1 6 JAN 2006 1 MAGNETI C RECORDI NG MEDI UM  METHOD OF NANUFACTURIEEE
THEREFOR, AND MAGNETI C READ/ WRI TE APPARATUS CROSS- REFERENCE TO A’?‘&LQJUUB
APPLI CATI ON Thi s application clainms the benefit pursuant to 35 U S. C
119(e) (1) of U.S. Provisional Application, No. 60/311,816 filed August
14, 2001. BACKGROUND OF THE I NVENTION Field of the invention The present

invention relates to a magnetic recordin medi um__a netggggqi G

manuf act uri ng tMASNEDIC RICCRDAMGNEEDPEUMy e¥BIWPP: 8Fafpat FA° uses
the magnetic recordi ng nmedium Description of the Related Art The

i n-pl ane magnetic recorgioR, NEdDh UMRBRET beeREAR HBITEUSERARAERE n the axis
of easy magnetization in a nmagnetic filmis generally oriented parall el

to the substrate. In the in-plane magnetic recording nedium there is a
possi bility of medi um noise increasing under the influence of

di amagneti smin thgé%%%%%ﬁﬁqd&e%dé Pt sapwhedathenr ecor di ng

density is increas pefrpendi cul ar magnetic recordi ng nmedi um of

whi ch axis of 16 JAN 2006 2 easy netization in.th icdilmis
general |y orF%%%%da§§ﬁﬁéﬁﬁﬂéﬁ1a?T? g §ﬁ5§t?§?8?l%n%%§%%ras%,torég%rding
magneti c domai ns that have cl ear boundaries can _be forped due tqqsnaller
i nf1 uence Dfc di Swyhee] s i nof hel . bourkkasA BFonratortFM pFt5°Bven When
the recording density is increased, and therefore, thernal decay and

noi se codract egist FeseqannbgustptdyedCOtesulting in nmuch attention to

t he perpendi cul ar magnetic recordi ng medium Recently, there has been

i ncreasi ng demands for high- density recording in the magnetic recording
medium For this reason, such a nmagnetic recordi ng nmedi um has been

BACKGROUND OF THE INVENTION
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



proposed as a | ayer nmade of a soft magnetic material, called a EQfNZHﬂCk
| ayer, is provided between a perpendicular nmagneti zation filnll a#
serves as a recording |ayer and a substrate so as to inprove the
efficiency of the flow or the magnetic flux between a single pole type
head and the nmagnetic recording nedium in order to use the single pole
type head that has high capability of witing_ in the perpendicul ar

magnet i zatdwmddhaen i However inevbn WREASLRE SOLT BECKESEHE % provi ded

t he magnetic recordi ng medi um does not have satisfactory performance in
the read/wdie-ghseastraistiss, tohar sabstshalki| iiry cand 1df- r esol uti on of
recording, and therefore a magnetic recording nediumthat is better in

these 16 J 0 act ghist hes chas beer aquir echunkEpaies ecdat ent
No. 276d§T%N3§5%€§§25§%£c0ntroI the orientation dispersion angle A 050

of the ¢ axis of .the rysta L i I 4 ey s 1 hi oheg
degrees,b%w#?ENEGagﬁﬁegg é@?g%%rAg%&?§§$?€gF%ggﬁfgg'uinéZtion No. Hei 6-

76260 proposes to control the orientation dispersio Q;0f the c
axi s of bendarysfusaPEdMEhPHE SYES LEET ﬁ%dﬁ%ﬁ |§lﬁ% ﬁ%? 18y

sufficient to control the orientation dispersjon angle of.the crystal
orientati@ninpreaaeﬂonahdyéheWEﬁmfﬁraH&%ﬂWQﬁHQ%C%ﬁmﬁhgé??ﬁs?he pur pose
of inproving the characteristics of the perpendicular magnetization
film Takhagaaeeouptiek the @rovntpravecdche meru bt stage’ dkuchorming t he
per pendi cul ar magneti zation filmat the interface between the crystal

ori ent at { pp. RE ORRt i8N thay @ r paidi itha perpandicid are cmghet§ zaedonnt i | m
there is a possibility of the crystal grain dianeter of the nagnetic

filmincreasi ng whep ihe differenceddn arianalien fataeen fohencgystal
orientation proﬁﬁ?lon I"ayer "and the perpendi cul ar magnetization filmis

ﬁgﬁg!' VQSHSEQ§ rgkkﬂ%ﬁ%gfﬁd %H%ﬂﬁ%gﬁgg§%]£§E$fﬁﬁ$$fﬂ§digﬂ.thﬁthher
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 f£ilm 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 scft 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



the portion of the perpendi cul ar magneti zation film provided by Et h%
early gromh becones too thick, leading to deterioration in t he b JAN 2006
read/ wite characteristics and in the 1 6 JAN 2006 4 thernmal stability
When the orientation dispersion is coptrolled to proper values in the
crystal orientation pronotion |ayer and in the perpendicul ar

magneti zation film it is nmade possible to pronote the nucleation during
t he growHn efcide: peipendisubaennagaetirgdtion filmand to form

m crocrystals, while keeping the portion fornmed by the early gromh from
becomi ng thi ckefnaddies ebyr @revest i pgebhelt heppakest abi lomy r iy ?Frhe
deteriorating. lj)nder t he above-described circunstances, the present

invention has been made, and_an_ghject r IS, 10 a:0r OV lex ge MagNet i ¢
recor di if Mt ©® h fS?grgéggbﬁgggE A hlegy e a

recording and replaying at a higher
density by inproving the read/wite characterist.ics, met hod of.
manuf actarysigs L t et efivat iandpgoregaet éaﬂéédﬂhti?“{@ Zpﬁ%rgarteuess.’ é’%ﬂ}l\}AeRY OF
THE | NVENTI ON The magnetic recordi ng nedi um of the present invention

conpri sepa@inéeasbanenof hppagretiicnynderceatt ubillima tigde NF- a1bft-
magnetic material, an orientation control filmthat controls the

orient at&?é‘eé’f 2 %]BEEEDEQVE@%%rodi @t lot iaheer,i cn pErgrends tub azngle
magnet i zat 1 on PP of which axis of easy nmgnetization is generally

oriented erpendi cular to,a sub ;n,rga AP eptinse, 10 Mieghatsl 6
C. t T ! e
JAN 2086‘3585’102 ovided ¥Rt E ﬂgn?’ tr?%tcl %Qgtlfbstrate, wher ei n t he
; : . 9 .
orientation control filmhas an hcp structure and, at the sane tinme, O
050 of the (00A2yevrirentat iionnpitasafifddent Wia KW Hanfd®from 3 to 10
degrees and a difference (A O 50 (mag) - A O 50 (ori) ) between A 0 50
(ori) of,thentatient atispe regriy eindld rofanthe @50 (g oEntaeion
promotion layer within a particular angle, for the purpose
of improving the characteristics cf the perpendicular
magnetization film.
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 crientation between
the crystal orientation promotion layer and the
perpendicular magnetization film 1is small. When the
difference in orientation is too large, cn rhe other hand,
the portion cof the perpendicular magnetization film

provided by the early growth becomes too thick, leading to

deterioration in the read/write characteristics and in the



per pendi cul ar magneti zation filmis set within a range from
degrees. The orientation control filmcan be made in a constructl o]lPWQEI
contains equal to or greater than 50 at% of one or nore kinds of

el enents selected fromTi, Zn, Y, Zr4 Ru, Re, Gd, Tb and Co. The
orientation control filmcan be nade in a construction that contains one
or nore kinds of elenents selected fromV, C, M, Fe, Co and N. The
ori ent atiareont sobbiilimycan be made in a construction that contains one
or nore kinds of elements selected fromB, C, N, O and P. According to
the present inygphiPRe SYEBNRatGORSULUGkIren oMy shecrpl@yket a0 a
non-magnetic internediate filmis provided between the orientation

control filmand_ ,th r diL ry IMRgNet{zati on fidmat whn | taybe non-
magnet i @?%?%?neal a g :BI En%:és %&I s of a material c%ntal ning 40 to 70 at%

of Co. 16JAN2006 6 The orient |on cont.r.of be; proyi dedeS0 as to
have graﬁWa%nsFPﬁcPﬁlrE?egﬁd antlczrayéﬁgrfn%f%?n ltgl aneter froma4 to

20 nm The magnetic recordin rredl um of the present_. inventjgn have
such a conssibdei 6n Pﬁ@ﬂoéﬁwgﬂeséﬁlcéteaq%t&ér%%t%g%ﬁ?lI(C:Runggr coat

filmmade of a soft nagnetic material, an orientation control filmthat
cont r ol sp¢hpentiientatri mg@fetaLZfatlJrnrprﬁnl\/hme‘m@lW%cf@?“a‘ﬁbﬂ%éocrésw S
per pendi cul ar magneti zation filmof which axis of easy nagnetization is

gener al | yp,of bepted iper perdititdrod of armeiilisy riate, eanty agpeetBcfre® film
that are provided an a non-magnetic substrate, wherein the orientation

control N HGG SUSIdEE Shdhedt iidier saneneinel Ac65Q10ty the
(111 orlenFmtlplgit é:ne i's set WI}ehI n arange from3 to 10 degrees and a

di fference - A 050 (or bet ween A 950 (or of the
olri ent at %58&‘08& o] ]ﬁ”%%i)na%d (ori) ) (ori)

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 crientation control
£11m that controls the crientation 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



within OAAN 2006

050 (mag) of the perpendicular nmagnetization filmis set range
froml to 8 degrees. Negative nucleation field (-Hn) of the perpendicul ar
magneti zation filmis preferably equal to or higher than 0 (Ce) . The
met hod of manufacturing the magnetic recording nedium of the present
invention conprises formng at least a soft magnetic undercoat film nade
of a soft magnetic 1 s JAN 2006 material, an orientation control film
that coni¢elsréfedear bantancormaknathid mulrstviaded mlghtedbdves a

per pendi cul ar magnetization filmof which axis of easy nagnetization is

gener al 'é'r}g&@g&Egnp%a%@@ilclflﬂ&n e d he, sifistmnestang @nd prat echeve
film on the non-nagnetic substrate, while controlling so that the

orientation control fiil mh n h truct e;sapge+time, A
650 of th&ME0bdTF/ érbe[‘ﬂ éﬁ'sot%‘epl eozis)s Qs% éﬁwg?ﬁ?%qaﬁ%%%gelf% g?ntB to 10
degrees and the difference ( A6 50 (mag) - A 0 50 (ori) between A 0 50
(ori) of,iheiQr kerhalkor reanty ao fid mantk:& 050 4 migjfoferhe (49

per pendi cul ar magnetization filmis set wthin a range from1l to 8

degrees. The magneti,c . read/ wjte apparatu t esen i nvention
conpri se§0t hBagagnedt € Fecldtidh g kﬁ% U a%aé)éo ?éé%@t i%g tﬁggd that records
informati on on the nmagnetic recording nmediumand replays the information

t her ef rogy ; cWhEKELR e treanetiilon raacor Hithg0 nédagin cdnpheses at | east the
soft magnetic undercoat filmmnmade of a soft magnetic nmaterial, the

orientation control. filmthat. cantrols. {he._orl j f rAnkkl Mrom
providedpPFBﬁPg&ES&EF‘Wﬁ§n€§ﬁﬁé§%|%U¢%%Pn%%n%%?2g?%%%ﬂf?lﬁlo whi ch axis
of easy magnetization is generally oriented perpendicular to the
substraté &Rd% He9FSt%ective filmthat are provided on the non-nagnetic
substrate, and the orientation control film1l 6 JAN 2806,8 has an hcp
structure and, The Cird egdrat ¥dmesont 85D i lfean be made in a

construction that contains egual to or greater than 50 at%
of one or more kinds of elements selected from Ti, 2Zn, 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 contrel 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 contrel film and
the perpendicular magnetization film, while the nocn-
magnetic intermediate film is made of a material containing

40 tgo 70 at% of Co.



(0002) orientation plane is set within a range from3 to 10 degtg % ?ml
the difference ( AO 50 (mag) - A O 50 (ori) ) between A 050 (o ?%
the orientation control filmand A O 50 (rmag) of the perpendicul ar
magnetization filmis set wthin a rgnge from1l to 8 degrees. BRI EF
DESCRI PTION OF THE DRAWNG Fig. 1 is a partially sectional view show ng
the first enbodinent of a magnetic recording nediumof the present

i nvention. Fi grh® ésiantekpbanabokyovi &wlfiocasx preaipFiong EdhetthaF of
measuring A 050. Fig. 3 is an explanatory view for explaining a nmethod

of measyd g A OndParFhgrudtiugeaagtaphvehewnmg me syl egxdia rocking
curve. Fig. 5is a graph showi ng an exanple of a hysteresis loop. Fig. 6

is a gr%haﬁgfg\éngf&g%hgg exanple of a hysteresis loop. Fig. 7 is a
c

partial 'y sectional view showi ng the third enbodi nent of a nagnetic
recording nmediumof the 1 6 JAN 7006 9 pr.esent. i.pvent.i ig. 8is a
partially sect?dnadfeenehtsnEficAg R mﬁ%&ru %éfm;)cglcﬁ %efrﬁ% t!:a magnet i ¢
recordi ng mediumof the present invention. Fig. 9.is a partiall

secti onalnweRW SRORRHghENE SHCHt B &PBGHTETHI BT F dadiiEt rclﬁ%%o?téi ng
medi um of the present invention. Fig. 10 is a partially sectional view
showi ng tdwest shxshfenhedinment ofds neagietfiidm ewsiaiafy dred?tim of t he
present invention. Fig. 11 is a partially sectional view show ng the
sevent h eibedt BNkaok raaggret ot ikecetdiory dredinmh of i trnethar esent

i nvention.
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 are provided on a
non-magnetic substrate, wherein the orientation contrcl
film has an fcc structure and, at the same time, A 050 of

the (111) orientation plane is set within a range from 3 to
10 degrees and a difference (A 850 (mag) - A B850 (ori))
petween A 650 (ori) of the orientation contrel film and A
6 50 (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(0e}.

