§ 789: ; <=>e3eZl XXY] ] k6l TZIW TITLE OF THE | NVENTI ON PERPENDI CULAR MAGNETI C
RECORDI NG MEDI UM AND MAGNETI C RECORDI NG REPRODUCI NG APPARATUS BACKGROUND OF
4THE I NVENTION 5 The present invention relates to a nagneti in

vwedi umfor use in a hard disk drive using the nagnetic recﬁM@@@ﬁ@mhmmmnque,
and to a magnetic recording/reproducing apparatus using th

recordi ng medium 10 A nmagnetic storage deviee (hard di sk drive&sHdb) minly
used in conputers to record and reproduce information is recently gradually
extending its applications because of its |arge capacity, inexpensiveness,
hi gh data access speed, data hojditng o T i @brENtIoN and the |1 ke. The HDD
is now used in 'various fields such as household video decks, audio

appar at uses, ampgREENDIRUIGHE MAGNEISICE RECORD ING: MEDIGR GNDUSBG@NETIe HDD

wi dens, demands for increasing the storage capacity or density of the HDD
are also 20 i NXEEARDIYG /IRE FRODEIUI NE HEPARATYIS density HDDs are being nore
and nore extensively devel oped. The | ongitudi nal nmagnetic recordi ng system
is used in magnetic recordi nBACEGROUNDI O APPaddVEYEIOPr esent|ly put on the
market. In a nmagnetic recording 25 | ayer used, magnetic grains for

recordi ng i nf or mat i dtheaveesenteayvendt onfr ek | Fatd FFREEFel to the
substrate. The easy axis of magnetization is an i in the

direction of wHRIPHRHGHEMIKH WO Vastiy Jﬁbiantl%?r‘f)r%jts% Cé:étjs‘;ee (2)1‘}536{1%9- based
casy xi 5 of megetARTO AT A ety & ihdadhsse  ecordi ng
ot of 2 manellc Lovey becom sl LAt ecor o g ace: o0 o I
char acter | st} oo S A DRI "Addi 11 onal |y, i 5 | ongitudi nal magneti c

recor di ng, medi um s, egh g6 o8 dlpg - ensity: LEC1RARESA1RI §2196RRDY ed from
t he nedi'um of ten |ncreas%s ue to the influence of an antimagnetic field

generat ed in thg, hRURdasyd beh wesrpther § eeor debgrdi 45d #Sproducatrast, in a
so-cal | ed perpendi cul ar magnetic recording systemin which the easy axis of

magneti zati on i mibenavyset is recentipggtagealiy ektgnétngubssantially
perpendicularly to the substrate. The influence of an antimgnetic field 20
bet ween recor di agpbitstisnsneétaevenofihéhst hergecoprdeagtensity i ncreases.
The magneti zation is nmagnetostatically stable even at high density.
Therefore, thi sipexpendiveheasspalyhehi datacacdehg §9§§€n18§tﬁeééﬁgﬂpgvery
noted as a technique, which 25 replaces the |ongitudinal recording system
The perpbﬁdiculaelha@hé@py,r@@@raﬁﬁglhkarun¢h§ BRet 8l Fo¥i BPREJIBy a
magneti c recording | ayer made u teriglib an

orientation cth?BEOH%déF€6QFiﬁgcﬁagg;gPBFeéPigng?ﬁggghgﬁ g f ¢ cryst al
T o L0 TRORELlEa RERHS L PAE, eRtRaf BB RAS aXeL b pghect v
magneti recordE@guse of the HDD widens, demands for increasing the
storage capacity or density of the HDD are also
20 increasing. In recent years, high-density HDDs are
being more and more extensively developed.
The longitudinal magnetic recording system is
used in magnetic recording/reproducing apparatuses
presently put on the market. In a magnetic recording
25 layer used, magnetic grains for recording information

have an easy axis of magnetization parallel to the

substrate. The easy axis of magnetization is an axis
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medium a soft magnetic backing |layer for concentrating a magnetic fl ux
generated by a magnetic head used in recording to the magnetic recording
“layer is often forned between the nagnetic recording |ayer 10 and the
substrate. Even in the perpendicul ar nmagnetic recording medium to increase
the recording density, it is being desired to reduce noise while the
thermal stability is maintained. Various pethods can be used to obtain 15 a
fine structure in order to realize | ow noise. Cenerally, a nethod of
decreasing the grain size of magnetic grains in the magnetic recording
layer is used. jip dhe £as&1Ofor S0 @nRas athJraneld € e S Ng pevets .

presently extensively used in both the 20 l'ongitudinal and perpendi cul ar

nmagnetic recordinmgHedigse idf AT hassad temied e decdeaseot hghgrain si ze
of magnetic grains by adding Ta or B to the nagnetic recording |ayer or
heating the | aypixajoradl apysyHt fackeadperaidtere toerebyl segiegaasng 25
nonmagnetic Cr in its grain boundary. However, the degree of this Cr
segregation in dxies pef penghetd zat imgnetAs tlee aredongd imegli dems st gmal | er t han
that in the - 4 longitudinal magnetic recordi ng nmedium Therefore,

separ ati én bet vigerr ¢dre sragnetondigr@ilnst $ sof nsuidgreehe , Laver heegegaet i ¢
interaction between the grains renmains relatively large. This poses the 5
probl em t hat tregweshki onh%otks% REQELHNT b8l #ES bFeQ TBRAbt be wel |

reduced. As anot her nethod of decreasing éhe sj ze of nggnetic ﬁrgins, it is
possi bl e to decHEsREa ROy ntRESR BECARHAHRY et b i BAY cont FBFTHAUEY coat i ng
| ayer 10 which is fo d bel ow netic layer in order to,control the
orientation of ?Wﬁ?%ﬁ;@yaﬁ %&T%g%ﬂ%gg€%?5m§f2§eﬁ?ytﬁégﬁﬁahef?coﬁéﬁgr. For
exanpl e, Jpn. Pat. . Appln. KOKAl .Publ i on 2 - . di o] a
met hod whi ch us&* %’uﬂ%%r%%%?{ bH$é§%§£é§uﬁg€?%ggggggégéf}gg§g%a%ggar
struct urge, made yst I d gr aj reghRacseparating
the crystal gré#%%g ?&%éihgé%%Egiﬁgéfg? %?p%i%gnggeg%§%§éit?9e, t her eby
downsi zi ng and §§@@f@1ﬁ§9mé&§uﬁf y;s‘&a’chéowwgdmg 4edgt cpat hpgehayar. 20
Al so, Jpn. Pat. Appln. KOKAI Publication No. 2002-25030 discloses a method
of giving both goiBengtherseeqr drog 8nd Modenfoattey Layeeasegr doel ao
structure by using, e.g., titaniumoxide or silicon oxide as an additive.
However, if thetleoimflaén2d afidahi srtimagneteasédelld fenehetednénease the
recording density, the magnetic recording |ayer readily degrades its
orientation or tagnedtundary-bétwehnr Abeeresprdéngl hisddition, in a film
having a granular structure, the orientation of crystal grains is often
i nferiorl2ven thoughltowRstzRA§, ofint ReSe-€Rydes Pgrpiensiicslaghi eved.
Accordi ngly, because the 5 downsi zing of the magnetic recordin%W% er
formed on the URBSPEEAEI RECPAJERIoFYERCRAkBSs WRAE C FI&t SPSIYNPEY se, it is
i npossible to well brin har act eri,stics of. .the g%%netic recordi ng
|

. out the ¢
medi um by the wBrgB® HgféPPi it §6f "EAB S ECCOTFREr dPNT 10 ayer. As
descri bed aboveaa%ﬁgga;gpgégﬁggggﬁqghﬁgkggngggﬂﬁgkﬁ eeonging medi um

capabl e of high- i'ng, rrrprovement’s of the structure,

particularly th ati I & beieng i : UMVARY OF
THE | NVENTI ON |t§u?5§(ét(E ARG 1 2bes j%g(%%l e ke %rn e?gllﬁtlhi%‘%\?gﬁtaicgn%lfgg e a
per pendi syl ar nBgRGEks Kecokding MREisUMsCapahle efenhi@lerdams ty recording
by inproving the crystallinity of nmagnetic grains of a nagnetic 20
recordi ng | ayer rbyocst@chgasicng itthe isicze aefe st.ne TRgRelgne tgraitisn tiker eby
improving the crystal alignnment of the magnetic recording layer. It is the
second obj ect ohathetpsesditcaliye sttiatnl e @velt &t hd gnmgeetsidcy .
recordi ng/ reproduci ng apparatus 25 capabl e of high-density recording by
i nprovi ng the cipstralfioine,t \rhifs megrendd aqyrlamsasmet imgrestdrdinetor di ng
| ayer by decreasing the size of the magnetic ,

system is recently very noted as a technique, which

25 replaces the longitudinal recording system. The
perpendicular magnetic recording medium is generally

formed by a magnetic recording layer made up a hard



- 6 grains, thereby inproving the crystal alignnent of the nmagnetic
recording | ayer. The present invention provides a perpendicul ar magnetic
recordi ng nmedi um characterized by conmprising 5 a nonmagnetic substrate, a
Yirst undercoating layer forned on the nonmagnetic substrate, a second
undercoating layer fornmed on the first undercoating |ayer and having
crystal grains and a grain boundary region separating the crystal grains,
and a 10 perpendicul ar nagnetic recording |ayer formed on the second
undercoating | ayer, wherein the first undercoating | ayer contains at |east
one of el ement %rharg(%fé”eifzg e CrSt aln Waidise Afi dhesacend didsr &oating

| ayer, and 15 the graln boundary nmaterial contains at | east one of a

car bi de and borjfdaAsr@ cMaiithg HesgyEseid dnyaidl aikiad SOF prayi des a
magneti ¢ recording/ reproduci ng apparatus characterized by conprising 20 a
per pendi cul ar mRgeit ic reseseiitgy Medram Whidha qoipiré Seisve Toyemohet i ¢
substrate, a first undercoating |layer forned on the nonmagnetic substrate,
a second under qoadtiewt lray erthd surefth o dhetle msdgnetdisr coxterdinayer and
having crystal grains and 25 a grain boundary region separating the crystal
grains, dnd a peyp=ndi cin dthimgrstpendiecokali medrseic foeemddond t he second
undercoating | ayer, and __7 _ a recording/reproduci ng head, wherein the
first undercoathediuayer TOHE diagnelic deackiorme bAver efehts form ng the
crystal grains of the second undercoating |layer, and 5 the grain boundary
mat eri al cont ai #RAGENFeakinG e BAIRE T bf HeX IRNPER FHe BY & Bawpobhd.

Addi ti onal objects and advantages. pf the jnvention will be set forth_ in the
description whiR$PE TSN o ??piﬁﬁtt?w?Weﬁﬁa%%%Fbﬁsr??%ﬁﬁ%%% ﬁ@yer

description, or, may_be |garned b ractice of the.inyventi T. j ects
and advant ages of %ﬁ%g?n RHET Hb%%@e%% %%%J$% %egﬁ 5%?%#%£%gb£§%§gns of
the instyunmentalifi Lhations particularly pointed out
hereinaf%%r. 1g$ééﬂ€§?2£§£§§€##%N_CF THE SEVERAL VI EWS OF THE DRAW NG The
acconpanyi ng drawi nggyeMhi §htRECpEPEERRAEAL 8H hAgARH i cOPSELLYERga part of
the specification, illustrate presently enbodi nents of the invention and,
together with thejgensered descesPéi ORe gryedrabryedandief, the detbelied

description of the enmbodi nents given bel ow, serve to explain the principles
of the desired to reduce noise while the thermal stability is
maintained. Various methods can be used to obtain
15 a fine structure in order to realize low noise.
Generally, a method of decreasing the grain size of
magnetic grains in the magnetic recording layer is
used. In the case of a CoCr-based magnetic recording
layer presently extensively used in both the
20 longitudinal and perpendicular magnetic recording
media, it has been attempted to decrease the grain
size of magnetic grains by adding Ta or B to the
magnetic recording layer or heating the layer at an
appropriate temperature, thereby segregating
25 nonmagnetic Cr in its grain boundary. However, the
degree of this Cr segregation in the perpendicular

magnetic recording medium is smaller than that in the



invention. FIG 1 is a sectional view show ng the first exanple of a

per pendi cul ar magnetic recording nmedium 25 of the present invention; FIG 2
is a sectional view showi ng the second exanpl e of the perpendicul ar
ragneti c recordi ng nedi um 8 _ of the present invention; FIG 3 is a
sectional view showing the third exanple of the perpendlcular magneti c
recordi ng nmedium of the present inventiong 5-FIG 4 is a partially expl oded
perspective view of an exanple of a magnetic recording/reproduci ng
apparatus of the present invention; FIG 5 is a sectional view show ng the

fourth exanpl e 1%%&%&1@{&6%&&&@% EENStd hd e didg meck aurdis of the

present invention;” FI G Is a graph showing the relationship bet ween t he

ratio of a Crysst,e’%ﬂaﬁiﬁldh HmANaNttid madridisic upeercoats ng | ayer and the
magnetic characteristics; and 15 FIG 7 is a sectional view show ng the

fifth exanpl e dindureriperdrendi £all e Mged t o racosoh oigi o dbewedn t tiee pr esent
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A per pendi cul ar nmagnetic
recordi ng nedi wpafnd heer20i s esedtiventiangdas Bhiwnpegeet e subst rat e,
and a first undercoating |ayer, second undercoating |ayer, and

perpendldUIar|pmphﬁem:thﬂkwtmamﬁitﬂqn Hof fedot e srecerding bhks
nonmagnetic substrate. The second undercoating |ayer contains crystal 25

grains and a greammPodrrlarslk epdice@parating the crystal grains. The grain

boundary material contains
As another method of decreasing the size of

magnetic grains, it is possible to decrease the grain
size of an orientation control undercoating layer

10 which is formed below a magnetic layer in order to
control the orientation of the crystal axis and
grain size of the magnetic layer. For example,
Jpn. Pat. Appln. KOKAI Publicatioﬁ No. 2003-36525
discloses a method which uses an undercoating layer

15 having a so-called granular structure made up of
crystal grains and a grain boundary region separating
the crystal grains by using an oxide or nitride as
an additive, thereby downsizing and separating
the crystal forming the undercoating layer.

