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*Q0 * THE | NVENTI ON MAGNETI C RECORDI NG
WD@WWMMﬁC RECORDI NG DEVI CE. BACKGROUND OF THE
I NV odi nent of the present invention

rel ates*8*o a magnetic recording nedia of the

discrete track type and a magnetic recordi ng device.

i@ inproving the track density of a hard
|§@ EMEMMNHMGF[I», a problemof interference between
cks has becone obvious. 10 Especially, it

i s dRP%port ant technffﬁi%p5pbfﬁgbéﬁv%$fgg§e blur in

witing operation due to the frin ect of a wite

head vagiraticc HiceigbIns disieretap taskeFeC HEk Wb R Bevice
(DTR nedia), which has its recording tracks

physi cal | y separ at edckcanunedoce THire IhFENiTdeNer ase
phenonenon at the tine of witing operation,

si de- r ead QuiverrorEvoiment whi cthé rdozswtt amveit ash acedtes
tracks is mxed up at the time of reading operation

et c. tCoRsEGIEFHr Hacqrsliges giasiia taf grieatdisdmgireoverack
the track density. Accordingly, a 20 magnetic

r ecoFdPRg 3rEdita MAGNE tHiG I el ing ctav ise - provi ded. On

t he otherlyand in the conventional DIR nmedia, ., since

a servo signal ie f orhed RISt g ot Hssemaiorty of a

presence ofi SERGNGLILC (rli%%gr,dian%rlo@ieerm '8 RN ersein%neaI
between adjacent tracks has become obvious.
Especially, it is an important technical problem to
reduce blur in writing operation due to the fringe
effect of a write head magnetic field. A discrete
track recording media (DTR media), which has its
recording tracks physically separated, can reduce the
side-erase phenomenon at the time of writing
operation, side-read phenomenon in which information
of adjacent tracks is mixed up at the time of reading
operation, etc. Consequently, it is possible to
greatly improve the track density. Accordingly, a
magnetic recording media with high density can be
provided.

On the other hand, in the conventional DTR media,
since a servo signal is formed depending on absence or
presence of magnetic recording layer, the servo signal
intensity of the conventional DTR media is half that
of a normal magnetic recording media having a

continuous film, undesirably. The reason is as
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25 intensity of the conventional DTR nmedia is half
that of a normal magnetic recording nedia having a
continuous film undesirably. The reason is as 2
follows. In case servo witing is perfornmed on a

nor mal magnetic recordi ng nmedi a having a magnetic
recording | ayer being a continuous film a servo
signal is formed by upward magnetization (+1) and 5
downward magnetization (-1). On the other hand, as

for the conventional DIR nedia on which recesses are
for med, 18y, ,cOnplel &l L1ehiNg A 4 gﬂftfé:éé?ﬁgfuégi?ﬁla

| ayer in the servo area, a servo signa or med

magneirzati- e o) AR 3 JYBGN eld Zat il’%ﬁzi(rﬂ? 2 Hhgnetic
Accordingly, in principle, the servo signal 1ntensity

of thecoanvent leyalr BERmed adrs imaldud Matimf 2 sl
magnetic recording media having a continuous film

Thus sagniadi pat édrmedutyi apwiar dsingrale tiitaanisint y(+due drad
processing as well as reduction in servo signal-to 15

noi s&oMalied d SRR Sitd zpitideei pl-d )i-s &rcruls alt hesalk ol ntas
for 3 drive having a DIR nedia | oaded thereon. In Jpn.
Pat . “APpltAe RERALTBEIRdatién M6 L 22000 W agep TECasiase are
is di,sclosed a magnetic recording nedia .i.n which the
dept R & Fa§ret ™ %ﬁ$%8ﬁaiﬁ Ve & FAREVE FaR TaHdw

is di ren m f gnetic recording. |ayer i

t he %é %5 é&e%%gHgkggér%rF%Qt%esﬁggﬁeﬁﬁgna eé&?%%ﬁ?edwby
medi aaghBe ipBgaeh q+hgcand ng ha l%reit:%%aﬁg.%rﬁpl(%t)ql y

separated by non-nmagnetic materi servo area,

and nepbeweRgnl, ofint Bei$eRY0eSNReS sB9% 6 signal intensity
of the conventional DTR media is half that of a normal
magnetic recording media having a continuous film.
Thus anticipated reduction in signal intensity due to
processing as well as reduction in servo signal-to-
noise ratio (SNR) in principle is a crucial weak point
for a drive having a DTR media loaded thereon.

In Jpn. Pat. Appln. KOKAI Publication No. 2000-
306227, there is disclosed a magnetic recording media
in which the depth of magnetic recording layer in the
data area is different from that of magnetic recording
layer in the servo area. However, in the magnetic
recording media, the magnetic recording layer is
completely separated by non-magnetic material in the
servo area, and improvement of the servo SNR is not
taken into consideration.

