic recordi ng medi um according to claim?7,
wherein the perpendi cul ar nagnetic recording |ayer contains the nol ybdenum
irfn 10 an amount of 5 to 20 atomic o. 10. The perpendi cul ar magnetic
recordi ng medi um according to claim?7, wherein the perpendicul ar nmagnetic
recording layer contains the tungsten in san amunt of 5 to 15 atomc o. 15
11. The perpendicul ar nagnetic recordi ng nmedi umaccording to claim?7,
wherein the perpendi cul ar magnetic layer is forned at 300C to 400C on the
nonmagnetic substiake.edzo The RAIRENIGIar JIRGNG! 159 ey diqg fRdi um 20
according to claim 7/, further conprising at |east one underl ayer having a
hexagonal cl osexpaghed S neHpie 9wk idy erdosed Detyveerthe prusanet i
substrate and the perpendicul ar nmagnetic |ayer. 13." The perpendi cul ar
magneti c recor digkgd e@WwN 25 according to claim 12, wherein the underl ayer
contains at |east one el enent selected fromthe group consisting of cobalt,
chrom um and pl ati numvoice 4bildmotde Pes pesdichul B arvigived | €f remosalt ng
medi um according to claim 13, wherein the underlayer further contains at

| east oné& el enemttoegl eict exbrtoed tthe Greourlconsdde ngidd dbridre dm@mt al um
rut heni um and oxygen. 5 15. The perpendi cul ar magnetic recordi ng nmedi um
according to clld@dm 1ZThewierisie adiel umderd abas imelugkes a dy¥sinqinder | ayer
containing at |east one elenent selected fromthe group consisting of
titani um rut hefiidm (Rl cUm) HFHWURPAsbaihe kﬁﬂkgﬂfh@ﬁrqwfbcﬁ%n, copper,
tantal um nol ybdenum and tungsten, and a sepond,underleger forped on the
side of the norffyfeth cl SURAT f 3PSV T He F9rt SRR rPhyer and
contai ning at | east one el enent selgﬁted fromthe %rou$ onsistin

f
nickel | niobi urft RIS MRS G TUNDTEnTC Cobal TA00%T bon BAT
titani um, 16. The perpendi el ar, monet | ¢ ecording, prgl yn acerging 1o

u a eas one na

cl ai m 15,” wherei h”t he"'second undéertlayer contai hs eria
sel ected from ﬁg%égé%wéggpsisting of NNNb, NiTa, NNA, NW N Taw and

Ni TaC. 20 17. e perpendi cul ar magnetic recordi ng nmedi um according to

claim7, further compiisipg 8bsl €ashePACHGODAL L - 685 PThYE $8HLEShown)
per pendi cul ar recording layer that is interposed between the underlayer and

the perpendi cul afriregnetic hpyer . ard® I8vedhsopeiPeadh £ul a5t ABOORALE
recordi ng medi um according to claim?7, further conprising a soft nmagnetic
backi ng | ayer that 1371 $d eiposedobesveet and rocked by the voice coil

15 motor 126. To be more specific, the position of the
slider 123 on the magnetic disk 121 is controlled by
the voice coil motor 126. Incidentally, a reference
numeral 128 shown in the drawing denotes a 1lid body.

Examples:

20 The present invention will now be described in
detail with reference to some Examples of the present
invention.

Example 1:
Prepared was a nonmagnetic substrate consisting

25 of a Si1 substrate for a 2.5 inch magnetic disk.