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



Fig. 12 is a schematic structural view showi ng an exanple of a ﬂ@ggﬁqwﬁ
read/ wite apparatus of the present invention. Fig. 13 is a str ra

vi ew showi ng an exanple of a nagnetic head used in the nagnetic
read/wite apparatus shown in Fig. 12. DETAI LED DESCRI PTI ON OF THE

I NVENTION Fig. 1 shows the first enbodi nent of the present invention. The
magneti ¢ recordi ng medi um shown here has a 16 J AN 2006 10 structure in

whi ch a sofd . rRgNeshcoundae a@abnf comt2olarf i lor itdattatdant okt r'olefilm 3, a
per pendi cul ar magnetic film4, a protective filmb5 and a lubrication film
6 are fored, ph s 3.Ng8- FRGRGL] ©:3UOSIELAL ghe BXANM e ofe tibendibnalmgnet | o
substrate are alumnum alloy substrates, glass substrates (crystallized
gl ass, anorphous, stre hened gl.ass ., .an j AM Con Substrat es,
car bon %%rf$5{§§,tlgp| ?ggﬁ‘ 8§b§grl§?le§,mg’n§)ft rslei%ﬁ}}cgrﬁa)gcna(%%i[ de substrates

that have a N P plating eneral ly used as a net.ic recordi di um
subst r at@ene na i Piféﬁptégaﬁﬁlré@nﬁiflcéﬁﬁsﬁ ?Eé:t € egasnuhb‘cét%?gée)’n %ﬂ& ich the
NiP filmis formed on these substrates by a plating nethod,.sputtering

met hod, protéetlhiikefiThe mweaneumcacEadBiffhiresB et e ne"SibStrate | is
preferably within a range from0.01 to 2 nm(nore preferably fromO0.05 to
1.5 nm . cbA: tBe16age sbhahatthe eear isurfacer oughmess Ralmab#s 2pel'6W t he
above range, adhesion of the magnetic head to the medium and magnetic

head vi bration during repl 0 g¥ﬁgjyﬁ d 5o addi then(oohen the nean
surface T ﬁﬁﬁgggg ﬁg%’e%§e§§§ %%gﬁabove range, the glide characteristics

easily becone insufficient. The soft nagnetic undercoat fiH 2 1s
provi dedok henspgéent ®lesealls §¢ ot Fit i yF 3 nhhWBt ¢ 2521 oR of the 16
JAN 7006

degrees and the difference (A 850 (mag) - A B50 (ori))
between A 850 (ori) of the orientation control film and A
f# 50 (mag) of the perpendicular magnetization film 1is 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 f£ilm made of a soft magnetic
ﬁaterial, the orientation contrecl 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



11 perpendi cul ar magnetic film4, that records the information, in
direction perpendicular to the substrate 1. An Fe al | oy having ahEHéNIWB
content equal to or higher than 60 at% can be used as the soft magnetic
material that forns the soft magnetig undercoat film 2. Exanples of this
material include FeCo alloys (FeCo, FeCoV and the like), FeN alloys
(FeNi, FeN Mo, FeNiCr, FeNrSi and the like), FeA alloys (FeAl, FeAl Si,

FeAl Si O he drKelat keE@ Adonsinde .0 FeCoTi £hEeCr Cu
and the P E ?hshgg$gtgﬂ?3$s FeTa, EilgeTaC and the Ilke) FeC al | oys, FeN

al | oys, FeS| al I oys, FeP aIons FeNb aIon and FeHf glloy ghf soft
magnet i ¢ (BABS) cBatePtRMioNc R e dohpsded T 1 it riottYSt ?%mconpr|5|ng
FeAl O FeMyO FeTaN, FeZrN or the I|ike. In addition, it can al so have a
granul ar gsyreekubad ithewdiidtdreead cr ddt y8t ahsgare di 8pér sk liin a matri x.
The Co content of the soft magnetic undercoat film2 is equal to or

hi gher t an 80 atW i ncorporatin a n r re of
erJ Nb, FELVEFD I% (t%elqﬂ% @i\‘?‘l bet use‘?jtlfx—'rll 8%%’5%? ﬂ&:@ grlaC_?‘og!r)Nb

CozrTa, CozrCr, and CoZr Mo can be used advan;agepusl¥_ In addition, the
sof t nagﬁétkmagmdeﬁcma&'ﬁdnpehdngulaxnmﬁqmﬁt%ﬂﬁ%ﬂ¢@y havi h§ éﬁtannrphous
structure. The saturation magnetic flux density Bs of the soft 1 6 JAN

2006 12 pmgRehi 6 vadercdalonf il M2 9 saqyefesably equal to or higher than
0.8 T. Wien the saturation nmagnetic flux density Bs falls below 0.8 T,

the control of the replay waveform becones difficult, the film nust be
made thick, and this invites |owering of the production efficiency. The
coercive force of the soft nmagnetic undercoat film2 is preferably equal

to or |ess than 200(05%&&; éEéCR%g‘%Ié{\Ir%F Vhen olig 1Geer i ve force

exceeds the above range,” noise’incréas

Fig. 1 is a partially secticnal 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 8 50.

Fig. 3 is an explanatory view for explaining a method
of measuring A 650.

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

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

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

Fig. 7 is a partially sectional view showing the

third embodiment of a magnetic recording medium of the



The thickness of the soft magnetic undercoat film2 is approprratel §et
dependi ng on the saturation nmagnetic flux density Bs of the mdtbe DD
that forns the soft magnetic undercoat film 2. Specifically, Bs- t, that
is the product of the saturation naggetic density Bs of the material
that forns the soft magnetic undercoat film2 and the filmthickness t
of the soft magnetic undercoat film2, is preferably equal to or greater
than 30 Jrurénerenpeetecably equal to or greater than 60 T-nm. It is
preferred that the surface of the soft magnetic undercoat film2 (the

plane of the ofi ntgtrgn CﬁQE'&QBlfl[y' Bec iShde) wikat dternmd hehsof t
magneti ¢ undercoat fi partially or conpletely oxidized. The

t hi ck t hi idized t i.d i
or et or ab1 5/ Bilar P a0 bRl eabor TRARG T e and 15e8 Than 3 nm- The

condition of oxidation of the soft magnetic wundercoat film 2 can be
confi r meRr pyeRlgéRverEdProni ¢  spectroscopy, SIMS, or the like. The

t hi ckness of the oxidized portion (oxidized flln) of the surface of the
soft nagneti cFigdePcoat af pemtdadadn 15 fd@id L Yo W E29 b

transm ssion el ectron mcroscope (TEM photograph of a cross-section of
t he medi gprtAhempbdenkati of @omtagole tfiid me&qsﬂlalg‘lmemllprr@v@ﬁe‘@ ®or
controlling the orientation and crystal grain dianeter of the

per pendi yégéngaggeghglghlnr4 provi ded directly above. In the nagnetic
recor di % medi um of the present enbodinment, the orientation control film

3 is conposed ﬁég tE% teri %QtQQW#yﬁégégyéiéﬂr¢gg¢w§ho£%ﬁﬁptﬁé of

materials of t orientat fof contro i ncl ude those having a

gongenthgggé g%ﬁgrl%ﬁeater than ﬁ%%f% %01, o0&, QerE{Smkb?d§h9f Ti, Zn

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



Anong these materials, at |least one of Ru and Re Is preferably used.
Intermetal |ic conmpounds having a hcp structure, for exanple, 29Ag7ecHb
50Cu50CGe and 75Ru25Nb are al so preferred. Exanples of these materials

i ncl ude those having a 16JAN2006 14 comtent equal to or greater than 50
at% of one or nore kinds of Ti, Zn, Y, Zr, Ru, Re, &d, Th and Co, and
one or nore kinds of V, C, M, Fe, Co and Ni. Specific exanples are
RuCr, RuSoruReNreZihi wandhRaCshit magnee igr iverteatdamt contmol, fémm 3, the
content of V, C, My, Fe, Co and Ni is preferably set to be equal to or
greater ¢hasnPadiadndcbessothan 150 3at % vl Escfa fmategieat 5c of i thed,
orientation control film 3 include those having a content equal to or

greater téth’E‘{,e‘V%QEmo@eagg gofl%ggl%sc i E':uanﬂs ve Horftd &, G,
fd S 0

Tb and one or nore kin C, N 0 and P. Specific exanples
are RuB, RuC ZrN and ReBO. In the orientation control film3, the
content dfNE TRINRELE SH Sﬁragepﬁeferably set to be equal to or greater
than 0.1 and less than 50 at% It is also possible to use, i

orientation coneFBlesi Ph 8heanprdydaRagtig éqﬁﬁﬁ%ﬂﬁeeﬁnﬁﬂet%ﬂ%ﬁlTﬁﬁher
than 50 at % of one or nore of Ti, Zn, Y, Zr, Ru, Re, &d, Tb and Co, and
one or nmlbokiadbsbtaSbsoxgd@ﬁSZBumduﬁatéﬁ &D@Kﬂ%akﬁﬁﬂaﬁ @x¢8&: Specific
exanples are Ru-Si 02, Ru-Zr02 and Re-A1203. 1In the orientation control

film 3, &hergppluienttebniyitenalbiova aed desir(dttHeedsikeone ofr&nioxi de, Zr
oxide, Ti oxide and Al oxide) is preferably set to be equal to or

greater éluéséélakegooéa%%ohh%f&b%tl:a%% | asis tdhan Abatardbe gndentation

control film3 can'be made in a construction that has a granular

structure i?c%ﬂ'%grggge substrates that have a NiP plating

generally used as a magnetic recording medium substrate.
In addition, examples of substrates can ke 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 0.01 tc 2 nm {more
preferably from 0.05 to 1.5 nm).

In the case that the mean surface rcughness Ra falls
belcw 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 underccat film 2 is provided in

order to establish mere firmly the magnetization of the



m crocrystals are dispersed in a matrix. A nmean crystal grain di aggmr Dgf
these crystal grains is preferably set within a range from4 t ol R#
In the case that the crystal grain dianeter falls bel ow the above

range, the thermal decay decrease. Injaddition, when the nean crystal
grain di ameter exceeds above range, the noise characteristics
deteriorate. The term"thermal decay" refer to properties relating to a

decr eas é%%%pgﬁlggulaggngyﬁhgﬁml 4st abiati tnecodds tihe neghetmetion,
recordi ng iumof the present enbodinment, » 050 of the (0002)

orientatjion_plane of th rient.ation controls fiddpad d st preferably within
a range 't r%rﬁ%r?%gia}ldéalr 8?(a(lrr?glrl(‘;f&prteferszlsf/J from4 to 8 degrees). Wen

A 0 50 of the orientation control film3 fall W v, nge,
the read/ wi te‘\%hg‘?a%i-éPiYsP?Bé“gdéf‘eﬁaorcgtngenlscn egﬁllcﬁ i%%?oﬁhq{e)ln@ril%élexceeds

t he above range, the thernmal decay deteriorate. As usedtcherej'an hét‘jpe term
"A 050" meEmst)netbknedn BestseuisotNEf SHE MARSHNE T Ftdal ty refers
to a half- value of a peak of a rocking curve relating to the specific

ori ent atf&rmpl ane o8 ftheagumefdce unideriteadr ifntatd on E&emPisis Pl BN 2006
16 film3. The smaller the nunerical value of * 650, the higher the

crystal Qrieptati opcafideheddd m11Avexaaie afeddie ared hioue of ikeasuring »
950 relating to the (0002) orientation plane of the surface of the

ori ent atf;ox.@ingg{ggﬁof(iﬂeﬁ@ﬁl:}@ée'di%?w descridieds; (dic Dener miraljon of

peak position wNn i n .2, ’a disk' D, in which an orientation

control film 3_has be f.or int . i . inradhated with
an inci dEﬁ%lxé‘llE?yfl @%&*la gi%f%flré;ldt it%(e;enl&;gl%r%%ezﬂl%ﬁd%%%c?gg ggba

diffraction X-ray detector 23. The positjon_of éhe %Igt ct og g is set so
that thelikayleF6Frt Rd 1@V r@aGion BeGEy 2 F et ettt b§h?h 18stector 23

to the incident X-ray 21 (the angle of the diffraction
FeTa alloys (FeTa, FeTaC and the like}, FeC alloys, FeN

alloys, FeSi allcoys, FeP alioys, FeNb alloys, ancg FeHf
alloys.

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

The Co content of the soft magnetic underccat film 2
is equal te 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,
CoZrCr, and CoZrMo can be used advantageously.

In addition, the soft magnetic undercoat film 2 may
comprise an allecy having an amorphous structure.

The saturation magnetic flux density Bs of the soft



X-ray 22 to an extension line 24 of the incident X-ray 21) becPEii R@ﬁ
times larger than an incident angle 9 of the incident X-ray 21 N
surface of the disk D, that is, 2 a. The intensity of the diffraction
X-ray 22 is neasured by the detector .23 using a 6-29 scanning net hod
wherein, during the irradiation with ' the incident X-ray 21, the
incident angle O of the incident X-ray 21 is changed by changing the

directiop,ghethe dhskrRoardriak tha sy ddEbly tdguppsidion bighae
detector 23 is charged while 1 6 JAN 2006 17 rmaintaining the angle of the
r

diff ti Xz 22 h i pcl . X= ; (O
two 11 ot T g8 ¥ Fran'ERE FRE Bant TAngTS Dar CRE incrdont KTy 21).