20 Also, Jpn. Pat. BAppln. KOKAI Publication
No. 2002-25030 discloses a method of giving both a
magnetic recording and undercoating layer a granular
structure by using, e.g., titanium oxide or silicon
oxide as an additive. However, if the amount of

25 additive 1s increased to further increase the
recording density, the magnetic recording layer

readily degrades its orientation or magnetic



at | east one of a carbide and boride. g _ Aso, the first undercoating
| ayer contains at | east one of elenents formng the crystal grains of the
second undercoating layer. A magnetic recording/reproduci ng apparat us of
the 5 present invention is an apparatus to which the above-nentioned

per pendi cul ar magnetic recording nmediumis applied, and conprises this

per pendi cul ar magnetic recordi ng nmedi um agd a recodi ng/ reproduci ng head. 10
In the perpendi cul ar magnetic recordi ng medi um of the present invention,

t he second undercoating |ayer contains a | arge nunber of crystal grains,
and a grai n boyndary-H89in Separg! i idiertr vist & Gr@ Ngavidy s grain
boundary regi on separates adjacent crystal 15 grains. In the present
invention, a cajhifigof Ohidaits, used As ddtst Pmicf hotyshedy gmwd s al |

i nstead of an oxide or nitride which is widely used. Generally, when a
deposi tion net hod sfittdn an Jitderéven Whalgh sdawsesti 2 ing hef fiorest i on of a
magnetic recording nedium 20 is used, a target material flies in an atomc
state onto a subsgtstale,gmaichd hien acdtieved t 0 Acconpountly stlaeeatse otigh
reconbi nation. If a gas el enent conpound such as an oxide or nitride is
used, theé conpalowhgizingldf Uepordgrstis wageediny khayebgbarmedi oy film
formation, 25 so om ssion occurs in the conpound. On the other hand, when a
solid el ement compourterirt Hxd al a¥ehi et e MFeethe ¢E¥etahblRiEN

om ssion easily occurs,. - 10 because no vaporization occurs. Accordingly,
a carbide or bJfFERE hakt the HERRTT Hoke t Wb VRF 127 QW B found in

tallinity, dth ' f_th t ost at. i h I S d
ol bt romagnet | S EATGRR o7 b SHar Rt e TaRTEE T o SHef FL i SOaV, B, a

carbi de or bori ge. Nasy S BHYL 0gh POLIE, NoBNERE LRARLERL pLegPggxyde. and
hence does not easily forma sol1d sofutron with“crystal grains™and is nore
stable tfian an pxjde. AAQiaééggiBéé 28080 £8! tHPgiR0LNbe teRAuEVARENt tO

that of a carbide or boride. wever, a nitride has the di sadvantage that

when diffused irﬂagn@@%efé@ofamj,méaiﬁ!xhsw;géﬁléh@fﬂﬁﬂ@ﬁta@namt§otropy of
Co magnetic grains. In contrast, carbon or boron has no such adverse effect

on the magneti cra8nbB@iA§PYTEVYEReSimbeavahéhtsedri tha perpendieyl ar
magneti c recording layer. Also, especially when a Copt-based nagnetic |ayer

to which O is addeticisansedths angerpeatinygl dayargaeti beingordi ng | ayer,
even if carbon or boron diffuses to this perpendicul ar magnetic recording
20 | ayer duringréguhrédrmation, this carbon or boron has an effect of
accelerating C segregation. Consequently, the recordi ng/reproduction
charactetbstics of the nagnBBﬂEFr§§Uﬁéﬁﬁéoﬁe€ﬁ@nﬂ§yﬁNﬁé hproved. 25 In the
present invention, the first undercoating Layer containing a naterial
forming the crystal gtaiifstbe £h&EsEcebIGCEnGEr E68t PRGSCRfe VSN G Ted bel ow
the - 11 second undercoating er. This makes it possible tq inprove

di sturbance of tReCBF§ataP PﬁFP?lngﬁcb‘F?& RRIRRATAs ,re\ﬁﬁiréljrnrgeﬁ‘&l Yoccurs in
2 (L havi 19 CLsLEl 958! 1S A00A 910! R ROUARGY Qb Bl TS | T ovi ng
recording layerc&?%@%ﬁl?ﬂikgeof magnetic grains of a magnetic
20 recording layer by decreasing the size of the magnetic
grains, thereby improving the crystal alignment of the
magnetic recording layer.
It is the second object of the present invention
to obtain a magnetic recording/reproducing apparatus
25 capable of high-density recording by improving the
crystallinity of magnetic grains of a magnetic

recording layer by decreasing the size of the magnetic



second undercoating layer is further reduced. FIG 1 is a sectional view
showi ng an exanpl e of the perpendi cul ar magneti c recordi ng nedi um of the 10
present invention. As shown in FIG 1, a magnetic recording nedium 10 has a
Structure in which a first undercoating |ayer 2, second undercoating |ayer
3, and perpendi cul ar magnetic recording |layer 4 are stacked in this order
15 on a nonmagnetic substrate 1. The first urdercoating |ayer desirably
contains 60 to 100 ato of at |east one of elenents form ng crystal grains.
This further inproves the crystallinity and 20 further reduces the
transition nois f th iﬂggﬂg%i . gl v Vi

grains of the ca(;‘lr?ds[’uﬁc erco ilngr'g ayeﬁrjd,[ ﬂ%é iaés/le%sr%%rsﬁlb%%ﬁ%%mﬁscgf atSHeﬁ
face-centered qubifiStd Ui £ ig hexpaonal closest 25 packed structure when
the crystal matching wth the perpendi cul ar magnetic recording | ayer is
taken into considerath®nerdésti MRTONESoRT ysdal d@s oM Petpehdibcular 12

second undercoating | ayer having the crystal grains and a grain boundary
regi on and in tiegmet pentkcot @t ngragaet e cleaoadi eyl ey ery f oomedi ®ing he
second undercoating | ayer. Consequently, a fine 5 perpendicul ar magnetic
recordi ng | ayera heonmmggie ghe csylss aratai ty firobtandedcoakinhel aveeri al of
the crystal grains, it is possible to use at |east one type of el enent

sel ected from therngedupn conei solngoRet bt sEastyated aReeCamd 10 Rh. In one
enbodi ment, the grain boundary region of the second undercoating | ayer can
be sel ected fromdercerblpd chbasest fagned enqtne FEEestveRESTRPEEIRAC, Ti C,
VC, WC, ZrC, A1B2, Hf B2, MB2, NbB, NoB2, TaB, TaB2, 15 TiB2 ng V\B,
ZrB2, OB, O B2lareBean{AReYIaAdCEkEEa ! THERERE ofPdunddr ALl ePPRIa Y ant age
that they have high neltin oints, and_ar table. _Moreqver in sone
embodi nent s, COH%&h%HSS%P%g%EEPgth? ?5§fg?icgretstrE§8F§BZ, NbB, TaB2,

fee nas B Crohe bBER1 800a P TREone s INeSEaLaTRONIIGRRYE AR CbhCEhe OF

decr easi n Size e nal ntal Nl ng Inity. I'n one

embodi ment, theggogt &Nt 8k LhSL IR Daheyndary material in the second
undercoating | ayer can

wherein the first undercoating layer contains at
least one of elements forming the crystal grains of
the second undercoating layer, and

15 the grain boundary material contains at least one
of a carbide and boride as a compound.

The present invention also provides a magnetic
recording/reproducing apparatus characterized by
comprising

20 a perpendicular magﬁetic recording medium.which
comprises a nonmagnetic substrate, a first
undercoating layer formed on the nonmagnetic
‘substrate, a second undercoating layer formed on the
first undercoating layer and having crystal grains and

25 a grain boundary region separating the crystal grains,
and a perpendicular magnetic recording layer formed on

the second undercoating layer, and



be 1 to 50 nold, and noreover in sone enbodinents, it 25 can be 5 to 30
nol % When the content of the grain boundary nmaterial falls within this
range, the crystal grains are exposed to the surface of the second - 13
undercoating | ayer on which the perpendicul ar nagnetic recording |layer is
formed, so a surface structure in which the crystal grains are separated by
the grain boundary region is easily forned. Fhis inproves the 5 crystal

al i gnnent of the perpendicular magnetic recording |layer fornmed on the
second undercoating layer. If the content of the grain boundary material is

lless than 1 nmol % the &ff8cii R/ SgRAIAId N afiacent 10 crystal grains in

t he second undercoati ng | ayer d;creases, so the grain size of magnetic
grains in the perpepRgidid! YRSl nacEride iy elapét etontreieases. | f
the content of the grain boundary material exceeds 50 nol % the crystal

grains are 15 gasidty oteverfed MWnidhthef mdiny iendarysregiomiors tde surface
of the second undercoating |layer. This often decreases the effect of

i nprovi ng the ahestsalcaald gmumrcoaft iide Jegrqrendircl ar magneti c recordi ng

| ayer. 20 In one enbodinent, as the perpendicul ar magnetic recording |ayer,
it is possible to usthe QGuCr Besedady oyataoprl begrbatns oyt LBETF Pt Ohased
all oy, CoPtO based alloy, CoPtCrO based alloy, Copt-5i02-based all oy,

CoCr Pt B- based a&fl ¢y, cauid &5 agpimrisioADHas PRIy Most favorably, an
all oy containing Co, Cr, and Pt can be used.  These allo¥s Qave t he

advant age that they A% lonaﬁ49b%?%%§c?%gt%?v%?Fﬁﬁﬁﬁn?, ERfong magneti c

i , d highth | i A sof J b
For med bet veen IHERE IRt "inklerGoas ho T oyer arthe (et AT e Lot Rl sort
ragnetic | ayer faud ng. bl gy TRNSLLe PEIITAP Ligvols Lopgednea so-called

doubl e-1 ayer ed i'um having a per pendi cu magneti c

recordi | ayer I.S; Soft ti i S AL ped-cl Bt BhE

double-Pg§ered(%%gﬁéﬁgﬁéu hroggg%gd¢%n%é%ﬁ%egd?fb%agnet?% | ayer perforns

part of that fuﬂ?\trér?ﬁ‘i d.aT‘i@&”c%j5c9§?§md"‘€'&iﬁ£‘n@9@ééoafath¥ passes the
e

recordi ng nmagnetic froma nmagnetic head, e.g., a single-pole head for

magnet i zi ng t he; pespench chh {rbaagagt i gefiesntdobgalagar byandanst afnshés t he
recording magnetic field to the magnetic head. That is, the soft magnetic
field can appl yimssiteepnsafittésnangecpebinetiansnpgneticoliicélyd to the
magneti c recording |layer, thereby increasing the recording/reproduction
efficiency. 20 psinhedsofit hegecnatenterial, it is possible to use CoZrNb,

i ghStUf al | on SRS LRI CORAVT T ST UHk ol B OF nhhed e e s 2
ongr € udi nal hard maghe; PECPRPAPSATIN A PORAIRQ LR Pem it 8 e
between the SOfRnngggegggsk%¥%%eagdpart of the specification,
illustrate presently embodiments of the invention and,
together with the general description given above and
20 the detailed description of the embodiments given
below, serve to explain the principles of the
invention.
FIG. 1 is a sectional view showing the first
example of a perpendicular magnetic recording medium
25 of the present invention;

FIG. 2 is a sectional view showing the second

example of the perpendicular magnetic recording medium



- 15 substrate. The soft magnetic |layer readily forns a magnetic domain,
and this magneti c domai n generates spi ke noise. The generation of a
magneti c wall can be prevented by applying a magnetic field in one 5
direction of the radial direction of the bias application |ayer, thereby
applying a bias magnetic field to the soft magnetic |ayer fornmed on the

bi as application layer. It is also possibge +0 give the bias application

| ayer a stacked structure to finely 10 di sperse the anisotropy and make a
| arge magnetic domain difficult to form Exanples of the. bias application
layer material o3 @ HOPRsen®OTnRlBLiGRGr Pt Ta, CoCrPtC, CoCr Pt CuB, CoCr RuB,
CoCr Pt WC, CoCrPtWB, CoCr Pt TaNd, CoSm Copt, 15 CoPtO, CoCrPtQ, Copt-Si02,
and CoCrPt O Si 02. Asridie namTagnaidci andistvisdwe, shidwiirsy prssitiird o use,
e.g., a glass substrate, an Al-based alloy substrate, an Si single-crystal
substrate havi rgaaplexiodi 8¢ swerrfecs)icdraamimesynedrids pleastidingingdigm 20
effects can be expected even when the surface of any of these nonmagnetic
substrates is mfattde wndsent Nirvesiiiopnior the like. A protective layer can
be formed on the nmagnetic recording |ayer. Exanples of this protective

|l ayer 25%re C, di andHa- 14 Kes carbant (LYY | exp hacded RS SRR EX& . ViR
sputtering, it is possible to use single-elenent sputtering using a
conposite targelf agr example Qfla iNagEert 5 RATHHECIRPEYPITEY ng usi ng
targets of individual materi 2 s a sectional view show ng anot her

ls. FIG
exanpl e of the %W%Lﬂ%rta}?ég‘?ﬁﬁ'@F eJ_crb‘FecﬁWgo%di um 5 of the present
i nvention. As shown %ﬂ%fl§Zi%h%3ﬁg$£9§$%%c§l§&05%?w?%gct£gcgég£gg medi um 20

has the sanme arrange n t "a soft magnetic

layer 5 is for Cf?)p%rﬁg)}&egf' h G%\ﬁé%ﬁéﬁ&iﬁfé;ﬁorwﬁéty@d@é@@@aht@ Adalarer 2.

FIG 3 is a se Vi ew s g St er exanpl e of e

per pendicul ar npgnetd oo recondi NYyaREishy) of the present invention. As shown
in FIG 3, a perpendicular nagnetic 15 recordi ng nedium 30 has the sane

arrangenent as ShomFi@.FBQSZaeéﬁé?h bhewiAgbthe apphttehkbtpl ayer 6 is
formed between a substrate 1 and soft magnetic layer 5. Note that the first
under coati ng | aygfwesECORNE 28t Ubdef caatingthayeraisotonpageeti tnl ayer, and
bi as application |ayer can be formed by a deposition nethod
first undercoating layer and the magnetic
characteristics; and
15 FIG. 7 is a sectional view showing the fifth
example of the perpendicular magnetic recording medium
of the present invention.
DETAILED DESCRIPTION OF THE INVENTION
A perpendicular magnetic recording medium of the
20 present invention has a nonmagnetic substrate, and a
first undercoating layer, second undercoating layer,
and perpendicular magnetic recording layer formed in
this order on the nonmagnetic substrate.
The second undercoating layer contains crystal
25 grains and a grain boundary region separating the

crystal grains. The grain boundary material contains

at least one of a carbide and boride.



such as sputtering. FIG 4 is a partially expl oded perspective view show ng
an exanple of the magnetic 25 recordi ng/reproduci ng apparatus of the
present invention. A rigid nagnetic disk 121 for recording - 17
information according to the present invention is fitted on a spindle 122
and rotated at a predeterm ned rotational speed by a spindle notor (not
shown). A slider 123 bearing a single-pole recording head for 5 accessing
the magnetic disk 121 to record informati on and an MR head for reproducing
information is attached to the end portion of a suspension 124 which is a
thin leaf spring. Theg (Uspansi@nsi24dirde cmeaied 4 peoneoeiutind #n arm 125
havi ng, e.g., a bobbin which holds 10 a driving coil (not shown). A voice
coi | notor 1261a%sd Wnd f A dndifay fYinding shad taohedhlt atdimotd®er end of
the arm 125. The voice coil notor 126 includes the driving coil (not shown)
wound around t heebaliondfurddier aranitizh,lakferand a magnetic circuit having a
per manent nagneti c and counter yoke opposing each other on the two sides of
the driving coil. The mrgnd2ic isedwetadiny/ beptodeatnagaPrared Lehonh) tEdr med
in two, upper and |ower portions of a fixed 20 shaft 127, and pivoted by
the voi c& coi | pnstsentl2mvertson sis t3e 3RRA I ot ite® 123 on the
magnetic disk 121 is controlled by the voice coil nptor 126., Reference

nuneral 128 i n aHayeMeHHARad PITRENGE o R St TR PSR i nvent i on
w Il be described in detail below by way of.its enbodinents.. -_18

Enbodi nent 1 Amﬁﬁiﬁﬂbrﬂe‘{i@%}r%@ s%%%t?%f?%“f%‘?s aﬁﬁ%-?%’é%e%bﬁ%%?E di sk was
prepared. This non netic substrate was set in_a vac havi ng a
vacuum degr ee SteANSEYHH ELERr ARG MR 74 t%nf)%?%ﬁhﬁgmv\g%ﬁ?g}qgg 9t0 250C
and DC nagnetrgp §Puttering was performed in an Ar anbient at a gas
pressure of O. B First, the nonmagneti ¢ substrate was opposed to 10 a

target, gpd DC 500 i 5ebaeagd t9athgabacget tachebihg AQuAlmt bick Cr
| ayer agﬂg backi ng X%%ﬁ%%ﬁe §c§§aye?. %h tﬁ?s Cr Iaygr, a %5-nn1thick