The nonmagnetic Si substrate was put in a vacuum

chamber having a degree of vacuum of 1 X 10”2 Pa, and



- 41 the underlayer and the nonmagnetic substrate. 19. A magnetic
recordi ng-reproduci ng apparatus, conprising: the perpendicul ar magnetic
recordi ng medium 5 conprising a nonnagnetic substrate, and a perpen dicul ar
magnetic | ayer containing at | east one additive conponent selected fromthe
group consi sting of cobalt, platinum nolybdenum and tungsten, formed at
280 to 450C on the nonnmagnetic substraleiﬁand_lo constructed to include a
plurality of magnetic crystal grains separated from each other by crystal
grain boundaries, the additive conponent being segregated in the crystal

grain boundarles |n th%e%% %en%U%Hgicu%Pg%%téhetlc recoréanqggﬂaqh§n1for

supporting and rot afnaﬁg the pérpen ng nedium a
magnet | ¢ head el udkad 2 &l SIRALJ Of JRCU AN IO LG O [y N

per pendi cul ar r?agnetl C recording diu er enent for reproducing

20 the recor ded J i QMO 1AM & £ Ml RS 13RREMY Y3 531eROT g Hche
magneti ¢ head such that the magnetic head is novable relative to the

per pendi cul ar FagRet isk fecHd RHRAIENI 2Gudter MBgneid Garranged

recordi ng-reproduci ng apparatus 25 according to claim19, wherein the
magnet i cshead its Favnahwgigidet patedwad.forming a Cr £ilm in

AL ADA A& A A& A& A& A& As. A9. A&. A. A&. As. A& A&r. A& A A A& A& A. As. A A A A
L. Ar. A A Ae. A A AbA(akhelrs Arf A0 Arfefldetf &by ;aniBiition of a DC

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ca] ca]sgaltdamiale ARy ofal2. 4W/cm? as a nonmagnetic backing

GH. " 8nez% LJ} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] dajwsd]-ca] ca] ca] ca] ca] ca] ca] ca! JF' U $YNw+] # R

I'PI~ Y xsnid_Z] ca] ca] ca] cal ca] ca] cal ca] ca&ca] calca] ca]ca]ca]ca ca£ca] cajcalc
a] ca] ca] ca] ca] ca] ca]'dh] 'R Hjth]TEiRal 21 CO¢FRE phyrd naghgkygyhaver

Jcal ca] 2] ca] %ﬁjac%]%oan@ﬁai Ca]%]@a%%% s 59;} o AR PETFRET] 2501 3
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nonmagnetic Ru underlayer by using a target made of
25 Co-l1l6at%Pt-14at%Cr-5at¥Mo.

Finally, a C protective layer was formed in

a thickness of 7 nm.
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The substrate having the various films
consecutively formed thereon within the vacuum
container was removed to an air atmosphere, followed
by forming a perfluoropolyether (PFPE) series

5 lubricating layer in a thickness of 1.5 nm on the C
protective layer by a dipping method so as to obtain
a perpendicular magnetic recording medium 60.

FIG. 13 schematically shows the construction of
the perpendicular magnetic recording medium 60 thus

10 obtained. As shown in the drawing, the perpendicular
magnetic recording medium 60 comprises a Cr
nonmagnetic layer 10, a CoCrPt hard magnetic layer 9,
a CoZrNb soft magnetic layer 7, an underlayer 4
consisting of a NiNb second underlayer 6 and a Ru

15 first underlayer 5, a CoPtCrMo perpendicular magnetic
film 2, a C protective layer'll, and a lubricating
layer, which are successively laminated one upon the
other in the order mentioned on a nonmagnetic
substrate 1.

20 The local distribution of the element concentra-
tion in the perpendicular magnetic layer included in
the perpendicular magnetic recording medium thus
obtained was examined by using an energy dispersion
type X-ray spectroscopic apparatus (TEM-EDX).

25 The perpendicular magnetic layer was found to include
Co-based magnetic crystal grains containing Co as a

main component and crystal grain boundaries containing
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Mo and Cr as main components and positioned to
surround the Co-based magnetic crystal grains.