Consequent ]y, a rel atiaonship between and the _intensit he
di ffractf%%%‘(— pgy 92 Oi-% gxar?ihﬁe(‘f,ont%ﬁggekﬁ%d {5 dléetgéi%ﬁf n%a%/%ggﬁ%si tion of
the detector 23, where the intensity of the diffraction X—ragpzz becones

maxi mum bahemeanghid fAeudft .t krediffiflimadiison be made st mclini 3" Positfon of

the detector to the incident X-ray 21 refers to 20p. The crystal plane,
that is dovinast lowetrieg arfi enteatdreamwontaroleffim&;cgan be det erm ned
fromthe resulting angle 2%$p. (2) Determination of rocking curve As

shown in Fig. 3nhetbedrGivdericorarglos aHaf dde nawident Xaayc2atis
changed by changing the direction of the disk Din the state that the
detector .23 is fixedt e paositiqn wher he, I

di ffract Fbimx-ir ay pfff%&?tfgé’ &Pk ﬁceor eby lrerea%('? n%@%gr%%i?%gg cttﬂ?\g/éBSﬁfovw ng
a relationship between the incident angle 0 and the intensity of the

di ffractioh Xmay hefetidet edodycihe fdececesregds ShRcaPONE podidS-on of
the detector 23 is fixed to the position where the angle 2 6 of the

di ffracthonsX-cayr2asksa JAN 2006

The thickness of the soft magnetic undercoat film 2
is appropriately set depending on the saturation magnetic
flux density Bs of the material that forms the soft
magnetic underccat film 2.

Specifically, Bs't, that is the product of the
saturation magnetic density Bs of the material that forms
the scft 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 porticn (oxidized



18 becane 26p, the rocking curve shows the distribution of gradhﬁg} 8&%
the crystal plane of the surface of the orientation control fil AN

the plane of the disk D. Fig. 4 is a graph showi ng an exanple of the
rocking curve. The term"A 650" refeqs to a half-value width of a peak
that shows the orientation plane in this rocking curve. The thickness of
the orientation control film3 is preferably equal to or less than 50 nm
(more prefenpbliy peqtiakaba yordueds ticharr 3xramtier Wiean thel famn?2Ai ckness
exceeds the above range, the dianmeter or the crystal grains in the
orientatiQn;CcPALKLOB nfi.l m 3 becone |arge, and the nmagnetized grains in
the perpendicular magnetic film4 can easily becone coarse. In

addition, theflstanae helneen Lhemaueld© heakand idgneeptt magnetic

undercoat film econes Targe during replay, and the resolution of the
replay signal decreases_and the noise ch racte ristic rate, whi ch
is not prefBFaBRé. ﬁ@ 3rF€ﬁt§ﬁrﬁ?Q§%ﬁW #iQXI %s %r%?%?g y formed

so that its thickness is equal to or. higher than 0.1 nm cause if it is
t 0o thi nSpenerefygeral SAMEnt &1 dheofliie peepdRdidumess rfhfg Fc film4
deteriorates, and the replay characteristics deteriorate. The

perpendlouhatzgﬂgpetmaoh | (x4 diszeal niigimelt i ef fillensunfaemi eh akissefteasy
magneti zation is generally oriented 1 6 JAN 2006 19 perpendicular to the

substrat 855A0d 1 BSRGed G taldigyn in ddhe bepefpend ciibareragpee| cbli km 4 is
preferable Exanpl es of the Co alloy are CoCrPt aIon and CaPt all oy.

;pfse al gxaﬁmeﬁg%nv%a%%twﬁj ﬁct@%p@n@rmﬁ Mrosehgnted brom Ta,

B, 0 an e perpendi cul ar

nagnetrc film4 caq %?Qﬁlavecg. srngle | ayer structure that is uniform
in the tﬁFEEﬁe??c C?bét 0 afi'have a nultiple layer structure in

whi ch
The orientation control film 3 is a film provided for

controlling the orientation and crystal grain diameter cf
the perpendicular magnetic film 4 provided directly above.

In the magnetic recording medium of the present
embodiment, the orientation contrel f£ilm 3 is composed of
the material having an hcp structure.

Examples of materials of the orientation contrel film
3 include those having a content egqual to or greater than
50 at%$ of one or more kinds of Ti, Zn, Y, Zr, Ru, Re, Gd,
Th and Co.

Among these materials, at least one cf Ru and Re :is
preferably used.

Intermetallic cempounds having a hcp structure, for
example, 25Ag75Ge, 50Cu50Ge and 75Ru25Nb are also preferred.

Examples of these materials include those having a



a layer conprising a transition netal (Co, Co alloy) and a |ayer
conprising a noble netal (Pt, Pd, or the like) are |am nated. |nhgtJAd 72006
transition nmetal |ayer, Co can also be wused, or a Co alloy such as
CoCrPt alloy, CoPt alloy or the |ikejgan be used. The thickness of the
per pendi cul ar magnetic film4 can be appropriately optim zed according
to the target replay output, but in the case of either a single |ayer
struct ure, of. 2 nhbhp! 8ol Byegreticect when it e cedsernian OWIRIE t he

per pendi cul ar magnetic film4 is too thick, problens such as the
deterioration o i se_charagterigsti g, ad apleciEass idnd esod ubT on
occur ea}§3rrP ° %%d{]?hugnfhg’ '?P]:i'cknéss i's preferably equal to or higher
than 100 nm (nore preferably 8 tq 100. nm. e distierence dxhd&ed (nag)
- 0 50 (BPF§ ¥1B€F\A€§nV16%5ANM§00%820%(? %d(-o}:{r%') o% the of i enta% on
control film3 and A 6 50 (mag) of the perpendi cul ar magneti zation film
4 is setarei Rhfh, aRp&Age REVomZE Mo 38 &ddé ((preferably from2 to 6
degrees). Wien the difference (c~ 0 50 (rra_%- 6 50 (ori fal s, bel ow
the range, theInotse olaraceeriost icontIddt €rilat ate.theh GRIMFEFon? when t he
di fference exceeds the range, the thermal decay deteriorate. The term"A
6 50 (mag), "uAf the perperdinguliar prgiwetdicl y fidtm o ried eeguad AC88D of the
(0002) orientation plane. In addition, the negative nucleation field
(-Hn) of h e dincyl ar, Jragnet ith 44 190 4ids. preferably equal to or

hi gher tﬁg%agf&;cgg&heri thé1 negative nucleation field (- Hn) falls bel ow
the above range, the thermal_ .stabiljt q?‘ﬁé%eéﬂt ASoshe¥At kA1 FEYLIMS,

t he negative ngéF‘@E £6n O g\a&er?i-bal-]{n% C|3yfs e ‘numerical val ue repr esent ed
by the distance (Ce) fromthe point "a" at whjch t al cpagnetic
field bedokBS§1lO9E0 RS HAHI D2 HOWHF th THET are gf §rtetd

50 at: of one or more kinds of Ti, Zn, Y, Zr, Ru, Re, Gd,
Th 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 orientaticn
contreol film 3, alloys having a content equal to or higher
than 50 at% of one or more of Ti, 2Zn, Y, Zr, Ru, Re, Gd, Tb
and Co, and one or more kinds of Si oxide, 2Zr oxide, Ti
oxide, and Al oxide.

Specific examples are Ru-Si0,, Ru-Zr0; and Re=Al:03.

Tn 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



magneti zati on decrease rapidly becones high in the process of qfrﬂfﬁjﬂg
the external magnetic field froma saturated state of the nagnet %a g
(for exanple, the position indicated by reference synbol ¢) in a
hysteresis | oop. Moreover, the negatiy® nucleation field (-Hn) takes 1 6
JAN 2006 21 a positive value in the case that the point "b" at which the
rate of magnetization decreases rapidly becones highis in aregionin
whi ch t hehaxt @r hakndagaesi ¢hieineld bBé&Gomes negative (see Fig. 6), and
conversely, takes a negative value in the case in which this point is in
aregion in wihehothenexteonakbcrmagnet ifd 1t &l ddredenemdmsinive (see Fig.
5). In the neasurenent of the negative nucleation field (-Hn), a disk

conpri sing, onLy t hg,SuRgkr ake & oheu 1 etaldiancom nahidhl thd, the
per pendi cular magnetic film 4 and the protective film5 is used to
remove an. i nfl uence. of _the.sof tic rcoat film2 and the
neasureﬂﬁﬁ?ro?gyﬁfg%gr35Fy%égﬁgéggggqﬁéthﬂgqgfﬁrating sanpl e

magnet oneter (VSM or a Kerr effect measurin pparatus. _Usin

magnetic recordiRgEHedFim-as PEE, dﬂﬁé‘e&ggtat%iﬁe&ﬁﬁﬁcl%ﬁ?%anif E%Q&f- Hn)
can al so be neasured using the vibrating sanple magnetoneter (VSM or
the Kerriefpeeferabasusefgwappdratusammfe fxe ebtive?d il 5 3% Flot
preventing corrosion of the perpendicular magnetic film4, and at the
sane ti neaseptRY¥eNtBedangge atlo girkea nmetiauma tsur f kel swHesl ¢het hagaeeve  head
comes into contact wth the medium and preserves the |lubricating

charact epighLcscpet weernkhe Jmaneldes heat andn LRelinEdyMwHanvent i onal |y
wel | -known maferials can be 1 6 JAN 200fi 22 used. For exanple, a

ggzgffiL%%gnaéfggkgngrghggdehé@éyzefHeéHgé§$E@eu§§§géhe§ﬁeaﬁo§56 naj or

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 850 of the (0002) orientation plane of the
orientation contrel film 3 is preferably within a range
from 3 to 10 degrees (more preferably from 4 to 8 degrees) .

Wwhen A 850 of the orientation contrel 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



i ncorporating other elenents can be used. The thickness of the gripygeiiye
film5 is preferably wthin a range from1 to 10 nm A well-known

| ubri cant such as perfl uoropol yether, fluorinated al cohol, fluorinated
carboxylic acid, or the |like can be yged in the lubrication filmb5, The
type and thickness can be appropriately set depending on the protective
filmand the lubricant that are used. In the manufacture of the magnetic
r ecor di ng ed] Uy having 1he conskatetion) descibbed abpse, the sof
magneti ¢~ undercoat film2 i1s formed on the substrate 1 shown in Fig. 1
by a sputtering nethod, next an oxidizing treat t is carried out on
the surfracdef e §6Y§tﬁﬁgﬁéﬂﬁetéﬁ68PCSgtthﬁiFﬁl ‘when necessary, and
then the orientation control film3 and the perpendi cular magnetic film
4 are formed ign segugheecbytaespethedi ng mealod.inion & B’ #hefe an
oxidizing treatnent is carried out on the surface of the soft magnetic
undercoat film ter. 1ng..t f td o-updercoatndil m2, a
met hod §91%%ﬁcﬁoQ%ggs8f%eﬁ%gEégpcggﬁ gr%ggﬁggffﬁﬁé is exposed to a gas
that i ncludes oxygen or a npethod that. .i.ntroduces 6JAN2006 23 into
the proc¥ssciyaat %nCPBFﬁPgSfPﬁ@ ortitdn " e 15 rﬁggﬁ&ihe surface of
the soft magnetic undercoat film2 can be wused. Due to the surface

oxi dat i ofil of D¢ hersbhetiagnetli Eeam@&rSdddt® il m 2, the magnetic
fluctuation of the surface of the soft magnetic undercoat film 2 can be
suppressed, amhd thewef fiecFiganZbe aobtigindd \itter&iifh B rfof sgntation
characteristics are inproved by making the crystal grains of the

ori ent ation: 690t QN f i3l Ma3 that ifs feydred ohd heitsoidsimagheét i ciander coat
film2 nore fine. Due to the oxidized portion (oxidized |ayer) of the
surface of the sofit JagNel ¢ ANdenpoal-4dy m2.addies taansfetcioh kerrosive

material’s ¥ron1t%e soft nmagneti c under coat
ray 22 is 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 diffracticn

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
.

The intensity of the diffraction X-ray 22 1s measured
by the detector 23 using a §-260 scanning method wherein,
during the irradiaticn with the incident X-ray 21, the
incident angle # 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 1is charged while



film2 to the medi um surface can be suppressed, and the occurrenge §§%B
corrosion of the nedium surface can be prevented. To set A 950 oA

t he above range (from3 to 10 degrees) in the formation of the
orientation control film3, for exanmke, there can be enployed the

met hod of optimzing the tenperature, the process gas pressure, the
filmformng rate, and the distance between the target and the substrate
during theihoerdatingn tofe tareslor iehttte ohi LOnecoiofii Knrdy d&i hg the
sputtering nmethod. To set A 050 within the above range, the tenperature
16 JAN ZQ%léén‘EOfﬂchﬁa!&Prmdtgﬂ nggt henbornRtlicon :ofe the ward entmdd onagont r ol
film3 is preferably hin a range from™100 to 3000C. The pressure of
the process gas is preferably set within a range fromO0.3 to 20 Pa. The
filmforahag ke linsiganet eubly Bepfwirthi AngifgRGe Xrén ¥ tlo 10 nm sec.
The distance between the target and the substrate is preferably set
within arangectramz a5 TR0 A £SEe heER bharpondid ions such
as tenperature, pro essS gas pressure, ormng rate, and distance
between the target and the substrate fall below or exceed above
range, AlOtﬁﬁsﬁgébﬁ%% tthso Sl 121 Praryeraunde t he eﬁ%W%BeghaFE@FE Ystics,
the magnetic read/wite characteristics, and the thermal decay sonetines
det eri or bvedekr e e ddee ipp s odn the b@@p@ﬁﬁ?@b@érZﬁagwéﬁﬁé fiinem 4
having a single layer structure (that is uniformin the thickness

di recti onhtessfionnmed, tHe def pendi coh ax- pAGNRL i becbinkm dacamube f Ohaed
using a target made of a material that forms the perpendicular magnetic
film4. the Casgel rpen ving a
nultiplegpgy%rzgfrﬁgtgpghpg %Eﬁéggntﬁéqkﬁgrpen gﬂﬁji%ﬁ%%%g%?ﬁ ?In14 IS

conposed by alternatively lamnating a first target made of a transition
met al (Cothe detector to the incident X-ray 21 refers to 28p.

