; ~abcdef ge3e6, 3D 6T, . GL MAGNETI C RECORDI NG MEDI UM METHOD OF MANUFACTURI NG
THEREFOR, AND MAGNETI C READ/ WRI TE APPARATUS CROSS- REFERENCE TO RELATED
APPLI CATI ON Thi s application clainms the benefit pursuant to 35 U S.C

119(e) (1) of U.S. Provisional Appllcatlon No. 60/311,816 filed August 14,
2001. BACKGROUND OF THE | NVENTI ON Fi elld of the invention The pr esent
invention relates to a magnetic recordlng medi um a net hod of manufacturing

therefor, and ay %%e@%tfcc RrE%y the R a{t gﬁ%ﬁdbaipwmﬁd @ TIRARRL | C

recordi ng medi um sScription o he 1 n- p ane nagnetic

recordi ng nmedi um ha i d

magneti zation in a ﬁ&gﬁ@ﬁoﬁg' ?‘INryg :@%’Eﬁgr aﬁ@%%&fﬁe P%QIR%% to the
substrate. In the in-plane nagnetic recording nmedium there is a
possibility of medium noise increasing under the influence of diamagnetism
in the boundary of recordin its when the recording density is increased.
In the 2 easy n%@ﬁ%@rBEgEEENFE TﬂeRﬁﬁﬁﬁEPiBPPL18$T§O§eneraIIy oriented
perpendi cular to a substrate, in contrast, recordi ng nagneti c donai ns that
have cl ear bouﬁdasiesppthQEiémrnﬂai@ae tloe skvehkeddti rfdnmmoet ofo 35

di amagneti smin the boundary of recording pits even when the recording

density issi.ncregsed, (eand)t heref org. thesvdbidegay mhsh nedsSeon, No.
characteristics can be |nproved resulting in nuch attention to the

perpendl%@V@qlnqgnpqhgiﬁpcghghgg ARdi ygyRecently, there has been
i ncreasi ng demands for high density’recording in the magnetic recording

medi um For this reason, such a magnetic recordi ng nedi um has been proposed
as a |layer nmade of a sof t magnetic material, called a soft back layer, is

provi ded between a perpegg%ﬁéﬁégqﬁﬁgggetgﬁ?t' 'ﬂ that serves as a
recording layer and a su as t efficiency of
Field of the invention
The present invention relates to a magnetic recording
medium, a method of manufacturing therefor, and a magnetic
read/write apparatus that uses the magnetic recording

medium.

Description of the Related Art

The in-plane magnetic recording medium has been
widely used wherein the axis of easy magnetization in a
magnetic film is generally oriented parallel to the
substrate. In the in-plane magnetic recording medium,
there is a possibility of medium noise increasing under the
influence of diamagnetism in the boundary of recording pits
when the recording density is increased. In the

perpendicular magnetic recording medium of which axis of
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the flow or the magnetic flux between a single pole type head and the
magnetic recording nmedium in order to use the single pole type head that
has high capability of witing in the perpendicular magnetization film
However, even when the soft back layer is provided, the magnetic recording
medi um does not have satisfactory per;anance in the read/wite
characteristics, thermal stability and”the resolution of recording, and
therefore a magnetic recording nmediumthat is better in these 3

charact erd sl G J1as: Peeni Seqih rede HAPROESE Pﬁir@?ﬂs'@engfﬁ_?ﬁ}ll proposes to

control the "orientation dispersion angle D B50 of the ¢ axis of the crystal

orientation t i L hy whj | e e Patent

Appl i cat ioo%ﬁg%té%{}ﬁ%?%g%ﬁl%} N%g iZ_‘elgﬂggg,g%%, pjfll())p%é@ggélgé’cont rol the
orientation dispersion angle 0 B50 ofhtge?c axif of the fcc.structure
within 10FHRPTEY PEMRVETS o775 R0t 3T PFET ent®eD ROMRYAT L EReCdPi ent ati on
di spersion angle of the crystal orientation pronption layer within a

parti cul & drfgfecd idre the POFpoeE SRLTHPRETI nh TheMRPRTEEFRr Rt FRe of the
per pendi cul ar magnetization film Taking account of the growh in the early
stage of HoimagythE perpeAdnguPaisnayaet vhani bhef reapadipfedenteE¥ace
between the crystal orientation pronotion |ayer and the perpendicul ar

magnet i zats omdéreapsedheardi sharpbssebi theymal tbeagrgsdahogsai n di aneter of
the magnetic filmincreasing when the difference in orientation between the
crystal ofhenietéonspioesovthnnbkaygpratndd] heepal pendi chl aachagneti zation
filmis small. when the difference in orientation is too |large, on the

ot her haﬂ?ttéﬁ@i@@rﬁboﬂhéfp&P?eH@EE@@QECMh@ﬁeHEQn?é&é@&&ﬁ& fhkhmprovi ded by
the early growth becones too thick, leading to deterioration in the

read/write chargelert gyl cenand his!fen fnbbeLERhoShaRhhiby yben; Lhe
S e al

orientation dispersion’{s confro to proper vafues rn the crys

Or'e“tat'88n§£99”£é88r&?¥8rin the magnetic recording medium. For

this reason, such a magnetic recording medium has been
proposed as a layer made of a soft magnetic material,
called a soft back layer, is provided between a
perpendicular magnetization film that serves as a recording
layer and a substrate so as to improve the efficiency of
the flow or the magnetic flux between a single pole type
head and the magnetic recording medium, in order to use the
single pole type head that has high capability of writing
in the perpendicular magnetization film.

However, even when the soft back layer is provided,
the magnetic recording medium does not have satisfactory
performance in the read/write characteristics, thermal
stability and the resolution of recording, and therefore a

magnetic recording medium that is better in these



and in the perpendicul ar magnetization film it is nmade possible to pronote
the nucleation during the growh of the perpendicul ar nmagnetization film
and to formmcrocrystals, while keeping the portion forned by the early
gropwt h from becom ng thicker, thereby preventing the thernmal stability
fromdeteriorating. Under the above-dqfcribed ci rcunst ances, the present

i nvention has been nade, and an object”thereof is to provide a nagnetic
recordi ng medium that is capable of recording and replaying at a higher

density ynd Q4N tdhe Headiadn tegheragt eristics, a nethod of
manuf acturing therefor, and a magnetic read/wite apparatus. SUMVARY OF THE

| NVENTI ON The r%q{é'sce recol i %%%%ﬁ%@%@%ﬁ é&y@fgi o gonpri ses

at | east a soft gheti c under coat magnetic material,
an orientation control, filmthat contrgu?ﬁéhe orjientation of ahfilm
provi ded FirEeta bt UbFAESPEE BB toul ArY ABgREt F28t Fof®FF 1 AF of "®hi ch axi s

of easy magnetization is generally oriented perpendicular to a substrate,
and a pratecdtialke drientdthbdn pbomeeign ovaged witkimoh-dagnees c subbe r at e,
wherein the orientation control filmhas an hcp structure and, at the sane

time, D BRpa{eddepdO0H02) a0l eodaibon plage PSbEetawidhimoa Hange-from3 to
10 degrees and a difference (0 8 50 (mag) - DB 50 (ori) ) between 0 B 50

(ori) of féws®rentiasdon-§o8bheoll £Hé389i91\_559i&m1%19£r§f'§np§ﬁg§@di cul ar

magnetization filmis set wthin a range from1l to 8 degrees. Th
orientatign filmcan be n_a constructioggthai cgntains equal
e

nt rol de |

Lo or greBtbr ot Rdn 86 & G70r° oife BF° rire R Nte-oFC of eniht s Seregteass r om
Ti, Zn, Y, Zr, Ru, Re, Gd, Th and Co. The orientation control filmcan be
made in a constieweven, t hit ieondhi st bhelont nbe eckinhugl ofhel enments sel ect ed
fromV, C, M, Fe, Co and Ni. The orientation control filmcan be nmade in
a constr uctiemtdhadn conspensioneanglavoé khadsrpftel eoenéstseiected from B,
C, N, Oand P. According to the present invention, such a

promotion layer within a particular angle, for the purpose

of improving the characteristics of the perpendicular

magnetization £ilm.

Taking account of the growth in the early stage of

forming the perpendicular magnetization film at the

interface between the crystal orientation promotion layer

and the perpendicular magnetization film, there is a

possibility of the crystal grain diameter of the magnetic

film increasing when the difference in orientation between

the crystal orientation promotion layer and the

perpendicular magnetization film is small. When the

difference in orientation is too large, on the other hand,

the portion of the perpendicular magnetization film

provided by the early growth becomes too thick, leading to

deterioration in the read/write characteristics and in the



construction may be enployed as a non-magnetic internediate filmis

provi ded between the orientation control filmand the perpendicul ar
magneti zation film while the non magnetic internediate filmis nade of a
material containing 40 to 70 at % of Co. 6 The orientation control film
can be provided so as to have granul ary structure and have a mean crystal
grain dianeter from4 to 20 nm The nmagnetic recordi ng nedi um of the
present invention nay have such a construction that conprises at |east a
sof t magrelkirgaunderzgaatitfit | m pade of a soft magnetic material, an
orientation control filmthat controls the orientation of a film provided
directly abovegnarpeiendliu il smanalditd o fid mfe ey @ s of easy

magneti zation is genera l'y oriented perpendicular to a substrate, and a

protecti Otpl IrmVa uaef s are tthreovd &aoln %éﬁ%et qﬁ g al ]}A/ner ein the
e

orlentatlon contro |Imhas cC struc ure ‘and, a sa |rre 0 850
of the (111) .orientatio IS set t hin r e from3 to, 10 degrees

ond o di P8 dLTE ST Tapsis rioh ) bdtwekn 15 S50\ or 1) of the
orientation contral f| | mand QO 850 (mag). of the perpendicul ar magneti zation

filmis sk ﬁoaﬁreﬁﬁ&j%t@frﬁfﬁlmf%l%atd’éﬁfé%ér INe gt S VE U et i G fiel d
(-Hn) of the perpendicular magnetization filmis preferably equal to or
hi gher t bpar@Endde)ularThe gns thiotk oformahifracang i ty fdwan muigread ey $tetlos di ng
medi um of the present invention conprises formng at |east a soft nagnetic

under coatwHiillenkegei raf tthsgidribgnetdrmed Wptttie adarian @rdwert aftean contr ol
filmthat controls the orientation of a film provided right above, a

per pendi gdmirRgnatizadid Oncié b Pfp i &l aud scid  @asymATONeip ZR{4 PN i S
generally oriented perpendicular to the substrate, and a protective film

on the nan-dipanatd . spbsifate, while controlling so that the orientation
control filmhas an hcp structure and, at the sane tinme, 0 850 of the

(0002) Under the above-described circumstances, the present

invention has been made, and an object thereof is to
provide a magnetic recording medium, that is capable of
recording and replaying at a higher density by improving
the read/write characteristics, a method of manufacturing

therefor, and a magnetic read/write apparatus.

SUMMARY OF THE INVENTION
The magnetic recording medium of the present
invention comprises at least a soft magnetic undercoat film
made of a soft magnetic material, an orientation control
film that controls the orientation of a film provided
directly above, a perpendicular magnetization film of which
axis of easy magnetization is generally oriented

perpendicular to a substrate, and a protective film, that



orientation plane is set within a range from3 to 10 degrees and the
difference (D 850 (nmag) - 0 850 (ori)) between O 650 (ori) of the
orientation control filmand D 850 (nag) of the perpendi cul ar nagnetization
filmis set within a range from1l to 8 degrees. The nagnetic read/wite
apparatus of the present invention coqprises t he magnetic recordi ng nmedi um
and a magnetic head that records information on the magnetic recording
medi um and replays the information therefrom wherein the magnetic

recor di ng EFAHVICUBIdrSes mdndeafiethe Soidcrmanetite tidergaat film made
of a soft magnetic material, the orientation control filmthat controls the

orient at i@ Lt & ifdd ][Ecﬁ{tc%ﬁeﬂiﬂx HYs AOVEep tdE-RANPENA fY] Al Mggneti zation

filmof which axis of easy magnetization is generally oriented

per pendi cul ar to the, substrate an protective filmthat are provided on
e’ mon. ettt o oL abt f haO0F) BPhertat Eaner AT T 568 has. an-hop
structure and, at the sane tine, D B50 of the (0002) orientation plane is
set Wit hiwithirange figm Brém 10cdepy edsg ek tded di fd ef Bneendd BARW (nag) - D
650 (ori)) between 0 650 (ori) of the orientation control filmand 0 6 50

(mag) of e _perpend; r magpetization fi is set wi.thin a range from1l
to 8 degrste(gs(.npalﬁ?\)l EF %@JS%@I lgﬁ{%gfdge ?)Ré\\lé EIE ?595.15 1°ifsgheparti ally
sectional view showing the first enbodi ment of a nmagnetic recordi ng nmedi um

of the presienttdtmiventéantrdél giiPnisn@anAekpbamasgryofi eefor expl aining a
met hod of measuring O 6 50. Fig. 3 is an explanatory view for explaining a

nmet hod of | | 4 1S raph | Qs Aan, e e a
ue{‘i&ﬁ’éé&ﬁiélﬂlé’r Gnabhefl Pat foh Sef1A AP sé@O\Y‘iﬂngr‘? L exapl e by

rocki ng é) . FiIg. 5 is a graph show ng an exanple of a hysteresis |oop.

Fig. 6 i%_qnggngihom@pg anot her exanple of a hysteresis loop. Fig. 7 is a

partially sectiona r%?eM/shomﬁng t he

The orientation control film can be made in a
construction that contains equal to or greater than 50 at%
of one or more kinds of elements selected from Ti, Zn, Y,
Zzr, Ru, Re, Gd, Tb and Co.

The orientation control film can be made in a
construction that contains one or more kinds of elements
selected from V, Cr, Mn, Fe, Co and Ni.

The orientation control film can be made in a
construction that contains one or more kinds of elements
selected from B, C, N, O and P.

According to the present invention, such a
construction may be employed as a non-magnetic intermediate
film is provided between the orientation control film and
the perpendicular magnetization film, while the non-
magnetic intermediate film is made of a material containing

40 to 70 at% of Co.



third enbodi nrent of a magnetic recordi ng nedi um of the 9 present
invention. Fig. 8 is a partially sectional view show ng the fourth

enbodi ment of a nagnetic recordi ng medi um of the present invention. Fig. 9
is a partially sectional view showing the fifth enbodi mrent of a magnetic
recording medi um of the present inventjon. Fig. 10 is a partially sectional
vi ew showi ng the sixth enbodi nent of a nagnetic recordi ng nedi um of the
present invention. Fig. 11 is a partially sectional view show ng the

sevent h enbodi mart oafi e tyaget icoraedr diingn et We efrdvielgal eserds igwvent i on.
Fig. 12 is a schematic structural view showi ng an exanple of a magnetic

read/ wr i e RPRAAIUS Ofs ARl ’S i d IMeNtd Gfearti @ryskdhl Sg@asiructural view
showi ng an exanple of a magnetic head used in the magnetic read/ wite

f
appar at u%ifsd%%ri %)1%519'4 12, %EET LED DESCRIPTION OF THE INVENTION Fig. 1
shows the first enbodi nent of the present invention. The magnetic recording
medi um shown h e h%s & 10r sétrucfitnuremei&d/ﬁ/{]iocp %esofl;tesneargcneti Cc under coat
film2, an ori r?tatn} G Tont rof TS, A erpen(ﬁ SultEy maghetic film4, a
protective film5 and | ubrication film6 are fornmed on a non-nmagnetic
subst r at & VTG Y g}?a‘f%esﬁ‘%?}-%‘"g‘?fé‘i‘%u%‘hb%‘? et CAPRE L5 i Hum al | oy
substrates, glass substrates (crystallized gl ass, anorphous strengthened
gl ass , dfhsthe |9%d) magneliie wrdereediestibarmate subst ree®s, silicon
substrates, and silicon carbide substrates that have a Ni P plating

gener al | ynaggest ias rea treagineel | cam ecot e eyt hewli com sodbt £ atre. that addi ti on,
exanpl es of substrates can be given in which the NP filmis formed on
t hese subsindEss byha ptBéht@tion of a film provided directly above,
a perpendicular magnetization film of which axis of easy
magnetization is generally oriented perpendicular to a
substrate, and a protective film, that are provided on a
non-magnetic substrate, wherein the orientation control
film has an fcc structure and, at the same time, A 650 of

the (111) orientation plane is set within a range from 3 to

10 degrees and a difference (A 650 (mag) - A 650 (ori))
between A 050 (ori) of the orientation control film and A

650 (mag) of the perpendicular magnetization film is set

within a range from 1 to 8 degrees.

Negative nucleation field (-Hn) of the perpendicular
magnetization film is preferably equal to or higher than
0 (Oe) .