A magnetic field of 1185 kA/m was applied
radially outward to the circular substrate included in

5 the perpendicular magnetic recording medium 60 thus
obtained by using a magnetizing apparatus equipped
with an electromagnet so as to magnetize radially
inward the hard magnetic layer. The evaluation of
the recording-reproducing characteristics utilizing

10 the magnetoresistance effect was performed by using
a mono-magnetic head having a recording truék width of
0.3 um and a reproducing truck width of 0.2 um in
respect of the magnetized perpendicular magnetic
recording medium. The SNRm (S denoting the low

15 frequency signal, and N denoting the noise of
400 kFCI) was found to be 23.0 dB, which was
satisfactory. Also, the attenuation value at 50 kFCI,
which provides an index of the thermal decay, was
found to be -0.12 dB/decade, which was also

20 satisfactory.

Comparative Example 1:

For comparison, a perpendicular magnetic
recording medium was prepared as in Example 1, except
that CoCrPt layer was formed in a thickness of 30 nm

25 by using a Co-19at%Cr-16at%Pt target on the
nonmagnetic substrate in place of the CoPtCrMo

perpendicular magnetic film. The local distribution
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of the element concentration was examined by using
a TEM-EDX in respect of the perpendicular magnetic
recording medium thus obtained. The perpendicular
magnetic recording medium was found to include
5 Co-based magnetic crystal grains containing Co as
a main component and crystal grain boundaries
containing Cr as a main component and positioned
to surround the Co-based magnetic crystal grains.
Also, the recording-reproducing characteristics were
10 evaluated as in Example 1, with the result that the
SNRm was found to be 20.7 dB. Also, the attenuation
value at 50 kFCI was found to be -0.20 dB/decade,
which clearly indicated that the resistance to the
thermal decay was poor.
15 Example 2:
A perpendicular magnetic recording medium
was obtained as in Example 1, except that
a nonmagnetic CoCrPt film was formed in a thickness
of 20 nm as the first underlayer under the condition
20 of a DC sputtering power of 2.4W/cm? against a
Co-37at%Cr-8at%Pt target having a hexagonal
close-packed structure.
The local distribution of the element concentra-
tion was examined in respect of the perpendicular
25 magnetic layer included in the perpendicular magnetic

recording medium thus obtained. The perpendicular

magnetic layer was found to have been constructed to
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include Co-base magnetic crystal grains containing
Co as a main component and crystal grain boundaries
containing Mo and Cr as main components and positioned
to surround each of the Co-based magnetic crystal

5 grains.

Also, a rocking curve measurement was performed
to the Co (00.2) peak by using an X-ray diffraction
apparatus in respect of the perpendicular magnetic
recording medium. The half value width of the peak

10 was found to be 7°, which was satisfactory. This
supports that the orienting properties of Co were
satisfactory. Also, the recording-reproducing
characteristics were evaluated as in Example 1.

The SNRm value was found tc be 23.5 dB, which was

15 satisfactory. Also, the attenuation wvalue at 50 kFCI
was found to be -0.11 dB/decade, supporting that the
resistance to the thermal decay was satisfactory.

Comparative Example 2:

A conventional perpendicular magnetic recording

20 medium was obtained as in Example 1, except that a Pt
film was formed on a nonmagnetic substrate in a
thickness of 30 nm by using a Pt body having a face
centered cubic (FCC) structure as a target so as to
provide the first underlayer.

25 The local distribution of the element concentra-
tion was examined in respect of the perpendicular

magnetic layer included in the perpendicular magnetic
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recording medium thus obtained. The perpendicular
magnetic layer was found to have been constructed to
include Co-base magnetic crystal grains containing Co
as a main component and crystal grain boundaries
5 containing Cr as a main component and positioned to
surround each of the Co-based magnetic crystal grains.
However, the grain boundary was not clear in the
perpendicular magnetic layer.
Also, a rocking curve measurement was applied to
10 the Co (00.2) peak by using an X-ray diffraction
apparatus in respect of the perpendicular magnetic
recording medium. The half value width of the peak
was found to be 11°. 1In other words, the crystal
orienting properties of the Co-based magnetic crystal
15 grains were poor, compared with the perpendicular
magnetic recording medium prepared in Example 2.
Also, the recording-reproducing characteristics were
evaluated. The SNRm value was found to be 19.2 dB.
Also, the attenuation wvalue at 50 kFCI was found to be
20 ~0.25 dB/decade, indicating that the resistance to the
thermal decay was not satisfactory.
Example 3:
A perpendicular magnetic recording medium was
obtained as in Example 1, except that a nonmagnetic
25 CoCrPtTa film was formed in a thickness of 20 nm as
the first underlayer in place of the Ru film under the