The crystal plane, that is dominant in the

orientation control film 3, can be determined from the
resulting angle 260p.
(2) Determination of rocking curve

As shown in Fig. 3, the incident angle 8 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 28 cof the diffractiocn X-ray
22 became 26p, thereby making a rocking curve showing a

relationship between the incident angle # and the

intensity c¢f the diffraction X-ray 22 detected by the
detector 23.

Since the position of the detector 23 is fixed tc thne

position where the angle 26 of the diffraction X-ray 22



Co alloy) and a second target nade of a noble netal (Ft, 1 6 JAN 2£86 ﬁ%
Pd) using the sputtering nethod. As a formation nethod for the pr it 4%
filmb, a sputtering nmethod that uses a carbon target, a CVD nethod, or
an ion beam net hod can be used. Therejgan al so be applied the nmethod of
formng the protective film5 made of Si02 or Zr03 using a RF

sputtering nethod that uses a target nmade of Si02 or ZrG3, or a reacting

sputterigg-apthod that hHS@s -§as gCentraienishgwsoxygenl ias tiie1pracess gas. In
t he case tﬁat t he D net hod or the ion beam nethod is used, because a

protective film5 having an extrenely hj C formed, it
can be ng2da8dhEef ORi M QHY%%%béngb ?%ﬁ%ﬁ%?%?gg%?%eg?iFﬁ?forned by a

sputtering method. Thus, the spacing loss during rep .S_.spall, and

hi gh- densirtigniteplisy caniFekdiried ot .tkl\%xﬁ’{a?%ecfutﬁgcgf‘ls}éng?i Im®6 is
formed using a deep coating nmethod or a spin coating nethod. |n the
magnetic recor diiag Redisura afrddie Presom an neermPbh, 05 hes fREXLNI
orientation control film3 has an hcp structure and, at the sanme tinme, A

050 of t eci ki rent atg odv planer £ 0092} hslsetabuthiwndahr axfge from
3to 1C Eggggﬁes?hgnéga difference (A0 50 (mag) - A 0O 50 (ori) )

between A 050 (ori) of the orientation control fil 3_a ) of
the per p®&dikc IRt fEfet i 2% i Ont F1HAT2°1 B 3AKN éBoghgé ?%gkéf ag%g?%g

referred to as a difference in A 850) is set wthin a r%nge frqgll to 8
degrees, the nditee ticherrrserebtike anterBaki AR FePERRFaltdR St iSs

i ncrease and excellent thermal stability are obtained. Therefore,

hi gh- dengirtef aeas ywédea becones pessi bhen FRenmedBoncwry ededel leht
magnetic characteristics can be obtained by setting A 850 of the
orientatiQnLONMd Ar less than 30 nm).

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



film3 wth the above range w Il now be exam ned. The present inventors
have intensively researched about the reason and found that A 056 BN Mfe
orientation control film3 exerts a large influence on the nagnetic
cluster size in the perpendicul ar nmagpgti zation film4. In the case in
which A 650 of the orientation control film3 is too small, the
orientation of magnetization in the perpendicul ar magnetization film4
becones puifenal aalatheomapretiub shand chetansenstagnet i€ gkbpnsiinereases.
As a result, the magnetic cluster size increases and the medi um noise
increasepégggﬁgk?§§agfmgagetg@gqquhp4Cﬁx§q§ﬂeﬂygﬁhmfgjaneter, resulting in
deterioration of the magnetic read/wite characteristics. In the case in

whi ch A 050 of _the_ orientatiqon._cantr f A oo dArged sbpge the
crystal orient &t 7R eaeggr%égaggé%ﬂéo hgzgég%endicular ﬁﬁgnetization film

4, 16 JAN 2a06 2r deterjioration o neti c.ani sotro a deter tion
of a squbhteRessIPaeF o2 btk ed” L@gggpﬁﬁgwﬁ hd@%eﬁf%%a:%hscé*éééi?

thermal stability . In contrast, in the case in_which A 958 of _t he

ori ent at sehecbadr Skofi T, 3Zrs &t Wwhikea Fangd f¥bm M0t o°®1054egFees,
the orientation of the perpendicular nmagnetic film4 is inproved,

t her eby onmpraeving the thermal decay, neking the direction of the axis of
easy nmagnetization nonuniformto sone extent and suppressing the

interaction ofnhpagReLkAALICON.a1t eki dof i Im ppssabl e t caobhaive a
excel l ent noise characteristics and read/wite characteristics. Although

the reasgn yhy §xGel enty JMQNS] ixq, FNaYAGHET § Sk bn CaRe benobkaksed by

setting rence between the AO50 of the orientation control film

and the L650 of the perpendicul_ar netizati i ,thi npakapge from
| to 8d bF@Eglpg'n8Fp&5W55%{etﬁu@%iﬁ%éﬁéré%yﬁgyéﬁggﬁyg%?hegiged. In the
case in which the construction of the crystal the material _of, the

tal ?éo 80 a&?oy? %

ori ent at PoRa¥6&t FOMPHYSH™S (Fcriysiiition me and

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 deterioratiocon of ncise 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 nmj}.

The difference (A 850 (mag) - A 6850 (ori})) between A



structure and lattice constant) is the sane as or simlar to the
construction of the crystal of the material of the perpendicul atf JAN 2006
magneti zation film4, the difference in A9 50 between the orientation
control film3 and the perpendi cul ar gmgneti zation film4 decreases. In
such a case, it is considered that positions 1 6 JAN 2006 28 capabl e of
providing a chance of formng crystal grain boundaries in these

i nt er f acgs; ey ,8as &, HoEaIssr { B &t i Snneontabge fdiLff er emce A W St ate of
atom c arrangenent between the orientation control film3 and the

per pendi cul ar nagnetizatiogéghgg&fﬁégagﬁiégﬁ%ogsﬁﬁﬁgqge§sd%é{icult to

form crySta®) gfhi h"epBERASH gro stage of fhe
per pendi cul ar magnetization film4. As a result, crysta rains becone
nonuni f oy lahd eoapsee f&sul fi kg ﬁnQﬁﬂﬁﬁQ%n@RQ%ﬁP%ﬁgi%e%r%B?getO 5

characteristics. In the case in which the orientation control film3 and
t he perpeaglieatar magnetization film4 drastically differ in
construction of the crystal of the material (crystal structure and

attice constaphly the diklkerence L o5 95thpef ween ¢ e acikantation
e

control film3 and t per pendi cul ar magnetization film4 markedly
increases. In this case, since disorder of the crystal.structure occurs
at the i hpiialbgrew SN&g& 60 hé Nsersemti Culaac @h%ﬂ%%ti on film 4,
crystals having drastically deteriorated orientation are formed and,

t her ef oréetedeperterat Ionadflibupput woRar sbeedidificgerdife YL Hecrdase in
coercive force and deterioration of magnetic read/wite characteristics
due to ardegeecasaei nheesallutdemavardetdmidmte o occur. 1 6 JAN 2006 29 In
the case that the construction of the crystal of the material of the

orientation copfpok fil M o(€hyshd)” of the perpendicular magnetic

film 4 refers toc A 850 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{Oe). 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
(Oe) 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



structure and lattice constant) is slightly different from the
construction of the crystal of the material of the perpendicul arb JAN 2006
magneti zation film4, that is, the crystal orientation of the

per pendi cul ar magnetization film4 is 1slightly nonuni form (so that the
difference in A 050 becones about 1 %o 8 degrees) as conpared with the
orientation control film3, it is considered that positions capable of
providi %gsﬁoﬂ@in@@ 941607 Thngrer ¥stal tgekai Rheboundar ives iat thiessh
interfaces 1 ncrease because there is a difference in state of atomc
arrangenent betweep the tLeptati rQl fil perdends cul ar
nmagnet i ?cﬁﬁ??|%£4@a%%%§é %?%?Bfggﬁggggﬁgo ° €$E$h?ﬁgF§?ﬁsboJﬁgaries
are pronoted at the initial owt h _stage of the .peryend]
nagnetLﬂﬂi%ﬂF?g}%$4%“A§héCPengt?X5P§§gjlWﬁ%ﬁ%%&qx§i§%§(ﬁﬁu oFm and
fine in the perpendi cul ar magnetization film4 and the noise

char act erés1i tee at ee¢ nBioved) - FaPEhEPRYES S edet eriddiSat ifon T2 the® t her nal
decay can be prevented by reducing the disorder of the crystal as small
as possithhruatithenénttial igr owikhsttage goirte 1spampendicdd@r 10

magneti zation film4. The reasons descri bed above nmakes it possible to 1
6 JAN 2006; 30 fyypokhesi-ag1t R@Enbme.ct hermal rdecmye < aro et ivpr oved Byg.
setting the difference in 0 950 within the above range w thout
deteriorﬁ}ing t he noi se characteristics and read/wite characteristics.
Since the 5oft magnetic undercoat film2 is provided, a magnetic circuit
is formed between the magnetic hea nd t .Qf t Lecsunder: t film
2 during recorﬁ?nbhﬁnﬂea 85F§$N5n8%t%£eef¥¥§?§ﬁ%§ ggggggggﬁg@ gﬁ%?%e
magnetic flux in the magnetic head increases. Therefore, high-density

read/ wr i { eHbecomed s SPEPS 1 SAOGordilyy ¥E (HEP StetHdd bf nahufacturing t he

magnetic recording nmedium since the orientation control film 3_has
orientation control film 3, the perpendicular magnetic film

4 and the protective film 5 is used to remove an influernce
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 S 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. Conventicnally well-known materials can be



an hop structure and, at the same tine, A 050 of the (0002) orientation
plane is set within a range from3 to 10 degrees and the differefddelihil
950 is set within arange from1l to 8 degrees, excellent thernal decay
can be obtained without deterioratingzthe noise characteristics and the
magnetic read/wite characteristics. Therefore, high-density recording
becones possible. Next, the second enbodi nent of the magnetic recording
medi um afsddie present invention will be described with reference to Fig.
1. In the magnetic recording nedium of the present enbodinent, the
orientation coptfobxhinbMed &ScorgesaktianlefJANIZO0QE 3Hiomt er ardtaving an
fcc structure. Exanpl es of materials of the orientation control film 3
havi ng f S ture i nel.ude _th | Lont esfpal et o or

hi gher t %Hgéﬁ %Fégo Sgﬁe@%Fg%DFE %?%h?gﬁfﬁﬁf% (1L€%%ﬂtAg, Pt, Ir, Au
and Al . Specific exanpl are N Cr, N, Ay-Si02i,Cu and PdB. 1In this

ori ent at} %OEBﬂF?BFnﬁiP%%§F R16867% fﬁgl%¥iffTa%Tientation plane is set
within a range from3 to 10 de%rees. VWhen A 050 of the orieptation
control film 3Thal Feickaes® e taiSows AtRTgd VS 1T ever SR LT ef??ng to
occur and the thermal decay deteriorate. In addition, when A 650

exceeds whehabowe reange f riore lodtcputO chrar acteri stics and the noise
characteristics deteriorate. The difference ( A0 50 (mag) - 0 50 (ori) )
between 0 50 fowk)loknthe Qlibeniciritonwontalpdif mancbdl feBetmag)  of
t he perpendi cul ar magneti zation film4 is set 1 to 8 degrees (preferably

from2 tp) G degnees) a1Wen 1A G130 (imed ARk (pid)at 2] Sobetow the

above range, the noise characteristics deteriorate. In addition, when

It exceefifké hga%b%\ée urs%n &n tth'lee tlhu%matdie&?yfiﬂ#t gri Oyl ecype and
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 constructicn 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 cut on the surface cf the soft magnetic undercoat
film 2 when necessary, and then the orientation ccntrol
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 undercecat 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



The negative nucleation field (-Rn) of the 1 6 JAN 2006 32 perpendi cul ar
magneti zation film4 is preferably equal to or higher than O(Oeﬂlimﬁbﬂmﬁ
the negative nucleation field (-Hn) falls below the above range, the
thermal stability deteriorates. In the magnetic recording medi umof the
present enbodi ment, since the orientation control film3 has an fcc
structure and, at the sanme tine, A 950 of the (111) orientation plane is
set withjn a fapogrbregs3ghe W endegradscandet e rdifdrerehcensg nf ALB50 i s
set within a range fronl% to 8 degrees, as described above, the magnetic

characterjstics _(output ch ct.erd. sti-¢S, i dechrsacteriwt? csannagneti ¢
read/wwi?t %hgrﬁgfg?ggtPgs%égd%%ghehFﬁigynggzﬁbe i nproved and, nnregver,
deterioration of the thermal decay can be prevented. Therefore,

hi gh- dendf&$-recordi ng becones possible. Fig. 7 shows the third

enbodi mrent of the magnetic recording nmedi umof .t he esent | ntion.
Thi s magnetic Drecsedihg ﬁﬁéﬁ@ﬁﬁi§Wﬁqq§%QQuoﬁrﬁﬂﬁtﬁé¥ i$%%neﬁ%§dinent of
t he magnetic recording nediumin that an orientation _control undercoat
film7 i gnpeevioded thatmwden taes ofagnateighelt wc fer o a®f f Fén Quégacﬁn
orientation control film3. As the orientation control undercoat film7,

a materpgl rgantaift Rgras e dmi tfooonst it uBntan e BUPPDEESEE, JAN 2006
33 kinds of Ti, Zn, Y, Zr, Ru, Re, &, Tb and Hf can be used. As the

materi al of, the qrientation Lonidol; Andescoaihiime Tnogsemterial having a

B2 strucflre can also be used. As the material having a B2 structure, a

PR LIEEE RS S s T e
of the orientation control film 3 that is formed on the
soft magnetic undercoat film 2 more fine.