The method of manufacturing the magnetic recording
medium of the present invention comprises forming at least

a soft magnetic undercoat film made of a soft magnetic



met hod, sputtering nmethod, or the like. The nean surface roughness Ra of
the substrate 1 is preferably within a range from0.01 to 2 nm (nore
preferably from0.05 to 1.5 nn). In the case that the nean surface
roughness Ra falls bel ow the above range, adhesion of the nagnetic head to
t he medi um and magnetic head vibration,during replay occur easily. In

addi tion, when the nean surface roughngss Ra exceeds the above range, the
glide characteristics easily becone insufficient. The soft magnetic

under coatpfibpi21i SaRr evidadaknonr dehtt-e1est akl kahtmebacikbn el ¥nkhe
magneti zati on of the 11 perpendicul ar magnetic film4, that records the

i nformatiQp.; .} .di.reet Lor . per I ar. t bstr al | oy
havi ng anggée%g%?éﬁ? gguglgﬁgﬁopgﬁgaﬁgp %ﬁgﬁt6§gg?§gC%ﬂﬁ%gpégg§Eg§§Ehe soft
magnetic materjal that forns the. soft _nagnetic _undercoat .film2.  Exanples
of thi s mREEHT aE 7 hartaE S HICS TarPagE PRACoC FEBaY SRd ERAZPIRES. LEaN
alloys (FeNi, FeN Mo, FeNi Cr, FeNi Si, and the |ike), FeA alloys (FeAl,

FeAl Si, FearerellYreAlsPFrRuPERBCIRECHiIRE) FOFERE FPPE}EatEecAdFeCT Ti |
FeCrCu and the like), FeTa alloys (FeTa, FeTaC and the |ike), FeC alloys,
FeN al | oygrorestige| §ydm, Fer fhkopon-peNpesicoysbsindtreHWhalleoys. The soft
magneti ¢ undercoat film 2 can be conposed of mcrocrystals conprising
FeAl O, Febpb-rEéTaNg BeZitNaar thke olriiketakiocaddionitewl iftilmahaal sa haye a
granul ar structure in which the mcrocrystals are dispersed in a matrix.

The Co cogtenttQbet BaaSoht WR@NGLEE wndRrcoap o ldr ZHes @aualy to or higher
than 80 at% and a Co alloy incorporating at |east one or nore of Zr, Nb,

Ta, C, M _or_the.like.can be used. .For. exanpl e, Zr, Zr Nb, CoZrTa,
Gz Gr aRELEBSPIORaR B SuSEd SE M EAdE0 de BA"Fn TAGH &1 Of, "Ohe sof t
magneti ¢ undercoat film 2 may conprise an all oy havin%ian anor phous

st r uct ur edegreesapafatihen diddesensef | (X OfithsinagBs ob Gt he éofi))

between A 650 (ori) of the orientation control film and A

050 (mag) of the perpendicular magnetization film is set
within a range from 1 to 8 degrees.

The magnetic read/write apparatus of the present
invention comprises the magnetic recording medium and a
magnetic head that records information on the magnetic
recording medium and replays the information therefrom,
wherein the magnetic recording medium comprises at least
the soft magnetic undercoat film made of a soft magnetic
material, the orientation control film that controls the
orientation of a film provided right above, the
perpendicular magnetization film of which axis of easy
magnetization is generally oriented perpendicular to the
substrate and the protective film that are provided on the

non-magnetic substrate, and the orientation control film



12 magnetic undercoat film2 is preferably equal to or higher than 0.8 T.
When the saturation nagnetic flux density Bs falls below 0.8 T, the control
of the replay waveform becones difficult, the film st be made thick, and
this invites | owering of the production efficiency. The coercive force of
the soft magnetic undercoat film2 is preferably equal to or Iess than
200(0e) (15.8 X 103 A/m). When the coercive force exceeds the above range,
noi se i ncreases. The thickness of the soft magnetic undercoat film2 is
appr opri ahslsyaﬁehcgeg%@@lc&gl&n arke Sat Wit i RARRL, T A Blaux gdensidy Bs of
the material that fornms the soft magnetic undercoat film 2. Specifically,

Bs~t, that i he product, of the saturation nmagnetic densit of .the

mat eri al ﬁﬂ@éo?r‘f&ﬁ“&@%@ﬁ Bhadifeti® STtder i Irrﬁnfea%l(f%h?sftﬂ MO

thickness t of the soft magnetic undercoat film 2, igdfreferabl equal to
or

or great efeghigrs3@nT-ine( Forfs gnestasr abbk Y 2Quémagb 2@t éprihan 60 T~nm).
It is preferred that the surface of the soft magnetic undercoat film2 (the

plane of the Quen atgEn cont rof did M3 side)i ddadod OF B #:h6, sol{d Argrgneti c

undercoat film2 be partially or conpletely oxidized. The thickness of this

oxi di zed partion (oxidized 13 film) is preferably equal to or greater
than 0.1 Rt dA@WedE tHhsn @%n%%d‘ﬁqwl&@%ﬁrﬁ%ﬁ 5t S$%fe soft

magnetic undercoat film2 can be confirmed by Auger electronic
spect r oscOBEN LS BB ragge Herdn ke torhe degrg@fess of the oxidized portion
(oxidized film of the surface of the soft magnetic undercoat film 2 can be
found, for exanple, by a transm ssion electron m croscope (TEM photograph
of a cross-section of the medium The orientation control film3is a film
provided for controlling the orientation and crystal grain dianeter of the
per pendi cul ar magneti c BRIBF4DpsQRIGEdONi DECTHY 8BAWENGI n the magnetic
recordi ng nedi um of the present
Fig. 1 is a partially sectional view showing the
first embodiment of a magnetic recording medium of the
present invention.
Fig. 2 is an explanatory view for explaining a method

of measuring A 0 50.

Fig. 3 is an explanatory view for explaining a method
of measuring A 6 50.

Fig. 4 is a graph showing an example of a rocking
curve.

Fig. 5 is a graph showing an example of a hysteresis
loop.

Fig. 6 is a graph showing another example of a
hysteresis loop.

Fig. 7 i1s a partially sectional view showing the

third embodiment of a magnetic recording medium of the



enbodi nent, the orientation control film3 is conposed of the materi al
havi ng an hcp structure. Exanples of materials of the orientation control
film3 include those having a content equal to or greater than 50 at % of
one or nore kinds of Ti, Zn, Y, Zr, Ru, Re, Gd, Tb and Co. Anpbng these
materials, at |east one of Ru and Re i} preferably used. Internetallic
conpounds having a hcp structure, for é&xanple, 25Ag75Ge, 50Cu50CGe and
75Ru25Nb are al so preferred. Exanples of these materials include those
having a , l4.centeitn@qyal, to or greater than 50 ato of one or nore kinds
of Ti, Zn, Y, Zr, Ru, Re, &d, Tb and Co, and one or nore kinds of V, Cr,

Wh, Fe, Co and Ni.. Specifi_c_examl re , , : i, .and RuCr vn.
In the orientat?%ﬁ'c%nﬁﬁoﬁ F%F%ﬁ?}%§h%e€g§%§%€ ?ﬁ%®,35§¥1ﬁéfwég, Co and N
is preferably set to he equal_to or greater than 0.1 and |es han 50 at %
Exanpl es gf’uﬁﬁ?‘el‘ef“g’logl&ent%hé’foﬁ SRS o crt?rﬁorré’ﬂnﬂ I“}ﬁadg"ﬁ“héﬁ’fﬁélet hose
having a content equal to or greater than 50 at% of one or nore kinds of
Ti, Zn, YPrE2EenRulnmReNta®n-Tbh and Co, and one or nore kinds of B, C, N, 0
and P. Specific exanples are RuB, RuC, ZrN and ReBO. In the orientation
control film 3, Fiilke Qoritsert pefrtBaldy Medr igmmd 1P viiewrsdfosriaig \ihset to be
equal to or greater than 0.1 and less than 50 ato. It is also possible to
use, in tHefah enatdiceroordf ol rMadrmatd,c atdamesdiray imeglianc arft exite equal to or
hi gher than 50 at% of one or nore of Ti, Zn, Y, Zr, Ru, Re, Gd, Tb and Co,
and one ok R tKiiRfferfics. oxide, Zr oxide, Ti oxide, and Al oxide.
Specific exanples are Ru-Si 02, Ru-Zr02 and Re-A1203. In the orientation

St LS U ot e s, o 0o
greater s%§th embodiment of a magnetic recording medium of the
present invention.
Fig. 11 is a partially sectional view showing the
seventh embodiment of a magnetic recording medium of the
present invention.
Fig. 12 is a schematic structural view showing an
example of a magnetic read/write apparatus of the present
invention.
Fig. 13 is a structural view showing an example of a

magnetic head used in the magnetic read/write apparatus

shown in Fig. 12.

DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 shows the first embodiment of the present

invention. The magnetic recording medium shown here has a



than 0.1 and less than 40 ato. The orientation control film3 can be nade
in a construction that has a granular structure in which the mcrocrystals
are dispersed in a matrix. A mean crystal grain dianmeter of these crystal
grains is preferably set within a range from4 to 20 nm In the case that
the crystal grain dianeter falls belog t he above range, the thermal decay
decrease. In addition, when the nean Pystal grain di aneter exceeds above
range, the noise characteristics deteriorate. The term"thermal decay"

refer to Quopenfies; d ehidldiNo 14 A AL RASE: I ih Ul caused byad her mal
stability . In the magnetic recordi ng nedium of the present enbodi nent, D

650 of t : . Qri ' 0 ' j | £ §4 3is
preferabl%;e;:lvmq}ochoalz%log{ r%%gg@#?gfm '?%’ 1% %%%?%%P n%ér%q%%?ée]%%ﬁl@ﬁflﬁomnﬁ 4 to 8
degrees). \Wen 0 850 of,the . orientati,on.control _film3 falls belowthe
above rar‘?gé’,rcinct?e‘:tr]e‘é%/ J:n[‘ & c‘m\(?a%t ?k?g}?%%l%t%ﬂ%%tae?el noEdd t7'on, when
it exceeds the above range, the thermal decay deteriorate. As used herein,
the term® O \B5T2FRRNSC | HEPFHEYC i Stri bution of the fil mand specifically
refers to a half value of a peak of a rocking curve relating to the

speci fic orientExaranlgs ane ore thenswdInelofsepetrtient afombomrer 16
film3. The smaller the nunerical value of D 850, the higher the crystal
orientatial®f dliestfrdies Angexaspsebotrabes methpsitailireedugliagsD 850
relating to the (0002) orientation plane of the surface of the orientation

control fdrhdRphoid | sthesnbendesergbeds (landetiesnineéj pncotapeak position As
showmn in Fig. 2, a disk D, in which an orientation control film3 has been

formed ins e ot &5 oSk risbesubstbatadi abed; wohhs@pst petdentaqray 21 and a
diffraction X ray 22 is detected by a diffraction X-ray detector 23. The

osition d L S a e.a e diffraction
§-r;y|22 Qe%%%?%dgigg%ﬁé %§?§€%§§é339?%ptﬁ%%?n%igg%tpgéF%§821l(the ahgle of

the di f1raction X072y 22,10, 20, 8XLe081 90.L102,24n00: bhe gt dgnL X ray 21)

In addition, examples of substrates can be given in which
the NiP film is formed on these substrates by a plating
method, sputtering method, or the like.

The mean surface roughness Ra of the substrate 1 is
preferably within a range from 0.0l to 2 nm (more
preferably from 0.05 to 1.5 nm).

In the case that the mean surface roughness Ra falls
below the above range, adhesion of the magnetic head to the
medium and magnetic head vibration during replay occur
easily. In addition, when the mean surface roughness Ra
exceeds the above range, the glide characteristics easily
become insufficient.

The soft magnetic undercoat film 2 is provided in

order to establish more firmly the magnetization of the



becones two tinmes |arger than an incident angle 8 of the incident X-ray 21
to the surface of the disk D, that is, 2 e. The intensity of the
diffraction X-ray 22 is nmeasured by the detector 23 using a 8-28 scanning
met hod wherein, during the irradiation with the incident X-ray 21, the
incident angle 8 of the incident X-rayl 21 is changed by changi ng the
direction of the disk D and, at the sane tinme, the position of the detector
23 is charged while 17 mai ntai ning the angle of the diffraction X-ray 22
to the i perHendixulay magaetig (iRm 4dngltdathaecosdewshei A orggéd obhan t he
incident angle B of the incident X-ray 21). Consequently, a relationship
bet ween Bnaaddfhecithbengetrpeodichd adi tor bkl smbXtraye22.i s exam ned,
thereby to determne the position of the detector 23, where the intensity
of the diffrachhoreXalayy2Rakeagnas mexicoumentheqangl eoc28rohigher
diffraction X-ray 22 at this position of the detector to the incident X-ray
21 refergpnba 2BPatiheasr yat alsRl are tHhab fits ndemeant mak i@ 10fhaRt at i on
control film3, can be determined fromthe resulting angle 28p. (2)
Det er m nat.i r i n r in g 53, incident angl e 8 of
the inci gé%@gx?%gy%‘g?ti s n?‘l‘%\#g’ﬁéﬁ nfgll?(hezsdi EREmbIEL6E LAIEI S O
the state _that the detect 3i.s fixed to t iti wher.e the angle 28
of the df“#?é&?ﬁoﬁnfiﬁl%? %rf el y%p(%%cﬁérgeﬁf%xﬁﬁ%ger g&%eﬂg curve
showi ng a rel ationship between the incident angle 8 and the intensity of
t he diffF&Eﬂi6%1R¥Fa¢F?ﬂldeﬁ¥%&%gf'bﬁeﬁﬁéhheﬁggg 1 z2ad gheed 1t%%d sposi tion of
the detector 23 is fixed to the position where the angle 28 of the
di f fract FeRlxaddpys2 (Fefd hdedned 1287 e Al Groc ety SdifriFar sshvghehe
di stribution of gradient of the crystal plane of the surface of the
ori ent at ilakre¢ontfiedlr falllmy® t@Fatm pgledhd iof Refr@i sladDthE d.ikkli,s a graph
showi ng an exanple of the rocking

FeTa alloys (FeTa, FeTaC and the like), FeC alloys, FeN

alloys, FeSi alloys, FeP alloys, FeNb alloys, and FeHf
alloys.

The soft magnetic undercoat film 2 can be composed of
microcrystals comprising FeAlO, FeMgO, FeTaN, FeZrN or the
like. In addition, it can also have a granular structure
in which the microcrystals are dispersed in a matrix.

The Co content of the soft magnetic undercoat film 2
is equal to or higher than 80 at%, and a Co alloy
incorporating at least one or more of Zr, Nb, Ta, Cr, Mo or
the like can be used. For example, CoZr, CoZrNb, CoZrTa,
CoZrxCr, and CoZrMo can be used advantageously.

In addition, the soft magnetic underccat film 2 may
comprise an alloy having an amorphous structure.

The saturation magnetic flux density Bs of the soft



curve. The term"0 B50" refers to a half-value wdth of a peak that shows
the orientation plane in this rocking curve. The thickness of the
orientation control film3 is preferably equal to or I ess than 50 nm (nore
preferably equal to or less than 30 nm. Wien the filmthickness exceeds

t he above range, the dianeter or the cyystal grains in the orientation
control film3 becone |arge, and the nmagnetized grains in the perpendicul ar
magnetic film4 can easily becone coarse. In addition, the distance between
t he magnehagnbend andekbeasoftilnmgneti prufidenbagt efiubhin 2obeconeghkar ge
during replay, and the resolution of the replay signal decreases and the

noi se chafgpghepi 8tircs WeLLr {198 al L u i £6n i Rafi9bt P ef prabhensThe Wsi entati on
control film3 is preferably forned so that 1ts thickness is equal to or

hi gher t hat 9. LoaiLheqayse, | Lt chntae b@i@hetgsﬁgrysuabeeakﬁntat'on of

the perpendicul ar magnetic "fi eteriorates he repl ay
characterjstics d rlorgi The r pen | ar f|| IS a

di 4
magnet i ¢ PFFAI"E 8f F&ﬁu s tOF g&i? Wﬁ&ﬁe |2§F én@P F948ri ent ed

19 perpendicular to the substrate, and using a Co aIIo in the

per pendi cul¥f CREGHBIEE AR R4 the prerEcaBra. eﬁféﬁﬁﬁ§§yof the Co alloy are
CoCrPt alloy and Copt alloy. These alloys can be doped with at |east one
el enent sel ect edher 6AeTaiver foxse of, tRe, sRit wagNetimhundercsapt B, 0 and
N. The perpendi cul ar magnetic film4 can be can have a single |ayer

structurefrthat 2i $supirk@eiabn yt Reulhi ¢lonegs 1@isseehiadn 200r(oean (have &
mul tiple | ayer structure in which a layer conprising a transition netal

a1 an naPo T A Snf AR CLPG A08 SERE 3l el 2%

al l oy such as CoCrPt a | oy, Copt alloy or the |like can be used. The
t hi ckness™8f°fhe"FéfFENi-cul ar magnetic film 4 can be appropriately

optim zed according to the target replfy output, but in the case of either
a single |ayer $PPuEhdFENESSa Ofultdiepise ta?@ﬂ“@ﬁﬂ&c?@ﬁércpﬁttﬁé 18age in

whi ch the perpendicular magnetic film4 is too thick,
is appropriately set depending on the saturation magnetic

flux density Bs of the material that forms the soft
magnetic undercoat film 2.

Specifically, Bs't, that is the product of the
saturation magnetic density Bs of the material that forms
the soft magnetic undercoat film 2 and the film thickness t
of the soft magnetic undercoat film 2, is preferably equal
to or greater than 30 T-nm (more preferably equal to or
greater than 60 T:nm).

It is preferred that the surface of the soft magnetic
undercoat film 2 (the plane of the orientation control film
3 side) that forms the soft magnetic undercoat film 2 be
partially or completely oxidized.