CoCr Pt ferromagngd i Srdavef YRschOisRf B5casbiasdapplieeabadnnyayeyerOn the
obtained CoCrPt ferromagnetic |layer, 15 a 200-nmthick CoZrNb soft nagnetic

| ayer was fornmegonigs &hatrgéhgusbbst 64t eryetper gratesywasntoaegedino room
tenperature in the vacuum chanber having a vacuumdegree f 1 X 10-5 Pa. On
t he CoZr Nb sof tbomgdetcréayen, sapsratitygi tkePrrivayel gasingrnmedhas 20 a
first undercoating | ayer by perform ng di scharge at DC 500 Wby using a Pt
target. On thisgfaihayeundaryorﬁgiohiSRpPraV@Efﬁﬂﬁﬁﬂa§tfﬁrwﬁﬂais a second
under coating | ayer by perform ng discharge on a Pt-20n1~WC conposite
target at5DC 500rsinss Thentha CseFsBtoCAVERELBPY - BnERSELE2 EGgE8§F9§
target was prepared, and e sosnm Lok CRGLRL 02, egipendieular JRgnet i ©

oxide or nitride which is widely used. Generally,
when a deposition method such as sputtering which is
used in the formation of a magnetic recording medium
20 is used, a target material flies in an atomic state
onto a substrate, and then returns to a compound state
through recombination. If a gas element compound such
as an oxide or nitride is used, the compound partially
vaporizes as oxygen or nitrogen during film formation,
25 so omission occurs in the compound. On the other
hand, when a solid element compound such as a carbide

or boride is used, no such omission easily occurs



the Pt-WC undercoating layer. Finally, a 7-nmthick C protective |ayer was
formed. After the substrate on which the filns were thus 5 continuously
formed in the vacuum chanber was extracted into the atnosphere, a 1.5-nm

t hi ck perfluoro polyether-based lubricating filmwas fornmed by dipping,

t her eby obtaining a perpendi cul ar nmagnetic recording nmedium 10 Al so, a
testing nedium of this perpendicul ar ragneti e recordi ng nedi um was obt ai ned
foll owi ng the same procedures as above except that no CoCrPt-Si 02

per pendi cul ar magnetic recording |ayer was formed on the Pt-WC second

under coati ng | @¥ehkh1skd nbl Gap?riisat ivehewiur .Sedidovralingley show ng t he
arrangenent of the obtained perpendi cul ar magneti c recordi ng nedium As
shown in FIG %ardipes pentiosuldar haagrield adverdradiend hegdinemee: sl ens
structure in which a C 20 nonmagnetic film 18, CoCrPt ferromagnetic |ayer
16, CoZr Nb sof tarmaghetid inayeryskts 1 1Bn iftiy,stanshdédrec ot apdeaysf tire Pt - WC
second undercoating |ayer 13, CoCrPt-Si 02 perpendicul ar magnetjc recording
| ayer 14, C pr oteentdbos Hadyier chiaraamtedigricmatant 418 r @astneblShown) are
stacked in this order on a nonmagnetic substrate 1. First, the grain size
di stributi on ofcanvwersdesndharacier iftdeit dat i T4 ay erldfadHe 1 ¥t ithg nedi um
was checked by using a transni ssion el ectron nicrpscggf TE%@. As g.{esult,
crystal grains GRRHGE ARATIRY S ghd el grd PHgtn ‘i}'g"?]ég'kb%ns par ati ng

(1ese I LT S EP U L Loug T sl arain
tal ali t,.of. th i i
Yoo PR SO e gl dhaves osechesked B! o

Furthernore, r?%i%gj[&éjyvgp_;%g‘i%cgf s Wash Peik fRE Medhonpbbhe Pt (111) peak.

Consequent |y, al ne -wdth was 5, a favorable val ue,

indi catiy thatodheyciystatdimiy of 4heasryséabr Ioogiabns meweliegh. aln
addi ti on, TEM neasurenent was perforned on the perpendi cul ar magnetic

recording layernpfridie 1008 at e dd pes peadt syé athaagreencdt é€asddngnmedi um
t hereby checking the grain size distribution of the nmagnetic 20 grains in
‘the perpendi cul gsagneghet igyeecoi tli dpstayles. ths magoeséquenteptipny
magneti c grains having a grain size distribution of 5to 7 nmwere
observed. Wien Xermygueficagrabnsmeaioreprhrashs perborned BATPRi Bas
per pendi cul ar magnetic recording | ayer, 25 a stron%,CoCrPt-SiOZ (00. 2) peak
was observed. no such adverse effect on the magnetic anisotropy even
15 when diffused in a perpendicular magnetic recording
layer. Also, especially when a CoPt-based magnetic
layer to which Cr is added is used as a perpendicular
magnetic recording layer, even if carbon or boron
diffuses to this perpendicular magnetic recording
20 layer during film formation, this carbon or boron has
an effect of accelerating Cr segregation.
Consequently, the recording/reproduction
characteristics of the magnetic recording medium can
be improved.
25 In the present invention, the first undercoating

layer containing a material forming the crystal grains

of the second undercoating layer is formed below the



Rocki ng curve neasurenent was perfornmed on this CoCrPt-5i02 (00.2) peak

and t he obtai ned peak - 21 half-width was 6, indicating high
crystallinity. By using a magnetizing apparatus having an el ectronagnet, a
fmagnetic field of 1,185 A/Am (15 kOe) was applied to the obtained

per pendi cul ar magnetic 5 recording nmediumfromthe inside to the outside in
the radiation direction of the disk-Iikeldubstrate, thereby magnetizing the
ferromagnetic | ayer as a bias application layer in the |ongitudinal radial
direction. 10 The recordi ng/reproduction characteristics of the thus
magneti zed perpepdhguliateregaeting negerdi nghiedimakeserie @walsidtled tiy usi ng
a read wite analyzer 1632 and spin stand 51701MP avail abl e from GQuzi k
Techni cal Ent erppirdee afisthebdnSeAoflThas ca ysgedridinddir et edusited head, a
head using a single magnetic pole as a recording unit and a

magnet or esi st i yeadhfsgcwhasha reepridquciamyrsl diverst fdds dpednarigaystal
recordi ng/ reproduci ng head had a recording track width of 0.25 ~ mand a
reproduci ng tr ackinisdemdofe, IR IPHUGAT THE Hdsur ek ft YR AT orkd at a
di sk rotational speed of 4,200 rpmin a fixed posit,ion %%wﬁggn1fron1the
center i@ the rtdd ary@iteddiinddy Cotee FFERIN-1Th& UL of “"SNRm
(reproduction signal output S: an output at a |linear recordin density
of 119 kFCl, NReEReNdRSYladomamit U@ Ve BT 1 “ifé}) oﬁ%e medi um

was 23.8 dB, i.e., a good nedium obt ai ned, - arative Exanple

1 A conparativée g‘lﬂ Cé%atr?éﬁgtsai‘%el? e%sorﬁfrn%herrrégeudm&\i\é/a&s)' obt ai ned

foll ow ng the same :ﬁ§§Qgrf§ %S?%8§i59§1p9{@ﬁngﬁgwlﬁé g@g@@éﬁﬁléeggrding
a u

medi um of 5 Enbodi ne xcep on a nonmagneti c” substrate, a 5-nm

thick Ti | ayer was fOrd:as, Pl I sindbler L0283 dthd BBy sl o2 T
I y

target, and a 20-n er was forned as a second undercoating

| ayer by gisi ng @ Ruhit af9fdnt 1éh The obt ai ned per pendi cul ar magnetic
recordi ng medi um had the sanme | ayer arrangenment as that of the

per pendi cul ar magneti§ sk6ewhdingrpedi Um shoanehiEl Eecdrdkngpnefioumt he
first and second undercoating |layers. 15 In addition, a testing nedi um was
obt ai ned in thel Gaes nanseruasufer ihhehabbve pHerpendnderapakbgdel fger
recordi ng nmedi um except that no perpendicul ar magnetic recording |ayer was
formed on the Ry, seecomdumiéecocatthyy| dgger 20 Fhé BeaPANSLselaFstri bution
on the surface of the Ru second undercoating |ayer of the obtained testing
medi um was checkagnéyiosregor@enIEMRYRAS 4 ?é@uﬁg?cgﬁ@ ePySRAP SFa?ﬁ si ze
was approximately 10 to 13 nm Wen the crystal alignnment of the second 25
under coat$ ng Iag%ramﬁgn@ﬁ§6ﬁ560b§uﬁ§Fﬁ@t%-Xay di ffracti on measurenent, an

23 this R (00.2) pade, ARt AEOSBERRTeH Couan Sha P onr gy CORKAmRa on -
60 to 100 at% of at least one of elements forming
crystal grains.

This further improves the crystallinity and

20 further reduces the transition noise of the magnetic
recording layer.

Also, as the crystal grains of the second
undercoating layer, it is preferable to use a
face—-centered cubic structure or hexagonal closest

25 packed structure when the crystal matching with the
perpendicular magnetic recording layer is taken into

consideration. This improves crystal growth in the



was 9 . Also, TEM neasurenent was perfornmed on the perpendi cul ar magnetic
recordi ng | ayer of the obtained 5 perpendicul ar nagnetic recordi ng nmedi um

t hereby checking the grain size distribution of the nagnetic grains in the
per pendi cul ar magnetic recording |ayer. As a consequence, the nagnetic
grains had a grain size distribution of 10 to 14 nm 10 Wen X-ray

di ffraction neasurenent was perforned-onihi s perpendi cul ar nmagnetic
recording layer, a CoCrPt-Si 02 (00.2) peak was observed. Rocking curve
measur enent was perforned on this CoCrPt-Si 02 (00.2) peak, and the obtained
peak 15 hal f - wsdtBnwasnd@rc¥Waennighe akeeohdivigior epreoducisitarl ehariact eri stics
were evaluated in the sane manner as in Enbodi nent 1, the val ue of SNRm was
19. 8 dB. Enbodifent 3ri@nAbosecent urdentoatidngn daper perterzlimmilehBx
conposite targets (M= Al, H, Nb, Ta, Ti, V, W Zr, C, Ce, La, and Sm x
= 1, 2, and 6) mamtetdit cembindEnicons yefr Formed war itdwes sestcald bori des as
shown in Table 1 bel ow were prepared. Perpendicular 25 nmagnetic recording
medi a and t est unglenrediad iner & afyeraved Jogldasang ivhe as & r ocedures as in
Enmbodi ment 1 except that these various netal boride cqonposite , - 24
targets were uSedpenstiead st naneiioGRAGEE oNFeET &4 EreR+ Each
obt ai ned per pendi cul ar, magnetic recordi ng nmedi um had the sane | ayer
arrangement as Gry#tagfl it NBJﬁbﬁﬁﬁﬁHFEﬁpar magneti c recordi ng nmedi um shown

in FIG 5 except for terials of the_second undeyc ' | ayers. Wien the
surface of the secorftf rmﬁﬁﬁﬁ*ﬁ}I%@efh%fc%%%ﬁa{e@?%%%ghegyu%gmas

observed with the T 0 crystal grains r Qg oldar L 08
separating the pcoriﬁs]t%gﬂe é:roailhse Ve elgﬁagéu@noqr?éllﬁc@?%?yﬁ Q?Pgr ain yé?Izggms
approxi mately 4 T ¥ e C asyr epgntre 0gkiNg curve
measur enment aﬁakﬁﬁgg%gkﬁb eg$%§55§loniéﬁéﬁgggég?%f?b 15’ eval uation were

performd on thg, obtained perpendi cul ar magnetic recording nedia in the
same nmanner as in Enbodinment 1. The results are also shown in Table 1

bel ow. - 25 Tabl erd &xai amsbaskeatp sheefoskhngdusdaipuregnodi stri bu-
curveBoride_ ftion (nmhal f-secondof magneticw dt hunder coati nggrai ns(
the second undercoating layer can be selected from the
group consisting of AlyCs, HIC, MojyC, NbC, TaC, TicC,
vC, WC, ZrC, AlB,, HfBy, MoBp, NbB, NbBp, TaB, TaBp,
15 TiB,, VB, WB, ZrBp, CrB, CrBp, CeBg, LaBg, and SmBg.

These compounds have the advantage that they have
high melting points and are stable. Moreover in some
embodiments, compounds are HfC, NbC, TaC, TiC, WC,
zrC, HfB,, NbB, TaBy, TiBp, VBy, CeBg, LaBg, and SmBg.

20 These compounds have an effect of decreasing the grain
size while maintaining high crystallinity.

In one embodiment, the content of the grain
boundary material in the second undercoating layer can
be 1 to 50 mol%, and moreover in some embodiments, it

25 can be 5 to 30 mol%. When the content of the grain

boundary material falls within this range, the crystal

grains are exposed to the surface of the second



Jla erAlB7 - 98 - 10522.8HfB5 - 75 - 7623.6MoB6 - 87 - 9623.4NoB5 - 75 -
8423. 1NbB6 - 86 - 8622.9TaB5 - 96 - 9423.4TaB5 - 75 - 7623.5TiB4 - 75 -
7523.2VB5 - 76 - 8523.0WB6 - 86 - 8422.7ZrB4 - 75 - 7622.5CrB7 - 97 -
10522.7CrB6 - 87 - 9423.2CeB5 - 76 - 8723.7LaB5 - 86 - 8723.1SnB6 - 86 -
8823. 5Medi um of Conpar ativel0 - 1310 - 141019.8Examle 1 As shown in Table
1, characteristics better than 5 those- of13 he- conventional nedi um of

Conpar ative Exanple 1 were obtained by using various borides such as AlB2,
Hf B2, MbB2, NbB, NbB2, TaB, TaB2, TiB2, VB2, WB, ZrB2, CB, CrB2, CeB6,
LaB6, and SnB6.nEdiediaamy 3 sk rAors 6a0inth witegaaididgi dwlyer spagnetic

Ru- | Onol %vXCy - 26 conposite targets (M= A, H, Nb, Ta, Ti, V, W and
Zr, x =1, 2, artdkdingF lbyad i3) faded somiswatiars sfrRutene Vari ous
nmetal carbides as shown in Table 2 bel ow were prepared. 5 Perpendicul ar
magneti ¢ recor dimnighrertiea cangs talstgmagi medize vesa fateddoy othowrinhe sane
procedures as in Enbodi nent 1 except that these various netal carbide
conposi te tar gddsunuary useridmsteaehpfly hEome@onolhvic Hrppose s ethar get ,
and Ru 10 form ng crystal grains of these second undercoating | ayers were
used as f3rst unchgtovatd hignegnt 0 f Bdth ROIREREECHERPSPYTREFAF magnetic
recordi ng nedi um had_the sane |ayer arrangenent as_that of tge

per pendi cul ar MERFRAIENG kYRS nkP FRRA Ut sHRRSEFORY HREST§O_RLRPt for
materials of the first and second undercoating |ayers. \Wen the surface of
t he second under®¥dting | ayer of each testing medi um was observed with the
TEM crystal grains d gr.ai upnda regi (N - zyst al
grai ns were found. Tﬁg Eﬁ?s?%?gaggiﬁgsﬁgg ggéggp%§§ﬁﬁﬁgkeﬂ§%%r%§§99%n1 TEM

Teasur eNeNt, X{ 2y. MBASUI LIEDY 5 T OEKT P GUL VE: TBASHESERAL, a8fdcent

recordi ng/ reproducti on characteristic evaluation were pefforined on the

obt ai ned; @5 per LSyl @f o (BENEhi enteseEdhagunBErachBihBe1agae manner as in
EnbodingH% 1. T gpgggﬁl saarg al so shown in %able 3 bé|EML ¢ - 27 Table 2

G ain sizedistrjbutéoea) nssi erBogkhngns{ne) odf daghethu- quaiasCanbicte
second tion (nn) hal f-S~undercoati nof nagneticw dt hggrains()La erAl C7 - 98
- 10623. 4Hf C4 -pdbpend 8231 5MbmEFnet9¢ re8628iBYbTBYer76£fLeri623. 0TaC4 - 75 -
7523.8Ti C5 - 75 - 8723.4VC6 - 87 - 9722.9WC5 - 75 - 7623.82rC5 - 75 -
7623. 3Medi um of CoopaaaesvelDf- th810ontent0ed. 8Eragrhénlibayngdadsyn i n Tabl e
2, characteristics better than 5 those of the conventional medi um of
Conpar ati ve Exampteriaheescebdai R8dmby3usithg ¢avesasd aPBRgedrSuch as
Al4C3, H C, Mb2C, NbC, TaC, TiC, VC, WC, and ZrC. Enbodi nent 4
15 easily covered with the grain boundary region on the
surface of the second undercoating layer. This often
decreases the effect of improving the crystal
alignment of the perpendicular magnetic recording
layer.
20 In one embodiment, as the perpendicular magnetic
recording layer, it is possible to use a CoCr-based
alloy, CoPt-based alloy, CoCrPt-based alloy,
CoPt0O-based alloy, CoPtCrO-based alloy,
CoPt-SiOp~based alloy, CoCrPtB-based alloy, and
25 CoCrPt-SiOp-based alloy. Most favorably, an alloy

containing Co, Cr, and Pt can be used.