Due to the oxidized portion (oxidized layer) of the
surface of the scft 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 650 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 contrecl film 3
using the sputtering method.

To set A @50 within the above range, the temperature



It is also possible to use materials prepared by adding el enent s&]j&m@s
C, M, Si, \h, W No, Ti, Zr, B, 0 and N to these alloys. The ttbhi S
of the orientation control undercoat film?7 is preferably equal to or

| ower than 30 nm Wen the thicknesss;gxceeds the above range, since the
di stance between the perpendicul ar nagnetization film4 and the soft
magneti c undercoat film2 increases, the resolution and noise

charact eé&§ai€§oﬂea@ﬂa?awe TFhernthiickness tofe tde erdrd et ¢ont £oht r ol
undercoat film?7 is preferably equal to or higher than 0.1 nm Fig. 8

shows the, {gust hepbagianh ol monelige miegorng.oesh Uit of Tt
present 1nvention. is magnetic recording nediumis different fromthe

first enmbodi nent of he_magnetic re i nedi it ngn- magneti c
i nt er medPAERSPF PP ﬁh&ep&p% Sﬁo@-ar?aé‘ﬁs;g%f(}%mt erllﬁé%l% J;I%E%%Iildgd bet ween
an orientation control film3 and a 1 %iAN 7006 34é{)eﬁre$ensdi cul ar

magnet i zaehen £EPm 4- 31 A HE F6h- maGRef il APEMRE & Fi1"m 8, a Co all oy
can be used. As the Co alloy, CoCr can be used. It is also possible to
use al | opsepeepbigdsky addimig eneargadie®kihdse B BNePeht s SeF ect ed
fromTa, Zr, Nb, Cu, Re, Ru, N, M, Ge, Si, O, Nand Bto CoCr. It is
al so posgibtgnte useweenr mgneid <l ald ol odrtratagionerefedPeéYki nds
of elenments selected fromTa, Zr, Nb, Cu, Re, Ru, Ni, M, CGe, Si, 0, N

and B and_Co,;;The Cg %Q;g@ﬁtfrid}ntjtgt@ 150 pref erably within a range from
40 to 70 St %WIV\E‘eR the content falls below the above range, the effect

of inproving crystal aorientati t per pendi cal ag s reghgtirzatiren film
4 becones insuﬁ(’i %i%gntc.aslentwgl(?l itg{le, %ﬁednlp%he cont ent Sexceegs t he above
range, the non-nmagnetic internedjate film8 is Ii Yt pagneti zed
and the RAGREESc IEFarF&ET 1t Edllcff f?@“%%n%?l%' r%%%rHEL%BQEC

between the target and the substrate fall below or exceed

the above range, A 6 50 becomes too small or large, and the

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

Tn 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,



medi um deteriorate. When the non-nmagnetic internediate film8 is tg(j 0
thi ck, since the distance between the perpendicul ar nagnetizati oh fM’lerf
and the soft magnetic undercoat film 2 increases, the resolution
decreases and the noise characteristygs deteriorate. Therefore, the
thickness is preferably equal to or less than 20 nm and nore preferably
1 6 JAN 1006 35 equal to or less than 10 nm By providing the non-nagnetic

intermedigf e, fihy §he tpateeirenbakieancafl. the perpendi cul ar magnetization
film4 1is inproved and the coercive forces increases, thus neking it

possible to o rn ¢har aglkerdrsiteqs. i v 19 shows t he
fifth enbodi me%? %gguﬁggheﬁggﬂghcordl ng rlrjedl um of the present

i nvention. This nagnet rdin | &re Fomt hecd| r st
enbodi nefkUbFSTLRE Wﬁ?jhé’fjl 5?1? &l%nge%e ium |érj1&h{41at ;gn ?n@pl aneost)ft

magnetic film9 made of a hard magnetic material having nmagnetic

ani sotropy andian beapl 88&Nheddér o0& 495410 are provi ded between a
non-magnetic substrate 1 and a soft nmagnetic undercoat_film 2. The
material used Thetbecin- pllae csofdppidgnetite Matiod ¢5 Hebd' be Bheocr
alloy, particularly a material containing, as the mmjor constituent,

000Pt>< %}Soé@e@tﬁ% cmqmors MR kinds sebectzedsf netmB, aT&F Cu, Zr, Nb, Re,
N) . CoCr Pt X, CoCrPtB, wamnamdwammmam

oref er b ﬁg%%%‘%m@‘%ﬁ'h%% U JBLRIIAIS (Ol dde fsupl apessof tormagretic  film

9 are ma tic materials made of an alloy conprising a transition netal
and rare earth el enents,

! 16 JAN
2006 36 FHed Iﬁeﬁlcéﬁggsosfﬁutﬁ}agﬁ%erf g ?etqo@sé%artgf era%aggsggggtéthhg

oxygen as the process gas.

In the case that the CVD method or the 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 1is
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 B850 of the specific
orientation plane (0002) is set within a range from 3 to 1C
degrees, and a difference (A 950 (mag) - A650 (ori))

between A 850 (ori) of the orientaticn control film 3 and

A 850 (mag) of the perpendicular magnetization film 4



coercive force He equal to or higher than 500(Ce) (nore preferably equal
to or higher than 1000(Ce)). The thickness of the in-plane soft 1fabledilic
film9 is preferably within a range from20 to 150 nm (nore preferably
from40 to 70 nnm). The in-plane soft gnetic film9 is preferably
magnetized in the radial direction fromthe center of the substrate and
exchange coupling between the hard magnetic filmand the soft magnetic

undercoa{ film?2 %ggp&g%@&@%bytdf%@ﬂgjd¥¥ﬁgggnégm§§qﬁu}y@gn@sieet

under coat "M 3T 85Es TRGE T or moa “ragnetic wall in the radial direction

of the substrate. The in-plane undercoat film 10 is provided right

bel ow t heitlaid magasgec firidmmlo tand SEIRASY df1g Hbo%%%)eri al include Cr
or O alloy. Exanples of the Cr alloy used in the in-plane undercoat
film10 ingtudecerbbialsl eynd @chid/aldidyy rawattieoyist Mol aFF8ySe R

alloy, &S alloy and CNb alloy. By providing the in-plane soft magnetic

filmo, %Qeelgggw reRGe 0l SRk ingj seadueobeaexkreneTherafgeenragneti c
dormai ns forne y the soft magnetic undercoat film2 is prevented, thus

making if.ppssible.to _obtain . 4l FEcongding medi um which is
superiorﬁ?ﬁgea?SFngtg %q?Q%&§'2806 37 cﬁ%racteristics and is capabl e of

hi gh-density recording. This reasan is as faoll i hce theiseftan
magneti ¢ under €64t rﬁial%ﬁ%nz s S gnt d %%/leg%%%ggdr an easi | ;

changeabl e direction of magnetization, extrenely |arge magnetic donains
are forned obnatined myplseate idig obtd ok of the stb8REatéCR. SPREIfagnetic
wal | at the boundary of the magnetic domain in the soft nagnetic

under coal; il B 25§, aifauss @l 8 OCEUIT en6e 198 esphkeedoi se, resulting
in a decrease in error rate of the magnetic recording nedium By
providing the &%ép5¥¥%éﬁ¥‘EHG%HE%£§ ﬁé&énf%tensively 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 850 of the crientatiocon

control film 3 is too large, since the crystal orientation

deteriorates in the perpendicular magnetization film q,



bet ween the soft magnetic undercoat film2 and the substrate 1, the
magnetic direction of the soft magnetic undercoat film2 is forkkdA¥ @005
face the radial direction of the substrate 1 by the magnetic exchange
coupling between the hard magnetig7ilm9 and the soft nagnetic
undercoat film2, thus making it possible to prevent formation of
extrenely | arge nmagnetic domains. Therefore, the occurrence o% spi ke
noi se_can he . prevented. nfbget 16 showsLthpys PROh SEMETdi Mt O T he
magnet'c ~ recordi ng nedi um of the present invention. This magnetic
recordi ng nediumdiffer I Lhe,prgneting recaredieng omEdi UM Shown in
Fig. quﬁﬁﬁ%ﬁs%.%%%ﬁofgf%$§gkié Erovided between a non-nagnetic
substrate 1 and an in-plane undercoat film 1 6 JAN 2096 38 10. The seed
film the <Heormeld $beehhah¥e the crystal orientation of the in-plane
undercoat film 10 forned right above it and to cry | grains fine.
As the materjalcohbeseof, in mheechsk éoNM&SMd: %z{&tﬂé 1r'?réj@or :
constituent, one or nore kinds of N A, FeA, CoFe, CoZr, Ni'gilt Al Co,
Al Ru and, CoTi can be_used. -l he spr eganty iermodi aenenaby f pPBViISditRg t he
seed qullﬁntl"’lFlPﬂeCW;%/gt%gl fcJ)quimtent ation of the in-plane hard magnetic
film9 can be increased and the na t. | SOLK@PYuCan begnienproved and,
nnreth@,dQ@éeﬁﬁdiGﬁﬁn6F§§n5§&lﬁgl%ﬁff%é?%ngﬁgpressed. Fig. 11 shows the
sevent h enbodi ment of the magnetic ,h recordin di ym.of; 1t ke eresent
i nventionm Thiis dagretied, rtétﬁﬁed?ﬁhgl%mﬁl%l?ﬁqgrg romthe magnetic
recording nedium shown in Fig. 1 in that a ma netiziqqz%Qthiization
film lRakksoPron daddmatiweemi pee pents cof af2 Algh&eIiZation f11m4 and a
protective ?iImS. As the material of the magnetizing ,stabilitz:%}gon film
12, mey gri,ak§ Jrimstes asnd hecrateraad , sthpreeannbe HiSed 11T dhe sof t
magneti C under coat film2, can be used. .

of magnetization, thus making it possible to obtain

excellent noise characteristics and rezd/write

charzcteristics.

Although the reason why excellent magnetic characteristics can be obtained by setting the

difference between the A850 of the orientation control film and the 4650 of the

) . -
perpendicular magnetization film within a range from 1 1o 8 degrees s not ceriain, the following

may be hypothesized.

In the case in which the construction of the crystal

of the material of the orientation control film 3 (crystel

i imilar
structure and lattice constant) is the same as QI si =

to the construction of the crystal of the material of the

perpendicular magnetization film 4, the difference 1in A8

50 between the orientation contrcl film 3 and the
perpendicular magnetization £ilm 4 decreases.

In such & c&se, it is considered that positlons



The coercive force He of the magnetizing stabilization film12 is
preferably equal to or lower than 200(Ce) (preferably equal to bb JABAN
than 50(Ce)). 1 6 JAN 2006 39 The saturation magnetic flux density Bs of
the magnetizing stabilization film13gis preferably equal tc or higher
than 0.4 T (preferably equal to or hig%er than 1 T). Also Bs-t, that is,
the product of the saturation magnetic density and the filmthickness,
of the ghilzi B pFoahidiinzatd ehdridemd?, fdmnpieferabtyl equainto or |ess
than 7.2 nm Wen Bst exceeds the above range, the replay output

decreaseﬁo%ﬁﬁﬁr%@‘%i i RQ Stiafid i Zatd Onidd Hdn d2 16k hawer Bereonst huct i on

in which the constituent material in the surface is partially or

conpl ete oxi di.zed in the surface t : W4 Ll i film
12 (1 he PYERE OF FERESA5ronde v g (him s ST e hrpart aparhegh B
film4 side) and the proximty thereof (a region %hic is a

pr edet er af hRBLAEPOR COohIMe Ut acdnd 111§ HeE reehtYefbodi ment, by
providing the magnetizing stabilization film 12, the fluctuation of the
magnet i zadgortiratiensdriflace .of t he perpendicul ar magnetic film4 can be
suppressed. Therefore, the | eakage flux is not influenced by this
fluctuation, amdetrbeoren! dy Guidquied siiiffcredasedo |foaddétysnalbyrain
provi ding the magnetizing stabilization film 12, the magneti zati on of

the perpendihcyhals RIS G fidim¥ bevwne Pespensli cuhar pd redAN-2006 40
direction and the magnetization of the soft magnetic undercoat film2

and t he nagnet.i.zi t ahi,l | zati il i j-n- ] I Lon form
a cl osed™¢ P%hcil{z.aq%\le ffngn% ﬁaﬁs g%t iaor{(gst é:’t %e&n%élst%bﬁqﬁ %%ﬁﬁ%ases

because the neti zati on of the r pendi | ar netic filmé4
nonuHQ%%rm and coarse, regﬁaéf%g f# gétg? ogg{gon o%lthes

noise characteristics.

In the case in which the orientation contrcl 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 850 between the orientation control film 3 and the
perpendicular magnetization film 4 markedly increases.