condition of a DC sputtering power of 2 .4W/cm? against
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as a main component and crystal grain boundaries
containing Mo and Cr as main components and positioned
10 to surround each of the Co-based magnetic crystal
grains.

Also, a rocking curve measurement was applied to
the perpendicular magnetic recording medium thus
obtained as in Example 2. The half value width of

15 the peak was found to be 5°. Also, the attenuation
value at 50 kFCI was found to be -0.10 dB/decade.

Also, a pérpendicular magnetic recording medium
was prepared similarly, except that the first
underlayer was formed by adding each of Ru, B and O in

20 place of Ta. It was possible to obtain the effect of
improving the SNRm value without deteriorating the
crystal orienting properties of the Co-based magnetic
crystal grains and the resistance to the thermal
decay.

25 Example 4:

A perpendicular magnetic recording medium

was obtained as in Example 1, except, after
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Co-19at%Cr-16at%Pt body used as a target, followed
by forming in a thickness of 15 nm a CoPtCrMo
5 perpendicular magnetic layer similar to that in
Example 1 on the CoCrPt magnetic layer.

The local distribution of the element concentra-
tion was examined in respect of the perpendicular
magnetic layer included in the perpendicular magnetic

10 recording medium thus obtained by utilizing a TEM-EDX.
The perpendicular magnetic layer was found to have
been constructed to include Co-based magnetic crystal
grains containing Co as a main component and crystal
grain boundaries containing Mo and Cr as main

15 components and positioned to surround each of the
Co-based magnetic crystal grains.

Also, the recording-reproducing characteristics
were evaluated in respect of the perpendicular
magnetic recording medium thus obtained. The SNRm

20 value was found to be 23.8 dB, which was satisfactory.
Also, the attenuation value at 50 kFCI was found to be
-0.11 dB/decade, supporting that the resistance to the
thermal decay was satisfactory. Also, the rocking
curve measurement was performed to the Co (00.2) peak

25 by using an X-ray diffraction apparatus. The half

width value of the peak was found to be 5°.
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Example 5:

A perpendicular magnetic recording medium was
manufactured as in Example 1, except that the
nonmagnetic Cr layer, the CoCrPt hard magnetic layer

5 and the CoZrNb soft magnetic backing layer were not
formed. FIG. 14 is a cross sectional view showing the
construction of the perpendicular magnetic recording
medium 70 thus obtained. As shown in the drawing,
the perpendicular magnetic recording medium 70 was

10 conétructed to include the underlayer 4 consisting of
the NiNb second underlayer 6 and the first underlayer
5 made of Ru, the CoPtCrMo perpendicular magnetic film
2, the C protective layer 11, and a lubricating layer
(not shown), which are laminated one upon the other on
- 15 the nonmagnetic substrate 1.

The local distribution of the element concentra-
tion was examined in respect of the perpendicular
magnetic layer included in the perpendicular magnetic
recording medium thus obtained by utilizing a TEM-EDX.

20 The perpendicular magnetic layer was found to have
been constructed to include Co-based magnetic crystal
grains containing Co as a main component and crystal
grain boundaries containing Mo and Cr as main
components and positioned to surround each of the

25 Co-based magnetic crystal grains.

Also, the recording-reproducing éharacteristics

were evaluated as in Example 1 in respect of the
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was found to be -0.14 dB/decade, supporting that the
5 resistance to the thermal decay was satisfactory.