The thickness of this oxidized portion (oxidized



probl ens such as the deterioration of noise characteristics and a decrease
in resolution occur easily, and thus the thickness is preferably equal to
or higher than 100 nm (nore preferably 8 to 100 nm. The difference ( D 8
50 (mag) - D 8 50 (ori) ) between O 20 850 (ori) of the orientation
control film3 and 0 650 (mag) of the rpendi cul ar magneti zation film4 is
set wwthin a range from1 to 8 degrees (preferably from2 to 6 degrees).
When the difference ( 0 6 50 (nag) - D6 50 (ori) ) falls below the range,

the noi serchayagkepirsfeeabdot equanate. okngaddickicoRhanhen 1t he dinbf erence
exceeds the range, the thermal decay deteriorate. The term"0 650 (nmag)" of
t he perpe@gggukﬁgnnggﬂﬁgic film4 refers to 0 650 of the (0002) orientation
pl ane. In addition, the negative nucleation field (-Hn) of the

per pendi cul ar HﬁgngghﬁiEEEgI%F:éﬁg%%EE%%bIal%ﬂgago%% ﬁ%ggggq%r t han 0(0Oe).

When the negativé nucléation I's "bel ow above range, the
thermal stahility, decreases. shown.in Fig. t he negative nucl eation
field (-HiY PECPRE fuEr PoaPTy Ieu§°\t{7\gﬁtr5‘§gngé(diwetrh§r1&%gtr8ﬁ&§ (Ce) from
the point "a" at which the external magnetic field beconmes 0 to the point
"b" at WhPBRCLRESFRPY of INBgnet F&E drt XGecr €ASetRAaplARFShBECRBS high in the
process of decreasing the external magnetic field froma saturated state of
t he magnetkidized pbort iexanpxdditded Fadim)i of ithei catrdadgy afeftéeesod tsynbol
c) in a hysteresis |oop. Mreover, the negative nucleation field (-Hn)

t akes 2thagnpasict unelevalose ifllhe ease dehdounke Faimtexanplat, Wy ah t he
rate of magneti zation decreases rapidly becones highis in a regionin

whi ch t he texhemials irgRAldE doreid e nagm)i W dtere b ofb) and
conversely, takes a negative value in the case in which this point is in a
region i nwWhisgh (Lhe ;ext eysal gmegnetic fiel d becones positive (see Fig.
The orientation control film 3 is a film provided for
controlling the orientation and crystal grain diameter of
the perpendicular magnetic film 4 provided directly above.
In the magnetic recording medium of the present
embodiment, the orientation control film 3 is composed of
the material having an hcp structure.
Examples of materials of the orientation control film
3 include those having a content equal to or greater than
50 at®% of one or more kinds of Ti, Zn, Y, Zr, Ru, Re, Gd,
Tb and Co.
Among these materials, at least one of Ru and Re is
preferably used.
Intermetallic compounds having a hcp structure, for

example, 25Ag75Ge, 50Cu50Ge and 75Ru25Nb are also preferred.

Examples of these materials include those having a



5) . In the neasurenent of the negative nucleation field (-Hn), a disk
conprising only the substrate 1, the orientation control film3, the

per pendi cul ar magnetic film4 and the protective film5 is used to renove
an influence of the soft nagnetic undercoat film2 and the neasurenent is
preferably conducted using a vibratingﬁéanple magnet oneter (VSM or a Kerr
ef fect nmeasuring apparatus. Using the gnetic recording nediumas it is,
t he negative nucleation field (-Hn) can al so be neasured using the

Vi brati ng-sapphe 8898t egeber ge¥shkroknhheskentsebteshemeasubirag appar at us.
The protective film5 is for preventing corrosion of the perpendicul ar

magnetic filg4,cand agnt hg,eagge RLMeRrePr E¥ENES dagugs, thBhSHQEQkum

cones |nfo contact mnth he me

surface when the nagnetlc um and
preserves_the ubrlca har cte t ic h ad and the
medi um CBRVen f%ﬁﬁl? fe |af3§8 ﬁ be usedﬁmw%f exanpl e,

a conposition_of only S 02 or ZrO or. gne that uses these as the mgjor
constltueﬁ%emﬁPFE'|ﬁESPpoBSVvnargﬁhéPdeBBHEWPs can be used. The thickness
of the protective film5 is preferably within a range from1l to 10 nm A
wel | - known | ubrFeahbesacheasapépnl gonspolyéthar 3,f ther Faateatapréolol ,
fluorinated carboxylic acid, or the |like can be used in the Iubrlcatlon
filme6. The,tVMpe &ad €hi ekneds ¢anple fappbdpr satelky bet edepéndiongron t he
protective filmand the lubricant that are used. In the manufacture of the
magneti ¢ gesotdrnghardOUum havi ngskhehadnsor ueki.on descri bed above, the soft
magneti c undercoat film2 is formed on the substrate 1 shown in Fig. 1 by a

sputtering methpdampext af Qxikdiriabng breaheeBbikbhitaaibhedoadtoQnrihf
surface of the soft magnetic undercoat film 2 when necessary, and then the

orientatign; EQTEEQ'tRb%@‘%a@Eﬁ gecggggggd%aﬂgqrtgag@e r%a@%g”kﬁa%re formed

in sequence by a sputtering method. In the case where an oxi i Zi ng

treatnentSbs %arr%egne or more kinds of Ti, Zn, Y, Zr, Ru, Re, Gd,

Tb and Co, and one or more kinds of B, C, N, O and P.
Specific examples are RuB, RuC, ZrN and ReBO.

In the orientation control film 3, the content of B,
C, N, O and P is preferably set to be equal to or greater
than 0.1 and less than 50 at%.

It is also possible to use, in the orientation
control film 3, alloys having a content equal to or higher
than 50 at$% of one or more of Ti, Zn, Y, Zr, Ru, Re, Gd, Tb
and Co, and one or more kinds of Si oxide, Zr oxide, Ti
oxide, and Al oxide.

Specific examples are Ru-Si0;, Ru-Zr0O; and Re-Al,0s;.

In the orientation control film 3, the content of the
above oxides (at least one of Si oxide, Zr oxide, Ti oxide

and Al oxide) is preferably set to be equal to or greater



out on the surface of the soft magnetic undercoat film2, after formng the
soft magnetic undercoat film2, a nethod in which the soft nagnetic
undercoat film2 is exposed to a gas that includes oxygen or a nethod that

i ntroduces oxygen 23 into the process gas when form ng the portion of the
filmat the surface of the soft nagneth§ undercoat film 2 can be used. Due
to the surface oxidation of the soft nagnetic undercoat film2, the
magnetic fluctuation of the surface of the soft magnetic undercoat film 2
can be suppigessed, agaditbe ehkgctiocapshe obtai ned wherein the noise
characteristics are inproved by making the crystal grains of the

orientation conpgol of i L3¢ 1bAt chacbQimedipnst henspEtnamgnehi § under coat
film2 nore fine. Due to the oxidized portion (oxidized |ayer) of the
C

surface ofLbe 5oLt HRgneti faundegeaat Ll g2, cthgct danghepyobngorrosi ve

[
material s"fromithée sof{ nagneticC ercoat m he medi um surface can
be suppressed, and e occurrence of corrosion,of the medium surface can be

t .
preventedml%5°§5¥sEPg§0aﬁFtH?ﬁpﬁﬁ8e§b69ear§ﬁ &*¢from 3 to 10 degrees) in

the formation of the orientation control film3, for exanple, there can be
enpl oyed the mebhB8aBf CHYELALzPREIRNE1ABREEFaPlr ENCPReCHYBERLSTFAANS
pressure, the filmformng rate, and the di stance between the target and

t he substiaterdéeraglvheetowithionaotange drventatirodOcontrolnfihen 3 using
the sputtering nethod. To set 0 850 within the above range, the tenperature
24 condi t teneduhangthbectgsmali gradh themeteentatilenbeanir ahef bbawvd i s
preferably within a range from 100 to 300C. The pressure of the process gas

i s preferabhyesetn@ thefmall aBas f tedr@adet.0 20 Fadidhenfiknehofpkng rate
is preferably set within a range from1 to 10 nnfsec. The di stance between

the targepeandcteraubethahe diSmieherabley sset phvkhind el akge Hbawe20 to
150 mm In the case whére the conditions such as tenperature,
characteristics deteriorate.
The term “thermal decay” refer to properties relating
to a decrease in output caused by thermal stability .
In the magnetic recording medium of the present
embodiment, A 650 of the (0002) orientation plane of the

orientation control film 3 is preferably within a range

from 3 to 10 degrees (more preferably from 4 to 8 degrees).
When A 650 of the orientation control film 3 falls
below the above range, the read/write characteristics

deteriorate. In addition, when it exceeds the above range,

the thermal decay deteriorate.

As used herein, the term “A 850” means inclined
distribution of the film and specifically refers to a half-
value of a peak of a rocking curve relating to the specific

orientation plane on the surface of the orientation control



process gas pressure, filmformng rate, and di stance between the target
and the substrate fall bel ow or exceed the above range, 0 850 becones too
smal|l or large, and the noise characteristics, the magnetic read/wite
characteristics, and the thernmal decay sonetines deteriorate. In the case
in which the perpendi cul ar magnetic film4 having a single |ayer structure
(that is uniformin the thickness diré@tion) is formed, the perpendicul ar
magnetic film4 can be forned using a target nmade of a nmaterial that forns
t he perpendi ar i« fJlom4. he case | i e pendi cul ar
magnet i c fﬁngnu% hg\%g%%é—;{l?rlﬁ% itg}ee r}da{rglleellrl}%lr Slcs:alludré; allys] L??r%r@ﬁ,a?%e
perpendi cul ar magnetic film4 is conposed bg alternatively lamnating a
first tarjedhemdenofcaystahspriontaeiar pEotheofalPoy) and a second target
made of a noble netal (Pt, 25 Pd) using the sputtering nmethod. As a
formati on et hagh f@xahbee psdt €béi nethodno b, maaspuihgr AnhShethddttihgt uses a
carbon target, a CVD nethod, or an ion beam nethod can be used. There can
al so be | t ' e pr CtLj Ll geb de of Si02 or
Zr 03 usiﬁ%gétig &gﬁ??gr?ﬁgeﬁ%?ﬁgéﬁlEg?BESSE gﬁga%gg?a%%dgkoFH%iOZ or Zr03,
or a reactin ttering, nethod.that uses _gas,co 1.0k oxygen as the
process g%%% Tﬁggh%ncﬁggtfﬁ%tgﬁﬁg 3Nfﬁ;§tﬁg 8% ?%gcféﬁg%éan1nethod IS
used, becafse a protective film5 having,an extrenmely hi gh hardness can be
formed, it EaﬁeBngﬁH@thﬁEhofhPﬁﬁérpPﬁlgéﬁﬁarison to a protective film
fornmed by a sputtering nethod. Thus, the spacing |oss during replay is
smal |, and hi gh28erBPYy EBpFag-cén BedéékrBedlﬁuWhlﬁbx@P PRESNERELLAt i on
film6 is formed using a deep coating nmethod or a spin coating nethod. In
t he magnetectretofdimg3nmbdsubeeh fhempdesenthenveheirnnstssnde,t he
orientation control film3 has an hcp structure and, at the sane tine, D
B50 of therspechted oftdntat iapipkanext@aQ2pli andet ditliracaibange from 3
to 10 degrees, and a difference ( DB 50 (mag) - 0 B 50 (ori) )

ray 22 1is detected by a diffraction X-ray detector 23.

The position of the detector 23 is set so that the
angle of the diffraction X-ray 22 detected by the detector
23 to the incident X-ray 21 (the angle of the diffraction

X-ray 22 to an extension line 24 of the incident X-ray 21)
becomes two times larger than an incident angle 6 of the
incident X-ray 21 to the surface of the disk D, that is, 2
6.

The intensity of the diffraction X-ray 22 is measured
by the detector 23 using a 6-20 scanning method wherein,
during the irradiation with the incident X-ray 21, the
incident angle 0 of the incident X-ray 21 is changed by

changing the direction of the disk D and, at the same time,

the position of the detector 23 is charged while



betmeen D BSO (ori) of the orientation control film3 and 0 850 (nag) of

t he perpendi cul ar magneti zation film4 26 (hereinafter referred to as a
difference in 0 B50) is set within a range from1 to 8 degrees, the noise
characteristics and read/wite characteristics increase and excel |l ent
thermal stability are obtained. Therefore, high-density read/wite becones
possi bl e. The reason why excell ent magnetic characteristics can be obtained
by setting O B50 of the orientation control film3 with the above range
will now e Lpvent i Rt iyel y,r arched
about thépgégé%%hgﬁg FE 8H?E§ B% Egé B?@Egggggﬁgn?a??gn!go%?rgﬁgfiIn13
exerts a | ar i nf] uence etic cluster sjize in the endi cul ar
magnet i za’t‘i‘%ﬁg?ﬁn%(ﬂaynﬁh@ gsgna‘%ﬂq‘?/\/rﬁr%l‘?) R ofS (HE o*erl"éer%g]ﬁpg(ﬁf control
film3 is too small, the orientation of magneti zation in the perpendicul ar
magneti zath@h themdchaeameanygnief @r vathd Heidiie! iXxs-degn@ lbet ween nmagnetic
grains increases. As a result, the magneti c cluster size increases and the
medi um noi se i n¢rease regardl ess t he netic crystal n di aneter,
Tosulting. i dorBRESRHENBAY of ot R FEGABENAEr BRtNRETY B cieet ddtoor s stics. fn
the case in which D B50 of the orientation control film3 is too |arge,

si nce theistgssaktyopifethat dod fdecsrivor &t-eayi B2t he peppénddcultaereby

magneti zation film4, 27 deterioration of nagnetic anisotropy and

det eri or atbodettraiaguaheness itabno odc chier edtecesul Ridpngwherdet@eri or ati on of
the thermal stability In contrast, in the case in which 0 850 of the

0r|entatl@ﬁtéﬁ@&t9|oElEﬁb3dh$f&%hthhhknr@¥rQQQ%eEbQEb3mb&i%@mdegTE@S, the
orientation of the perpendicular magnetic film4 is inproved, thereby

o ovi ng: et o e decon cFkiog, e dlyestgn ol i, au poofpasy

magneti zati 6n nonuniTormto sone extent am pressin I nteraction of
magneti zation, thus making it possible to obtaln excel | ent noi se
char act er tbei detendoredd/ whiet éncident X-ray 21 refers to 26p.

The crystal plane, that is dominant in the

orientation control film 3, can be determined from the
resulting angle 20p.
(2) Determination of rocking curve

As shown in Fig. 3, the incident angle 0 of the

incident X-ray 21 is changed by changing the direction of

the disk D in the state that the detector 23 is fixed to
the position where the angle 26 of the diffraction X-ray
22 became 20p, thereby making a rocking curve showing a
relationship between the incident angle 6 and the

intensity of the diffraction X-ray 22 detected by the
detector 23.

Since the position of the detector 23 is fixed to the

position where the angle 20 of the diffraction X-ray 22



characteristics. Al though the reason why excellent magnetic characteristics
can be obtained by setting O 850 of the orientation control filmwth a
range from1l to 8 degrees is not certain, the follow ng may be

hypot hesi zed. In the case in which the construction of the crystal of the
material of the orientation control fii 3 (crystal structure and lattice
constant) is the sane as or simlar to the construction of the crystal of
the material of the perpendicul ar nagnetization film4, the difference in ~
8 50 bet @S@a%\%‘?g%ré,e #2020 ¢r8$r$¢1'£‘?1§w§”81é h&i?@f%@%&’!"%ﬁ
magneti zation TiTm ecreases. Tn such a casSe, it 1s considered that

posi tions 28 capabl e of providing a chance of formng crystal grain
boundar i e3ra@diehesefi hher FaresadeprlaasecbethfseurhieFe PS hBel arge
difference in state of atom c arrangenent between the orientation control
film3 andriéetpeipandpobicald madgneBi tat tbr PilenedofThbeeflosd, Diit becones
difficult to formcrystal grain boundaries at the initial growh stage of

t he perpendi cul Rigragnési aatiraphf showdngAanaerkesplle, ofr yheakogkahngs becomne
nonuni form and coarse, resulting in deterioration of the noise

character ety cs. il {Henfasa §Bomnielele 8r LeRLakLompantiakyl bim,S and

t he perpendi cul ar magneti zati on flfn14 rastically differ in construction
of the crystal of the material (crystal structure and |attige constant),
the diff eP8REe NAT0SBBYSHENGe O 1ERE AGECENPARNEN 180G TPCKANY &Rd VEhe

per pendi cul ar magneti zation film4 markedly increases. In this case, since
di sorder of theTBeysharcksepgcodr 8hecogisnintinae centiral §iéw St age of the
per pendi cul ar magneti zation film4, crystals having drastically

det eri or abedferebiyatiomalate for hedsardtant Per efvor(ewo réetperiferatilgn of out put
characteristics due to a decrease in coercive force and deterioration of
magneti ¢ egadiwtit erclasactémnst3iccsimjue to a decrease in resolution are
liable to occur.

When the film thickness exceeds the above range, the
diameter or the crystal grains in the orientation control
film 3 become large, and the magnetized grains in the
perpendicular magnetic film 4 can easily become coarse. In
addition, the distance between the magnetic head and the
soft magnetic undercoat film 2 becomes large during replay,
and the resolution of the replay signal decreases and the
noise characteristics deteriorate, which is not preferable.

The orientation control film 3 is preferably formed
so that its thickness is equal to or higher than 0.1 nm
because if it is too thin, the crystal orientation of the
perpendicular magnetic film 4 deteriorates, and the replay
characteristics deteriorate.