In this case, since disorder c¢f the crystal structure
cccurs 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.



established nore strongly in the perpendicular direction. In additi.on flﬂi
the case of a structure in which that the surface of the magneti i"_iﬁn@N 0
stabilization film1l2 is oxidized, the magnetic fluctuation of the
surface of the magnetizing stabilizajgon film12 can be suppressed, and
thereby the noise that originates in this magnetic fluctuation can be
reduced, and the replay characteristics of the magnetic recordicg% medi um
can be inproved, fHig.cd2isnatsenti enaktstcndbor alf whewsheiiialg

exanpl e of the magnetic read/ wite apparatus according to the present

i nvention. The magnet i dyr it @ ;2RRAr s rehow i 3 hisrysralM ng
conpri se@‘ea %@%@??g ?gcgﬁ i r?\geﬁlﬁegiaum 20 having the construction

descri bed above, a diumdrive unit t.hat_- ir t.eSyid Srdmpgnet b
recor di n’@tw‘&ﬁ?ﬁgga&ﬁﬁﬁﬁ&ﬁ 5%’5&5‘“@2 l[ghastle ar T |3§s ‘out_ recording and

replay of the information on the magnetic recording nedi a head
drive unite 28onshatctipvestt Fiélerrﬂfh’ét%i ead ,maa%egflgﬂe&ag}éwq?te si gnal

processing system?24. 1 6 JAN 2006 41 The replay signal processing system
24 sendsparpérgoededrsingnale tia athemedgiet i HEEE 225 aftlet PFHEelsing the
input data, and outputs the data after processing the replay signal from
the nmagngtignhgadod2 o rAtsien@ea rrold duiper hesarh e dei asedr B8 £ heSmagneti c
head 22. Fig. 13 is a drawi ng showi ng an exanple of a single pole type

3
head. The_si ée ol e _t.ype he zlrlnﬁstk?e S$ifplidied shrucgene conprising
a magnet?l:lgglg Y289 H&lﬁ%%ﬂoi %dozét% e magnetic pole 25 is approximtely
C-shaped when viewed fromthe side, and has a main nghi c pole 27
havi ng abeacmew whbdtlt dndcarP fledieesy Fagretper Fol 8l 8ving a w de
wi dth. The main nmagnetic pole 27 generates a magnetic field that is
appl i ed beithepacperdircidar fitagnet it fi$ nedngidergdre@aFdPRG! tafid can
detect a magnetic '
capable of providing a chance of forming crystal grain
boundaries in these interfaces increase because there 1is 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 beccme
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 1t possible to



flux fromthe perpendi cul ar magnetic film4 during replay. V%en1q?ﬁmyﬂm@
out recording on the magnetic recording nedium 20 using a singl'e pole
type head 22, the magnetic flux issuing fromthe distal end of the main
magnetic pole 27 magnetizes the perpgndi cul ar magnetic film4 in the
direction perpendicular to the substrate 1. At this tinme, because the
soft magnetic undercoat film2 is provided in the magnetic recording

”EdiU”‘Zﬁ%pé@ﬁesﬂEQnﬁhbﬁ fhex theematihelomsiyn dagriet i onpobee@70nf t he
single 1 JAN 2006 42 pole type head 22 is guided to the auxiliary

magnetic pole 28 by passing thr.qu t el gpgtke film4
and thesgﬁ?%nﬁabﬂgtP&%Eﬁ&gggﬁhf‘ g?ﬁ#g?‘?ﬁgfggskﬁgr%§%gga clgsed
magnetic circuit. By this closed nagnetic circuit bpeing forned between

t he si ngketpolie ﬁyperh@adt2®qmﬂmqtﬂ@hﬁﬁyQQQE§9¥ﬁ%ﬁ%ﬁh€S #8di um 20, the
efficiency of the flow of the magnetic flux increases, and high-density
read/ wi tezheqenes phssiadbiteriAttieugh the directi on of the magnetic fl ux
between the soft nagnetic undercoat film2 and the auxiliary magnetic

pole 28 is Oppgﬂqt:@ t et Re i neclHan ofuddercamgnetie 11 ux peoweeadt he
mai n magnetic pole 27 and the soft magnetic undercoat film 2, the

auxi [1ary mmanelle ReIS.,ia8 Nas Al dle Areaas compaged: wht hebhearml n

ma
magnet i ¢cpoF or €, e magnetic reflux fromthe auxiliary

magneti c pole 28 sufficiently decreasges, d,.thus th tizati on of

t he perpéﬁaié@ﬁér“%%ﬂ%&%%:qaaQﬁQPqE;ﬁ%ﬁmE%nﬁTﬂéﬁ%eﬁg%§g?%gsn%é%etic
reflux fromthe auxiliary nmagnetic pole 28, In the present an%gtion,
besi des aesilagl @ngoltdre yifef 1 ¢HienREY foF Exanble” at| BiFnBe8athtn " *m
magnetic recording head providing a giant magnetoresistance (GWR)

el ement g¢anthlee maged tit thead epiegeares . |Thatsd amgyndt g r@eordi g nmedi um
20 of the present 1 6 JAN 2006

read/write becomes possible.

According to the methed of manufacturing the magnetic
recording medium, since the orientation control film 3 has
an hcp structure and, at the same time, A 850 of the (0002)
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, excellent thermal decay can be
obtained without detericrating 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



43 enbodi nent, since the orientation control film3 has an fcc structure
and, at the sane tine, 0 650 of the (0002) or (111) orientatiorf ol s
set within a range from3 to 10 degrees and the difference in A 650 is
set within a range from1l to 8 degregs, as described above, the magnetic
characteristics (output characteristics, noise characteristics, magnetic
read/ wite characteristics and the |ike) can be inproved and, noreover,

deterioratiop: of nihenfhennelcdeeayiceanche prevented. Therefore,
hi gh-density recordi ng”becones possi ble. Exanples The operational effect

of the present_jinvention-wl n be sclard T ¢ s twayh Acrexespl £51m
(Exanpl e 1) A‘a%%%%ggalggghghggﬁggFe 1 (Ohara Co.; dianmeter: 2.5 inches)

was accommpdated in the filmfornation chanher, of - maghet
sputteri%gh%ﬁbﬁﬁa?ﬁsfFﬂn§F6V§t€5Fp}Fdégg%dgﬁgsiuﬁﬁﬁﬁ%é; expel%?ﬂg air in
the filmformation chanber up to_a maxi mumvacuum of 1x10-5 Pa,.a soft
magnet i ceqmadér toabr higkeZ (thaiclaYess:® 0 Hi§ Had¥ ot ATA4Zr ~ has
formed on the glass substrate 1. On the soft magnetic undercoat film 2,
an orient@fipa, Bontral, flid,mi @l ddness: 20 nn) made of Ru and a

per pendi cul ar magneti zation film4 (thickness: 25 nn) made 1 6 JAN 7006
44 of 65C017Cr 36BL2Bivweegatpar <f ermediidyr g the- FigbaatGworrsf BHe film
descri bed above, argon was used as a process gas, and the gas pressure

was set at 0.5 Pa, .ln additiqn,. t { er.at CORdj thons dyeing film
formati on was gﬁo%PlfhgﬁfePﬁégﬁng2%¥Fve i &?@Qﬁhdgq%%ocarbon was for med
on the perpendi cul ar magnetization film4 using a CVD thos. Th?g, t he
| ubri cat i dhlfi bmientadd cof o lpard |iforsifol Wt e 22 F8F nbl s ng®a deep
coat i ng net hod

degrees.

When A 50 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 050
exceeds the above range, the output characteristics and the
noise characteristics deteriorate.

The difference (A 050 (mag) - A 850 (ori)) between A
850 (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 & degrees).

When A 850 (mag)-A 650 {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) cf the



to obtain a magnetic recordi ng nmedium (see Table 1). Mreover, in the
above description of the alloy material, aAbB indicates a(at% A-Bghlt #B.
For exanple, 65Col 7Crl 6Pt2B denotes 65 at% Co-17 at% Cr-16 at% Pt-2 at%
B (a Co content of 65 at% a Cr contegy of 17 at% a Pt content of 16
at% and a B content of 2 at%. (Exanples 2 to 5) During the formation of
the orientation control film 3 and the perpendicul ar magnetization film

4, A 05Q,085.nghanged Rygeentrakhiong tihen denperatafieratihe guorkssogas
pressure, the filmformng rate, and the distance between a target and a

substrat e t,0. produ hc recording media. Oher conditions were
deci ded Oarcc%lr(%ijgﬁg ?gagg%@}eé'l (see Table 1). (Exanples 6 and 7) 16 JAN

2006 45 Magnet.i di di - L [ h teri
and 't hi cknass BFT hERGr TBHPAL En CORCEBT LT m -5 s Shodn P4 Tabl6 1.

O her conditions were decided according to Exanple 1 (see Table 1).

( Exanpl e3eBownthe) apaver LeRCEt i Grli‘ecc?ﬁ‘terrérlalurﬁ)teagg]&tqfi | m 7 was provided
bet ween the soft magnetic undercoat film2 and the orientation control
film3 toepeoiivestragnetic recording mnedia. Oher conditions were

deci ded according to Exanple 1 (see Table 1). (Exanples 10 to 14)
Magneti c recor ghngheefibaneene preducdhgpynesthectighd hereameetial and

t hi ckness of the orientation control film 3 as shown in Table 1. O her

condi ti 0ng, ¥Rt fefeci ded -caceQr ding Mt B mientr{Seei Trabk ehdy. an fcc
(Conparative Exanples 1 to 3) Magnetic recording nedia were produced by

selecting the material and. thickness of t i ept ation ntrol film 3
as shownSFRUSEBFE £ndex Rér “Endittons Wer e&?e%)dli dgg BheOME9]

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 underccat film 7, a

material containing, as the major constituent, one or more



according to Exanple 1 (see Table 1). (Exanples 15 to 17) Magnetic
recordi ng nedia were produced by selecting the material and thi 6kiAds80bof
the orientation control film 3 as shown in Table 2. O her conditions
were decided 1 6 JAN 2006 46 accordingsto Exanple 1 (see Table 2).
(Exanpl e 18) The orientation control undercoat film7 was provided

bet ween the soft magnetic undercoat film2 and the orientation control
film3 tp; pgodygera magneyi czrecandi ng, mRyi un ANd ves asedasushe.
material of the orientation control film3. Qher conditions were

deci ded accord'ngt%g g§gg95§ L2 %%e&?@@d%é@rodfégﬁﬁ¥é§ Fd pc@dy

Magneti c recor ?ng media wer e produced by selecting the material and

t hi ckness of the orientation control fjl 3 .as sho i e QO her
condi ti ohslfel e ae@Paéﬁlaécgéﬁ&Pﬁgat@%&é£ﬁﬂ%§%ﬁ?(%%2 %g%%gQé)yged.
(Compar ative Exanples 4 and 5) During the formation of the orientation
control film BSahHetmétﬁéﬁBén@ﬁﬁﬁmﬁrﬁnﬂﬁuﬁq%&ﬁq%ﬁ?¢i?rﬁqﬁeﬁeﬁgo was
changed by controlling the tenperature, the process gas pressure, the
filmforabngatateg,and the disgtancerstiesEnta tArYye?r drera Subserafe to
produce magnetic recording nedia. Oher conditions were decided

accor di ng)t gyExauphe 235 Ni2ae FEahl,e re ( Exaawp) asi P2, thl25) BlRingnthe
formation of "the orientation control film 3 and the perpendi cul ar

magneti zation film4, 1050 was 1 6 JAN 2006 47 changed by controlling
the tenpérafiure, the process gas pressure, the filmformng rate, and

the distance belween g faqeh AN & SURSILAIS {01 £ 9PLSE-BROBG! i ©
recordi ng nedi a.
adding elements such as Cr, Mo, si, Mn, W, Nb, Ti, 2r, B, O
and N to these allcys.

The thickness of the orientation control undercoat
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 egqual 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



O her conditions were deci ded according to Exanple 15 (see Table 3).
(Exanpl es 26 to 33) Magnetic recording nmedia were produced by sel &dal dah
the material and thickness of the soft nmagnetic undercoat film2 as
shown in Table 4. O her conditions wegg decided according to Exanple 1
(see Table 4). (Exanples 34 to 37) A seed film 11, an in-plane undercoat
film10 and an in-plane soft magnetic film9 were provided between a
non- nmagpethengubsl eat aadnand zkhe osoffti imagneti ¢ undercoat film2 and
then the material shown in Table 5 was used as the material of the soft
magnetic undergQatnii hAh2mbgnREeduUGe t crR@RRtite rador di ng ridial Lax her
conditions were decided according to Exanple | (see Table 5). (Exanple
38) The in-plane undercoat film 10 and the in-plane soft nagnetic film?9
were pr o@?’&ekaeb}é?\?\gén the non-magnetic substrate 1 and the soft magnetic
undercoat film2 to roduce a netic recordinhg di;um er

condi ti ons wer@sdeBfded égi&ydi ﬁ% 0 BYarsi élsf{'segptrégl éill%d.1 1 6 JAN
2006 48 (Exanples 39 to 46) Magnetic recording nedia were rgrodu%g: de

sel ecti ngosthblmater gk @dd o CGRESS S6f kmeacg%‘rrb%n%ﬁ‘%u‘?lér “hegnattzati on
film4 as shown in Table 6. Qther conditions were decided according to
Exanmpl e 3f(seemEablke sé)lectEBxdnpiresS247 20 38), Mignetec Fecoldi nff"nedi a
were produced according to the same nanner as in Exanple 1, except that
the soft z.magnet ioc wndelceattd iddu is subjected to an oxidation
treatment by exposing the surface of the soft magnetic undercoat film 2
to an oxygen- cout 3i,NiAG I35 (B UE BaSInon Afadiier £XPOSUAELGES, pure
oxygen (100% 02) or an oxygen- argon m xed gas (mxing ratio: 50 volo 02

- 0,
50 VO'éBﬁEgiwﬁ%g cne or more kinds of elements selected from Ta,

7zr, 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 teco
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



used. The construction of these magnetic recording nedia and the

thi ckness of the oxidized |ayer formed on the surface of the softg JAN 2006
magneti c undercoat film2 are shown in Table 7. (Exanple 51) A nagnetic
recordi ng medi um was produced accordifpg to the same manner as in Exanple
1, except that Ar (100% was wused as the process gas (filmform ng gas)
and then an oxygen-argon m xed gas (mxing ratio: 10 volo 02 - 90 volo