Comparative Example 3:

A perpendicular magnetic recording medium was
manufactured as in Example 1, except that a CoCrPt
layer was formed in a thickness of 30 nm by using

10 a Co-19%at%Cr-1l6at%Pt target in place of the CoPtCrMo
perpendicular magnetic film.

The local distribution of the element concentra-
tion was examined in respect of the perpendicular
magnetic layer included in the perpendicular magnetic

15 recording medium thus obtained by utilizing a TEM-EDX.
The perpendicular magnetic layer was found to have
been constructed to include Co-based magnetic crystal
grains containing Co as a main component and crystal
grain boundaries containing Cr as a maln component and

20 positioned to surround each of the Co-based magnetic
crystal grains.

Also, the recording-reproducing characteristics
were evaluated as in Example 1. The SNRm value was
found to be 17.5 dB, which was somewhat unsatis-

25 factory. Also, the attenuation value at 50 kFCI
was found to be ~0.22 dB/decade, supporting that

the resistance to the thermal decay was also
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Example 6:
A perpendicular magnetic recording medium was
manufactured as in Example 1, except that a perpen-
5 dicular magnetic film was formed in a thickness of
30 nm as a perpendicular magnetic layer under the
condition of a DC sputtering power of 2.4W/cm? using
a Co-l6at¥Pt-15at%Mo body.
The local distribution of the element concentra-
10 tion was examined in respect of the perpendicular
magnetic layer included in the perpendicular magnetic
recording medium thus obtained. The perpendicular
magnetic layer was found to have been constructed to
include Co-based magnetic crystal gralns containing
15 Co as a main component and crystal grain boundaries
containing Mo as a main component and positioned to
surround each of the Co-based magnetic crystal grains.
Also, the rocking curve measurement was performed
to the Co (00.2) peak by using an X-ray diffraction
20 apparatus in respect of the perpendicular magnetic
recording medium thus obtained. The half width wvalue
of the peak was found to be 9°, supporting that the
crystal orienting properties of Co were satisfactory.
Further, the recording-reproducing characteristics
25 were evaluated as in Example 1. The SNRm value

was found to be 23.6 dB, which was satisfactory.

Also, the attenuation wvalue at 50 kFCI was found to be
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readily occur to those skilled in the art. Therefore,
5 the present invention in its broader aspects is not
limited to the specific details and representative
embodiments shown and described herein. Accordingly,
various modifications may be made without departing
from the spirit or scope of the general inventive
10 concept as defined by the appended claims and their

equivalents.
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WHAT IS CLAIMED IS:
1. A method of manufacturing a perpendicular
magnetic recording medium, comprising forming on
a nonmagnetic substrate a magnetic layer at 280 to
5 450°C by using a magnetic layer-forming material
containing at least one additive component selected
from the group consisting of cobalt, platinum,
molybdenum and tungsten, said magnetic layer being
constructed to include a plurality of magnetic crystal

10 grains separated from each other by crystal grain
boundaries and providing a perpendicular magnetiq
layer in which the additive component is segregated in
the crystal grain boundaries.

2. The method of manufacturing a perpendicular

15 magnetic recording medium according to claim 1,
wherein the perpendicular magnetic layer is formed at
300C to 400°C on the nonmagnetic substrate.

3. The method of manufacturing a perpendicular
magnetic recording medium according to claim 1,

20 further comprising forming at least one underlayer
having a hexagonal close-packed structure on the
nonmagnetic substrate before the step of forming the
perpendicular magnetic layer.