These alloys have the advantage that they have



As second undercoating |layers, Ru-MBx conposite 10 targets (M= Al, Hf, Nb,
Ta, Ti, V, W Zr, C, Ce, La, and Sm x =1, 2, and 6) nade of conbi nations
of Ru and various netal borides as shown in Table 3 bel ow were prepared by
-variously changing the addition anount of boride. 15 Perpendi cul ar nmagnetic
recordi ng nedia and - 28 testing nedia were forned foll owi ng the sane
procedures as in Enbodi nent 1 except thati4 hese various conposite targets
were used instead of the Pt-20nm1~WC conposite target, and Ru form ng
crystal 5 grains of these second undercoating |ayers were used as first

under coating | ayens. - Kagh obtai gk Rer Randidg il grl@gnetd:ci e ng medi um
had the sane | ayer arrangenent as that of the perpendi cul ar nmagnetic

recordi ng medi WYASOWH ithebhdll Gednexeaptstfaicamterials of the first and
second undercoating layers. Wen the surface of the second undercoating

| ayer of each testirmg seft uibgmst DOskayer vt hbdé heoditdl lseywéah ghai ns and
a grain boundary region separating 15 the crystal grains were found. The
crystal grain sfizestwasdgaprand iref el ayelr tand swhstiete ecor di ng/ repr oducti on
characteristics of the obtained perpendicul ar magnetic recording nedia were
eval uated i n the sanéhemnmesofis nagEabbdi hener 1haTheg 20igesnhrgsehie al so

shown in Table 3 bel ow. 29 MQr~ cd H oho-np~onmonb~o0, ~00~u~0~colMb o
permeability is formed, a so-called double-layered

perpendicular medium having a perpendicular magnetic
recording layer on this soft magnetic layer is
obtained. 1In this double-layered perpendicular

10 medium, the soft magnetic layer performs part of that
function of a magnetic head, which horizontally passes
the recording magnetic field from a magnetic head,
e.g., a single-pole head for magnetizing the
perpendicular magnetic recording layer, and returns

15 the recording magnetic field to the magnetic head.
That is, the soft magnetic field can apply a steep
sufficient perpendicular magnetic field to the
magnetic recording layer, thereby increasing the
recording/reproduction efficiency.

20 As the soft magnetic material, it is possible to
use CoZrNb, CoTaZr} FeCoB, FeCoN, FeTaC, FeTaN, FeNi,
and FeRlSi, each of which has a high saturation
magnetic flux density and favorable soft magnetic
characteristics.

25 In addition, a bias application layer such-as a
longitudinal hard magnetic film or antiferromagnetic

film can be formed between the soft magnetic layer and
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FINCLr-INNelrl~1Trlr-IrINoo\or-Ir--1~-"~le-i.--2r-lv-lv-iri~21r-lrl~r-lv-1lv-
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~PaN~W x| f ~P~| Qpile 13 tse~d(The -Jetteratiton Fof Nf GriRyria tke- 2aZddHH-GNUULE | -
30 As shown in Table 3, good characteristics were obtained when the

addi ti on anmountprdveamnyedfbyaipoligithora desgseichc afidld2in HmB2, MB2, NbB,
NbB2, TaB, TaB2, Ti B2, VB2, WB, ZrB2, OB, CB2, CeB6, and SnB6 5 with
respect to Ru wibrdctiomOofivtie Téeidpbrdiecodtonioh BhouUniasi th respect to
Ru was nore desirably 5 to 30 nolo. Enbodi nent 5 As second undercoating

| ayers, Pt-MXORRRhpestien 1DaYe¥ gekRerqpy: APPLYFnaNg, Pias meongtiqy and zr,
x =1, 2, and 4, y =1 and 3) nmde of conbjnatiops of Pt and netal carbides
and havi ng vari%h%l%oﬁ%ogb?i%ﬂfFaT?%geRk?e %Y%ﬁa?%ﬁme%a%?egﬁeb%+%ﬁ/shoms
the netal carbides. used, and.their ag i tion,anounts. erEendiculgﬁ?15

magnetic recor dimiy HedF HORNEEYEEt i nft nbdi Al her ROPoT B FONF ngThe same

d in. Eobodi 1 t j | |,d
Ponpost t et ar et sonerer hoaactadt Eai a2 et PRGN Ee 8L PR Gt . 20
cach obtgyned pelOSOOLEULRL TRIDSLLGLLCGRAMhA. "Bl yMybad.bher sae | ayer
arrangenent as that of the perpendcufar magnetic recording nedi um shown in

FIG 5 except fggmaptentaksc-Qirths ssemqnd undercoating |ayers. 25 Wen the
surface of the second undercoating |ayer of each testing nedi um was

observed with the TENkagpyskabrgtaknbiasdappgtiabnibaundgey megeetial
separati ng
are CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtC, CoCrPtCuB,
CoCrRuB, CoCrPtWC, CoCrPtWB, CoCrPtTaNd, CoSm, CoPt,
15 CoPt0O, CoCrPt0O, CoPt-SiOp, and CoCrPt0-SiOj.

As the nonmagnetic substrate, it is possible to
use, elg., a glass substrate, an Al-based alloy
substrate, an Si single-crystal substrate having an
oxidized surface, ceramics, and plastic. Similar

20 effects can be expected even when the surface of any
of these nonmagnetic substrates is plated with an NiP
alloy or the like.

A protective layer can be formed on the magnetic
recording layer. Examples of this protective layer

25 are C, diamond-like carbon (DLC), SiNy, S51iOgx, and CNy.

As sputtering, it is possible to use

single-element sputtering using a composite target, or



- 31 the crystal grains were found. The crystal grain size was
approximately 4 to 9 nm The recordi ng/reproduction characteristics of the
obt ai ned per pendi cul ar nagnetic recording nedia were 5 evaluated in the

" -sanme manner as in Enbodinent 1. The results are also shown in Table 4

bel ow. 32 N.~l rd Ho\or-110CLf 7M/- | ~~7~000 . ~., A CGDOOOOV- | COO0CA 00
~V-l.-1rl.-1N--1~N.-1o\or-I MCOOLr - | ~r= | ~& OO0 ~NCODd| O1INNdI r | O~7
VNri~-1"-1NN. -1NNo\or-1 M-00M)Od' A OOMOO ~, Ne- | NOWr | M| M

v NNNNNNNNNo\ 0. - INMO~01t nl OMODOO . ~., rl ~i Nrl r | MOWNN

_ - NNNNNNNNNO\ g1l NNy Z f@OM 1R arfeofd -dfd@td NAW Uding targets of
- " NNNNNNNNNGOo\ or - 1| 000l ~~" 1 000t ~M~QQO. ~, , 01001OOr | 01r | O--r1 - 1 N~NNN~NNOQOo\ or ~f

~ONMCOr - 1 A nl T 110Q@3AQHEA- k@ tralk .

T-'r-iNr-INrINa-INrI N d-r-1o\o-1101DOIOIOIOIOIOl fIS-TON~I~I ~I ~I ~L~I ~I ~I ~| ~
U --,~-m-i,--i~~FiGg-i2 ~¢ dg . QaeXNRAA iexsitdwBN arot¥Ber As shown in
Tabl e 4, good characteristics were obtained when the additi on anount of any
of various car kixdeplsucdt ashelplpertdiCuiM Qadirs, iTaGcay@ny/arediBimand
ZrCwith respect to Pt was 1 to 50 nolo. The 5 carbide addition anmobunt with
respect tSo Pt e the eussntabinventiorBs0 nol d. Enbodi ment 6 Per pendi cul ar
magnetic recording nmedia and testing nedia were forned follow ng the sane
10 procedures as i n Enbtebwienih 1FERcept @ RETRAPSHBLLIT RMPELPE, Ru, Pd,
Y, Re, and Rh) conposjte targets made of conbi nations of various netals and
a carbide as sHEAPTH-IRMA B Quidkr P @it s SeRRFel et e? T o2t P Y

| ayers, and the s metals M(M=Pt, 15 Ru. _Pd,. Y. Re, an ) as used in
t hese second uﬁﬂbﬁgﬁéli#mf*%ﬁ&#stQ%Eeau%%%té%a???%%cug%%?%ogtﬁag | ayers.
Fach obtai ned peroendl,oul ar. mgngth gergeor £ 00 e U ade tbsaseng | aver

arrangenent as of
10 layer 2.

FIG. 3 is a sectional view showing still another
example of the perpendicular magnetic recording medium
of the present invention.

As shown in FIG. 3, a perpendicular magnetic

15 recording medium 30 has the same arrangement as shown
in FIG. 2 except that a bias application layer 6 is
formed between a substrate 1 and soft magnetic
layer 5.

Note that the first undercoating layer, second

20 undercoating layer, soft magnetic layer, and bias
application layer can be formed by a deposition method
such as sputtering.

FIG. 4 is a partially exploded perspective
view showing an example of the magnetic

25 recording/reproducing apparatus of the present
invention.

A rigid magnetic disk 121 for recording



20 perpendi cul ar nmagnetic recording nmediumshown in FIG 5 except for the
first and second undercoating |ayers. Wen the surface of the second
undercoating | ayer of each testing medi umwas observed with the TEM 25
crystal grains and a grain boundary region separating the crystal grains
were found. The crystal grain size was approximately 4 to 9 nm - 34 TEM
measurenent, X-ray neasurenent, rockirg ¢drve measurenent, and
recordi ng/ reproduction characteristic evaluation were perforned on the
obt ai ned per pendi cul ar nagnetic recording nmedia in the same 5 manner as in

Enbodi ment 1. Theohgskhbs aceozksagshewshienprakleatb ibekawiohallse 5 Grain
si zeGai n si zeRocki ngdi stri bution ?distribu-curveTargettion

(nn) hal f - seconget teageet izCwpdhduedereoahidngolta tedgadi as prePetEr@dnedr4 -
7622.8Ru-TiC5 - 75 - 8723.4Pd-TiC5 - 75 - 7922.8Y-TiC7 - 98 -

10623. ORe- Ti A rotdtiondi23péka ByCa sp86dlegtd odMVEdiormsdioGoipar ati vell -
1310 - 141019.8Examle 1 10 As shown in Table 5, the perpendicul ar magnetic
recordi ng nedi & oflides [128sderriimgent isdadleweleh naserddmdodead fios (M =
Pt, Ru, Pd, Y, Re, and Rnh) targets were used as the second undercoating

| ayers afd t he asqessiadaltdeavmapnetpc disk ARl 0o mecodth IRHPEe Sy 15 in

the second undercoating |layers were used as the first .undercoating | ayers
exhi bi ted bet t @ Rar 33% dydast ifer t@%%%f%%%ﬁ%ﬁﬁsoﬁ%t%gbﬁ m of

Co ive Exanple 1. - 35  Enbodi 7 P j cul ic
e0or i ng. mod) OARES B RO ors TERAF TOI 11 MTe Shib BHSbedur es
as 10 Enbod menf i+ el ! hat, MR R? 24 M Hindlbed 4o Yndte. and

Rh) conposite t t ons” of " various netals and a boride
Game metal M (WIS At e R SR R R A R R econa
10 unde(r}qpati ng !Cﬂyj]e‘;isnaveg&lu.sgrgo@ssﬁ&grgt_ undercoating | ayers. Each
obt ai ned per pendi cul ar hagneti c recording
A voice coil motor 126 as a kind of a linear
motor is attached to the other end of the arm 125.
The voice coil motor 126 includes the driving coil
(not shown) wound around the bobbin of the arm 125,
15 and a magnetic circuit having a permanent magnetic and
counter yoke opposing each other on the two sides of
the driving coil.
The arm 125 is held by ball bearings (not shown)
formed in two, upper and lower portions of a fixed
20 shaft 127, and pivoted by the voice coil motor 126.
That is, the position of the slider 123 on the
magnetic disk 121 is controlled by the voice coil
motor 126. Reference numeral 128 in FIG. 4 denotes a
lid.
25 Embodiments

The present invention will be described in detail

below by way of its embodiments.



medi um had the sanme | ayer arrangenent as that of the perpendicul ar magnetic
recordi ng nmedium shown in 15 FIG 5 except for the first and second
undercoating | ayers. Wien the surface of the second undercoating |ayer of
-each testing nmedi umwas observed with the TEM crystal grains and a grain
boundary region separating 20 the crystal grains were found. The crystal
grain size was approximately 5 to 8 nm TEM neasurenent, X-ray neasurenent,
rocki ng curve measurenent, and recording/reproduction characteristic

eval uation were performed on the obtained 25 perpendi cul ar nmagnetic

recording nedia in Ehe spme@mner as in Enbodinment 1. The results are al so
shown in Table 6 bel ow - 36 Table 6 Grain size Gain size

Rocki ngdi stri buti on A Norpalirsd i by rasy edusgetd tonfdnng hal 5- sreclond( ~) of
magnet i cw dt hundercoating la ergrains( )Pt-HB5 - 75 - 7722. 3Ru-H B6 - 86 -
9823. OPd- Hf B6 -mafhetidB23 sXY-wi Bpredired 9622. 5Re-H BS - 86 - 8723. ORh- Hf BS
- 86 - 9822. 7Medi um of ConparativelO0 - 1310 - 141019.8Examle 1 As shown in
Tabl e 6, the perpenditcis atommeammet i Tc Ssulesoraiagvasdsat ofnt hevape@srent
invention in which the various MH B2 (M= Pt, Ru, Pd, Y,. Re, and Rh)
targets viere usdrhmien Hewernml aelar ol dree | o of s¥add thessamI et al s M
(M= Pt, Ru, Pd, Y, Re, and Rh) as used in the_second dercoating | ayers
were used as t b rafsttemRRIEGHI¢ R et sedxE? b?%%ﬁ{]'b@tr’tdepc
characteristics than those of the conventioggl

dj um of  Conmparatjve
Exanpl e 1. EnbdthFRHTE B PEperith tif af 2 relymet P E0F Cb?d?%&ﬂﬁ%l%%é at
a gas pressure of 0.6 Pa.
First, the nonmagnetic substrate was opposed to
10 a target, and DC 500 W was discharged to the target to
form a 40-nm thick Cr layer as a backing nonmagnetic
layer. On this Cr layer, a 25-nm thick CoCrPt
ferromagnetic layer was formed as a bias application
layer. On the obtained CoCrPt ferromagnetic layer,
15 a 200-nm thick CoZrNb soft magnetic layer was formed.
After that, the substrate temperature was lowered
to room temperature in the vacuum chamber having
a vacuum degree of 1 X 10~5 Pa. On the CoZrNb soft
magnetic layer, a 5-nm thick Pt layer was formed as
20 a first undercoating layer by performing discharge at
DC 500 W by using a Pt target. On this Pt layer,
a 10-nm thick Pt-WC film was formed as a second
undercoating layer by performing discharge on
a Pt-20mol%WC composite target at DC 500 W.
25 Then, a Co-16at%Cr-10at%Pt-8mol%Si0y composite
target was prepared, and a 15-nm thick CoCrPt-510s

perpendicular magnetic recording layer was formed on



15 testing nedia were fornmed follow ng the same procedures as in Enbodi nent
1 except that Ru-xat%Co conposite targets having various conposition ratios
were prepared as first undercoating |layers and used to - 37 make the
-conposition ratios of the first undercoating |ayers different from each

ot her, and an Ru-25nol %/C target was prepared as second undercoating | ayers
to form Ru-25nmol %/C as second undercoating | ayers. 5 Each obt ai ned

per pendi cul ar magnetic recordi ng nmedium had the same | ayer arrangenent as
that of the perpendicular magnetic recordi ng nediumshown in FIG 5 except
for the first apd secaadunndereaatingg lgwers. 10 Wen the surface of the
second undercoating | ayer of each testing nmediumwas observed with the TEM
crystal grains and aigraily,beuridany theagikot sepedreattiing tlwyer wesal grai ns
were found. The crystal grain size was approximately 6 to 11 nm 15 TEM
measur enent andoreedr.di ng/ r eproducti on characteristic eval uation were
performed on the obtai ned perpendi cul ar magnetic recording nedia.. FIG 6 is
a graph showi ng t he Afdleat itdves lHUb LetateePnt M ich ddm dnt e IRES& D, SNRm
and the 20 average grain size of nmagnetic grains, as the results of the
measur emdnt s. ReDgimueysly Hogmes 1gyuthes VEEH Bh FREFP e dffstti vel y show t he

average grain sizes of the magnetic grains. 25 Fl 6 shows that the
per pendi cul ar ®¥gFeGtES é‘é’&r‘ﬁﬁﬁt"f FEAICS e ie Friesiiit rn% i on exhi bited

good characteristics when the co Siti r.at.i o .of = - 0 in the
first undercoa®sid %?Wse%_%%&&ﬁl%c%@% %%ﬁl“’e&l,f@%ﬂg& Ru was

60 at % or nore. Enmhodi.nent Fal | gwi ng i %ﬁgf RS & 5
Enbodi ment 1, fyCr ﬁpfyler}q’ C%t?rsﬁﬁb eo(r%rlﬂoa[r.ri%lglne ia(S: afgérr?&gﬁgi%sozw% soﬁ

magnetic | ayer Sd N gl ass substrate for a 2.5-inch nagnetic
di sk. Subsequently, wthout |lowering the substrate 10 tenperature, a 5-nm

thick Ptydayer was foraed astéstif§insdoencont tnds | pyepenaithtacoZr No sof t
magneti c | ayer by perform ng discharge at DC 500 Wby using a Pt target. On

this Pt layer, machlstie thdedr Pingaisdlny etasasbfatmed fslhosingnthe

undercoating |ayer by 15 perform ng di scharge on a Pt-30n1%eB6 target at

DC 500 W Aft ersdifatpracddatSat 4 ah Gat Wptcdpt VBhsarget Co@sPprepdped, and a

25-nm t hi ck CoCr Pt B per pendi cul ar '
perpendicular magnetic recording layer was formed on
the Pt-WC second undercoating layer.