The perpendicular magnetic film 4 is a magnetic film,

of which axis of easy magnetization is generally oriented



29 In the case that the construction of the crystal of the material of the
orientation control film3 (crystal structure and lattice constant) is
slightly different fromthe construction of the crystal of the material of
t he perpendi cul ar magneti zation film4, that is, the crystal orientation of
t he perpendicul ar nmagnetization film44s slightly nonuniform (so that the
difference in D 850 becones about 1 to 8 degrees) as conpared with the
orientation control film3, it is considered that positions capabl e of
provi di ngo@rsdeateudirfoontng suystabtgraandbosnagr besoi 811bgseni oherf aces
i ncrease because there is a difference in state of atom c arrangenent
between the-orh@ntai heNmegnEEOL Eihm 3 apdplbecpgppendi cul ar nmagneti zation
film4. erefore, formation of crystal grain boundaries are pronoted at
Lhetial o oMl 51200001 chbechelpendi aubatorpaRchiall oRafLbpy 4. As a

result, crystal grains becone uniform ine 1nt rpendr cul ar

magneti zation film4 an he noi se characteristics are inproved.

Furt her mof B Otiet FHETRITHIOET TH RRTARTC dBEEy ant B8 prevent S5t
reduci ng the disorder of the crystal as _small as possible at the initial
growt h stageeefeehtrpBr pndr€ul P nhgneRPzalPonVei Ny 4MNThESy e3d0nE-
descri bed above nekes it possible to 30 hypot hesi ze that the thernal
decay canCben@nfroved by setting the difference in D 850 within the above
range without deteriorating the noise characteristics and read/ wite
characteri sti csTh&i peepehdisofiarnaggeeicécufidémcédatahi bm 2anshprevieded, a
magnetic circuit is formed between the nagnetic head and the soft nagnetic

under coat sihMe21dyeirng tireetudienghard icephay¥oand ihhehef theckaegsof the fl ow
of the magnetic flux in the magnetic head increases. Therefore,

hi gh- densht YeEe2AW biechacaa®e RoawilRlig1Ate9ed RErhetie Avt hod af
manuf acturing the nagnetic recordi ng nmedium Since the orientation control
film3 hag ag,BePEREYIEYNLG aNdradkitlSnS AR AL MRl 83049h o€ 4h3092)
layer comprising a noble metal (Pt, Pd, or the like) are
laminated. In the transition metal layer, Co can also be
used, or a Co alloy such as CoCrPt alloy, CoPt alloy or the
like can be used.

The thickness of the perpendicular magnetic film 4
can be appropriately optimized according to the target
replay output, but in the case of either a single layer
structure or a multiple layer structure, in the case in
which the perpendicular magnetic film 4 is too thick,
problems such as the deterioration of noise characteristics
and a decrease in resolution occur easily, and thus the
thickness is preferably equal to or higher than 100 nm

(more preferably 8 to 100 nm).

The difference (A 050 (mag) - A B850 (ori)) between A



orientation plane is set within a range from3 to 10 degrees and the
difference in D850 is set wwthin a range from1l to 8 degrees, excellent

t hermal decay can be obtai ned without deteriorating the noise
characteristics and the magnetic read/ wite characteristics. Therefore,

hi gh-density recordi ng becones possi ble. Next, the second enbodi nrent of the
magnetic recordi ng medi um of the presé® invention will be described wth
reference to Fig. 1. In the nmagnetic recordi ng nmedi um of the present

enbodi nent,,_ the arientation control, film3i e of a terial

havi ng anbf5 c Qriict .h%&‘?ﬁﬁ’btsatb’forheﬁ%rﬁ%ﬂi%dlnl h{e Brq e‘gtjea on control
film3 having an fcc structure include those having a content equal to or
hi gher t ham®0 af otlo¢ peependhonéaki mdgnefidkii@n, fPUMm AgisPsetlir, Au and
Al. Specific exanples are NNCr, Ni, Au-Si02, Cu and PdB. In this

ori ent at iwlxtigcDmt & otafigeé Nt 3omD1BEO 8f dehecédllproceeabayi 6nopl aneoi 6 set
within a range from3 to 10 degrees. Wen 0 B50 of the orientation control
film3 fahdsrbespw the above range, flux reversal is likely to occur and
the thermal " decay deteriorate. In addition, when D 850 exceeds the above

range, the output characteristics an oi_se characterj stics
deteriorate. Tﬁzh%?f%?eaﬁékfrﬁnge%%(ﬁg’g) -ma-g?B_Sé? I’OI )<C§r18§t ween 850
(ori) of the orientation control filmand O 850 (nmag) of the perpendicul ar
magnet i zaf@ bhsfhehpy thessanget otBedegieeschpraterabbyitpom 2 to 6
degrees). Wen 0 8 50 (mag) -0 9 50 (ori) falls below the above range, the
noi se chadact¢eioshtes dbt exdaraten, |whaddite oi £ ideendd excesdis the above
range, the thernmal decay deteriorate. The negative nucleation field (-Hn)

of the BaZnperpendi enkamamngaebiyzacicenibirbkie4 is preferably equal to or
hi gher than 0(Oe).

The term “A 050 (mag)” of the perpendicular magnetic

film 4 refers to A 650 of the (0002) orientation plane.

In addition, the negative nucleation field (-Hn) of
the perpendicular magnetic film 4 is preferably equal to or
higher than 0(0Oe). When the negative nucleation field (-
Hn) falls below the above range, the thermal stability
decreases.

As shown in Fig. 5, the negative nucleation field
(-Hn) is the numerical value represented by the distance
(Ce) from the point “a” at which the external magnetic
field becomes 0 to the point “b” at which the rate of
magnetization decrease rapidly becomes high in the process
of decreasing the external magnetic field from a saturated
state of the magnetization (for example, the position
indicated by reference symbol c) in a hysteresis loop.

Moreover, the negative nucleation field (-Hn) takes



When the negative nucleation field (-Hn) falls bel ow the above range, the
thermal stability deteriorates. In the magnetic recordi ng nmedi um of the
present enbodi nent, since the orientation control film3 has an fcc
structure and, at the sane tinme, 0 850 of the (111) orientation plane is
set within a range from3 to 10 degrees and the difference in D 850 is set
within a range from1l to 8 degrees, agldescri bed above, the magnetic
characteristics (output characteristics, noise characteristics, magnetic
read/mwit;eﬁggg ry$14£s:iandnd hesLhk cap be b proved apd, oy eover,
deterioration d?fife t ern%ﬁ decayacang%% prevg%ted. Ther ef or e,

hi gh-density recording_ becones, possible. Fig._ 7 shows the third enbodi ment
of 'the MgIGtIZ T cRor M A0° HEGr LhY B ST REC BT SR chtP R Rban T orre T e Haghet i ¢

recording nmediumjs different fromthe first enbodi npent. of the magnetic
recor di ng-hedli R PP t Hat WARCRr FRAt SFFBRNR nﬁ‘?%ﬁleﬁh‘agft%%‘g PEFHISi s

provi ded between a soft_magnetic undercoat film2 and an orientation
control fRegaBLlvas(see bivenbhti RdceAnYersahter Eakesf | pegatavemt eri al
containing, as the major constituent, one or nore 33 kinds of Ti, Zn, Y,
Zr, Ru, Ryyl@,idbthadcéecan beiakethidspohetmaseinab oégibe bnientation
control undercoat film7, a material having a B2 structure can al so be
used. As wihechratiesi ektbanabgmagBtstr 8¢tUlebedomabepbalit£08t akBengigas the
maj or constituent, one or nore kinds of alloys such as Ni Al, FeAl, CoFe,
CoZr, NiTiy Al Co, AlIRu and CoTi. It is also possible to use materials
prepared by adding elenents such as &, M, Si, Mh, W No, Ti, Zr, B, 0 and

N to these all oys. i of «t (o] ion tr.al. r t film
719 proferanl o LotAF peREAERSA: Obr BAORLERE SLL AN RN NI e

t he above, range, _sinc he di.stance_between_t he endi cul ar magneti zation
film4 an& ?%8's%f?lﬁgg%8?P£lﬁﬁ8%r88§¥ ?ﬁ?n?ﬁ Fﬁ%gégsgs,gﬁﬁe resol ution and

noi se characteristics deteriorate. _The thickness.of _the orientation control
Under coat SF{FREIE ShpPEREFabl obBudr £he Perpendioulaf’ndgnetid’ il

4 and the protective film 5 is used to remove an influence
of the soft magnetic undercoat film 2 and the measurement
is preferably conducted using a vibrating sample
magnetometer (VSM) or a Kerr effect measuring apparatus.
Using the magnetic recording medium as it is, the negative
nucleation field (-Hn) can also be measured using the
vibrating sample magnetometer (VSM) or the Kerr effect
measuring apparatus.

The protective film 5 is for preventing corrosion of
the perpendicular magnetic film 4, and at the same time,
prevents damage to the medium surface when the magnetic
head comes into contact with the medium, and preserves the
lubricating characteristics between the magnetic head and

the medium. Conventionally well-known materials can be



or higher than 0.1 nm Fig. 8 shows the fourth enbodi nent of the magnetic
recordi ng nedium of the present invention. This nmagnetic recordi ng nedi um
is different fromthe first enbodi nent of the magnetic recording nmediumin
that a non-magnetic internmediate film 8 made of a non-magnetic material is
provi ded between an orientation control film3 and a 34 perpendicul ar
magneti zation film4. In the non-nagné@ic internmediate film8, a Co all oy
can be used. As the Co alloy, CoCr can be used. It is also possible to use
al | oys péﬁﬁﬁ%?d by addi ng one or nore kinds of elenents selected from Ta,
Zr, Nb, , Re, Ru, NN, Mh, G, Si, O Nand Bto CoCr. It is also possible

to use non-magnetic Co | oys containing one or. note kinds of el enents

sel ected from 'rll:go,r yighat\ sk o %ﬂpﬁltﬁ?‘] Wﬁ,o / (J:Si é’< 2N %nd 82and Co.
The Co content in the Co is preferably within a rapnge from40 to 70 at%
Wien t he TortmtEhal |'$SeR| %%ea%bBQ% Rahge, Copet et rert ®R11%proving
crystal orientation of the perpendicul ar magnetization film4 becones

i nsuf fi cilemorperaddiyi ohhephenenpot sopdenpeekeedds the above range, the
non-magnetic internediate film8 is likely to be magneti zed and t he
magneti c characlles istickne$stbe vmgnetotcececoe dingnnkdisinpdeferalbiate. Wien
the non-nmagnetic internediate film8 is too thick, since the distance

bet ween tihe: et pendasyé afromgnetbzadian. fil m4 and the soft magnetic
undercoat film 2 increases, the resoluti on decreases and the noi se

CharaCteriStiC%Ad@éEIiQﬁé&ﬁ-lJB?iééHEesu&Heaéh%ékﬁféér&ﬁoP?@Eﬁé@P'y equal
to or less than 20 nm and nore preferably 35 equal to or less than 10

O, B, PG, BOR RSNt o UL SLARCLALE LUl SacLhe geiepbation of
| noreases, , thus, making i pessibl ¢ Lo, obtaln exgel Lentyoutput. g
thickness can be appropriately set depending on the
protective film and the lubricant that are used.

In the manufacture of the magnetic recording medium
having the construction described above, the soft magnetic
undercoat film 2 is formed on the substrate 1 shown in Fig.
1 by a sputtering method, next an oxidizing treatment is
carried out on the surface of the soft magnetic undercoat
film 2 when necessary, and then the orientation control
film 3 and the perpendicular magnetic film 4 are formed in
sequence by a sputtering method.

In the case where an oxidizing treatment is carried
out on the surface of the soft magnetic undercoat film 2,
after forming the soft magnetic undercoat film 2, a method

in which the soft magnetic undercoat film 2 is exposed to a

gas that includes oxygen or a method that introduces oxygen



Fig. 9 shows the fifth enbodi nent of the magnetic recordi ng nmedi um of the
present invention. This magnetic recording nediumis different fromthe
first enbodi nent of the magnetic recording nediumin that an in-plane soft
magnetic film9 made of a hard nagnetic material having nmagneti c ani sotropy
and an in-plane undercoat film 10 areéﬁgovided bet ween a non-magnetic
substrate 1 and a soft magnetic underctat film 2. The material used in the
i n-plane soft magnetic film9 is nmade of a CoCr alloy, particularly a
mat eri al L0l h ' o itye o] one or
nor e ki nds seﬁ%@%ggr??%ﬁ%Bgagg?ﬁéﬂ,@9?%k§%,Bég,gﬁf%f%ﬁ,&éé?ﬁgi?§%mandIw.
As CoCr Pt CrPtB. CoCrPt Ta and CrPt BCu are preferably. used, anpl es
of material sBT THECRREpPanbrSore T rolRALFE P PRPBrEPar G HEL fc AR BFI Bl <
made of an alloy conprising a transition nmetal and rare earth elenments, for
exanpl e, %%%ﬁ1alloy and CoPr all oy. 36 The in-plane soft magnetic film?9
preferably has a coercive force He equal to or higher than 500(0e) (nore
preferably equaPu¢oterthegherfeaancrbdatder) of Theet APEKNBISNBELENe i n- pl ane
soft magnetic film9 is preferably within a range from20 to 150 nm (nore
pr ef er abl yndlenordd folMm02ankheThegnripkafiéusofiatimagneti thei bnrdars
preferably magnetized in the radial direction fromthe center of the

subst r at eoantdhexsbangragaepicngnbetrsean themhar danapsesuppkekarand t he soft
magneti c undercoat film2 is preferably fornmed so that the soft nagnetic

under coat 5 f 4l fhe deescRotahob@ dpRBgAeki Gnwekhni Rhkhackhadi al direction of
the substrate. The in-plane undercoat film 10 is provided right below the

hard magnepie il rand examplesootd by mBAenhakhbnelyde 6 96; 0% al | oy.

Exanpl es o0 oy used 1h the in=p ercoa I ncl ude
CM allo Ti allo crWall oy, [Cr al,l oy, .CrVY all Si,all oy and
G N al 10T ByepPBoelas o AT PANG 281 © ighetive SPETER Shy KaE

soft magnetic undercoat film 2 more fine.

Due to the oxidized portion (oxidized layer) of the
surface of the soft magnetic undercoat film 2, the transfer
of corrosive materials from the soft magnetic undercoat
film 2 to the medium surface can be suppressed, and the
occurrence of corrosion of the medium surface can be
prevented.

To set A 050 within the above range (from 3 to 10

degrees) in the formation of the orientation control film 3,
for example, there can be employed the method of optimizing
the temperature, the process gas pressure, the film-forming
rate, and the distance between the target and the substrate
during the formation of the orientation contrel film 3

using the sputtering method.

To set A 650 within the above range, the temperature



occurrence of spike noise due to extrenely | arge nagnetic domains forned by
the soft magnetic undercoat film2 is prevented, thus making it possible to
obtain a magnetic recording mediumwhich is superior in error rate 37
characteristics and is capable of high-density recording. This reason is as
follows. Since the soft magnetic undergoat film2 has a small coercive
force and an easily changeabl e directi'on of nagneti zation, extrenely |arge
magneti c donmains are forned in the in-plane direction of the substrate 1.
The magnetded el dn adiut hegbonsdasymet i bheoragnet beidovat Dohncbhersof t
magnetic undercoat filmz2 is a cause of the occurrence of spike noise,
resul tingejmag df@f@@éﬁekab@prmtﬁ%eaotah & FRghetbe tecopdPag nedi um By
provi ding the in-plane hard magnetic fil between the soft magnetic

under coat, 111y 2. agd L EPBE%Ethaé hglé Opeki g dbreqt{gnyof the sof

magneti c ‘un ercoat orc to f direction of the
substrate 1 han co i ng between the hard magnetic
filmo anﬁ??% 5??nﬁa3 é ﬁaerggg? #fi ‘é?rW%R% ?ﬁﬂﬁrﬁflt possible to
prevent formation_ of extrenely | arge magneti ¢ dommins. Therefore, the

occur r encRr®fesppke ABFsEiEhANpa EPQGQn EAM Ei §° 18 BROAECt helhS xt h

enbodi nent of the magnetic recordi ng nedium of the present invention. This
magnet i ¢ desbadiragbatdeam tdhef srsgetoanthsheagnbstsakcecordbhigimtdblm shown
in Fig. 9 in that a seed film11l is provided between a non-nmagnetic

substr at esdt andthini a- phage tmdar 26atof iibM mm38 10. The seed film 1l is
formed to enhance the crystal orientation of the in-plane undercoat film 10

fornmed right aboyethé aBdetpharketBeYysbaliigishBsshtReasAsehpersahes al
thereof, a material containing, as the major constituent, one or nore kinds
of NNAl, FellesS0Egs FREEsube]l £iAMCeorAiRY 28dcC0Thacanskgndaed.

between the target and the substrate fall below or exceed

the above range, A § 50 becomes too small or large, and the

noise characteristics, the magnetic read/write
characteristics, and the thermal decay sometimes
deteriorate.

In the case in which the perpendicular magnetic film
4 having a single layer structure (that is uniform in the
thickness direction) is formed, the perpendicular magnetic
film 4 can be formed using a target made of a material that
forms the perpendicular magnetic film 4.