Ar) was J in,the ¢case ehahonm ng.the soft magnetic 1 6 JAN 2006 49
undercoat film2 (see Table 7). The oxidized | ayer was forned in

proximty of the -Pub{REEcOlutha ROhE RANe! b dindeicroate ffim 2 by using

the oxygen-ar Xe he thickness of this oxidized |ayer is

al so shown in Table 7. (Exanples 52 to,.59), Magnetj g i ng: redga were
producedﬂﬁtd%¥aﬁﬂ§aFéontEg ggﬁepﬁéﬁﬁgplﬁélﬁﬁ'%E%#%%%Lﬁfgggte%%Pﬁhgt a
non-magnetic internediate film&8 was used (see Table 8). %Eﬂggpgg 60 to
64) Magnet i onpecuedi agdmsdica oREre ico fRE® Bddo it o TTHe Sane fanner
as in Exanple 1, except that a magnetizing stabilization film1l2 (see
Tabl e 9):t A®B8ibf et he obiteriratdxare ldenttr afutfiutm Grarc tHe Sbefpendi cul ar
magneti zation film4 of the respective magnetic recording nedia was

measured by anpXuray sfichfsr adld an et hegbodiient® &f Sthevasageasufed with
respect to the ?0002) orientation plane for the filmmade of the

mat eri al _hayi an truct , id & A PR WBSH MeagiirLdnaid i ¢ espect
to the (ﬁii?rgngn %%ﬁ5%16ﬁgﬁg&$3?ﬂ?%e tiT'm made of the material havi ng
an fcc struct

Tagnet | oF FECERATHGMEEHAT e & Hee L s hgr e e | g eRehYeot
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, Z2r, 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, CToSm

alleoy and CoPr alloy.



anal yzer RWA1632 manufactured by GQJZIK Co., a spin stand 1 6 JAN 2006 50
S1701MP, a vibration-type magnetic char acterl stics nmeasuring afdadf 166
(VSM and a Kerr effect measuring apparatus. In the eval uation of
magnetic characteristics, a single nggnetic pole head was used as a
magneti c head and the neasurenment was conducted at a track recording
density of 600 kFCl (during replay). The evaluation of the thernal
stability was pmdeinbyigakcubati ngghbe idedridase® wated (@decdtk) of the
out put of the repl ay output after witing at a track recording density

of 50 kFCI é{‘%s,) ;@&%0? tgaugqb%tor atre HHQhedC g mEramg) aferew i ting

based on? In thi's equation, So denotes the
repl ay out put n one ond S afjt S|gnal recordi ng onto
t he rragn@f‘i[’?ger‘\?,‘\ggéﬁr 89H6 i O éﬁh%% csfeno esﬁ{ (ted]%epl ay out put after
1000 seconds. The test results are sho in T(% es 1to Pl Wq

N~ao0. aaQC na0.Bhenhhacksess oiutbeyin g B”@ 3 tu”ti“iﬁlii} 2f 5 YU E

) cnU zOOO0OOO0OO0O0O0OuU LOisr LOUOUO NNNNNNNNNNNNN
NChNm Noreferably within a range from 20 to 150 nm (more

preferably from 40 toc 70 nm).

The in-plane soft magnetic film 9 1is preferably
magnetized in the radial direction from the center cf the
substrate and exchange coupling between the hard magnetic
film and the soft magnetic undercoat film 2 is preferably
formed so that the soft magnetic undercoat film 2 does not
form a magnetic wall in the radial directiocn of the
substrate.

The in-plane undercoat film 10 is provided right
below the hard magnetic film 9 and examples of the material
include Cr or Cr alloy.

Examples of the Cr alloy used in the in-plane
undercoat film 10 include CrMo alloy, CrTi alloy, CrW alloy,
CrMo alloy, CrV alloy, CrSi allcy and CrNb alloy.

By providing the in-plane soft magnetic f£ilm 9, the
occurrence of spike noise due to extremely large magnetic
domains formed by the soft magnetic undercoat film 2 1is
prevented, thus making it possible to cbtain a magnetic

recording medium which is superior in error rate
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characteristics and is capable of high-density recording.
This reason is as follows.

Since the soft magnetic undercoat film 2 has a small
coercive force and an easily changeable direction of
magnetization, extremely large magnetic domains are formed
in the in-plane direction of the substrate 1. The magnetic
wall at the boundary of the magnetic domain in the soft
magnetic undercoat film 2 is a cause of the occurrence of
spike noise, resulting in a decrease in error rate cf the
magnetic recording medium.

By providing the in-plane hard magnetic f£ilm 9
between the soft magnetic undercoat film 2 and the
substrate 1, the magnetic direction of the soft magnetic
undercoat film 2 is forced to face the radial direction of
the substrate 1 by the magnetic exchange coupling between
the hard magnetic film 9 and the soft magnetic underccat
film 2, thus making it possible to prevent formation of
extremely large magnetic domains. Therefore, the
occurrence of spike ncise 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-mmagnetic substrate 1 and an in-plane undercoat film
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10.

The seed film 11 is formed to enhance the crystal
orientation of the in-plane undercoat film 10 formed right
above it and to make crystal grains fine. As the material
thereof, a material containing, as the major constituent,
one or more kinds of NiAl, FeAl, Colte, CoZr, NiTi, AlCo,
AlRu and CoTi can be used.

In the present embodiment, by providing the seed film
11, the crystal orientation of the in-plane hard magnetic
film 9 can be increased and the magnetic anisoctropy can ke
improved and, moreover, the medium noise can be further
suppressed.

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 ({0e) (preferably egual to or lower than 50(Ce)) .
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The saturation magnetic flux density Bs of the
magnetizing stabilization film 12 is preferably equal tc or

higher than 0.4 T (preferably equal to or higher than 1 T).
Also Bs-t, that is, the product of the saturation

magnetic density and the film thickness, of the magnetizing
stabilization film 12, is preferably equal to or less than
7.2 T- nm. When Bs't exceeds the above range, the replay
output decreases.

The magnetizing stabilization 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
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undercoat film 2 and the magnetizing stabilization film 12
in the in-plane direction form a closed circuit. Due to
this action, the thermal stability increases because
the magnetization ¢f the perpendicular magnetic film 4 1s
established more strongly in the perpendicular directioen.

In addition, in the case of a structure in which that
the surface of the magnetizing stabilization film 12 is
oxidized, the magnetic fluctuation of the surface of the
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
construc;ion described above, a medium drive unit 21 that
rotates this magnetic recording medium 20, a magnetic head
22 that carries out recording and replay cf 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.



N a
r-
aaa

) r)Ga) r-1 1-1is 0) Wr-rl mQ@ r N Or-1 NM-T r-I N ). CO
OO mr-2r-l r-i r-1 r-I wWWwWwWwWr WW(QJ W.~aaé%la\éxe§‘g@aﬁ-q
r-- HN 1-1 Mrl1 o. 04 wn, a 04 QL of a, aJ a, wCAaw<"l <a.

4 Ga O Q mawWwWwwwr ] Wwwww w ULy U Oa) 0 LI 4- Q
© U116 JAN 2006 (!) z x Ux

The replay signal processing system 24 sends a
recorded signal to the magnetic head 22 after processing
the input data, and cutputs the data after processing the
replay signal from the magnetic head 22.

A single pole type head can be used as the magnetic
head 22.

Fig. 13 is a drawing showing an example of a single
pole type head. The single pole type head 22 has a
simplified structure comprising a magnetic pole 25 and a
coil 26. The magnetic pole 25 is approximately C-shaped
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

(c) 4- E~ -1
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pocle type head 22 is guided to the auxiliary magnetic pole
28 by passing through the perpendicular magnetic f£ilm 4 and
the soft magnetic undercoat film 2, thereby forming a
closed magnetic circuit.

By this closed magnetic circuit being formed between
the single pole type head 22 and the magnetic recording
medium 20, the efficiency of the flow of the magnetic flux
increases, and high-density read/write becomes possible.

Although the direction cf the magnetic flux between
the soft magnetic undercoat film 2 and the auxiliary
magnetic pole 28 is opposite to the direction of the
magnetic flux between the main magnetic pole 27 and the
soft magnetic undercoat film 2, the auxiliary magnetic pole
28 has a wide area as compared with the main magnetic pole
27. Therefore, the magnetic reflux from the auxiliary
magnetic pole 28 sufficiently decreases, and thus the
magnetization of the perpendicular magnetic f£ilm 4 is not
influenced by the magnetic reflux from the auxiliary
magnetic pole 28.

In the present inventicn, besides a single pole type
head, for example, a laminated thin film magnetic recording
head providing a giant magnetoresistance (GMR) element can
be used in the replay unit.

In the magnetic recording medium 20 of the present
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embodiment, since the orientation control film 3 has an fcc

structure and, at the same time, A 850 of the (0002) or
(111) orientation plane is set within a range from 3 to 10
degrees and the difference in A 950 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 c¢f
the thermal decay can be prevented.

Therefore, high-density recording becomes possible.

Examples

The operational effect of the present invention will
now be clarified by way of examples.

(Example 1)

A washed glass substrate 1 (Ohara Co.; diameter: 2.5
inches) was accommodated in the £film formaticn chamber of a
DC magnetron sputtering apparatus (Aneruva Corp., C-3010C),
and after expelling air in the film formation champber up to

a maximum vacuum of 1X107> Pa, a soft magnetic undercoat

film 2 (thickness: 150 nm) made of 92C0d4Tadzr was formed
on the glass substrate 1.

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

perpendicular magnetization film 4 (thickness: 25 nm) made

n

m
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of 65Col17Crl6Pt2B were then formed.
During the formation cf the film described above,
argon was used as a process gas, and the gas pressure was

set at 0.5 Pa. In addition, the temperature condition

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
perfluorcopolyether 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, aBAbB indicates a(at%)A-b{at%)B. For example,
65Co017Cr16Pt2E denotes 65 at% Co-17 at% Cr-16 at% Pt-2 ats
8 (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, AB50 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 € and 7)
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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 8 and 9)

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
+he 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 cf the orientation control film

3 as shown in Table 2. Other conditicns were decided
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according to Example 1 (see Table 2).
(Example 18)

The orientation control undercoat film 7 was provided
between the soft magnetic undercoat film 2 and the
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 3)
During the formation of the orientation control film

3 and the perpendicular magnetizaticn 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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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 3).
(Examples 26 to 33)

Magnetic recording media were produced by selecting
the material and thickness of the scft 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 S was used as the
material of the soft magnetic underccat film 2 to procduce
magnetic recording media. Cther conditions were decided
according to Example 1 (see Table 3}.

(Example 28)

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. Cther conditions were

decided according to Example 1 (see Table 5).
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the material and thickness of the perpendicular
magnetization film 4 as shown in Table 6. Other conditions
were decided according to Example 1 (see Table ©).
(Examples 47 to 50)

Magnetic reccrding 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 OxXygden {100% 0O,) 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 1in
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% 0O; - 90 vol%

Ar) was used in the case of forming the soft magnetic
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undercoat film 2 (see Table 7).

The oxidized layer was formed in proximity of the
surface of the soft magnetic undercoat film 2 by using the
oxygen-argon mixed gas. The thickness of this oxidized
layer is also shown in Table 7.

(Examples 52 to 59)

Magnetic recording media were produced according to
the same manner as in Example 1, except that a non-magnetic
intermediate film 8 was used (see Table 8).

(Examples 60 to 6©4)

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 650 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 050 was measured with respect
to the (0002) orientation plane for the film made of the
material having an hcp structure, while A 6850 was measured
with respect to the (111) orientatiocn 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 RWA1632 manufactured by GUZIK Cc., a spin stand



Caat (NNNE HHHU s SOI | UUUUNNUUOINnLr) InLr) OH

rr HHLf) X~0s2-1 U UUUUco aco0O0O0OHHIN Ln Ln i 06
L10 WOHHHHQd ., 4222z ,qr if)kD(- 16 AR Q

50
31701MP, a vibration-type magnetic characteristics
measuring apparatus (VSM) and a Kerr effect measuring
apparatus.

In the evaluation of magnetic characteristics, a
single magnetic pole head was used as a magnetic head and
the measurement was conducted at a track recording density
of 600 kFCI (during replay).

The evaluaticn of the thermal stability was made
by calculating the decrease rate (%/decade) of the output
of the replay cutput after writing at a track recording
density of 50 kFCI after heating the substrate to 70°C one
second after writing based on (Sc - S} X 100/ (Sc X 3). In
this equation, So denotes the replay cutput 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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As is apparent from Table 1 and Table 2, in the examples
wherein A 650 was set within a range from 3 to 10 degrees,
the resulting magnetic read/write characteristics and the
thermal decay are superior to the examples wherein A 850

was not set within above range.

As is apparent from Table 1 to Table 3, excellent
magnetic read/write characteristics and thermal decay were
obtained by setting (A 650(mag) - A 850(ori)) within a
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 underceat f£ilm 2 to 30 Trnm or higher.

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

As is apparent from Takle 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 undercoat film 2.

As is apparent from Table 8, the magnetic read/write



aaaa

U m-el

OIf U CO~-VNH W'G LnmIinlLl) 0000O0O0O0O

aa n,aari,aa HMw W 14 5 N C
w Ww w 0O 00 UHWX %%Ag%@leo
I I

r- Lf) A CDN NNNHNr-I HWLbr- Si* Co WWID WWCOCD |

O s-I

dQ .CNHMOMO 63

characteristics and thermal decay could be improved by
providing the non-magnetic intermediate film 8.

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 8§50 of the specific
orientation plane is set within a range from 3 to 10

degrees, and a difference (A 650 (mag) - A 650 (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.

m
I
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the. exampl oo is apparent from Table 1 and Table 2, in

What is claimed is:

1. A magnetic recording medium comprising &t least 3 soft
magnetic undercoat £ilm made of a soft magnetic material,
an orientation control film that controls the orientation
of a film preovided directly above, a perpendicular
magnetization film, of which axis of easy magnetization is
generally oriented perpendicular to a substrate, anc &
protective f£ilm, that are provided, in order, on a non-magnetic
substrate, wherein

the orientation ccntroel film has an hcp structure and,
at the same time, A 650 of the (000Z) orientation plane is

set within a range from 3 to 10 degrees and a difference
(A 850 (mag) - & 850 (ori)) between A B850 (ori) cf the
orientation control film and A 650 (mag) cf the

perpendicular magnetization film is set within a range from

1 to 8 degrees.