15 FIG. 5 is a schematic sectional view showing the
arrangement of the obtained perpendicular magnetic
recording medium.

As shown in FIG. 5, a perpendicular magnetic
recording medium 40 has a structure in which a Cr

20 nonmagnetic film 18, CoCrPt ferromagnetic layer 16,
CoZrNb soft magnetic layer 15, Pt first undercoating
layer 12, Pt-WC second undercoating layer 13,
CoCrPt-Si0p perpendicular magnetic recording layer 14,
C protective layer 17, and lubricating layer (not

25 shown) are stacked in this order on a nonmagnetic

substrate 1.

First, the grain size distribution of the second



magnetic recording |layer was formed on the Pt-CeBg 20 undercoating | ayer.
Finally, a 7-nmthick C protective |ayer was forned. After the substrate on
which the filns were thus continuously forned in the vacuum chanber was 25
-extracted into the atnosphere, a 1.5-nmthick perfluoro polyether-based

| ubricating filmwas fornmed by di pping, thereby obtaining a perpendicul ar
magneti c - 39 recording nmedium The olxcai red perpendi cul ar magnetic
recordi ng medi um had the sanme | ayer arrangenment as that of the

per pendi cul ar magnetic recordi ng nediumshow in 5 FIG 5 except for the

first and secopd uReeneqaly N9 yedy &ffS then taddiikighedd ureSlasngheediedm of this
per pendi cul ar magnetic recording nmedi umwas obtained follow ng the sane

procedures as ROVE ieXCept righainine ith @edRMrBrperipandicagear (TRYnet iAs
recording |layer was forned on the second undercoating | ayer. Wen the

surface of the aseesnd tyndaereaatli rgdiasemadntvhedrgstiimigiondtdi @ndvés obser ved
with the TEM crystal grains and a grain boundary region separating 15 the
crystal grains querie fooumdlarbheragriyst saerprating Adesss BHpedmtady 5 to 8
nm TEM neasurenent, X-ray nmeasurenent, rocking curve nmeasurenent, and
recor di ng/ r epr guetlivorecatfaiadmer (W iwers fladd on W €PETFDY FBPEGh the
obt ai ned 20 perpendi cul ar magnetic recording nediun1jn_$%ﬁ¥%%ne manner as

e

i n Enbodi ment Blzcordeddiehtdsystie P prhdidul PTG | or%i ng nedi um

had a grain size distribution of 5 to 9 nm
7 nm.

Also, when the crystal alignment of the second

undercoating layer was checked by using X-ray
10 diffraction measurement, a Pt (111) peak was observed.

Furthermore, rocking curve measurement was
performed on this Pt (111) peak. Consequently, the
obtained peak half-width was 5°, a favorable value,
indicating that the crystallinity of the crystal

15 grains was high.

In addition, TEM measurement was performed on the
perpendicular magnetic recording layer of the obtained
perpendicular magnetic recording medium, thereby
checking the grain size distribution of the magnetic

20 grains in the perpendicular magnetic recording layer.
As a consequence, fine Co magnetic grains having
a grain size distribution of 5 to 7 nm were observed.

When X-ray diffraction measurement was performed

on this perpendicular magnetic recording layer,
25 a strong CoCrPt-SiOp (00.2) peak was observed.
Rocking curve measurement was performed on this

CoCrPt-Si0Op (00.2) peak, and the obtained peak



25 When X-ray diffraction neasurenent was perfornmed on this perpendicul ar
magneti c recording nedium a CoCrPtB (00.2) peak was observed. - 40
Rocki ng curve neasurenent was performed on this CoCrPtB (00.2) peak, and
the obtained peak half-width was 6 . Al so, when the recording/reproduction
5 characteristics of the perpendi cul ar magnetic recordi ng nedi um were

eval uated in the sane manner as in Enbodi2rent- 1, the value of SNRmwas 23.5
dB. Conparative Exanple 2 A conventional perpendicular magnetic recording
10 nmedi um was obtained followi ng the same procedures as in Enbodi nent 9

except that onhaipopfBgnelks sepsinateatany-niyhheeksTallihityas fornmed as
a first undercoating layer by using a Ti target, and a 20-nmthick Ru film

was formed as a sec®ydugniey eoadagng thiz imy epdaratsisndrariiy drar get . The
obt ai ned per pendi cul ar nagnetic recordi ng nmedi um had the sane | ayer

arrangement as eftkat rofratine tperperdinediar fimguetifc 1ndddr &i/my (EdikffA)shown in
FIG 5 except for materials of the first and second 20 undercoating | ayers.
I n addition, awbssﬁpp@1@@dﬂWnbh§sQﬁﬁﬂmnﬁﬁjpqrgﬂﬂﬁkﬂﬂﬁﬁnnﬂﬁﬁﬂe§k9for t he
above per pendl cul ar magnetic recording nedi um except that no. pe, di cul ar
magnet i ¢ 5r ecor dieggriddper meskt Uito riRsd d%% HerRfss dorid o it eco]é{) | ayer .

The grain size distribution on the surface of th econd undercoati ng
| ayer of the oBgiimddarestingstion £ Hh& %ﬁésd%j%%t dt Using the TEM

e ot et | wad ekt MaEEE i S eaﬁpofn&)ax&nﬁaé ayegosm B JEM
application layer in the longitudinal radial
direction.

10 The recording/reproduction characteristics of
the thus magnetized perpendicular magnetic recording
medium were evaluated by using a read write
analyzer 1632 and spin stand S1701MP available
from Guzik Technical Enterprises of the U.S.A.

15 As a recording/reproducing head, a head using a single
magnetic pole as a recording unit and a magneto-
resistive effect as a reproducing element was used.
This recording/reproducing head had a recording track
width of 0.25 um and a reproducing track width of.

20 0.15 gm. The measurement was performed at a disk
rotational speed of 4,200 rpm in a fixed position
22.2 mm from the center in the radial direction.

Consequently, the value of SNRm (reproduction
signal output S: an output at a linear recording

25 density of 119 kFCI, Nm: an rms (root mean square)
value at 716 KFCI) of the medium was 23.8 dB, i.e.,

a good medium was obtained.



perpendi cul ar magnetic recording Layer of the obtained 5 perpendicul ar
magneti c recordi ng nmedium thereby checking the grain size distribution of
the magnetic grains in the perpendicul ar nmagnetic recording |ayer. As a
-consequence, the nmagnetic grains had a grain size distribution of 12 to 16
nm 10 When X-ray diffraction neasurenent was perfornmed on this

per pendi cul ar magnetic recording | ayer, a2CoerPtB (00.2) peak was observed.
Rocki ng curve neasurenent was performed on this CoCrPtB (00.2) peak, and

t he obtai ned peak half-wi dth 15 was 12. \Wen the recording/reproduction

characteristics of {his RekReRIEGELR smagnetic recordi ng medi um were
evaluated in the sane franner as in Enbodi ment 1, the value of SNRm was 18.8

dB. 20 Conparative Examppa r3tAvee Headinell @ aragrefnet ireaeradingg medi um and
testing nedium were obtained follow ng the same procedures as in Enbodi nent

9 except that @RdauRONERJBBLad nedbSondioering Thenmaie gk oareiderrtest iagn 25
control filmwas forned as an undercoating |ayer by using a sintered target
made of 65 mass¥rofcheopalirpemdide lE@o3tdnedrid 3% arsEfoimedivinf e i n which
the - 42 nolar ratio of silicon oxide (Si02) and titanium oxide (TiO02)
was 1 . 5, andEmbosEoend Undeasedt ithel e MeSaenedd.C \WEF H 1% Surd ace’ of
the undercoating |ayer of the 5 testing nmedi um was observed with the TEM
crystal grains S Ahgrcdi 7 Il yWaedigmesk il & ifng $theds/aat Yi%i ns
were found. The crystal grain size was approxjmately 12 .to .14 n TEM
measur enent was-a¥EE G 69 t%@llﬁad&eﬁgncﬁrdjlaarz T gttl}lcd? 3&%%%@” ayer
of the obtained perpendi cul ar magnetjc_recordi.n di hy. checki ng
the grain size WStYBRG & & St%éﬁqdadﬁ‘é ?rccogarta{'lgr}‘%n%lar#%eg\‘ggir%%%i%ﬁl ar
magneti c recor%ﬁ?qgﬁﬁ%qg. As a consequence, the magnetic grains had a grain
size 15 distri [ 313 to 15 nm

10 The obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the
perpendicular magnetic recording medium shown in
FIG. 5 except for the first and second undercoating
layers.

15 In addition, a testing medium was obtained in the
same manner as for the above perpendicular magnetic
recording medium except that no perpendicular magnetic
recording layer was formed on the Ru second
undercoating layer.

20 The grain size distribution on the surface of the
Ru second undercoating layer of the obtained testing
medium was checked by using the TEM. As a result, the
crystal grain size was approximately 10 to 13 nm.

When the crystal alignment of the second

25 undercoating layer was checked by using X-ray

diffraction measurement, an Ru (00.2) peak was

observed. Rocking curve measurement was performed on



When X-ray diffraction neasurenment was perfornmed on this perpendicul ar
magneti c recording layer, a CoCrPtB (00.2) peak was observed. Rocking curve
measur enent was perforned on this 20 CoCrPtB (00.2) peak, and the obtained
-peak hal f-width was 14 . Wien the recordi ng/ reproduction characteristics of
t he obt ai ned perpendi cul ar magnetic recordi ng nmedium were evaluated in the
sanme manner as in 25 Enbodi nent 1, the vapyie of SNRmwas 15.2 dB
Conpar ati ve Exanple 4 A perpendicul ar nagnetic recordi ng medi um and - 43
testing nedium were obtained follow ng the sanme procedures as in

Conpar ative Exagipl eXEER:) thaty cobald xd den{£0Mq hewd A £0FResh ti on
different fromt éffg% ggﬁaﬁt oxi de (Co304) was used ggyan 5 undercoati ng

| ayer instead qfjLapalt oxide (Co304). Wen the surface of the undercoating
| ayer of the testing medi um was observed with the TEM crystal grains and a

grain boundary regi om separal i figatheersystwhs gpatr hsrmedeofiothd. The crystal
grain size was 10 approximately 10 to 12 nm TEM neasurenent, X-ray

measur ement, I QskipEhdikea fraRsgterbnt reamdd g ol alyeny/ o £prbeluch ft@bned
characteristic evaluation were perfornmed on the obtained perpendi cul ar
magnet i ¢ ¥ ecor dhenperstium an nagnsahe 1éconhiey mediwnEnbodrelyit 9. As a
consequence, the magnetic grains had a grain size distribution of 10 to 12
nm Wien X-ray chéckingidre ngbain eprbne 3b§t§éb$6%ﬂ%d05nt@ﬁi@aﬁﬁ?Eéﬁdicular
magnetic recording |ayer, a 20 CoCrPtB £00.2) peak was ob erveﬂ. Rocki ng
curve neasur enedaiRs bertle RArpanekFyd @%C??@ﬁFFBG.E?C%Eak?ga aYEhe

obt ai ned peak half-width was 13 . Wen the recordlng/gegroductlon .
characteristicshS @& consequence, the magnetic draln ad a grain size

distribution of 10 to 14 nm.
10 When X-ray diffraction measurement was performed
on this perpendicular magnetic recording layer,
a CoCrPt-SiOy (00.2) peak was observed.
Rocking curve measurement was performed on this
CoCrPt-Si0p (00.2) peak, and the obtained peak
15 half-width was 10°.
When the recording/reproduction characteristics
were evaluated in the same manner as in Embodiment 1,
the value of SNRm was 19.8 dB.
Embodiment 2
20 As second undercoating layers, Pt-20mol3MBy
composite targets (M = Al, Hf, Nb, Ta, Ti, V, W, Zr,
Cr, Ce, La, and Sm, x = 1, 2, and 6) made of
combinations of Pt and various metal borides as shown
in Table 1 below were prepared. Perpendicular
25 magnetic recording media and testing media were formed
following the same procedures as in Embodiment 1

except that these various metal boride composite



25 of the perpendicul ar magnetic recordi ng nmedium were evaluated in the
same manner as in Enbodinent 1, the value of SNRmwas 17.2 dB. - 44
Conpar ative Exanple 5 A perpendicul ar nagnetic recordi ng medi um and testing
-medi um wer e obtai ned foll ow ng the same procedures as in Conparative

Exanpl e 3 except that 5 Cr-20atoTi was used as an undercoating | ayer

i nstead of cobalt oxide (Co304) . Wien thes swface of the undercoating

| ayer of the testing medi um was observed with the TEM crystal grains and a
grai n boundary region separating the 10 crystal grains were found. The
crystal grain siz&as Y ddmtiltd e ket THMIOEaRU Siesdsi e r ay
measur enent, rocki'ng curve neasurenent, and recording/reproduction
characteristic @vwajdation were perfornmed in the same manner as in 15

Enbodi ment 1. As a consequence, the magnetic grains had a grain size

di stribution of 13 trad® staiMed perpyndl éilacthagmetasurecentdings
performed on this perpendi cul ar magnetic recording layer, a CoCrPtB (00.2)
peak was obser \weeti HRot kihng samey el anpsrs taeneng erast pes f ohakdobnthéi s
CoCrPtB (00.2) peak, and the obtained peak half-width was 11 . Wen the
recor di ngd r epr Ky et ohbanotagist i e stetordi vy jeepbwai SPwr Hagnetic
recordi ng medi um were 25 evaluated in the sapne manner as in Enbodiment 1,
the val ue of SN wa @#ceryRfor mauerizhhoRf nee 3@cond undercoating

layers.
When the surface of the second undercoating layer
of each testing medium was observed with the TEM,

10 crystal grains and a grain boundary region separating
the crystal grains were found. The crystal grain size
was approximately 4 to 9 nm.

TEM measurement, X-ray measurement, rocking curve
measurement, and recording/reproduction characteristic

15 evaluation were performed on the obtained
perpendicular magnetic recording media in the same
manner as in Embodiment 1. The results are also shown

in Table 1 below.