In the case in which the perpendicular magnetic film
4 having a multiple layer structure is formed, the
perpendicular magnetic film 4 is composed by alternatively
laminating a first target made of a transition metal (Co,

Co alloy) and a second target made of a noble metal (Pt,



In the present enbodlnent by providing the seed film 11, the crystal
orientation of the in- plane hard magnetic film9 can be increased and the
magneti c ani sotropy can be inproved and, noreover, the nedium noise can be
further suppressed. Fig. 11 shows the seventh enbodi nent of the nagnetic
recordi ng medi um of the present inventjon. This magnetic recording nmedi um
differs fromthe nmagnetic recording n&ﬁluntshOWh in Fig. 1 in that a
magneti zing stabilization film12 is provided between a perpendicul ar

magnet i zatd) omgiﬂqngh@ngb@t@éﬁ gtmg@hgal m5. As the material of the
magnetizing stabilization fil materials listed as the material, that

b d b Th
gggrc?vgst?orlcgpg-i Sﬂ{lhe magne i&zf?%gefs %gﬁl% zlgltmf ?ﬁf]em )%2 |§ pref:rabl y
|t I th 20 f bl t 50(0
39 The Sttt or Srabmes tt‘%& BEsa e Catodt BredRhona CF e CRRR TS 2ot on

film1l2 is preferably equal to or hjgher than 0.4 T (preferably equal to or
hi gher tHh an THon ApeympRethoghgenik® ¥A’dproduct of the saturation
magnetic density and the film thickness, of the magnetizing stabilization
film12, is preitteee@lqaeq@htSOt}@eoappbsedthlaﬁ methqd ned Ypenimgttlkceeds the
above range, the replay output decreases. The magnetizing stabilization
film1l2 carvtawvelae cOhsmrbchada o $hoO£hht xrGonstinguenRFmaterial in the
surface is partially or conpletely oxidized in the surface of the

magnet i zi igustabihy zastvodf that 1dséshe phagerohatibeopr stestdwezdal,m 5 or
the perpendicul ar magnetic film4 side) and the proximty thereof (a region

which is a.-pse e o s c I h
1 3 PLOEEL LI oo deOLi b OLRESULEC ool DR eSSy

fluctuati ?Y%% tgg g@gnégbégggogagh the surface of the perpendicul ar

magnet i ¢ can uppress Therefore, the Ieakage flux is not
i nfluenced by tPIS fluctuat on, ggd &98 QL%X out I S_increased.

the case he ion beam

method is used, because a protective film 5 having an
extremely high hardness can be formed, it can be made much
thinner in comparison to a protective film formed by a
sputtering method. Thus, the spacing loss during replay is
small, and high-density replay can be carried out.

Next, the lubrication film 6 is formed using a deep
coating method or a spin coating method.

In the magnetic recording medium of the present
invention, since the orientation control film 3 has an hcp
structure and, at the same time, A 650 of the specific

orientation plane (0002) is set within a range from 3 to 10

degrees, and a difference (A 650 (mag) - AO50 (ori))
between A 650 (ori) of the orientation control film 3 and

A 050 (mag) of the perpendicular magnetization film 4



In addition, by providing the magnetizing stabilization film 12, the
magneti zation of the perpendicular magnetic film4 in the perpendicul ar

40 direction and the nagnetization of the soft magnetic undercoat film 2
and the magneti zing stabilization film212 in the in-plane direction forma
closed circuit. Due to this action, tEg thermal stability increases because
the magneti zati on of the perpendicul ar"magnetic film4 is established nore
strongly in the perpendicular direction. In addition, in the case of' a

trongly in the pery | e case of ‘a_
12 1's o Gere Ak et [ oh e T he bt aed o the “Fenet i zi ng

stabilization film12 can be suppressed, and thereby the noi se that

ori gi nat &t 1 FaREfM I 1 U Bt I QT IS SRR, and the repl ay
characteristics of the magnetic recordi ng nmedium can be inproved. Fig. 12
i s a sectdhmmactstriatigsaland eveahOw He arhasedips ol 91 e hel megrate ;and

read/ wite apparatus according to the present invention. The nagnetic
read/ wri texcadpasraet ushesdmovin $teib il St @r awireg oboapnesles Bhemghietec recordi ng
medi um 20 havi ng the construction described above, a nediumdrive unit 21

that rot afiemtdurss MRgnNedd &/ ¥ Loos dbédorm@sli pi 2014, magneti c head 22 that
carries out recording and replay of the informati on on the nagnetic

recor di ng.medi WH2 e 2k dieah 114 e s St Srdnom S 1BONGY | Gahead 22,

and a read/wite signal processing system 41 The replay signal

pr ocessi system 24 sends_a, rec r% sigpal to,the netic _head 22 after
processiggat L3R %%I%ﬁtﬁﬁﬂgogt ggso%hgﬁﬁa?ﬁlﬁ?Fﬁg?g?oE%EEFﬂ the repl ay
signal fromthe nagnetic head 22. A single pole type head can be used as

t he magnefdlom hbadi 22, the gabd e i sargerai hgnehowt ngxamiexdnpl e of a single

pol e type head. The single pole type head 22 has a
The present inventors have intensively researched

about the reason and found that A 650 of the orientation
control film 3 exerts a large influence on the magnetic
cluster size in the perpendicular magnetization film 4.

In the case in which A 650 of the orientation
control film 3 is too small, the orientation of
magnetization in the perpendicular magnetization film 4
becomes uniform and the magnetic bond between magnetic
grains increases. As a result, the magnetic cluster size
increases and the medium noise increase regardless of the
magnetic crystal grain diameter, resulting in deterioration
of the magnetic read/write characteristics.

In the case in which A 050 of the orientation

control film 3 is too large, since the crystal orientation

deteriorates in the perpendicular magnetization film 4,



sinplified structure conprising a nmagnetic pole 25 and a coil 26. The
magnetic pole 25 is approxi mately C shaped when viewed fromthe side, and
has a mai n nagnetic pole 27 having a narrow wi dth and an auxiliary magnetic
pol e 28 having a wide width. The main nagnetic pole 27 generates a magnetic
field that is applied to the perpendigylar magnetic film4 during
recordi ng, and can detect a magnetic flux fromthe perpendi cul ar magnetic
film4 during replay. When carrying out recording on the magnetic recording
nedi um 2Q 4 @ tSidigl & Rl ghdviRe diesh 2dopd hehdrBgnel o dd thod sstiqng from
the distal end of the main magnetic pole 2;)nagnetizes t he perpendi cul ar
magneti ¢ JdJdhehddl L I IaCll oL PrRAN C AT 4 Qder SUDSIH G, AL this
time, because the soft magnetic undercoat fiTm2 i1s provided In the
magneti c .recqrding jmedi ym 20, the magnetic flux fromthe nmain nmagnetic pole
27 of thgqg;%5%§ﬁ%l ckéh%ﬁig%e'head 22 is guided to the auxiliary magnetic
pol e 28 by passing through the perpendicular magnetic film4 and the soft
magnet i ¢ under dEatCAIEASE, tHerdy G079 Hy whidhhsdd Magetikecircuit. By
this closed magnetic circuit being formed between the single pole type head
22 and t herimmgnedien resot b Nof eali 3IM 20set hei @l i cd ergygofride 31w of the
magnetic flux increases, and high-density read/ wite becones possi bl e.

Al though theyjdhiF&cd | o Of ot NonRONSE | 61 FEl Detyeen Lhea Sahd gn@denet i c
undercoat film2 and the auxiliary nmagnetic pole 28 is opposite to the

di rectione ofy, t$%d§mﬂgk?£$§?<{ilmu'§h9§%%‘§gﬁnx¢$8v% “tﬂ@g@r!‘r‘éhﬁafgég%gg and t he

soft magneti c undercoat rary” magnetic po as a wide
area as conpared with,the main netic.pole 27. Therefore, the magnetic
reflux fPBIEHG Bl 1TEPSE hadnet | & pof & Sa0EufT P4 BRETy . tiekridles, and t hus
t he magneti zatjon of the £er endi cul ar magnetic, film4 s not inpfluenced by
the magnélIEREFPTR ¥9 oPPReSRLSR i 3R EEFEI D9l ENOgINEAr 2Rk PP esent
i nvention, besides a single pole tépe head, for exanple, a lam nated thin
fil m magref it2 9ot T hyCPheatnpf VR i g At gPamtlpdbgne? oPeS® SR ance (GWR)
el ement can

excellent noise characteristics and read/write

characteristics.

Although the reason why excellent magnetic
characteristics can be obtained by setting A 650 of the
orientation control film with a range from 1 to 8 degrees
is not certain, the following may be hypothesized.

In the case in which the construction of the crystal
of the material of the orientation control film 3 (crystal
structure and lattice constant) is the same as or similar
to the construction of the crystal of the material of the
perpendicular magnetization film 4, the difference in A 6
50 between the orientation control film 3 and the
perpendicular magnetization film 4 decreases.

In such a case, it is considered that positions



be used in the replay unit. In the magnetic recordi ng nmedium 20 of the

pr esent 43 enbodi nent, since the orientation control film3 has an fcc
structure and, at the sane tinme, ~ 850 of the (0002) or (111) orientation
plane is set within a range from3 to 10 degrees and the difference in ~
850 is set within a range from1l to 8,degrees, as described above, the
magneti c characteristics (output characteristics, noise characteristics,
magnetic read/wite characteristics and the |ike) can be inproved and,

nor eover ,caeifrd aatp v odiidien tdiedned S cayrenny ber pseaengestin Ther ef or e,

hi gh-density recordi ng becones possi bl e. Exanples The operational effect of

the presep,dduentd o, V%ﬂésé‘%@@rﬁé@éé f et bysdaye fu exapml es. 1 { Bxanpl e 1)

A washed gl ass substrate 1 ara Co.; dianmeter: 2.5 inches) was
acconmodat { f f IRgnet t i ng
appar at ugl éeﬁﬁ/%fec%r%g% - ?@ 8@3;&@%{.16? ae%a I'ng aié%é% Ek?‘é
fornatlon chanber u X m yacuum of 1X10-5 Pa,,a soft nagnetlc
under coat® i Hi 2 {3 |%%%%§£? ﬁgﬁn %) %%d%h%f PRLRITHAT 2 fas formed on the

gl ass substrate 1. On the soft magnetic undercoat film2, an orientation
control MAFHE 1 ERMeSEIM2h- nm) made of Ru and a perpendi cul ar

magneti zation film4 (thickness: 25 nm made 44 of 65Col7Cr 16Pt 2B were
then formed. DWFhewrefidwesf ofapeormetd dhefi¢chht desciobrdecabhoval argybh was
used as a process gas, and the gas pressure was set at 0.5 Pa. In addition,
t he tenpasaindaer condit i tine diningali yrofohnatage afstRO0te rdéed)cther
protective film5 made of carbon was forned on the perpendicul ar

nmagnet i zatd@et izt fotiSENTmad CVIASR] hagkuifhernsridteal uhfd ioad idtdnid m 6 nade
of perfluoropol yether was formed using a deep coating nethod
nonuniform and coarse, resulting in deterioration of the
noise characteristics.
In the case in which the orientation control film 3
and the perpendicular magnetization film 4 drastically

differ in construction of the crystal of the material

(crystal structure and lattice constant), the difference in
A 650 between the orientation control film 3 and the

perpendicular magnetization film 4 markedly increases.

In this case, since disorder of the crystal structure
occurs at the initial grow stage of the perpendicular
magnetization film 4, crystals having drastically
deteriorated orientation are formed and, therefore,
deterioration of output characteristics due to a decrease
in coercive force and deterioration of magnetic read/write
characteristics due to a decrease in resolution are liable

to occur.



[ PR o

to obtain a magnetic recording nmedium (see Table 1). Mreover, in the above
description of the alloy nmaterial, aAbB indicates a(ato)A-b(ato)B. For
exanpl e, 65C017Cr16Pt 2B denotes 65 ato Co-17 at% Cr-16 ato Pt-2 ats B (a Co
content of 65 at% a Cr content of 17 ato, a Pt content of 16 ate, and a B
content of 2 at%. (Exanples 2 to 5) ring the formati on of the
orientation control film3 and the peggendicular magneti zation film4, 0O
850 was changed by controlling the tenperature, the process gas pressure,

the filmform ng rate, g%dgg%%%pﬂg%aofa&g@tcpy@t@l%@strate to

produce magnetic recordi ng nedi a. conditions were deci ded according

to Exanple 1 (see Taple .1 . (Exa es 6 . i ecordi ng
medi a vvertgnepr“(()a ucet yOfse Pé%t?’%lbertl n%éjﬁ%? e??rgfr%%df%ﬁﬁcgﬁgé;%%?a{ he
orientation control filmg3 as shown in Table Q her .copditions were

Gec ded. AECBTHE 13 Bt 50 "ol otd) o1t eitig LB LR of v ol
orientation control undercoat film?7 was provi ded between the soft nagnetic
under coattle |sRPSaRCE hen op f ekl at FENSERRt PHI LR | HRBe ¥ 2 br 9B ukRe magnet i ¢
recording nmedia. G her conditions were decided according to Exanple 1 ( see
Tabl e 1 )pergexdhphbsr I9a¢netiiyaihgnefitmr écotdéngl sedtlae wergspaoduced by
selecting the material and thickness of the orientation control film3 as
shown in datdecdtidhhef thadpérpasdietntadenadedtbzanidhngilm Exasple 1 (see
Table 1). (Conparative Exanples 1 to 3) Magnetic recording nedia were

pr oduced - t) terja d i t rgeptation contro
film3 aéggﬂiﬁﬁffnh#g%+£figﬁcfﬁ%rk%%ﬂd?%?oﬁggggggﬁégcpgeg %ggording to
Exanple 1 (see Table 1). (Exanples 15 to 17) Magneti ¢ recording nedia were
produced PRCLBERCEPAGLt hetRafefParegnd fAi ERMBEESEf W+hB BRfent ation control
fil

e orientation control film 3, it is considered that positions

capable of providing a chance of forming crystal grain
boundaries in these interfaces increase because there is a
difference in state of atomic arrangement between the
orientation control film 3 and the perpendicular
magnetization film 4.

Therefore, formation of crystal grain boundaries are
promoted at the initial growth stage of the perpendicular
magnetization film 4. As a result, crystal grains become
uniform and fine in the perpendicular magnetization film 4
and the noise characteristics are improved.

Furthermore, deterioration of the thermal decay can
be prevented by reducing the disorder of the crystal as
small as possible at the initial growth stage of the
perpendicular magnetization film 4.

The reasons described above makes it possible to



3 as shown in Table 2. G her conditions were decided 46 according to
Exanple 1 (see Table 2). (Exanple 18) The orientation control undercoat
film?7 was provided between the soft nagnetic undercoat film2 and the
orientation control film3 to produce a magnetic recording medium N was
used as the material of the orientati B control film3. OQher conditions
wer e deci ded according to Exanple 15 (See Table 2). (Exanples 19 to 21)
Magneti c recording nmedi a were produced by selecting the material and

t hi cknessy@fotirhes io/d efHat 1100 i Frd 1 fdd FR B @n ShOWInp ¥ovabliey, 2. Cther
condi tions were decided according to Exanple 15 (see Table 2). (Conparative

Exanpl es 4 .and 5) _,.During.the formatj f the.orientation control film3
2nd The. Feans S et o 7 1t O Gt el ANt By
controlling the tenperature, the process gas pressure, the filmformng
rate, andvittheoufi stelriel peatween Bhe argete arhk wasidsisiaies tangr oduce magnetic
recordi ng nedia. O her conditions were decided according to Exanple 15 (see
Tabl e 2) .reanpltes @atact2Eyisuicng the formati on of the orientation
control film3 and the perpendi cul ar magneti zation film4, 0 650 was 47

changed by contgigldd nghd heotemegdti €, uider PsDcesslgas 1 gSsarfeded he
filmformng rate, and the distance between a target and a substrate to

produce rqurs?ri&tf@@mé@gt negi forfd Debe €ROH T ROSnAGR & dechded acgor di ng
to Exanple 15 (see Table 3 ) . (Exanples 26 to 33) gnetic recording nedia

wer e pro d by Seleeding L & if‘J& ngl Jih}%éf e55-0tqllg S04t magnetic
under coat e‘lﬁlm as @ﬁomn in %%g?% 5. ef con |€ion% meregdec$ded
accor di ngrépolaE%aa@éetl%e(ggfigfgrlmgy%f the flow of the magnetic flux
in the magnetic head increases. Therefore, high-density
read/write becomes possible.

According to the method of manufacturing the magnetic
recording medium, since the orientation control film 3 has
an hcp structure and, at the same time, A 650 of the (0002)
orientation plane is set within a range from 3 to 10
degrees and the difference in A 050 is set within a range
from 1 to 8 degrees, excellent thermal decay can be
obtained without deteriorating the noise characteristics
and the magnetic read/write characteristics. Therefore,
high-density recording becomes possible.

Next, the second embodiment of the magnetic recording
medium of the present invention will be described with
reference to Fig. 1.