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

Zzn, Y, 2r, Ru, Re, GG, Tk end Co.

3. The magnetic recording mecium according to claim 2,



wherein A 050 was set within a range from3 to 10 degrees, the resulting
magnetic read/wite characteristics and the thermal decay are sh&dﬂN&%ﬁ
to the exanples wherein 0 050 was not set within above range. As is
apparent from Table 1 to Table 3, excgglent magnetic read/wite
characteristics and thernmal decay wer obtai ned by setting (A 6 50 (nag)
- AO050 (ori)) within a range from1l to 8 degrees. As is apparent from
Tabl e 4 | | a AGL BT St £Somer érohtakned by
setti ngWI}é’l%t)scceejfIl e{]}lﬁee ?gﬁ%gﬁéFﬁc%n éiogog{ﬁfi Im2 to 30 Tnm or higher. As

is apparent from TabI e uff| ent net ead/ te characteristics
wer e obteai RN by 5?6%8?% £ RE %l r& gﬁ% 0%% r#ﬁ net Ck%l Im9. As is

apparent from Table 6, suffici ent magnetl c read/wite characteristics
and thermal decay were obtained by setting the thickness of the

per pendi cul ar nmegnetization film4 within a range from8 to 100 nm As

i s apparenttHe qna@ﬁ@tec?remgﬂemgcm@a.dﬁwadce:rd:hag ace e¢lidiincg coul d be

i nproved by the oxidation treatnment to the soft nagnetic undercoat film

2. As i%@&p@{ﬁ%héfemlﬁ@a%i%n the trRanetd o reat v é eode 602 ANc2605 63
characteristics and thermal decay could be inproved by providing the

non- magne i f i appargnp from Table 9, the replay
out put co%%lﬁ hge i %%8\%)% t%}'JG;rI?r (%VI ﬁssngﬁst he magneti zing stabilization film

12. As described above, in the nmagnetic recording medium of the present

i nvention, since A 050 of the specific orientation pI ane is set within a

rangefrom3to 10 degrees, and a difference (A 0O 5 n?g% A050

(ori) ) 5betheenagnetis ESGOFGNY W@%W"érﬁ%ﬁ‘?wré%n*f?o? fm*and A 050

(mag) of the perpendicular magnetization filmis set wthin a ran%e from
to 8 deyreesn tkeebleentifdomalcadgomy film is made of any one ©

25Rg75Ge, 50CuS50Ge and 75RuZSNb.

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 te 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 & mean crystal grain diameter of

4 to 20 nm.

8. A magnetic recording medium at least comprising & soft



can be obtained without deteriorating the noise characteristics and the
magnetic read/wite characteristics. 16 JAN 2006 64. Wat is cl gigvesN 2086
1. A magnetic recording nediumconprising at |east a soft nagnetic

undercoat film nmade of a soft magnetlg gmat erial, an orientation control
filmthat controls the orientation a filmprovided directly above, a
per pendi cul ar magnetization film of which axis of easy magnetization is

general ly oriented |qul bstrate, nanded i proteatiyve film
t hat arcg7y ’B‘?ﬁ%ﬂ%dweg or%dc olﬁﬁa$é;%% ﬁggﬁetlc 1rsnullgsteraltce wherein the

orientation control film has structure an L, A
650 of ﬁ%é‘%@@@?}aéﬂpénﬁﬁﬁnﬁéﬁ){;éﬁlghagef foﬁ t%range $r0n1£éto 10
degrees and a difference (A 0 50 (mag) - A 6 50 (orl ) betmeen A 6 50
(ori) ofoft he fmﬂmeptr@tm@ied:ohmemtﬂlﬁﬁ?%ﬁ@ AE 6BE LPREG) O tthe

per pendi cul ar magnetization filmis set wwthin a range from 1 to 8
degreesmé@ngbgzgag@QUﬂzumxxuﬂhwmn@mdthe1axmerdﬁngaﬁ@(maﬂnﬁﬂ}zaVW@ﬁeln
the orientation control filmcontains 50 at% or higher of one or nore

el ements; s fix lent4dh dRUy1Re, t6da Eerand LG, 3andhe
magnet i ¢ re‘é %?%&lﬁ?r}rﬁnaccor%?rn%é?o cFal m2, 16 JAN 2006 65 wherein

the orlentatlon contr.al f|In1conta| r el.el eSelected from
V, O, NHECERStésca Eé% e et ??g ?eggf di ng medi-um accor di ng t o

claim2, wherein the or| ent ation control filmcontains one or nore
el ement sSWefbEPEE f MORTEELTC, N, 0 and P. 5. The magneti c recording rredl um

according to claiml1l, wherein the orientation control filmis nmade,o
any one of 2BAG7SEL eBEIBUGE @nbr Y5RIPEND 36, aThed Sragiiet ?EEO?HPhg
medi um according to any one of

at the same time, A 8§50 of the (111) orientation plane 1is
set within a range from 3 to 10 degrees and a difference

(A 850 (mag) - A 650 (ori)) between A 650 (ori) of the

orientation control film and A 6850 (mag) of the
perpendicular magnetization film is set within & range from

1 to & degrees.

9. The magnetic recording medium according to claim 8,
wherein the orientaticn control film includes mcre than 50

at. % of one or mcre of the elements selected from

a group ccnsisted of Ni, Cu, pd, Ag, Pt, Ir, Au, and Al.

10. The magnetic recording medium according to any one of
claims 1 to 5, 8 and 9, wherein Negative nucleation field
(-Hn) of the perpendicular magnetizaticn film is equal tc

or higher than 0(Ce).



clainms 1 to 5, wherein a non-magnetic internediate filmis provided
between the orientation control filmand the perpendicul ar nagnetﬁgﬁﬂqmg
film while the non-magnetic internmediate filmis nmade of a mate
containing 40 to 70 at%of Co. 7. Thegrmagnetic recordi ng medi um
according to any one of <clainms 1 to 5 wherein the orientation control
filmhas a granular structure and has a nean crystal grain dianeter of

4 to 20 nm 8. A nmagnetic recording nmediumat |east conprising a soft 1 6
JAN 2006 66 magnetic undercoat filmnade cf a soft magnetic material, an

Orlentatlon}gon £obaf Llm.Lhate cont fﬂﬁ 4 e ordeptatkeBrdehganiddinm

prOV|de dlrec y above, a perpen magnetization film of whi ch t he
axi s of eas na neti zati eraII oriented ndi cul a
subst r atg? pﬁ?ﬁ?éc%ﬁﬁ?%ﬁéﬁékt%ﬁﬁ are pr%€| Qﬁﬁgﬁlg %gg%nggﬁétlc
substrate, mhereln the orientation control filmhas an f%c structure and,
at the Sznknthage AL6a5E06ft FIRCNELY) ot ati ofP pPAAEMTEE 2SS within a
range from3 to 10 degrees and a difference (A 6 50 (mag) - A 6 50 (cri)
) bet weefork Ho 50f { dmi X heft tdvent rorl entlat | oni €ond tdobnf pEmeadd 1A 650 (nag)
of the perpendicular magnetization filmis set within a range from 1 to

8 degr egsyo-9i adhermBaRekice WLC o o drigl ¢un accnedhngitza tdloai mMigm of
wherein the orientation control filmincludes nore than 50 at. % of one

o, ot ki dheagLeTRY %a%gJ SR G 1M fo.97 0LPo£ARSESN od o0 Moedu, P,

Ag, magneti ¢ recofrdi ng nmedi um according to

f 9, wh | Id
?”%nﬁ’”ﬁfr?m%%weaé. ol TRORO ST o1 F ok P e BN oL o 6F W giier t han

0(Ce). 1 6 JAN 2006 67
nocn-magnetic substrate,

while controlling so that the orientation control
film has a 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 the difference (A 650 (mag) -A 650 (ori))
petween A 850 (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.

12. A magnetic read/write apparatus comprising a magnetic
recerding medium and a magnetic head that records
information on the magnetic reccording medium and replays
the information, wherein

the magnetic recording medium comprises at least a

soft magnetic undercoat film made of a soft magnetic



11. A nethod of manufacturing a magnetic recording medium which § JAN 2006
conprises formng at |l east a soft nmagnetic undercoat film mde of a soft
‘magnetic material, an orientation control filmthat controls the
orientation of a film provided right above, a perpendicul ar
magnetization filmof which axis of easy nagnetization is generally
oriented perpendicular to a substrate, and a protective film on a

non- ”?r%r{eéf C. pubsty atg,i W 4 € @Ontdeltlriolg $altthaththe opheRPaEi on"ont rol
filmhas & fcc structure and, at the sane tine, A 950 of the (111)
orientatijon plane is set withi.n_ar oM 34t 0201 vdegseeseand & he

di fferoeqq’c%"?g%\l%HSO ?ﬁag)“-A*éqgo (gglg)@l;jegbet ween A 950 (ori) of the
orientation control filmand A . 950 g) of the p endi:cul cas
magnetdezare oAl € R Ari SEEe T F T hi o afggﬁgé)f?rwohrﬁ tgﬁ% gg’ér%eecgf.r 127 A
magnetic read/wite apparatus conprising a magnetic recordi ngtrredéum and
a magneddeeheadtibat necogdseraifior matiiGR IR t HE R T FEcordi ng

medi um and replays the information, wherein the nmagnetic recording

medi U GOEPEEEES alnd eastprotsof fvermgnati,c Uneer o& BIPWiARde Yt & soft
magnetic 16 JAN 2006 68 material, an orientation control filmthat
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perpend?cul ar magnetization filmof which the axis of easy nmgnetization

is generall riented perpendicul ar, tora Siyhstrate, and a protective
film that %r “br os\ﬁl&é(gt%ﬁeag%%dn-aérmgneti C substrate, while the

orientation control film_ has a fcc structure and, at the sane tinme, A O
50 of thee(11d) fobPPerstfat tBA pladeé is set within a range from3 to 10
degrees and the difference ( A6 50 (mag) - A 6 50 (ori) ) _between A e
50 (orp)}ieftkhe o9r i entatd ol scostrolwfthimand jzdng® Sr{img) 6 t A8

per pendi cul ar magnetization filmis set

degrees and the difference | A 6 50 (mag) - A 630 f(ori})
between A 8 50 (ori) of the orientation control film and A
§ 50 (mag) of the perpendicular magnetization film is set

within a range from 1 to § degrees.

13, A method of manufacturing a magnelic recording medivim, which
comprises forming at least a soft magnetic underceat £1m made of a soft magnetic matenal, an
onentation control film that controls the orientation of a film provided right above, a
perpendicular magnetization film of which axis of easy magnetization is generally onented
perpendicular 1o a substrale, and a protective film, in order, on a non-magnetic substrate,

while controlling so that the orientation control fi)m has an hep structure and, at the same
time, AB50 of the (0002) orientation plane is set within a range from 3 to 10 degrees and the

difference (AB50 (mag) -A850 {ori)) between AG50 (o) of the orientation contrel film and 4850

(mag) of the perpendicular magnetization film is sel within a range from 1 to 8 degzees.



within a range from1l to 8 degrees. 13. A nethod of manufacturing a
magnetic -recording nedium -which conprises formng at |east a ddf 4AN 2008
magneti c undercoat filmnade of a soft magnetic mate 'al, an orientation
colitrol filmthat controls the orientation of a film provided night
above, a perpendlicul ar magnetizatgen filmof which axis of easy

magneti zation )is gd1eT21ly Oienled perpendicular to a substiale ,
and a protective film 'In order, on a non-nmagnelic substrate, while
controlling so that the orientation control film has an bcp StrUCI UTe
and, at The sahme time, A850apfelic head( QOGP PoEIUSHOETTIOWEHA HAS G 1§EY 208
wthin a range from3 to 10 degrees and the difference (AGCSO (naag)

- 6050 ( gidvibatamenBeRA; d REdd)nmafretdies pHbentahiconhe magnalc etdmiande 080N
(mag) of the perpendicular nagnetization filml's set willain a range
froml to dep-.ces . .16 N 2006 69 14, A magnetic readlwite apparatus
conprisfﬂagg;ﬁ%dﬁgFF?”PQC%ﬁ Fﬁb medi um and a magnetic head that records
i nformation on the magnetic recording nediumand replays.the

i nformati on, HYREReEFICABCITAFASRT EUNSEBIESHig? HeH a%i&%&%t@%&ﬂ%@?q%&@e made
soft magnetic undercoat filmnade of a soft magnetic material, an

ori ent afif arsofionkgottid inkrarzhah ceentatioh sobthe foni @At anirols the oachialiphg! a ilm
provi ded directly above, a perpendicul ar magneti zation film of which the
axi s of neASY¥ed FRENE iiAt] HPehenBRORF HalieDihiented dienpentiecular! dgy a
substrate, and a protective film that are provided, in order, on a

non- magp -e%tifé{ ti{s%ﬁergggig'ngeﬁe{aﬁaee%{éggg%%tritcS’Q sEMf Qb :a'p%t%ﬁ'eamnﬂ@ﬂt are

and, at sane orientation plane is set within

a range fra 1o 10 degrees and the difference (AQ5S0 )
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of the perpendicul ar magnetization filmis set wwthin a range froml %&

8 degr e@sd, at the same time, A650 of the (0002) onentation plane 1s set within a Tange from 5 to
degrees and the difference (AB50 (mag) - ABS50 (oxi)) between A850 (on) of the orientation

control filim and A850 (mag) of the perpendicular magnetization film is set within a range from |

to 8 degrees.