Per pendi cul ar magnetic recording nedia and testing nedia were forned
follow ng the sanme procedures as for Enbodi nent 9 except that 5
Pt - 30nmol oMXCy conposite targets (M= Al, Hf, Nb, Ta, Ti, V, W and Zr, x =

-1, 2, and 4, y = 1 and 3) made of Pt and various netal carbides were
prepared as second undercoating |layers to nmake the materials of carbides in
the second undercoating |layers different 260 f+om each other as shown in
Tabl e 7 bel ow. When the surface of the second undercoating | ayer of each
testing nedi um was observed with the TEM crystal grains and a grain
boundary region separating the crystal Tgbdfns were found. Al so, the crystal
15 grain size was approximately 5 to 9 nm TEM neasurenent, X-ray

measur enent, rockingcurve NEasul TETETT d-Tecor di ng/ Tepr oducti on
characteristic eyal uation wey g Eerfor ned oerdire sdlzeai Mok endi cul ar
magnetic recordihg media in A Ejéjrﬁu% eanetriam- n |[Endoc ment, 1. | The
results are showngpikable 7 Berowt - 46tidablen) 7 Grigd1E-si ze n
si zeRocki ngdi strilbution Car bi 88CPh@) of di SLE | A Vel wrddion (dB
(nm hal f -usedsecondof magnet umﬁdrmﬁitﬂémog)g%ﬁgsla er g(a; ns( )AL CT - 98 -
10823. 0HF C6 - 96|- 9923. 2M Chayef7 - 108P 1082p. 5T - 85 -
9622.8Ti C5 - 76 - %22 6VC6 1 97+ _9621. OWC5 8@0- 822.@Zr Groo .98 -
9723. 1Medi um OfC(rlpou attvet2r—1612— 161218 8Examrter 2-As—shpwn in Tabl e
7, characteristig§ifstter than 5% hode of |t hed conlenti ona® nedfAnPqf
Conpar ati ve Exany '})EnggT"Vere obt ai rged_ vghen /ari@u.s gar bj desgsuch23s4A14C3,
Hf C, Mb2C, NbC, —FC—VC—We—and—ZrCwere—used.  Embodi e 5 J.i 10
Per pendi cul ar nmagi¥iB ¢ recor di ng Sredi’a_an 5 -8 4 3

NbB» 6 - 8 6 - 8 6 22.9

TaB 5-9 6 - 9 4 23.4

TaB- 5 ~ 7 5 - 7 6 23.5

TiB, 4 - 7 5 - 7 5 23.2

VBo 5 — 7 6 - 8 5 23.0

WB 6 — 8 6 - 8 4 22.7

ZrBo 4 - 7 5 - 7 6 22.5

CrB 7 -9 7 - 10 5 22.7

CrBo 6 — 8 7 -9 4 23.2

CeBg 5 -1 6 - 8 7 23.7

LaBg 5 — 8 6 - 8 7 23.1

SmBg 6 — 8 6 - 8 8 23.5

Medium of

Comparative 10 - 13 10 - 14 10 19.8

Example 1

As shown in Table 1, characteristics better than
5 those of the conventional medium of Comparative
Example 1 were obtained by using various borides such
as AlBy, HfBy, MoBjp, NbB, NbBp, TaB, TaBy, TiBy, VBo,
WB, ZrB,, CrB, CrBjp, CeBg, LaBg, and SmBg.
Embodiment 3

10 As second undercoating layers, Ru—lOmol%MXCy



testing nedia were fornmed follow ng the sane procedures as in Enbodi ment 9
except that Ru-20nol oMBx conposite targets (M= A, H, No, Ta, Ti, V, W
Zr, C, Ce, La, and Sm x =1, 2, and 6) made of Ru and 15 netal borides
-were prepared as second undercoating |layers to make the materials of

borides in the second - 47 undercoating |layers different from each
other, and Ru form ng crystal grains of tdg second undercoating | ayers were
used as first undercoating |ayers. ' Wen the surface of the second

undercoating |l ayer 5 of each testing nmedium was observed with the TEM
crystal grains C%&@,o%igreaitré&:y&da(w < egi onyssepds,atidlg tihe wf Wt adndr ai ns

were found. Also, the crystdal grain size was approximately 5 to 9 nm TEM

nmeasur ement, X-hay ¥measur enening racki rg 1cwmee 30 mmes W e et i et ons
recordi ng/ reproduction characteristic evaluation were perforned on the
obt ai ned per pergi qul aindBgNEides M diagrbRila dn dheasare Tanber2 as in
Enbodi nent 9. The results are shown in Table 8 bel ow - 48 Table 8 Grain
sizeG ain sizeRakowgehrsd rgdagddoadli stri bu- curveBori deftion

(nm hal f - secondof magneti cw dt hundercoating | a ergrainsé )AlB6 - 97 -
10722. 4AH5B6 - 87 - SP22p&MBB611a® MmagesRic ONgBsrding medpd2angNoB7 - 98 -
10922. 0TaB7 - 97 - 10623.1TaB5 - 86 - 9723.1TiB5 - 86 - 8722.9VB6 - 97 -
10822. 5\\B6 - 86-estggpy mxiigs wergs fogyed D Binggthe 19899 30rB7 - 98 -
9622. 7CeB6 - 86 - 9623.3LaB5 - 86 - 9723.0SmB5 - 96 -. 10822. 9Medi um

of Conpar at i velProdgryres 133 sy HEBdinens hse%fehn e Tabiess,

characteristics better than 5 those of the conventional nedi f
Conpar ati ve Exdﬁﬁ%?%ﬁv%ﬁ§?%ﬂﬁ%£b&§%vﬁ@ﬁpﬂ%}F%uEaﬁ%? %e@egﬁcﬁgég A1B2,

[aB6, and SnBo W7 SR ERboR AT 19 LR S bR AT o neBReRle
recordiq%)nediupgfﬁgkg crystal grains of these second undercoating
layers were used as first undercoating layers.

Each obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the
perpendicular magnetic recording medium shown in

15 FIG. 5 except-for materials of the first and second
undercoating layers.

When the surface of the second undercoating layer
of each testing medium was observed with the TEM,
crystal grains and a grain boundary region separating

20 thé crystal grains were found. The crystél grain size
was-approximately 4 to 9 nm.

TEM measurement, X-ray measurement, rocking curve
measurement, and recording/reproduction characteristic
evaluation were performed on the obtained

25 perpendicular magnetic recording media in the same
manner as in Embodiment 1. The results are also shown

in Table 2 below.



- 49 testing nediumwere fornmed follow ng the sane procedures as in

Enbodi nent 9 except that none of a C nonmagnetic |ayer, CoCrPt
ferromagnetic |ayer, and CoZrNb soft nmagnetic |layer was forned. 5 FIG 7 is
-a sectional view show ng the arrangenent of still another exanple of the
per pendi cul ar magnetic recordi ng medi um of the present invention. As shown
in FIG 7, a perpendicular magnetic 18 redoding nmedi um 50 has an
arrangenment in which a Pt first undercoating |ayer 22, Pt-CeB6 second
undercoating |ayer 23, CoCrPtB perpendi cul ar_magnetic recording layer 24, C
protective layer 27, and |ubricating fT@Q%%n% shown) are stacked in thls
order 15 on a nonnagnetlc substrate 1. Wien the surface of the second
undercoating | aypr—of—thet Sééégh MEdi.umwas observed with the TEM crystal

grains and a grajn boundary on s pardt t ry ai ns were
found. Also, the|crystal 20 gﬁ%ﬁ dﬂ%{ QEz& %%%k ﬂ?c 7 nm TEM

measur enent, X-ray measur engnt OCkI a&ﬁr X|na ﬁg?%nent:ﬂﬁme

performed on the| 6braidrd per%@ﬁﬁ} uIar melghPt (B ec mgdiden iln the
same manner as i h Enbodi nent @mde¥¢Q§té@nsédhéﬁ@@?t#ﬁe r gendi cul ar

magneti ¢ recordi hg | ayer had|l @ grain sizg ghaitsi butign (0f 5 tjo 8 nth When
X-ray diffraction neasurenenth@§rperforned - 50 an this perpendicular

magneti c recordlng] ayer CoCr?tB 00. 2) pgak Y\g's cbseqyed. Rockilng curve
measur enent was pe Bred—enthi-s—Cotr PHB—+(66—2) baK, and—the_obtdi ned
D

peak hal f-wi dth Smggs 5 . The redordi’ng/ rlepr dduct’ on |chadact er 23t Pds of
this perpendiculiMon%gnetlc eco&dLng nedlunrme:q;evaluaugd by2pssng a ring
head using the ngg Feteresi-stance—effect Iravimg a recordin grgck 10
width of 0.25 ,umMasd a reprbducPng flrackl widtir of 05 &m |ng
consequence, the w@kye of SNRm was _2%. 5 dB. Gonparatiyve Exanp| e368A
conventional per pendrcutar mEgTet T T ecor |n%$1b dlun1 S Toggeq
foll owi ng the sandir ocedur es as 9 @ Pnbad pt that! §5-am t hi ck
Ti filmwas formed;as a first ungercaating Iaye¥sby u5|ng7a T} 2kalget, and

a 20-nm thick Ru[frtmmwasformed _as Sec ndercoafing. T aypt by Using an
Ru target. 20 The Whtained pnrppﬁHFbIIaL_lagﬁg o' recprdi-hg—rpdrdmhad the

sane | ayer arrangermnt as shown isn-FI7G 7| except Tor the 6irsi23nd second
undercoating |ayers oAl ST -—a|TeSTINg nedl im was obtalned In the sang
Comparative 10 - 13 10 - 14 10 19.8
Example 1

As shown in Table 2, characteristics better than
5 those of the conventional medium of Comparative
Example 1 were obtained by using various carbides such
as Aly4C3, HEC, MoyC, NbC, TaC, TiC, VC, WC, and ZrC.
Embodiment 4
As second undercoating layers, Ru-MBy composite
10 targets (M = Al, Hf, Nb, Ta, Ti, VvV, W, Z2r, Cr, Ce, La,
and Sm, x = 1, 2, and 6) made of combinations of Ru
and various metal borides as shown in Table 3 below
were prepared by variously changing the addition
amount of boride.

15 Perpendicular magnetic recording media and



25 manner as for the above perpendi cul ar magnetic recordi ng nmedi um except
that no perpendi cul ar magnetic recording | ayer was fornmed on the Ru second
- 51 undercoating |layer. The surface of the Ru second undercoating |ayer
-of the obtained testing nediumwas observed with the TEM As a result, the
crystal grain size was 5 approximately 11 to 15 nm TEM neasurenent, X-ray
measur enment, and rocki ng curve neasureners were perforned on the obtained
per pendi cul ar magnetic recording mediumin the sane manner as in Enbodi nent
1. Consequently, the 10 perpendicular magnetic recording |ayer had a grain

si ze distributianaf 1hliQalfeh® r¥heRXFAYN Rty acld Gameeasur ement was
performed on this perpendi cul ar magnetic recording |ayer, a CoCrPtB (00.2)

peak was obser yedcel rReckisnd nC wite JIBRGIY anedcais et ditnexk on this
CoCrPtB (00.2) peak, and the obtai ned peak half-width was 11 . The

recor di ng/ r epr eGudicudn codoaditer itsirngest sofwertd s1gmet peratiend arf rdyneti c
recordi ng medium were 20 evaluated by using a ring head using the

magnet or esi st arnkte- 20ffod@WCarmbnipans inte & st diangl tRadlomiidih ®fYEE®5 | um and
a reproducing track wwdth of 0.15 ,um As a consequence, the val ue of SNRm
was 16. 850B. 2%yraddist icdhdlhesuy aracnyel unteresd Hinatlamr Hiere éatfty occur
to those skilled in the art. Therefore, the invention in its broader
aspects is not a9 Mixat twdercagtinhelay®tific details and representative

enmbodi nents shown and descri bed herein. Accordi ngl vari ous difications
may be made without TRFArRFRIIFIREFRERP T a%dga%%%B%CoFeF%ggﬁgﬂeraI

Ieg\ljlecgi \éﬁt g?nce_(at%igfm agcfftil{leedsé) e tfa?ye%ppgpgaergg&rlleaﬂmagnghég%f the
| perpendicular magnetic recording medium shown in
10 FIG. 5 except for materials of the first and second
undercoating layers.

When the surface of the second undercoating layer
of each testing medium was observed with the TEM,
crystal grains and a grain boundary region separating

15 the crystal grains were found. The crystal grain size
was approximately 4 to 9 nm.

The recording/reproduction characteristics of the
obtained perpendicular magnetic recording media were

evaluated in the same manner as in Embodiment 1. The

20 results are also shown in Table 3 below.



MHAT IS CLAIMED |IS: 1. A perpendicul ar magnetic recordi ng nmedi um
conprising: a nonmagnetic substrate, a first undercoating |ayer formed on

t he nonmagnetic 5 substrate, a second undercoating |ayer formed on the
-first undercoating |layer and having crystal grains and grain boundary
regi on separating the crystal grains, and a perpendi cul ar magnetic
recording |layer formed on the second endeecoating |ayer, 10 wherein the
first undercoating | ayer contains at |east one of the sane el enments formng
the crystal grains of the second undercoating |ayer, and the grain boundary
material contains at |east one of a carbide or boride as a conpound. 15 2.
A nmedi um according to claim1, further conprising a soft magnetic |ayer

bet ween the first undercoating | ayer and nonmagnetic substrate. 3. A nedium
according to claim1l1, wherein the grain boundary nmaterial contains at |east
one conpound 20 selected fromthe group consisting of Al14C3, Hf C, M2C,

NbC, TaC, TiC, VC, WC, ZrC, AlB2, Hf B2, MoB2, NbB, NboB2, TaB, TaB2, Ti B2,
VB2, WB, ZrB2, CrB CrBZ CeBG LaBé6, and SB6. 4. A nedlun1accord|ng to

clalml Where. the—25rsecond—nder¢oat g tayertcomtan s It 50 nol d of
t he conpound. i rfeldi ym pcgor di ng i3?0|liw 4,1 wherlein the 54 second
under coati ng | nﬁmﬁsm=f3%dﬁ A%t i Vofpotnd.| 8| Al medi um
according to clla @feﬁeg ®he) jcry st afs | df alfnsXof t Aie Je€nrd| under coat i ng
| ayer have 5 af st{ one pra-tace-—gentened-edbi¢ dpfkcxag Aad cl osest
packed structure. 7.5A nmed| um accordiing| tq claiim 1, where|[n [the crystal
grains of the secondgume‘tj:optq\ng-jlla_ye’ﬁ egrivaicn ‘at te@st~ oy €l enent
sel ected from the|gregum|id g{ﬂnrsi iongcmfd’tg @J,g(,an, C(Eza;&laﬂd Rh. 8. A
medi um accor di ng cl ai|m' wierdl R Ne i PYsi uNger oat i hg L ayer cont ai ns
not |ess than 60 at%pf |at || east opejof|the sane ¢l epents|faorming the
crystal grains |of |t H8| sgcane:uades cedtd e |layer|. o] o| ©| «| <| o
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.15 9. A nedium according to claim1l, wherein the perpendicul ar magnetic
recordi ng |l ayer contains Co and Pt. 10. A nagnetic recordi ng/reproducing
apparatus conprising: 20 a perpendi cul ar magnetic recordi ng nedi um whi ch
-conpri ses a nonmagnetic substrate, a first undercoating |ayer forned on the
nonmagneti ¢ substrate, a second undercoating |layer fornmed on the first
undercoating | ayer and having crystal -graions-and 25 a grai n boundary region
separating the crystal grains, and a perpendi cul ar nagnetic recordi ng | ayer
formed on the second undercoating | ayer; and - 55 a

recordi ng/ reproduci g headn whernel d g fgdcst dwaderaeatiistg dsayesrecont ai ns
at | east one of the sane elenents formng the crystal grains of the second

under coati ng | ayekdinaddwhehhehegr aiddibdwndampumit erfi anyc ot aiaws cats | east one
of a carbide or boride as a conpound. 11. An apparatus according to claim

10, wherein t heoradesdisnghr epr @dBei, nd Mead MoBra kgl dbFalre Tedoor di ng head.
10 12. An apparatus according to claim 10, further conprising a soft

magnet i c | ayer Thad@mweddBohe VB stWBundetooatGuly (Caper &8 enoffkhm&ti e
substrate. 13. An apparatus according to claim 10, wherein the grain
boundar y 5mat er iwdlthc oretsmians 4o Reastasorde &5 b iisddnd @%&O&F‘% om the group
consisting of Al4C3, HC_M2C NoC_TaC TiC VC W ZrC  ALBZ, Ff B2,
MOB2, NbB, NbBZACABOITaBRurt i th/Eesngst ABRE Has M9 19586 1%B6, and
SnmB6. 14. An apparat_us acgprding to claim10, wherein 20 the second

under coati ng | ctht?3s 1 to 50 nold of the compound. 15. An appar at us
according to claimé4H W@erein ghe second undercoating |l ayer contains 5 to
30 nol % of the conp ATRENE > An apparatus according to claim 10, wherein

Face cont oreq cubi ¢ 5 SoeTEg R D reetat ructire. 17, An
appar at ug, accor@if’@eEQ grat M0, gmhewe) nra, Ti, VvV, W, and Zr, x = 1,

2, and 4, y = 1 and 3) made of combinations of Pt and

metal carbides and having various composition ratios

were prepared. Table 4 below shows the metal carbides

used and their addition amounts. Perpendicular

15 magnetic recording media and testing media were formed
following the same procedures as in Embodiment 1
except that these various metal carbide composite
targets were used instead of the Pt-20mol3WC composite
target.