In the magnetic recording medium of the present

embodiment, the orientation control film 3 is made of a



(Exanmples 34 to 37) A seed film11l, an in-plane undercoat film 10 and an
i n-pl ane soft magnetic film9 were provided between a non nagnetic
substrate 1 and the soft nagnetic undercoat film2 and then the nmateri al
shown in Table 5 was used as the material of the soft magnetic undercoat
film2 to produce magnetic recording nedia. OGher conditions were decided
according to Exanple 1 (see Table 5).30Exanple 38) The in-plane under coat
film10 and the in-plane soft nmagnetic film9 were provided between the

non- nagn%ajtceﬁ%s_tﬁﬁﬁ%i%grlndf%esépéét‘_gpgneti c undercoat film2 to produce

a magneti c recording ne her” condi ti ons were decided according to
Exanple 1 (see _Table 5). 48 ( Ex | e 9 to 46). Magnetic recording nedi a
wer e produced @f%ﬂﬁiﬁ%i?&)??ﬁé%ﬁ?@$i f %l??ﬁ%ﬂﬁﬁﬁﬂ?Qﬁc?Wﬁf%%rnggicular
magnetization film4 as shown in Table 6. Qher conditions were decided
accor di ng e Bafpe 4C¢ sterUabiee 63nct Blanptese 4P Y'%03 Miyrettc
recordi ng nedia were produced according to the sane nmanner as in Exanple 1,
except tieguahet®olr Meger i thamde? cabt ¢f I eme ¢85 mabd ekirds tof Al oxi dati on
treatment by exposing the surface of the soft magnetic undercoat film2 to

an oxygercw,oka mag Bas (expbsuamdghas). As the exposure gas, pure oxygen
(1000 @Z) or an oxygen argon m xed gas (mxing ratio: 50 volo Oz - 50 vol %

Ar) was used. TigeEonNsE reedhele ofa tHesECARANE] | £u+ S0/, diow adirpAnd the
t hi ckness of the oxidized |ayer fornmed on the surface of the soft magnetic

undercoat film . sh ' e 1) gnetp¢_recording
medi um was prodﬁ%gg%5%6%¥%?%ga€%gth%g%%%£¥ﬂ€¥%§r§hsAﬁ%gﬁx§§ptge1, except
that Ar (100% was used as the process gas (filmformn gas% and then an
oxygen- ar gbht i XeteyBat { A xPhY e at FosehOWL BN IR P ra%evgr@mA )t@as0used in
the case of form ng the soft nagnetic

degrees.

When A 650 of the orientation control film 3 falls
below the above range, flux reversal is likely to occur and
the thermal decay deteriorate. In addition, when A 650

exceeds the above range, the output characteristics and the

noise characteristics deteriorate.

The difference (A 650 (mag) - A 650 (ori)) between A

650 (ori) of the orientation control film and A 850 (mag)
of the perpendicular magnetization film 4 is set 1 to 8
degrees (preferably from 2 to 6 degrees).

When A 0850 (mag)-A 6050 (ori) falls below the above
range, the noise characteristics deteriorate. In addition,
when it exceeds the above range, the thermal decay
deteriorate.

The negative nucleation field (-Hn) of the



-— - . U A

49 undercoat film2 (see Table 7). The oxidized | ayer was forned in
proximty of the surface of the soft nagnetic undercoat film2 by using the
oxygen-argon m xed gas. The thickness of this oxidized |layer is also shown
in Table 7. (Exanples 52 to 59) Magnetic recordi ng nedia were produced
according to the same manner as in Ex%gple 1, except that a non-nagnetic
internmediate film8 was used (see Tabl'¢ 8). (Exanples 60 to 64) Magnetic
recordi ng medi a were produced according to the same manner as in Exanple 1,

except thadrged@oneidzi Rggstabihtzahi 8Nkl hm d2-(866,-I80) €cGha1 D §50 of the
orientation control f|In1% and t he perpendi cul ar magnetization film4 of

t he respgggiﬁfqﬁ@gngﬁ%ﬁséféggding medi a was neasured by an X-ray

di ffraction nethod. 0 was neasured with respect to the (0002)

orientation plane for, the filmmade of the materi.al havin hcp
structure, mhiﬂ@hQPS%%emﬁggﬁtégﬁre@qﬁ%ﬁﬁtﬁg§p &Flgb(F%@)(%E@thrientation
pl ane for the filmmade of the material having an_fcc structure. Al so
magnet i ¢ RIEQPUCtR? i APP¥ES BRNBRe FE%pEE?FW%lnﬁgﬂE%?étYecording medi a were
measured using a read |ight analyzer RWM1632 manufactured by GJUZIK Co., a
spin standetexposa¥®3IMP, a vibration-type magnetic characteristics
measuri ng apparatus (VSM and a Kerr effect neasuring apparatus. In the
eval uati on of nhgnehécmepaedtteresbrdingamsdngheofraghet prepehe head was
used as a magnetic head and the neasurenent was conducted at a track

recor di ngediengihyn®f 69AckFChe(duikbngatephaypntTbe €vamuathep ah Ebe
thermal stability was nmade by cal cul ati ng the decrease rate (% decade) of

t he out pu f the_r ay_ou t er.wei tiyn t ck.recordi ng density
of 50 ket SPEERERC Ry EheRE s ek aE el JRog, gt thEnAdS
orientation plane is set within a range from 3 to 10

degrees and the difference in A 650 is set within a range

from 1 to 8 degrees, as described above, the magnetic
characteristics (output characteristics, noise
characteristics, magnetic read/write characteristics and
the like) can be improved and, moreover, deterioration of
the thermal decay can be prevented.

Therefore, high-density recording becomes possible.

Fig. 7 shows the third embodiment of the magnetic
recording medium of the present invention. This magnetic
recording medium is different from the first embodiment of
the magnetic recording medium in that an orientation
control undercoat film 7 is provided between a soft
magnetic undercoat film 2 and an orientation control film 3.

As the orientation control undercocat film 7, a

material containing, as the major constituent, one or more



second after witing based on (So - S) X 100/(So X 3). In this equation, So
denotes the replay output when one second has passed after the signal
recording onto the magnetic recording nmedium and S denotes the replay

out put after 1000 seconds. The test results are shown in Tables 1 to 9.
Table 1 SOFT MAGNETI C UNDERCCQAT FI LM COWPCOSI TI ON THI CKNESS

Bs( T) ORI ENTATI ON CONTROL UNDERCOAT FI 1381 COMPOSI TI ON THI CKNESSORI ENTATI ON
CONTROL FI LM COWPGOSI TI ON THI CKNESS CRYSTAL STRUCTUREEXAMPLE

192Co4Ta4zr - C L 92C04Ta47Zr .50 -1 E

302004 Tad o (B0 5 T HU 2N pEXANPLE 302004 T a7 3013 RUSDRCOEXAPT E
592C04Ta4zr | 501, 3-- Ru20hc LE 692Co4Tadzr]| 501. 3- - 70Ru30Cr 20hcpEXAMPLE
792C04Ta4Zr 150 FéfJﬁ%iHHE%Egﬁmgﬂg'@@%C%%ﬁ%&%ﬁﬁ%&ﬂn%ﬁ&?ﬁéﬁ%ﬁﬁﬁﬁﬁﬁ%%&NPLE
992C04Ta4Zr 1501. 3Ti ( * 120Ru20hc pEXAMPLE
1092C04TdE2V&de.%JB@%%@V%€EQ%%E%@X%N5%E?trUCture can also be used.
1192Co04Ta4Zr 1501. 3- - 50Cu50Ge25hc pEXAMPLE

1292Co4Ta4Zr 1504s FhaRuRSNb2bhepEMMIRLEBZ structure, a material
1392C04Ta4Zzr 1501. 3- - 70Ru- 30( Si Oz) 25hcpEXAMPLE

1492 CoATadr 401 By - 8ORet RO (4 208) 25hs pCOMPARATO MEGRC08T ad Zk 15604 . 3£ - Re30hcp
EXAMPLE 1COVPARATI VEg2Co4Ta4Zr 1501. 3- - 25Ag75Ge25hcpEXAMPLE

2COVPARATY MEgi2S0dd @4 Z8 4501 B; - FeBONCOENAMPEEZ B, (NDTEKNRSSOUNALRUNANG*1: D B
50 of orientation control undercoat filmis 4.1 degrees *2: Difference in D
B 50; 0 B-&P;(mag) - DB S0 (ori) ) cr *3: Conposition; 65C0l17Cr 16Pt 2B

thi ckness: 25 nm Table 1 (continued) PERPENDI CULAR MAGNETI ZATI ON FI LMD

B50 (ori) (degree)D.B ree) F * 2

(deg ee) k-1 WRITE CLeTeey & ks P o B8 2 TR e AP PR {94 e cadte) ExanpLE
1(*36. 68. 82, 2-6. 10, 65EXAVPLE, 2(*33. 46 93.5-6. 10. 57 LE,
3(*39.211?%5?%96? i gEQA@BEE éf*§§!08921§§16%80.@gé@ggﬁfﬁ’ 2r, B, O
5(*35.212. 87. 6-6. 10, 91 EXAMPLE 6( *35. 48. 93. 5- 6. 20. 70EXAMPLE

7(*34. 75. 203 5N 5E 90 BORRXARPLRYB( * 38. 911. 52. 6- 6. 30. 78EXAVPLE

9(*35. 87. 21. 4-6. 10. 55EXAMPLE 10(*37. 29. 82. 6- 6. 30. 8OEXAMPLE

11(*35. 89. 94. 1-Bheot BoekpePs Eof 2t R0 77D aRign 8OOBHEXAMPREercoat

13(*36. 89. 93. 1- 6. 20. 76 EXAMPLE 14(*37.58. 91. 4-5. 90. 6SCOVPARATI VE C*3 10.8
14. 6 film 7 is preferably equal to or lower than 30 nm. When

the thickness exceeds the above range, since the distance
between the perpendicular magnetization film 4 and the soft
magnetic undercoat film 2 increases, the resolution and
noise characteristics deteriorate. The thickness of the
orientation control undercoat film 7 is preferably equal to
or higher than 0.1 nm.

Fig. 8 shows the fourth embodiment of the magnetic
recording medium of the present invention. This magnetic
recording medium is different from the first embodiment of
the magnetic recording medium in that a non-magnetic
intermediate film 8 made of a non-magnetic material is

provided between an orientation control film 3 and a



3.8 -5.9 1. 36EXAMPLE 1COVPARATIVE (*3 7.8 7.9 0.1 -5.2 0.54EXAMPLE
2COVPARATI VE (*3 2.4 3.6 1.2 -4.8 0.50EXAVMPLE 3 (Thickness unit: nnm) *I: D
B 50 of orientation control undercoat filmis 4.1 degrees *2: Difference in
0 B50; ~B50 (nag) - D8 50 (ori) ) cn *3: Conposition; 65Col7Cr16Pt 2B,

t hi ckness; 25 nm Table 2 SOFT MAGNET],C UNDERCOAT FI LM COWPCSI TI ON

THI CKNESS Bs( T) ORI ENTATI ON CONTROL UNDERCOAT FI LM COWVPGCSI Tl ON

THI CKNESSORI ENTATI ON CONTROL FI LM COWVPCSI TI ON THI CKNES CRYSTAL S

STRUCTURESXANGL & doP2L0dd ALt L 2081 3n - BON 29 Cr 20f cCEXAMVPLE
1692C04Ta4Zr 1501, 3-- 80Ni 20Cr 20f cCEXAMPLE

TS0 Sy W sioe cin s o 0o st

1992Cb4Ta4Zr%§%1.3--70Au-30(Si02)20fccEXANPLE
1

2092Co4TaZPt 13012529 Cu20f cc EXAMPLE

2192Co4Ta4Zr 1501. 3- - 80Pd20§20f cCcCOVPARATI VEg2Co4Ta4zr 1501. 3- - 80Ni 20Cr 25f ccE
XAMPLE 4COVPARATT VEYD Co TaU 7P 1 50403 - 8B BB 287 cc EXANPLE 1$Q Thi ckness
unit: nm "" *1. Conposition; 65Col17Cr 16Pt 2B, thickness; 25 nm [Table 2]
(cont i nuee)s PERPENDP CLBARE MACKETPZRAPR CRAFPY MRAABBO PBEi Pr(Hegeekinds

of elements selected from Ta, Zr, Nb, Cu, Re, Ru, Ni, Mn,
Ge, Si, 0, N and B to CoCr.

It is also possible to use non-magnetic Co alloys
containing one or more kinds of elements selected from Ta,
Zr, Nb, Cu, Re, Ru, Ni, Mn, Ge, Si, O, N and B and Co.

The Co content in the Co is preferably within a range
from 40 to 70 at%. When the content falls below the above
range, the effect of improving crystal orientation of the
perpendicular magnetization film 4 becomes insufficient.

In addition, when the content exceeds the above range, the

non-magnetic intermediate film 8 is likely to be magnetized
and the magnetic characteristics of the magnetic recording

medium deteriorate.

When the non-magnetic intermediate film 8 is too
thick, since the distance between the perpendicular
magnetization film 4 and the soft magnetic undercoat film 2
increases, the resolution decreases and the noise
characteristics deteriorate. Therefore, the thickness is

preferably equal to or less than 20 nm, and more preferably



D B 50 (nmagj (degree)Dl FFERENCE I N O B50 (degree) R~/ WRI TE C~-CTERI STTCS E~OR
RATE 10 THERVAL STABI LITY (a/decade) EXAMPLE 15(*16. 89. 72. 9-5. 80. 69EXAMPLE
16(*13.5106. 5-5. 80. 72EXAMPLE 17(*16.07.41. 4-5. 70. 74AEXAMPLE
18(*17.510. 32. 8-6. 10. 69EXAVMPLE 19(*16. 19. 73. 6- 6. 30. 66 EXAMPLE
20(*15.29.94. 7-5. 80. 62EXAMPLE 21(*19.515. 15. 6-5. 90. 71COVMPARATI VE (*1 10.6
13.2 2.6 -5.9 1. 36EXAMPLE 4COVPARATI VE5(*1 2.8 3.8 1.0 -4.1 0. 69EXAMPLE 5
(Thi ckness unit: nnm) ~" *I: Conposition; 65Col 7Cri 6Pt 2B, thickness; 25 nm

Table 3 P NDQI CU T OFT MAGNETI C UNDERCOAT FI LMORI ENTATI ON
CONTROLFIT M%ﬁ% 5( T) COMPCSI TI ONTHI CKNESSCRYSTALCOVPCS| T
| ONTHI CKNESSSTRUCTUREEXANVPLE192C04Ta4Zr 1501. 380Ni 20Cr 20f cc65Co17Cr 16Pt 2B25E
XAVPLE2292CoATa#Z 501 S50 R CRE D 17O 1R F DB BER PLESR 92 C04Ta4 Zr 150
1. 380Ni 20Cr 20f cc65C017Cr 16Pt 2B25EXAMPLE2492C04Ta4Zr 1501. 380N 20Cr 20f cc65Co1
7Cr 16Pt 2 BASE @M IERS0DeR 4Th 4R e 5Par BEONE 20ER PO 8BS ELATEF A6 PE DL 54

(Thi ckness unit: nm Table 3 (continued) R~/~ITED 850 (ori)0 A 50

(mag) DI FFERENGE: ¢ he ® BCHARACTER:E STL CSTHERMAE increases, thus making

STABI LI TY(degr ee) (degr ee) OERROR RATE( % decade) (deg ree) 10- XEXAVPLE

16. 68. 82. 2= 6pd¥s OSEXAMPLECP2TNn46x8ellbnb. Ot gAEXAMRLECteristics.
237.34.6-2.7-4.30. 47TEXAVPLE 247.114.57. 4-6. 10. 92EXAMPLE 256. 81 6. 810-5. 81 . 62

(Thi ckness uni tpigmo sHERs ecte SOFTLIVAGRE] 4 tnsNDERECHT e Fhadhe COVPCSI TI ON
THI CKNESS Bs( T) ORI ENTATI ON CONTROL FI LM COMPOSI TI ON' THI CKNESS CRYSTAL

STRUCTURﬁﬁﬁﬁﬁﬁkﬁﬁglkéﬁﬁum of the present invention. This magnetic

recording medium is different from the first embodiment of
the magnetic recording medium in that an in-plane soft
magnetic film 9 made of a hard magnetic material having
magnetic anisotropy and an in-plane undercoat film 10 are
provided between a non-magnetic substrate 1 and a soft
magnetic undercoat film 2.

The material used in the in-~-plane soft magnetic film
9 is made of a CoCr alloy, particularly a material
containing, as the major constituent, CoCrPtX (X denotes
one or more kinds selected from B, Ta, Cu, Zr, Nb, Re, Ni,
Mn, Ge, Si, O and N).

As CoCrPtX, CoCrPtB, CoCrPtTa and CoCrPtBCu are
preferably used.

Examples of materials of the in-plane soft magnetic
film 9 are magnetic materials made of an alloy comprising a
transition metal and rare earth elements, for example, CoSm

alloy and CoPr alloy.



MAGNETI ZATI ON FI LM COVPGCSI TI ON THI CKNESSEXAMPLE 192
Co4TadZr 1501. 3Ru20hcp65Co17Cr 16Pt 2B25EXAMPLE 2688
Co4Ta8Zr | 501. 3Ru20hcp65Co017Cr 16Pt 2B25EXAMPLE 2785
Co7Ta8Zr | 501. 3Ru20hcp65Co17Cr 16Pt 2B25EXAMPLE 2892
Co4Ta4dZr 201. 3Ru20hcp65C017Cr 16Pt 2B25 MPLE 2992
Co4TadZr 401. 3Ru20hcp65C017Cr | 6Pt 2B25 MPLE 3092
Co4Ta4Zr 4001. 3Ru20hcp65Co017Cr 16Pt 2B25EXAMPLE

3180Fe|OTa'OC15ﬂi3QBU%%hﬁﬂﬁﬁg@ﬂgGﬁé@ﬁ@@ﬁ£5fﬁfﬁﬁﬁf%referably has a
3282Fe6Zr 12N1501. 7Ru20hcp65C017Cr 16Pt 2B25EXAMPLE

Kk bl
SSTEr 220442 04 ARV SbrL4G A6 Eonee T comsto Lyege) o7 1oL

16,69 52 5 6 TEXAPLE 366, 53 15 88" TLXAALE 37818815275, omxpLe

285. 98. 93. 0- 4. MPLE 296, 38 g . VPLE 306. 28, 42, 2-6, 1 LE
315. 58. 12. 6- 6. IEXAMPLEC 52858805t 5661§ RPEES358E B399 EC 6 o P Thi tkness
unit: nm)  Table 5 SEED FI LM N- PLANE HARD MAGNETI CSOFT MAGNETI C
UNDERCOATERE BT} OV EBNTROR  FRRSFI EXRRLEBOMPOSP §1 TN TP ERNESSCOVPOSI TI ON
THI CKNESSCOMPOSI TI ON' THI CKNESSCOMPOSI TI ON' THI CKNESS Bs( T) EXAMPLE

1------ 9200d Tad@p 101 r GEXAVPLE 70 nm) .