4. The method of manufacturing a perpendicular

25 magnetic recording medium according to claim 3,

wherein forming the underlayer comprises forming

a second underlayer containing at least one element
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underlayer containing at least one element selected
5 from the group consisting of titanium, ruthenium,
chromium, hafnium, cobalt, platinum, boron, copper,
tantalum, molybdenum and tungsten.
5. The method of manufacturing a perpendicular
magnetic recording medium according to claim 3,
10 further comprising forming a soft magnetic backing
layer before forming the underlayer.
6. The method of manufacturing a perpendicular
magnetic recording medium according to claim 3,
further comprising forming a cobait—chromium series
15 perpendicular recording layer after forming of the
perpendicular magnetic film and before forming of
the underlayer.
7. A perpendicular magnetic recording medium,
comprising:
20 a nonmagnetic substrate; and
a perpendicular magnetic layer containing at
least one additive component selected from the group
consisting of cobalt, platinum, molybdenum and
tungsten, formed at 280 to 450C on the nonmagnetic
25 substrate, and constructed to include a plurality of
magnetic crystal grains separated from each other by

crystal grain boundaries, the additive component being
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8. The perpendicular magnetic recording medium

according to claim 7, wherein the perpendicular
5 magnetic recording layer contains chromium in an
amount of 5 to 20 atomic %.

9. The perpendicular magnetic recording medium
according to claim 7, wherein the perpendicular
magnetic recording layer contains the molybdenum in

10 an amount of 5 to 20 atomic %.

10. The perpendicular magnetic recording medium
according to claim 7, wherein the perpendicular
magnetic recording layer contains the tungsten in
an amount of 5 to 15 atomic %.

15 11. The perpendicular magnetic recording medium
according to claim 7, wherein the perpendicular
magnetic layer is formed at 300°C to 400°C on the
nonmagnetic substrate.

12. The perpendicular magnetic recording medium

20 according to claim 7, further comprising at least one
underlayer having a hexagonal close-packed structure
and interposed between the nonmagnetic substrate and
the perpendicular magnetic layer.

13. The perpendicular magnetic recording medium

25 according to claim 12, wherein the underlayer contains
at least one element selected from the group

consisting of cobalt, chromium and platinum.
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contains at least one element selected from the group
consisting of boron, tantalum, ruthenium and oxygen.
5 15. The perpendicular magnetic recording medium
according to claim 12, wherein the underlayer includes
a first underlayer containing at least one element
selected from the group consisting of titanium,
ruthenium, chromium, hafnium, cobalt, platinum,
10 boron, copper, tantalum, molybdenum and tungsten,
and a second underlayer formed on the side of the
nonmagnetic substrate relative to the first underlayer
and containing at least one element selected from
the group consisting of nickel, niobium, tantalum,
15 aluminum, tungsten, cobalt, carbon and titanium.

16. The perpendicular magnetic recording medium
according to claim 15, wherein the second underlayer
contains at least one material selected from the group
consisting of NiNb, NiTa, NiAl, NiW, NiTaW, and NiTacC.

20 17. The perpendicular magnetic recording medium
according to claim 7, further comprising at least one
cobalt~chromium series perpendicular recording layer
that is interposed between the underlayer and the
perpendicular magnetic layer.

25 18. The perpendicular magnetic recording medium
according to claim 7, further comprising a soft

magnetic backing layer that is interposed between
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the perpendicular magnetic recording medium

5 comprising a nonmagnetic substrate, and a perpen-
dicular magnetic layer containing at least one
additive component selected from the group consisting
of cobalt, platinum, molybdenum and tungsten, formed
at 280 to 450°C on the nonmagnetic substrate, and

10 constructed to include a plurality of magnetic crystal
grains separated from each other by crystal grain
boundaries, the additive component being segregated in
the crystal grain boundaries in the perpendicular
magnetic layer;

15 a mechanism for supporting and rotating the
perpendicular magnetic recording medium;

a magnetic head including an element for
recording information in the perpendicular magnetic
recording medium and another element for reproducing

20 the recorded information; and

a carriage assembly supporting the magnetic head
such that the magnetic head is movable relative to the
perpendicular magnetic recording medium.

20. The magnetic recording-reproducing apparatus
25 according to claim 19, wherein the magnetic head is

a mono-magnetic pole head.