20 Each obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the
perpendicular magnetic recording medium shown in
FIG. 5 except for materials of the second undercoating
layers.

25 When the surface of the second undercoating layer
of each testing medium was observed with the TEM,

crystal grains and a grain boundary region separating



the crystal grains of the second undercoating |ayer contain at |east one
el ement selected fromthe group 5 consisting of Pt, Ru, Y, Pd, Re, and Rh.
18. An apparatus according to claim 10, wherein the first undercoating
-l ayer contains nore than 60 ate of at |east one of the sane el enents
formng the crystal grains of the second undercoating layer. 10 19. An
appar atus according to claim 10, wherein3tthe-perpendi cul ar nagnetic
recordi ng |ayer contains Co and Pt.

. Al % AF. A. A9NL. A{ 3. A A&& A. A9. A&9. A& A9. A&I. A&{ . A&L. A& . A9. A&9. A& A&&. A9. A
|— A9”. A9L. A; stal grains were found. The crystal grain size
L. A&L. A99. AL, A6&% 5 %\& A9&. A 9. AL{&2. A" & A&&. A9&. A99. ALh9. A& A. A9&2. A
88. A& A9. A3l . A§sA&: ﬁ&oA@mé\Q@l{Q\&AA&& A92mA&R#N; 7] N d
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ry: SZKwz{ @ wr mhc] Xl gb] X] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal caU] cal caU] cal] caU] ca] cal] ca] cal] ca] cal] ca] ca] ca
GH.:</16e: R 'Z V-}xsnid_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca
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As shown in Table 4, good characteristics were
obtained when the addition amount of any of various
carbides such as Aly4Cz, HfC, MoyC, NbC, TaC, TicCc, VC,
WC, and Z2rC with respect to Pt was 1 to 50 mol%. The

5 carbide addition amount with respect to Pt was more
desirably 5 to 30 mol%.

Embodiment 6

Perpendicular magnetic recording media and
testing media were formed following the same

10 procedures as in Embodiment 1 except that M-15mol?TiC
(M = Pt, Ru, Pd, Y, Re, and Rh) composite targets made
of combinations of various metals and a carbide as
shown in Table 5 below were used as second
undercoating layers, and the same metals M (M = Pt,

15 Ru, Pd, Y, Re, and Rh) as used in these second
undercoating layers were used as first undercoating
layers.

Each obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the

20 perpendicular magnetic recording medium shown in
FIG. 5 except for the first and second undercoating
layers.

When the surface of the second undercoating layer
of each testing medium was observed with the TEM,

25 drystal grains and a grain boundary region separating

the crystal grains were found. The crystal grain size

was approximately 4 to 9 nm.
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evaluation were performed on the obtained

perpendicular magnetic recording media in the same
5 manher as in Embodiment 1. The results are also shown

in Table 5 below.

Table 5
G?aln'51z§ Grain size |Rocking
distribution , ,
distribu- curve
(nm) of : SNRm
Target tion (nm) half-
second . . (dB)
. of magnetic | width
undercoating , °
grains (%)
layer
Pt-TicC 4 - 7 4 - 7 6 22.8
Ru-~-TiC 5 -7 5 -8 7 23.4
PAd-TiC 5 -7 5 -7 9 22.8
Y-TiC 7 -9 8 - 10 6 23.0
Re-TiC 4 - 7 5 -7 5 23.7
Rh-TiC 5 -8 6 — 8 7 23.4
Medium of
Comparative 10 - 13 10 - 14 10 19.8
Example 1
10 As shown in Table 5, the perpendicular magnetic

recording media of the present invention in which the
various M-TiC (M = Pt, Ru, Pd, Y, Re, and Rh) targets
were used as the second undercoating layers and the
same metals M (M = Pt, Ru, Pd, Y, Re, and Rh) as used
15 in the second undercoating layers were used as the
first undercoating layers exhibited better
characteristics than those of the conventional medium

of Comparative Example 1.
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@uo@xnbC Embodiment 7

Perpendicular magnetic recording media and
testing media were formed following the same
procedures as in Embodiment 1 except that M-15mol3%HfBs

5 (M = Pt, Ru, Pd, Y, Re, and Rh) composite targets made
of combinations of various metals and a boride as
shown in Table 6 below were used as second
undercoating layers, and the same metal M (M = Pt, Ru,
Pd, Y, Re, and Rh) targets as used in the second

10 undercoating layers were used as first undercoating
layers. .

Each obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the
perpendicular magnetic recording medium shown in

15 FIG. 5 except for the first and second undercoating
layers.

When the surface of the second undercoating layer
of each testing medium was observed with the TEM,
crystal grains and a grain boundary region separating

20 the crystal grains were found. The crystal grain size
was approximately 5 to 8 nm.

TEM measurement, X-ray measurement, rocking curve
measurement, and recording/reproduction characteristic
evaluation were performed on the obtained

25 perpendicular magnetic recording media in the same
manner as in Embodiment 1. The results are also shown

in Table 6 below.
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Grain size . . ,
. . \ Grain size | Rocking
distribution . ,
distribu- curve
(nm) of . SNRm
Target tion (nm) half-
second , , (dB)
. of magnetic | width
undercoating , o
grains (%)
layer
Pt-HfB, 5 -7 5 -7 7 22.3
Ru-HfB» 6 - 8 6 -9 8 23.0
Pd-HEB, 6 - 8 6 -~ 9 8 23.2
Y-HfBo 6 - 8 7 -9 6 22.5
Re-HfB» 5 -18 6 — 8 7 23.0
Rh-HfB» 5-28 6 - 9 8 22.7
Medium of
Comparative 10 - 13 10 - 14 10 19.8
Example 1

As shown in Table 6, the perpendicular magnetic
5 recording media of the present invention in which the
various M-HfBy, (M = Pt, Ru, Pd, Y, Re, and Rh) targets
were used as the second undercoating layers and the
same metals M (M = Pt, Ru, Pd, Y, Re, and Rh) as used
in the second undercoating layers were used as the
10 first undercoating layers exhibited better
characteristics than those of the conventional medium
of Comparative Example 1.
Embodiment 8
Perpendicular magnetic recording media and
15 testing media were formed following the same
procedures as in Embodiment 1 except that Ru-xat%Co
composite targets having various composition ratios

were prepared as first undercoating layers and used to



.10KK 10KK 10KK!s."109%KK& ()-'!s."10%& ()-'/ KKNLLMV NzX6r P1

L% 10% " & ()-!'L% 10%& ()-9M 10%&' ()-!'9IM 10% " & ()-! &M 109%& () -

F&M 109%&' () - ] NNNWOXOYQZCaOOr S4 " 10% & () - nl0% & ()- 10 10 10!

-8t 10%& ()- y2Y'10% & ()-! y2Y"10% " & () - OO0P, PYPPdEr S4 " 10

10% & ()-10% & ()-S10% & ()-10% & ()- 10% & ()-@0% & () - PPPQLONQQIEr S4
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10% & () - QQRKRTRRAErS4 10 +-10% & ()-3 QY10 & ()-3 "10% & ()-3

%W0% & ()-9#!'10% & ()-!10% & () - RRRS. SVSSdEr S4 " 10LL610% & ()-F 14

10% & () -F 210%a%d )tife Gomposition ratios of the first undercoating
layers different from each other, and an Ru-25mol3VC
target was prepared as second undercoating layers to
form Ru-25mol%VC as second undercoating layers.

5 Fach obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the
perpendicular magnetic recording medium shown in
FIG. 5 except for the first and second undercoating
layers.

10 When the surface of the second undercoating layer
of each testing medium was observed with the TEM,
crystal grains and a grain boundary region separating
the crystal grains were found. The crystal grain size
was approximately 6 to 11 nm.

15 TEM measurement and recording/reproduction
characteristic evaluation were performed on the
obtained perpendicular magnetic recording media.

FIG. 6 is a graph showing the relationship
between the Co content of Ru-xat%Co, SNRm, and the

20 average grain size of magnetic grains, as the results
of the measurements.

Referring to FIG. 6, curves 101 and 102
respectively show the average grain sizes of the
magnetic grains.

25 FIG. 6 shows that the perpendicular magnetic

recording media of the present invention exhibited

good characteristics when the composition ratio of
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more.

Embodiment 9

5 Following the same procedures as in Embodiment 1,
a Cr layer, CoCrPt ferromagnetic layer, and CoZrNb
soft magnetic layer were formed on a glass substrate
for a 2.5-inch magnetic disk.

Subsequently, without lowering the substrate

10 temperature, a 5-nm thick Pt layer was formed as a
first undercoating layer on the CoZrNb soft magnetic
layer by performing discharge at DC 500 W by using a
Pt target. On this Pt layer, a 10-nm thick Pt-CeBg
layer was formed as a second undercoating layer by

15 performing discharge on a Pt-30mol?%CeBg target at DC
500 W,

After that, a Co-18at%Cr-1l6at®Pt-1lat3B target was
prepared, and a 25-nm thick CoCrPtB perpendicular
magnetic recording layer was formed on the Pt-CeBg

20 undercoating layer.

Finally, a 7-nm thick C protective layer was
formed.

After the substrate on which the films were thus
continuously formed in the vacuum chamber was

25 extracted into the atmosphere, a 1.5-nm thick

perfluoro polyether-based lubricating film was formed

by dipping, thereby obtaining a perpendicular magnetic
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recording medium.

The obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the
perpendicular magnetic recording medium shown in
FIG. 5 except for the first and second undercoating
layers.

In addition, a testing medium of this
perpendicular magnetic recording medium was obtained
following the same procedures as above except that no
CoCrPtB perpendicular magnetic recording layer was
formed on the second undercoating layer.

When the surface of the second undercoating layer
of the testing medium was observed with the TEM,
crystal grains and a grain boundary region separating
the crystal grains were found. The crystal grain size
was approximately 5 to 8 nm.

TEM measurement, X-ray measurement, rocking curve
measurement, and recording/reproduction characteristic
evaluation were performed on the obtained
perpendicular magnetic recording medium in the same
manner as in Embodiment 1.

Consequently, the perpendicular magnetic
recording medium had a grain size distribution of 5 to
9 nn.

When X-ray diffraction measurement was performed
on this perpendicular magnetic recording medium, a

CoCrPtB (00.2) peak was observed.

105
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Also, when the recording/reproduction
5 characteristics of the perpendicular magnetic

recording medium were evaluated in the same manner as

in Embodiment 1, the value of SNRm was 23.5 dB.

Comparative Example 2

A conventional perpendicular magnetic recording

10 medium was obtained following the same procedures as
in Embodiment 9 except that on a nonmagnetic
substrate, a 5-nm thick Ti film was formed as a first
undercoating layer by using a Ti target, and a 20-nm
thick Ru film was formed as a second undercoating

15 layer by using an Ru target.

The obtained perpendicular magnetic recording
medium had the same layer arrangement as that of the
perpendicular magnetic recording medium shown in
FIG. 5 except for materials of the first and second

20 undercoating layers.

In addition, a testing medium was obtained in the
same manner as for the above perpendicular magnetic
recording medium except that no perpendicular magnetic
recording layer was formed on the Ru second

25 undercoating layer.

The grain size distribution on the surface of the

Ru second undercoating layer of the obtained testing
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of Pt and various metal carbides were prepared as

second undercoating layers to make the materials of

carbides in the second undercoating layers different
10 from each other as shown in Table 7 below.

When the surface of the second undercoating layer
of each testing medium was observed with the TEM,
crystal grains and a grain boundary region separating
the crystal grains were found. Also, the crystal

15 grain size was approximately 5 to 9 nm.

TEM measurement, X-ray measurement, rocking curve
measurement, and recording/reproduction characteristic
evaluation were performed on the obtained
perpendicular magnetic recording media in the same

20 manner as in Embodiment 1. The results are shown in

Table 7 below.

&
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Al4Co 7 -9 8 - 10 8 23.0
HEC 6 - 9 6 - 9 9 23.2
Mos>C 6 - 9 7 - 10 8 22.5
NbC 6 ~ 9 7 - 10 8 22.5
TaC 5 -8 5-9 6 22.8
TiC 5 -7 6 - 8 8 22.6
vVC 6 - 9 7 -9 6 21.9
WC 5 -8 6 - 8 8 22,2
ZrC 7 -9 8 - 9 7 23.1
Medium of
Comparative 12 - 16 12 - 16 12 18.8
Example 2
As shown in Table 7, characteristics better than
5 those of the conventional medium of Comparative
Example 2 were obtained when various carbides such as
Aly.Cs, HfC, MooC, NbC, TaC, TiC, VC, WC, and ZrC were
used.
Embodiment 11
10 Perpendicular magnetic recording media and
testing media were formed following the same
procedures as in Embodiment 9 except that Ru-20mol3MBy
composite targets (M = Al, Hf, Nb, Ta, Ti, VvV, W, Zr,
Cr, Ce, La, and Sm, x = 1, 2, and 6) made of Ru and
15 metal borides were prepared as second undercoating

layers to make the materials of borides in the second
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second . . (dB)
. of magnetic | width
undercoating , o
grains (")
layer _
AlB» 6 - 9 7 - 10 - 7 22.4
HEfB»> 6 —- 8B 7 - 8 9 22.4
MoB»> 6 -9 7 -9 8 23.0
NbB 6 -9 7 - 10 8 22.5
NbB» 7 -9 8 - 10 S 22.0
TaB 7 -9 7 - 10 6 23.1
TaBo 5 -8 6 - 9 7 23.1
TiB» 5 -8 6 — 8 7 22.9
VBo 6 - 9 7 - 10 8 22.5
WB 6 — 8 6 - 8 9 22.4
ZrBo 5 -7 5 -8 7 21.9
CrB 7 -9 8 - 10 8 22.3
CrBo 7 -9 8 - 9 6 22.7
CeBg 6 - 8 6 - 9 6 23.3
LaBg 5 -8 6 - 9 7 23.0
SmBg 5 -9 6 - 10 8 22.9
Medium of
Comparative 12 - 16 12 - 16 12 18.8
Example 2

As shown in Table 8, characteristics better than
5 those of the conventional medium of Comparative
Example 2 were obtained when various borides such as
AlBy, HfBy, MoBp, NDbB, NbB,, TaB, TaBp, TiBy, VBp, WB,
ZrBp, CrB, CrBp, CeBg, LaBg, and SmBg were used.
Embodiment 12

10 A perpendicular magnetic recording medium and



J9%40% "' & ()- CLy#m'10% "'& ()- "F 110% "' & ()- “F 10% "' & ()-( °
109% ""& ()- J|[:NA4 10 T f2t10% "' & ()-° Y 010% "' & ()- Y
.10% "' & ()- 0, 10% " & ()- Y *-10% "' & ()-( "F)10% "' & ()-6i|obua’
- onL0%" & ()-10' "' 10° "' 10° "' 9s10% "' & ()- ° 7310% "' & ()- s6
"10% "' & ()-( T Y410% "'& ()-*Z|[:bU4d T 10%"& ()- ~10%"& ()-
“10947& ()- 109" & ()- ° 109A"& ()~ “MPLOW"& ()->(|[:bus

C#109%.°& ()- 3 10%"& ()-0 L, :!109%7& ()- © 9109%"& ()- © 110%."& ()-(
3 S10%A"& ()-(V:|[:bUs ° Y .10%"& ()- 's,10"& ()- | *10%"& ()- “F

) &10%A" &' () -  FE¥thilQinedil)r Werd YUWHHRMA "f% ((Dowin(dP|dhe Akle

9f10@&"&f()- 1 810%."& ()- T9610%."& ()- © Y4L10%"& ()- I f210%"& ()-(
| 010%." & () - PRRYeAALRIY' as inl G¥MAdM Ent QDMK that rsrtdedivied (Qr

"9s109V M&' () - &MLO%MV ME' () - 10L" 10L" PCu] [ : A410L" " ~gl0%wV WM& ()-

t 1090 M () - ° nbostddvit(ic layeoeaQuenbt fespomadave{dc Mayer, and

"s109M M& () -9n| [: A410L"" ©  *109M ME ()- "3 ) @O%VI W& ()- -

& S1098M' M () - Cadedtoma i qaone tgfq lomamvirys -formed.