34Ni Al 50Cr Mb15C022Cr 12Pt 5B5088Co4Ta8Zr 1501. 3EXAMPLE

35Ni Al 50Cr Mb15CpR2CiA2P1 5B20865€0 7MagZet 5015 3EXAMVPLE preferably

36N Al 50Cr Mb15C022Cr 12Pt 5Bl 0092Co4Ta4Zr | 501 . 3EXAMPLE

37Ni Al 50GrAbASEC0286T 17PERB15A026048a48Ek20A. BEXAMPLE center of the
38- - Or SOCoSNb092Co4Ta4Zr 1501. 3 *1: Conposition; 65C017Cr 16Pt 2B, thi ckness;

25 nm Tablgy ot L&ont hhded) R BTéEhEN ﬁ%NEBGMeBEREEMDEQPBABagnQt@@ BSO
DI FFERENCEREADY WRI TEFI LM MAGNET! ZATT ON N <~"B 50C~CTERI STI CSATE

12016763 623, 6 TEXARBLE HRIIG Vb 8 05 BB DaprE e

35Ru20(*1 2. Ru20 6. 18

37Ru20( * 1 °§§e§ ghégiﬁ%gLéo %@%écz§n §r§°§t7 &+W|ékﬁ8§§ ARt nm
v~ *1: Cbnp03|t|on 65C017Cr16PtZB t hi ckness; 25 nn1(Th|ckness unit: nm
Tabl e 6 SERTOMAGNETREtURDERESATNFIERS Copbed) PLORCTHHPEKRESENES (T) ORI ENTA F
0~ CONTROL COWMPCSI TI ON THI CKNESSpERPENDI CULAR MAGNETI ZATI ON FI LM

COVPCSI| TI b FEK EKRESSEXAMPLE 192C04Ta4Zr 1501. 3Ru2065C017Cr 16Pt 2B25EXAMPLE
3992C04Ta4Zr 1501. 3Ru2065C017Cr 16Pt 2B3EXAMPLE

4092Co04Ta4dZr 150Th8Ru26063€0e7 CniePr2BB8EXAVRLEO is provided right
4192Co04Ta4Zr 1501. 3Ru2065Co17Cr 16Pt 2BA5EXAMPLE

4292Co4Tasér d50t hdRhARGES mabaeticPtfaBa0BXAMAL Examples of the material
4392C04Ta4Zr 1501. 3Ru2062Co19Cr 15Pt 3Mh25EXAMPLE

4492C04Ta44r1502. 3RU2968G021GKPt 5B25EXAMPLE

4592Co04Ta4dZr 1501. 3Ru2062Co017Cr 21Pt 25EXAMPLE 4692Co4Ta4Zr 1501 . 3Ru20Co/ Pd

(*115 ¥1: Ml Ui playsn oSt LUCkuee chd Lmhenel 98 l-awenapd Bd | ayer are
| am nat ed many t f hi’ckness ~unit n) VZ bl'e 6 FC nti nued)
undercoat film 10 include CrMo alloy, CrTi alloy, CrW alloy,
CrMo alloy, CrV alloy, CrSi alloy and CrNb alloy.
By providing the in-plane soft magnetic film 9, the
occurrence of spike noise due to extremely large magnetic
domains formed by the soft magnetic undercoat film 2 is

prevented, thus making it possible to obtain a magnetic

recording medium which is superior in error rate



D 850 (ori) (degree) D B50 (mag) (degree)Dl FFERENCE IN D 8

(degQee) ~/ ~' ' ~RI TE CHARACTERI STI CS ERROR RATE 10- X THERVAL STABI LI TY

(% decade) EXAMPLE 16. 68. 82. 2- 6. 10. 65EXAMPLE 396. 413. 16. 7- 4. 91. 71EXAMPLE
406. 612. 76. 1- 5. 90. 98EXAMPLE 416. 58. 62. 1- 5. 80. 55EXAVPLE
426.57.71. 2-5. 10. 42EXAMPLE 436. 89. 83. 676. 1 0. 71EXAMPLE

446. 31 0. 34. 0- 6. 31. 45EXAMPLE 456. 68. 41. 8-5. 60. 49EXAMPLE 466. 71d. 13. 4-5. 30. 36
*1: Multi-layer structure filmwherein Co |l ayer and Pd | ayer gre | am nated
many ti nESAERRICERAEIS Ghiand iR CaPRRi% OF &R L ‘MAGNETI C
UNDERCOAT FI LIMFI LMCOVPCOSI Tl ONTHI CKNESSgs( T) EXPOSURE GASOXI DI ZI NGOXI DE
LAYERCOVPOSSTIFER SPH GENESS(

GAS) TREATMENTTHI CKNESSEXAMPLE192C04Ta4Zr 1501. 3- - - Ru20EXAMPLE4792C04Ta4Zr 150
1. 3100%0ZEXPOSYRER 5 Rin20 EXANPIEASSRCoA Tadiérlsel. LAY BXROSURER. 19 RU20EXAMP
LE4992Co04Ta4Zr 1501. 3100s02EXPOSURE4RU20EXAMPLES092Co04Ta4Zr 1501. 35000r 500Ar E
XPOSURE1 B2 AP Ltz 12 Gardl ahZ relhdlill. 13 Iy Q004 (di23RuA®brt Isf Conposi ti on;
65C017Cr 16Pt 2B, thickness; 25 nm (Thickness unit: nn) *2: 100 Oz-900 Ar was

used af t gfy JhsitNG HOQK Ale :8Sr dndl P OBy RS FHEH MY ddi i Ntd o fep SOF
magneti c undercoat film Table 7 "(cont1nued) ~D~~I TEPERPENDI CULARDI FFERENCE

I NO B 50 .(ori)~ .85 ) | STI T .
g50(degréé556%bf§é Cﬁ?%%éﬁ%ﬁf&?bﬁéeg1§g§§béﬁ§!%?:1gh§8@§?p5FéélEXANPLE
47(*17.09. 32. 3-7. 1EXAMPLE, 48(*17.09. 12. 1- 6. 9EXAMPLE |,

49(*17. 5@’.3% f‘-%.mrr:d% . %*g'ée é&?gﬁ%?ﬁ;%\ﬂ@ sy 4R g2, 0-6.7 *1:
Conposi tion; 65C017Cr 16Pt 2B, thi ckness; 25 nm (Thickness unit: n *2: 100
Oz- 90% AMARERS TS 1 tq 7041 gl M 0D ot rd d2 W%l 46 RECHUITGHIE t

formation of a soft magnetic c~ undercoat film Table 8 SOFT MAGNETI C
UNDERCOAT FEGIPOSI TGN R CKNESBERHE M B T3 R ENTATR 108 1OANTROLC 1 e

COVPOSI TI ON THI CKNESSNON- MAGNETI C | NTERMEDI ATE FI LM COVPGSI TI ON

TH CKNESSEXAVRLIE 182CodY ey rvé&diurBRu20- - EXAMPLE

5292Co4Ta4Zr 1501. 3Ru2060Co40Cr 5EXAMPLE

5392C04TadZr 15@ly 3RcAiGNiCoA i EXANPldne hard magnetic film 9
5492Co04Ta4Zr 1501. 3Ru2060Co40Cr 18EXAMPLE

5592C04 TafAf bl . (3R ZROOCAA LOEXAMRE coat film 2 and the
5692C04Ta4Zr | 501. 3Ru2055C035Cr 10Mh5EXAMPLE

8920 T S o0 DO L EXANDL B> £ O0beaT aitss 1195 MMt 300r 5Tases
(i RSB SSEP 0P 28, b chnege; 25 WTeH %Bedserti e

the substrate 1 by the magnetic exchange coupling between

the hard magnetic film 9 and the soft magnetic undercoat

film 2, thus making it possible to prevent formation of

extremely large magnetic domains. Therefore, the

occurrence of spike noise can be prevented.

Fig. 10 shows the sixth embodiment of the magnetic
recording medium of the present invention. This magnetic
recording medium differs from the magnetic recording medium
shown in Fig. 9 in that a seed film 11 is provided between

a non-magnetic substrate 1 and an in-plane undercoat film



~ B0 (ori) (degree) ~ 650 (mag) (degree) DI FFERENCE I N ~ 850

(degree) READ) WRI TE C~CTERI STICS EGO Ox~TE THERMAL STABI LI TY

(o/ decade) EXAMPLE 1(*16. 68.82. 2-6. 10. 65EXAMPLE

52(*16. 48. 72. 3- 6. 80. 55EXAMPLE 53(*16. 38. 62. 3-6. 80. 57TEXAMPLE

54(*16. 59. 02. 5-6. 70. 52EXAVPLE 55(*16 gg 82. 3-6. 40. 52EXAMPLE
56(*16.68. 11. 5- 6. 80. 56 EXAMPLE 57( * 16. 41. 6-6. 80. 55EXAMPLE

58(*16. 68. 31. 7- 7. 00. 58EXAMPLE 59(*16 79.42.7-6.70.54 0 *|: Conposition;
65Co17Cr 1Pt 2B, thickness; 25 nm (Thi ckness unit: nm Tabl e 9 ORI ENTATI ON
CONTROLPERPENDI CULARNON- MAGNETI CSOFT MAGNETI C UNDERCOAT

FI LMFI LMVAGNET - ZATI ! | ATE, F | T I

Bs( T) COMPCSI TI &@%ﬂ%ﬁ“@g@% %\}éd\E?ch %%ﬁ % e&r%él’s% x%ﬁ%@Stal
192C04Ta4Zr1501 3Ru20( *1- - EXA

5002 Coa T B TETH: S, J0% 185 o NS, BRSERARES Tilm 10 formed right
6192Co04Ta4Zr 1501. 3Ru20(*192Co4Ta4Zr 7, OEXAMPLE ,
6292Co4TREAIBOHE PO 102D 4TEUTF 3L a@émeflne As the material
6392C04Ta4Zr 1501. 3Ru20( *185Fe15Zr 3. 6EXAMPLE

6492Co4 T4 R s0h, FRUBDTe1BILoATR 7ALBLBY + 125 Colap 08a 1 P HNCOBSTHRYER 6Pt 2B,

t hi ckness; 25 nm Table 9 (continued) (Thickness unit: nm DI FFERENCE

| NREAD WRIrTE GHARSCE BRL1IST$ GSE B5P1 { oFeA D, 0CSPe [ nagd THERVRAL, STABSLI TYO B
50ERROR RATE REPLAY OUTPUT( /decade) (degree) (degree)(degree) 10" (M) EXAVPLE

16. 68. 82. 2rioy 124800 DO EXMPbE €964 88. 92. 1- 6. 828700. 45EXAMPLE
616. 38. 62. 3- 6. 823500. 53EXAMPLE 626. 78. 61. 9-6. 717800. 84EXAMPLE

636. 58. 82. 3- 6. 426600 %@@éﬁé%ﬁ@@dﬁ%é@ %P Bld¢08ind {He SO8ROSIihoN;
65C017Cr16Pt28 t hi ckness; 25 nm is" apparent from Table 1 and Tabl e

2, in theﬂfﬁxa@% €£f' 8r9e§§9t¥"8§/8?tt%"ét h”gﬁaﬁéﬂﬂgrérﬂgﬁg&ge Cher mal

degr ees, e Fesu ng magnetic read/ wite c cterisfics

decay are = S{Upe ior to the exa l,es ﬁhg% was . no% set mnthbn above
range. As'ts'a p%?%n?ef}gﬁf?ﬁﬁ g 0 Sb?%956 é?c%??%ﬂ FRRYnERT P
readIMW|te characteristics and thermal decay were obtalned by setting (O
650( mag) 1MRrE%e(oriY) WPFﬁPﬁeé'rﬁﬁﬁem??6HW1nPbsg gegregsiv ﬁg hRE appar ent

from Table 4, excellent magnetic read/wite characteristics were obtai ned
by settln@umﬁfe%$e@he oft magnetic undercoat film2 to 30 Tnm or higher.

Fig. 11 shows the seventh embodiment of the magnetic
recording medium of the present invention. This magnetic
recording medium differs from the magnetic recording medium
shown in Fig. 1 in that a magnetizing stabilization film 12
is provided between a perpendicular magnetization film 4
and a protective film 5.

As the material of the magnetizing stabilization film
12, materials listed as the material, that can be used in
the soft magnetic undercoat film 2, can be used.

The coercive force Hc of the magnetizing
stabilization film 12 is preferably equal to or lower than

200 (Ce) (preferably equal to or lower than 50(Qe)).



As is apparent from Table 5, sufficient magnetic read/wite characteristics
wer e obtai ned by providing the in-plane soft nagnetic film9. As is
apparent from Table 6, sufficient nagnetic read/wite characteristics and
thermal decay were obtained by setting the thickness of the perpendicul ar
magnetization film4 within a range from8 to 100 nm As is apparent from
Table 7, magnetic read/wite charact eP?stics could be i nproved by the
oxidation treatnment to the soft nagnetic undercoat film2. As is apparent
from Table 8, the neti.c read/wit.e characterjsti nd therma

decay could betrihr?prrgga\%éﬁaﬁ:ylo& gn\oll‘a{gtﬂentglct hfel%}oréé?rlasgi;té’teigcssion Zcrh%edi ate filma8,
As is apparent from Table 9, the replay output could he inpraved b

provi di n§AIRE Tggi i A ARy SRR 19y Ji](% ]f%uljrﬁ ﬁ?e%’sm&g%r?% atb%\fgr, in the
magnetic recordi ng medi um of the present invention, since 0 850 of the
speci i c herahedt dthaoh Hlane (RTSRTHIR AR Y &Ry T ot - hdP deghlees, and
a difference ( 0 8 50 (mag) - ~ 8 50 (ori) ) between 0 850 (ori) of the
orientation comlsal Hd.ty andt8L6, (nhg) ppbdtbhe pérpbadsethaatimgneti zati on
filmis set wwthin a range from1l to 8 degrees, excellent thernmal decay can
be obt ai peddhoWeflet @) i Sfating £y ”9&§@1<§é‘§§,a%§rﬂl$é'rﬁr§g@@tﬁiii

magnetic read/ wite characteristics. 64 What is clained is: A magnetic

recor di ng, nisc up cormu i 8119 3 | eash. 8espls, ymgnel i ceandercoal fiiLm made of

a soft magnetic material, an orien on co I'mthat controls the
orientation of a film provided di rectlg above, a perpendi cul ar
magnet i zatioi f Ntm  BhephPentakrsesfisehly ARgHet F2RFFonthe FRRERAI Iy
oriented perpendicular to a substrate, and a protective film that are
provi ded cqutputhade dieganeés ¢ substrate, wherein the orientation control film
has an hcp structure and,
The magnetizing stabilizaticon film 12 can have a
construction in which the constituent material in the
surface is partially or completely oxidized in the surface
of the magnetizing stabilization film 12 (the plane of the
protective film 5 or the perpendicular magnetic film 4
side) and the proximity thereof (a region which is a
predetermined depth from the surface).
In the present embodiment, by providing the
magnetizing stabilization film 12, the fluctuation of the
magnetization in the surface of the perpendicular magnetic
film 4 can be suppressed.
Therefore, the leakage flux is not influenced by this
fluctuation, and the replay output is increased.
In addition, by providing the magnetizing

stabilization film 12, the magnetization of the

perpendicular magnetic film 4 in the perpendicular



at the sanme tine, 0 B50 of the (0002) orientation plane is set within a
range from3 to 10 degrees and a difference ( ~ 8 50 (nag) - ~ 8 50 (ori) )
between D 8 50 (ori) of the orientation control filmand D B50 (nag) of the
per pendi cul ar magneti zation filmis set within a range from1l to 8 degrees.
2. The magnetic recording nmedi um accojgling to claim1, wherein the
orientation control filmcontains 50 ato or higher of one or nore kinds of
el enents selected fromTi, Zn, Y, Zr, Ru, Re, &, Th and Co. 3. The

magnet i cdt egotdlonganedictie acgaerdingttioencldi mh2, sofGSmabereiin t he
orientation control filmcontains one or nore kinds of elenents sel ected
fromV, GhdeMioakeri®r andnd +nd nhiectagnely 6the6areaRd oRediium agcor di ng
to claim2, wherein the orientation control film contains one or nore Kkinds

of elemepps, E' eEL gq {nro@l?ec@lo'}l f%r‘ﬂnh% %1_o§edﬂ&§r%%9_'%e.“5 f)rd! ng

nedlun1accor I'ng t aim mhereln & ofientation control mis made
of any one,of 25Ag75 5 and, 7 25Nb. 6. The nma netlc recor di ng
Ted U aEBORAPRE DB aRp ot arod S T 5, RIS AR ot |
internediate filmis provided between the orientation control filmand the
perpendlEﬂﬁamaﬁﬁﬁﬁéﬁﬁféﬂqm?ﬁ|QWﬁ Rﬂ?ﬂﬁ?qﬂig%%ﬁ1m%%$%9HQ:|1&Fbﬂné§|ate film
is made of a material containing 40 to 70 ato of Co. 7. The nmagnetic

r ecor di n§staildmhace siodien§ tire die téfe Eegipesidiaudas, difecdileont-he
orientation control filmhas a granular structure and has a nean crystal
grai n di anet er Iof adidiia 2@ ,nmn 8heAcamgnetfi @ secocdiurg fedwiimcht thedst
conprising a soft 66 magnetic undercoat filmnmade of a soft nmagnetic

mat er i al £han sefrifericatdfon neomagle tfiidind kataadntg=0lisr Fd 1ar ilentiat i on of a
filmprovided directly above, a perpendicul ar magnetization film of which

the axi So(ikfld%%%)d MRgRE AR 1O 119 FeNRFAIdrY 3 It edi RIREH aar to a
Substrate, and
magnetizing stabilization film 12 can be suppressed, and
thereby the noise that originates in this magnetic
fluctuation can be reduced, and the replay characteristics
of the magnetic recording medium can be improved.