5 FIG. 7 is a sectional view showing the
arrangement of still another example of the
perpendicular magnetic recording medium of the present
invention.

As shown in FIG. 7, a perpendicular magnetic

10 recoding medium 50 has an arrangement in which a Pt
first undercoating layer 22, Pt-CeBg second
undercoating layer 23, CoCrPtB perpendicular magnetic
recording layer 24, C protective layer 27, and
lubricating film (not shown) are stacked in this order

15 on a nonmagnetic substrate 1.

When the surface of the second undercoating layer
of the testing medium was observed with the TEM,
crystal grains and a grain boundary region separating
the crystal grains were found. Also, the crystal

20 grain size was approximately 5 to 7 nm.

TEM measurement, X-ray measurement, and rocking
curve measurement were performed on the obtained
perpendicular magnetic recording medium in the same
manner as in Embodiment 9. As a conseguence, the

25 perpendicular magnetic recording layer had a grain

size distribution of 5 to 8 nm.

When X-ray diffraction measurement was performed
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5 was 5°.

The recording/reproduction characteristics of
this perpendicular magnetic recording medium were
evaluated by using a ring head using the
magnetoresistance effect and having a recording track

10 width of 0.25 um and a reproducing track width of
0.15 pum. As a consequence, the value of SNRm was
21.5 dB.
Comparative Example 6
A conventional perpendicular magnetic recording
15 medium was formed following the same procedures as in
Embodiment 12 except that a 5-nm thick Ti film was
formed as a first undercoéting layer by using a Ti
target, and a 20-nm thick Ru film was formed as a
second undercoating layer by using an Ru target.
20 The obtained perpendicular magnetic recording
medium had the same layer arrangement as shown in
FIG. 7 except for the first and second undercoating
layers.
Also, a testing medium was obtained in the same
25 manner as for the above perpendicular magnetic

recording medium except that no perpendicular magnetic

recording layer was formed on the Ru second
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TEM measurement, X-ray measurement, and rocking
curve measurement were performed on the obtained
perpendicular magnetic recording medium in the same
manner as in Embodiment 1. Consequently, the

10 perpendicular magnetic recording layer had a grain
size distribution of 11 to 15 nm.

When X-ray diffraction measurement was performed
on this perpendicular magnetic recording layer, a
CoCrPtB (00.2) peak was observed.

15 Rocking curve measurement was performed on this
CoCrPtB (00.2) peak, and the obtained peak half-width
was 11°.

The recording/reproduction characteristics of
this perpendicular magnetic recording medium were

20 evaluated by using a ring head using the
magnetoresistance effect and having a recording track
width of 0.25 um and a reproducing track width of
0.15 um. As a consequence, the value of SNRm was
16.8 dB.

25 Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to



y{10% ""& ()-:{10% "'& ()-{10% "' & ()-{10% _"' & ()-fstuvwaEvU910
10% "' &

;{10% " &(%)){10%_"'&'()-{10%_"'&'()-{10%_"'&'()-XCGJU910

J10% " & ()-{10% " & ()-{10% "' & ()-{10% "' & ()-{10% "' & ()-{10% "
()-}]1=vW910 {10% "'& ()-{10% "' & ()-{10% _"'& ()-'{10% _"'& ()-)?
y{10% "'& ()-z"BvU910 - 52 -

{10% "' & ()-{10% "'& ()-){10% "'& ()-{10% _"'& ()-)?

y{10% "' & ()-bBvU910

{10% "' & ()-{ 1% Spedidid ¥ailX {na {dd¥bede® {)iy& embodiments
y{10% "' & ()-~vaU910

{10% _"* & () - { 196wn ' a8 d )dd<l¥hbed AdYe{ri0WALcRdIrgy, various
y{10% "' & ()-bBvU910

{10% "' & ) - {m,dlfi@.'t(J)OI{S_LO%y beg' fgdg ]_V@'D/Bhdu’@ qd9pyrting from the
y{10% "' & ()-yY9vU910 {10% _" é {10% "' & ()-)?

y{10% " & () {IwdE it g )SqaRRAO! @%)gwbglﬂ)ventlve concept as
109% "' {10% "'

i/{ 10% " %L () {%ﬁ/%n@d ébﬁ()gl{%o@)epen%ﬁ)%a“&%ﬁ%dm%ﬁ’é equivalents.
{10% "' & ()-{10% _ "'&

y{10% "' & ()-{10% " & () {10% "' & ()-=DFKLPVUY9vVW910

{10% "'&() {10% "'&() )?

y{10% "'& ()-{10% "'& ()-{10% _"' & ()-V]_dei ouY9vWO10
{10% " & ()-{10% "' & ()-)?

y{10% "'& ()-{10% "'& ()-{10% "' & ()-ouw }uY9vl910

{10% "' & ()-{10% _"'"& ()-)?

y{10% "'& ()-{10% "'& ()-{10% "' & ()-uY9vU9l0

{10% "' & ()-{10% "'& ()-)"7

y{10% "'& ()-{10% "'& ()-{10% "' & ()-uY9vU9l0
{10%_"'&'()-{10%_"'&'()-)?

y{10% _" &() {10% "' & ()-{10% "' & ()-uY9vU9l0

{10% "' & ()-{10% "'&'()-)?

y{10% "' & ()-{10% "' & ()- {10% " & ()-uY=vlW910

{10% "'&() {10% "'&() )?

y{10% "' & ()-{10% "' & ()- {10% _""& ()-bBvWI10

{10%_"'&() {10% "'&() ) ?

y{{10% "'& ()-{10% _"'& ()-{10% _"'& ()-uY=vUW910

{10% " &() {10% _" &() )?

y{10% "' & ()-{10% "' & ()-{10% "' & ()-PgFvU910 {

9#&10%&() {10% "' & ()-)"7

y{{10% "' & ()-{10% "'& ()-{10% "'& ()-PO|[:vU910 99/10% & ()- 9

& GLO% & ()- 9 F+10% & ()- 9 f)10% & ()- 9 '10% & () - (

994.09% & ()-0]3ij|[:-910" OF 3:109% & ()- 99S8- 10% & ()- 93 s610% & ()- 93
()- 9 2s10% & ()-( 93 010% & ()-jkls sbA910" 9 9s! 109&8" &&' () -

410% &

&I

910988" &&' ()- 910%88" &&' ()- 9&10%&8" &&' ()- 9&MLOYES" &&' () - 10" 10" sn| [ : A910"
9 z10%88"&&' ()- 9 GLOY&S8"&&' ()- J 9"10%7& ()- 99" 10%88"&&' ()- 9

Y109&8" && ()- 9 109%&8" &8 ()- !, vZ: 10"109% & ()-+ 109 & ()-+ 9, 109% & ()-

991 10% & () - 10&8" &10&8" &10&8" & 9
| 10988" &&' () -, 7?@BOy] =vZ: 10" 1098 & () -+ 1098 & () - +!)?



: 9109 & () -+ 10% & ()-+! 109 & () -+ OY_ahj yYOvZ: 10" 10% & () -+ 10% & ()-+!)?
910% & ()-+110% & ()-+1109% & ()-+'jtz{|}y]=vZ 10" 10% & ()-+ 109 & ()-+!)?
9109 & () -+ 10% & ()-+! 10% & ()-+'y] =vZ: 10"10% & ()-+! 1094 & ()-+!)?

£ 9109 & ()-+1 109 & ()-+! 109 & ()-+! ~bFvZ: 10"10% & ()-+! 1098 & ()-+!)?

- 1098 & ()-+110% & ()-+! 109 & () - +! c9vZ: 10") ?

109% & ()-+ 109 & () -+ 10% & () -+ 109%-&' (93 +!10% & ()-+! _5vZ: 10) ?
10% & ()-+ 109 & () -+ 10% & ()-+ 109 & () -+ 10% & ()-+!d: vZ: 10))?

- 1098 & () -+ 109 & ()-+10% & ()-+! 10% & ()-+ 10% & ()-+d: vZ: 10))?

- 1098 & () -+ 10% & ()-+! 109% & () - #hdO%8' CratMEDUE&:()-+ !"d:vZ: 10))?

109% & ()-+! 109 & () -+ 109 & ()-+ 109 & () -+ 109 & ()-+!"& 35:;d: vZ: 10))?

10% & ()-+110% & ()t + 109Pe&handd LAY fdgreiDoA B¢ rdin@EudETan vZ: 10) ) ?
£ 109% & ()-+ 10% & () -+ 10% & ()-+! 109 & ()-+! 109 & () - +! TXdf kI d: vZ: 10)) ?
£ 1098 & () - +! 1098air(n)i-sHIrkRo8a8 rignmd Jrosd & (Jube thovse’ (3 -Bixgly| ~d: vZ: 10)) ?

10% & ()-+ 109 & () -+ 109 & ()-+ 109 & () -+ 10% & ()-+!d: vZ: 10))?

10% & () - +! 10%r&idncodtlioes & dyen fogmed (9n ANHMIBIIINeEGZ: 10) ) ?

- 1098 & ()-+1109% & ()-+10% & ()-+! 10% & () -+ 10% & ()-+ d: vZ: 10))?

£ 109 & ()3 +! 1098@wpirate 0o egjend WdRr¢atindl ey -ﬁ@la‘}%:%)%hﬁ

:109% & ()-+! 109 & () - +! 10% & -+!1i0%&'( -+11098 & () -+ d:vZ: 10))?

; i?ﬁ & 8 +1 10983 Y -W}%‘ﬁ)@%égn%! /R ‘%d +1?31\0b)@%:<%‘%ﬁ%l. v 3 %?and

£ 109 & ()-+ 109 & () -+ 109 & () -+ 109 & () -+ 109%.& ()-+!. $&*, d: vZ: 10))?

£ 10% & () - +! 100}5%?’8 maﬁ%yﬁ%@mw%? %ﬁ’r%%%%%ﬂ‘?%&:&&ééﬁ )10) )?

Lo ()- #1098 (-l A0 Ll Wit de *HA0E LAY - 1SR BB 4R & )

109 & ()-+! 109%:8 () =+ 10% & () -+l 109 & () ~+! 10% & ()-+! " h . oA ot (Y.
+1)? “olbo & O i (1%%2}%&1?)/@%%%/?%& s Addery O () ¥ hesxylRr110M & ()

'&10@68{16'1096&f()'Wﬁégein the first undercoating layer contains at
;0B & ()-+H 108 & ()-+H 108 & ()-+1 108 & ()-+!'!1 X [:- 10'0 ss9S 1098 & ()-!

SY 8Gl0% & ()- BéablO08& F-tBY s4MB0S &nénts SITRSIOVRE& €Fystal
S 0109 & ()-(UTbA 10!0 s v "10%!c& ()-G s910% K" & ()- 9'10%K" & () -
91 109" & () - sErdOfNG KSE &tK¢ - 466ANU TuRfO foAt 104014yeD, | 408h! h& () -#
the grain boundary material contains at least one
of a carbide or boride as a compound.

15 2. A medium according to claim 1, further
comprising a soft magnetic layer between the first
undercoating layer and nonmagnetic substrate.

3. A medium according to claim 1, wherein the
grain boundary material contains at least one compound

20 selected from the group consisting of Al C3, HEC,
Mo,C, NbC, TaC, TiC, VC, WC, ZrC, AlBp, HEfBp, MoBy,
NbB, NbBy, TaB, TaBp, TiBp, VBp, WB, ZrBp, CrB, CrBp,
CeBg, LaBg, and SmBg.

4. A medium according to claim 1, wherein the

25 second undercoating layer contains 1 to 50 mol% of the

compound.

5. A medium according to claim 4, wherein the
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closest packed structire.
7. A medium according to claim 1, wherein the
crystal grains of the second undercoating layer
contain at least one element selected from the group
10 consisting of Pt, Ru, ¥, Pd, Re, and Rh.
'8. A medium according to claim 1, wherein the
first undercoating layer contains not less than 60 at$%
of at least one of the same elements forming the
crystal grains of the second undercoating layer.
15 9. A medium according to claim 1, wherein the
perpendicular magnetic recording layer contains Co
and Pt.
10. A magnetic recording/reproducing apparatus
comprising:
20 a perpendicular magnetic recording medium which
comprises a nonmagnhetic substrate, a first
undercoating layer formed on the nonmagnetic
substrate, a second undercoating layer formed on the
first undercoating layer and having crystal grains and
25 a grain boundary region separating the crystal grains,

and a perpendicular magnetic recording layer formed on

the second undercoating layer; and



.10% K& ()-s s!10% K" & ()-s sss10% K' & ()- s 10% K" & ()-
le%'I'<\ & ()-Qre|[:vWA10 s s (10%K' & ()-s s '"3l0%K' & ()-s s 3%
10% K" ™ & ():s S&SHI0%W K" & ()- s '10% K" & ()- s1l0% K' & ()-e; Q[:vW410 s
-s3 410% K & ()-s sF f210% K" & ()-s s3 sO10% K" & ()-s s .10% K" & ()-
s9, MO% K' & ()- s3 *s1l0% K" & ()-2vU410 s9s10%vB" M& () -
s&rﬁl(?%WB" I\/& ()-10K'"100K""10°K" s sFO91® K- & ()- sY 810% K" & ()-
sL6n ':'LO% K'"& ()-2<|[:vW410 s s&m' 109V ()-s s yglov M& ()- s
}OWMB w& g)-s s109%B"M&' ()- s T109M M& ()- s109%vB"M& ()-Ct|[:vWa1l0 s s3
1090B" M& () - s s) f 1GUAWVRIME di)ng et QMRY M)~ s s&y# 1090B" ME ()- s
!10%&8 M&' ()- q &M 109%K8" K& ()-N[:-410MB"Ms sY 9310%vB" M& ()-s {
L&6" 10%J8" U&' () - sY v VR R st smB2SIBBIdVEL gyer spntammad N () -
s9,s! 10%vB" M&' ()-2_bA410MB"Ms s 110%& ()- s 10% % :& ()- s 10% % : & ()-
s& 10% % : & () -lesst0%rsd o (Hhel GleBraviedivBrav s, |quM-I(B\/Blh\ﬂs Fy IRy ;& ()-
$9:110% % : & ()- s3 9@0% % : & ()- s3 FF10% % : & ()- ssf1l0% % :& ()-
!1(1)00/0/a/d & () - QU [amdronBivihe Fpcrond sndeqdeatsng ek, g ) - s|
69 :& ()- siLf#"'10% :& ()-3 | Lf#"10981!3& ()-
é) the graf% boundary mgkggié%iégné%ins at least one
of a carbide or boride as a compound.
11. An apparatus according to claim 10, wherein

the recording/reproducing head is a single-pole

recording head.

10 12. BAn apparatus according to claim 10, further
comprising a soft magnetic layer between the first
undercoating layer and nonmagnetic substrate.

13. An apparatus according to claim 10, wherein
the grain boundary material contains at least one

15 compound selected from the group consisting of Aly4Cs,
HfC, MoyC, NbC, TaC, TiCc, VC, WC, zrC, AlBy, HEBjp,
MoBy, NbB, NbBp, TaB, TaBp, TiBy, VBp, WB, ZrBp, CrB,
CrBp, CeBg, LaBg, and SmBg.

14. An apparatus according to claim 10, wherein

20 the second undercoating layer contains 1 to 50 mol% of
the compound.

15. An apparatus according to claim 14, wherein
the second undercoating layer contains 5 to 30 mol% of
the compound.

25 16. An apparatus according to claim 10, wherein

the crystal grains of the second undercoating layer

have at least one of a face-centered cubic or
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10 19. An apparatus according to claim 10, wherein

the perpendicular magnetic recording layer contains Co

and Pt.