Fig. 12 is a sectional structural view showing an
example of the magnetic read/write apparatus according to
the present invention.

The magnetic read/write apparatus shown in this
drawing comprises a magnetic recording medium 20 having the
construction described above, a medium drive unit 21 that
rotates this magnetic recording medium 20, a magnetic head
22 that carries out recording and replay of the information
on the magnetic recording medium 20, a head drive unit 23

that drives the magnetic head 22, and a read/write signal

processing system 24.



protective film that are provided on a non-nagnetic substrate, wherein the
orientation control filmhas an fcc structure and, at the sane tine, 0 650
of the (111) orientation plane is set within a range from3 to 10 degrees
and a difference ( D6 50 (nmag) - n a 50 (ori) ) between GL 8 50 (ori) of
the orientation control filmand D 85% (mag) of the perpendicul ar

magneti zation filmis set wwthin ara be froml to 8 degrees. 9. The
magneti c recordi ng medi um according to claim8, wherein the orientation

control filmirgludes 1My & itfian Rles oy sﬁ;},ecegf[ orddwan, two of the
el enent s selecteg fron?%fgﬁbup cgﬁgisted of Ni, Cu, Pd, Ag, Pt, Ir, Au, and

Al. 10. td. cqrdi mﬁgi | t O any : ins 1to
9, mhere}%Qfgg%¥f§g%ﬁ%glgéiéﬁ%flea%#%fgiﬁgéﬁr%%méﬁmrp nl(éﬁiﬁwf
magnetization filmjs equal,to or higher an 0(0e). 67 11. A nethod of
manuf act &f}ﬁengxr‘é’%éjr%q ' ?’ré%o?‘hﬁ%‘bt%%% ani/%i tf{cecorﬁ)rr(?cseesss]frbc-? My at | east
a soft magnetic undercoat filmmnmade of a soft magnetic material, an

ori ent at iR IEhtFAF] 1 TR Phath e RIS Meast i%ht ation of a fil m provided
right above, a perpendicul ar magnetization filmof which axis of easy
magnet i zati on ifs sjevesiealigd ortiyar degrgandic Wead tas dirusInateic and a
protective film on a non-magnetic substrate, while controlling so that the

orientatimmaaa@rol filmhas an hcp structure or a fcc structure and, at
the same time, D B50 of the (0002) orientation plane or the (111)

orientation pl aney| ﬂﬁeisv&t&hiawﬂ@aﬂg@wifﬁ%ra@ d-eard) dlegi eess aiyh & he
difference ( ~ 8 50 (mag) -~ B 50 (ori) ) between 850 (ori) of the

ortent atigh LangLolndddm angd \oiafl d male ofydheider pendiaular mgneti zati on

filmis n arange from1I to 8 degrees. 12. A magnhetic read/wite

copa 3 . SRITLL SLIG A ROOEL! o SERL LI, VRN PO og0ctis dead that
I nfor mat icooni’l g.r eiT@let fgﬂ%gr}laegcr}_eé ipcolree(\QOSr dlisngaprgardc;x%%a oe@yr iCS—es%a%[e east a
when viewed from the side, and has a main magnetic pole 27
having a narrow width and an auxiliary magnetic pole 28
having a wide width. The main magnetic pole 27 generates a
magnetic field that is applied to the perpendicular
magnetic film 4 during recording, and can detect a magnetic
flux from the perpendicular magnetic film 4 during replay.
When carrying out recording on the magnetic recording
medium 20 using a single pole type head 22, the magnetic
flux issuing from the distal end of the main magnetic pole
27 magnetizes the perpendicular magnetic film 4 in the
direction perpendicular to the substrate 1.
At this time, because the soft magnetic undercoat

film 2 is provided in the magnetic recording medium 20, the

magnetic flux from the main magnetic pole 27 of the single



soft magnetic undercoat film made of a soft magnetic ss material, an
orientation control filmthat controls the orientation of a film provided
directly above, a perpendicul ar nagnetization film of which the axis of
easy magnetization is generally oriented perpendicular to a substrate, and
a protective film that are provided Q5 a non- magneti c substrate, while the
orientation control filmhas an hcp structure or a fcc structure and, at
the sane time, D 8 50 of the ( 0002 ) orientation plane or the ( 111 )

ori ent at benepkgpe hease2 Witdigh ialddange theomuXitld aky degrees andlthe
difference ( ~ B 50 (mag) - 0 8 50 (ori)) between 0 8 50 (ori) of the

ori ent at iz@DbSrO?)Fafs%&nfgi M RREGH 3G drPrid idfutdle rieyeendi GUlidf 4 and
magneti zation filmis set wthin arange from1l to 8 degrees. .A Au. A

Y. A AA A ALAN. AN A JAAa A 2. A . - A As. A9e. A As.
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A washed glass substrate 1 (Ohara Co.; diameter: 2.5
inches) was accommodated in the film formation chamber of a
DC magnetron sputtering apparatus (Aneruva Corp., C-3010),

and after expelling air in the film formation chamber up to
a maximum vacuum of 1X10™° Pa, a soft maghetic undercoat
film 2 (thickness: 150 nm) made of 92Co4TadZr was formed
on the glass substrate 1.

On the soft magnetic undercoat film 2, an orientation
control film 3 (thickness: 20 nm) made of Ru and a

perpendicular magnetization film 4 (thickness: 25 nm) made
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during film formation was 200°C.

Then, the protective film 5 made of carbon was formed
on the perpendicular magnetization film 4 using a CVD
method. Then, the lubrication film 6 made of
perfluoropolyether was formed using a deep coating method
to obtain a magnetic recording medium (see Table 1).

Moreover, in the above description of the alloy
material, aAbB indicates a(at%)A-b(at%)B. For example,
65C0l17Crl6Pt2B denotes 65 at% Co-17 at% Cr-16 at% Pt-2 ats%
B (a Co content of 65 at%, a Cr content of 17 at%, a Pt
content of 16 at%, and a B content of 2 at$%).

(Examples 2 to 5)
During the formation of the orientation control film

3 and the perpendicular magnetization film 4, A 650 was

changed by controlling the temperature, the process gas
pressure, the film-forming rate, and the distance between a
target and a substrate to produce magnetic recording media.
Other conditions were decided according to Example 1 (see
Table 1).

(Examples 6 and 7)
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An orientation control undercoat film 7 was provided
between the soft magnetic undercoat film 2 and the
orientation control film 3 to produce magnetic recording
media. Other conditions were decided according to Example
1 {(see Table 1).

(Examples 10 to 14)

Magnetic recording media were produced by selecting
the material and thickness of the orientation control film
3 as shown in Table 1. Other conditions were decided
according to Example 1 (see Table 1).

(Comparative Examples 1 to 3)

Magnetic recording media were produced by selecting
the material and thickness of the orientation control film
3 as shown in Table 1. Other conditions were decided
according to Example 1 (see Table 1).

(Examples 15 to 17)
Magnetic recording media were produced by selecting

the material and thickness of the orientation control film

3 as shown in Table 2. Other conditions were decided
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orientation control film 3 to produce a magnetic recording

medium. Ni was used as the material of the orientation
control film 3. Other conditions were decided according to
Example 15 (see Table 2).

(Examples 19 to 21)

Magnetic recording media were produced by selecting
the material and thickness of the orientation control film
3 as shown in Table 2. Other conditions were decided
according to Example 15 (see Table 2).

(Comparative Examples 4 and 5)
During the formation of the orientation control film

3 and the perpendicular magnetization film 4, A 650 was

changed by controlling the temperature, the process gas
pressure, the film-forming rate, and the distance between a
target and a substrate to produce magnetic recording media.
Other conditions were decided according to Example 15 (see
Table 2).

(Examples 22 to 25)

During the formation of the orientation control film

3 and the perpendicular magnetization film 4, A 650 was
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(Examples 26 to 33)

Magnetic recording media were produced by selecting
the material and thickness of the soft magnetic undercoat
film 2 as shown in Table 4. Other conditions were decided
according to Example 1 (see Table 4).

(Examples 34 to 37)

A seed film 11, an in-plane undercoat film 10 and an
in-plane soft magnetic film 9 were provided between a non-
magnetic substrate 1 and the soft magnetic undercoat film 2
and then the material shown in Table 5 was used as the
material of the soft magnetic undercoat film 2 to produce
magnetic recording media. Other conditions were decided
according to Example 1 (see Table 5).

(Example 38)

The in-plane undercoat film 10 and the in-plane soft
magnetic film 9 were provided between the non-magnetic
substrate 1 and the soft magnetic undercoat film 2 to
produce a magnetic recording medium. Other conditions were

decided according to Example 1 (see Table 5).



10z 10z810%& ()- 6! 10%& () - M>MMVMVNTNIEbC 10L10% & ()-!10%& () - 10%& () -
1092 & ()-10%& ()- gl0%& () - TNNNNO¥OSQIELC 10
040% & ()-#10%& ()- !y10%& ()-3s10%& ()-
1092 & () -y10% & () - SOO007Pi PPAELC
10310% & () - Y110%& () -.Z10%& () -, 109z & ()-L*10%& () - 3(
10%& () - PPPQOOOXQQ A 10 10%& ()- h~@$10%J<& ()-° 10z 10z
10zF: F109%2& ()-Y 810%& ()-510%& ()- QQQLRNRRRIE A 10 109%& () -
109& () -! J&ggﬁyﬁ) DU (J6) 109 () - MLOY& () - RR, Sf SSSTAE' A
10s$10%& () YT0%E () - @ 100& ()- 10% ()- T10%&' ()-3109& ()-TLTTTT. UhUJE A

10 1- 109 ()-/ 0/%@0%)0% 4/) 4 (yr(e)ég b l t
10%&’ () &I 100" 0) ]gq“h ﬁ?%l mr%@]ag ‘?géq+1 REET Y U Y
109&" ( 710‘V 5100%)6%%l 93 109& é‘) EE:PI@

10! 10% &'t(fb 523993 }je s%%%@

10% & () - VWW%XWKXXdEnb 0"9'1096&f()-|10@6&f() SlO@@&f() 9 10% & () -
1096&;()quggq@¥3ag@@q/ dt”%%@s own in Table’ 6. Other ‘conditions
10!'3. 109 & ()-,10% & ()-*10% & () - 10%&'(1)[ %

10% & ()-@Erﬁ)%@n(c}eczmppg [mwalmlqo (9ge 1D 81004 &' () -
610% & ()-410% & ()-y210% & ()- 09! 10% & ()- |
(Examples 47 to 50)

Magnetic recording media were produced according to
the same manner as in Example 1, except that the soft
magnetic undercoat film 2 is subjected to an oxidation
treatment by exposing the surface of the soft magnetic
undercoat film 2 to an oxygen-containing gas (exposure gas).
As the exposure gas, pure oxygen (100% 0) or an oxygen-
argon mixed gas (mixing ratio: 50 vol% 0, - 50 vol% Ar) was
used.

The construction of these magnetic recording media
and the thickness of the oxidized layer formed on the
surface of the soft magnetic undercoat film 2 are shown in
Table 7.

(Example 51)

A magnetic recording medium was produced according to
the same manner as in Example 1, except that Ar (100%) was
used as the process gas (film-forming gas) and then an

oxygen-argon mixed gas (mixing ratio: 10 vol% O; - 90 vol$%

Ar) was used in the case of forming the soft magnetic
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(Examples 52 to 59)
Magnetic recording media were produced according to
the same manner as in Example 1, except that a non-magnetic
intermediate f£ilm 8 was used (see Table 8).
(Examples 60 to 64)
Magnetic recording media were produced according to
the same manner as in Example 1, except that a magnetizing
stabilization film 12 (see Table 9).

A 050 of the orientation control film 3 and the
perpendicular magnetization film 4 of the respective
magnetic recording media was measured by an X-ray
diffraction method. This A 0650 was measured with respect
to the (0002) orientation plane for the film made of the
material having an hcp structure, while A 050 was measured
with respect to the (111) orientation plane for the film
made of the material having an fcc structure.

Also magnetic characteristics of the respective
magnetic recording media were measured using a read light

analyzer RWA1l632 manufactured by GUZIK Co., a spin stand
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of 600 kFCI (during replay).

The evaluation of the thermal stability was made
by calculating the decrease rate (%/decade) of the output

of the replay output after writing at a track recording
density of 50 kFCI after heating the substrate to 70°C cne
second after writing based on (So - S) X 100/(So X 3). In
this equation, So denotes the replay output when one second
has passed after the signal recording onto the magnetic
recording medium, and S denotes the replay output after
1000 seconds.

The test results are shown in Tables 1 to 9.
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range from 1 to 8 degrees.

As is apparent from Table 4, excellent magnetic

read/write characteristics were obtained by setting Bs*t of
the oft magnetic undercoat film 2 to 30 T+'nm or higher.

As 1s apparent from Table 5, sufficient magnetic
read/write characteristics were obtained by providing the
in-plane soft magnetic film 9.

As 1s apparent from Table 6, sufficient magnetic
read/write characteristics and thermal decay were obtained
by setting the thickness of the perpendicular magnetization
film 4 within a range from 8 to 100 nm.

As is apparent from Table 7, magnetic read/write
characteristics could be improved by the oxidation
treatment to the soft magnetic underccat film 2.

As 1s apparent from Table 8, the magnetic read/write
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) - 410%060& ()As is apparent from Table 9, the replay output could

be improved by providing the magnetizing stabilization film

12.

As described above, in the magnetic recording medium
of the present invention, since A 650 of the specific
orientation plane is set within a range from 3 to 10

degrees, and a difference (A 050 (mag) - A 6850 (ori))
between A 650 (ori) of the orientation control film and A

f 50 (mag) of the perpendicular magnetization film is set
within a range from 1 to 8 degrees, excellent thermal decay
can be obtained without deteriorating the noise

characteristics and the magnetic read/write characteristics.
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perpendicular magnetization film is set within a range from

1 to 8 degrees.

2. The magnetic recording medium according to claim 1,
wherein the orientation control film contains 50 at% or
higher of one or more kinds of elements selected from Ti,

Zzn, Y, Zr, Ru, Re, Gd, Tb and Co.

3. The magnetic recording medium according to claim 2,
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kinds of elements selected from V, Cr, Mn, Fe, Co and Ni.

4. The magnetic recording medium according to claim 2,
wherein the orientation control film contains one or more

kinds of elements selected from B, C, N, O and P.

5. The magnetic recording medium according to claim 1,
wherein the orientation control film is made of any one of

25Ag75Ge, 50Cub0Ge and 75Ru25Nb.

6. The magnetic recording medium according to any one of
claims 1 to 5, wherein a non-magnetic intermediate film is
provided between the orientation control film and the
perpendicular magnetization film, while the non-magnetic
intermediate film is made of a material containing 40 to 70

at% of Co.

7. The magnetic recording medium according to any one of
claims 1 to 5, wherein the orientation control film has a

granular structure and has a mean crystal grain diameter of

4 to 20 nm.

8. A magnetic recording medium at least comprising a soft
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at the same time, A 050 of the (11l) orientation plane is
set within a range from 3 to 10 degrees and a difference

(AB50 (mag) -~ A650 (ori)) between A 0650 (ori) of the
orientation control film and A 850 (mag) of the

perpendicular magnetization film is set within a range from

1 to 8 degrees.

9. The magnetic recording medium according to claim 8,
wherein the orientation control film includes more than 50
at. % of one or more than two of the elements selected from

a group consisted of Ni, Cu, Pd, Ag, Pt, Ir, Au, and Al.

10. The magnetic recording medium according to any one of
claims 1 to 9, wherein Negative nucleation field (-Hn) of
the perpendicular magnetization film is equal to or higher

than 0 (Oe).
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substrate, and a protective film, that are provided ©on a

non-magnetic substrate, while the orientation control film

has an hcp structure or a fcc structure and, at the same
time, A 650 of the (0002) orientation plane or the (111)
orientation plane 1is set within a range from 3 to 10
degrees and the difference (A 8 50 (mag) - A 8 50 (ori))
between A 6 50 (ori) of the orientation control film and A
6 50 (mag) of the perpendicular magnetization film is set

within a range from 1 to 8 degrees.