BRIEF SUMMARY OF THE INVENTION

According to one embodiment of the present
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25 taken into considerati on. BRI EF SUMWARY OF THE

I NVENTI ON  According to one enbodi nent of the present
- 3 invention, there is provided a magnetic recording
medi a conprising a magnetic recording |ayer fornmed on
a substrate, wherein recording tracks and servo areas
are prescribed as patterns of protrusions and recesses
5 formed on the magnetic recarding |layer so that thin
filmportions of the nmagnetic recording |ayer are
formed under the recesses, a thickness of magnetic

recor;dy : r . 1 hi i port i I s smaller.

t han 12*\{%&01%2%@%?5%9%2% %]oc\; r%%%r%i rﬁ}%}gﬁ%y%ﬁ ﬁfc?ﬁ%li%

Pr Ot e 10N dding s SQF VD 1 Gife t BOGr S HBYNRY | ZRLE PNFormed on
a

direction of the protrusion is antiparallel to

magnet isadtstora ol r ectd i ofréderdiid €HdOxPoskd 0feiPo areas

the servo area. BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5

OF THESDRAWSNG 18! Agaatrtdray oif tecttresided and recesses

implenents the various feature of the invention wll

now BOEStAhdd e iadh ateferegrarding hexgavwangshaThehin

dramﬂp s and the associated descriptions are provided

to | ITudt PR L Rt reift SRR | TG GF Ak Hota T

[imt: the 20 sco of the invention. FIG 1 is a

sect itfgr%qed\zliué\ﬁceoq‘oeca{]%arg%eeﬁsces'r SCorti ISy L HeaanRtic

pat t e1ns, of; y Aty onts ANd figeessgs Of A fmanetic

recor di ng Ié%érlﬁgﬂhe_servo Jargéﬁb P egeti T smaller

I eCORBtiaRg aMetid e HMGhddhad ¢ recording layer at the
protrusion in the servo area, and a magnetization
direction of the protrusion is antiparallel to a
magnetization direction of the thin film portion in
the servo area.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

A general architecture that implements the
various feature of the invention will now be described
with reference to the drawings. The drawings and the
associated descriptions are provided to illustrate
embodiments of the invention and not to limit the
scope of the invention.

FIG. 1 is a sectional view of a magnetic
recording layer having patterns of protrusions and
recesses of a magnetic recording layer in the servo
area of a magnetic recording media according to an
embodiment of the present invention;

FIG. 2 is a sectional view of a magnetic

recording layer having patterns of protrusions and
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25 enbodi nent of the present invention; FIG 2 is a
sectional view of a nmagnetic recording |ayer having
patterns of protrusions and 4 recesses in the servo
area of a magnetic recording nedia according to

anot her enbodi nent of the present invention; FIG 3A
and FIG 3B are views of an exanple of a 5 nethod of,

in a magnetic recording |ayec ofy a_magnetic recording
nmedi a, antiparallelize the magnetization direction of

the protrusions to that of thin film portions; FIG 4
I's aseddqnalivigw Qe a4 dagnet ig 10 ﬂ%ﬂ&%éﬁ}%ing
havi ng patterns of protrusions and recesses in e

ser veneayied sdfcor digneld Grendidibodmdia agcand Ng-dQnt
yet anot her enbodi nent of the present invention; FIG

5 i s iavsedtiiconal view of a magnetic 15 recording | ayer
havi ng patterns of protrusions and recesses of a

magnet i ¢ ridéor dMm@raydiG i Bh herserigys ayfeanfexample of a
magneti ¢ recardi,ng nmedia according to yet another

enbodie St HE §r dSme Sy emageing davey ©f @ magnetic

sectional view of .a ma neticaﬁg recordi ng | ayer having

pattéﬁﬁgranﬁrgFF&§Vo t&ﬁ@r @égg@gtm@ g Sdrivg £ 1on
area dqfr 2cTRgneld ¢ hie® CJ):ro(%I rrlh%ri é)grr]%ﬁ It%l %‘?/%%{ :joﬁ % }{ﬂgﬁyfelt =P

anot her "enmbodi ment™ of “the™ t
and BLGrifRsare sectional views of a

FIG. 4 is a sectional view of a magnetic
recording layer having patterns of protrusions and
recesses in the servo area of a magnetic recording
media according to yet another embodiment of the
present invention;

FIG. 5 is a sectional view of a magnetic
recording layer having patterns of protrusions and
recesses of a magnetic recording layer in the servo
area of a magnetic recording media according to yet
another embodiment of the present invention;

FIG. 6 is a sectional view of a magnetic
recording layer having patterns of protrusions and
recesses in the servo area of a magnetic recording
media according to yet another embodiment of the
present invention;

FIG. 7A and FIG. 7B are sectional views of a
magnetic recording layer having patterns of
protrusions and recesses in the recording track area

of a magnetic recording media according to an
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25 magnetic recording |layer having patterns of
protrusions and recesses in the recording track area
of a nmagnetic recording media according to an 5 -
enbodi nent of the present invention; FIG 8 shows a
detail ed sectional view of a magnetic recording |ayer
havi ng patterns of protrusions and recesses in the
servo area of a 5 magnetic recogding medi a according
to an enbodi ment of the present invention; FIGS. 9A
9B, 9C, 9D, 9E, 9F, 9G 9H, and 91 are sectiona

vi ewangbasheps off ene eramle of g ingfhod of

manufacturing a nmagnetic recordi ng medi a according 10

to an enbodigrent sefoutshe RIAsANted NeRtiBE1 andFldE 10

IS a perspective view of a magnetic recording device
accomdpgngtta aecerbadigmentyeef Hake ngpieseririsnvention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 Vari ous
enbodiratntis Lacsordidngece sskee ilmvemnte errwi ldrdee of a
described hereinafter with reference to the

accofpanGrag AFERILAGET TRE1gr esenrdimgentoors wmbogtment of
magneti ¢ recording nedia (DITR nedia) in which
rece588sPAFESDH FB%ﬁE&lPﬁ;the servo area so that thin

[111m por £ORS, O 2HR00EL Oy s I8 LY B S o1 e

01 SELEERoRky, DLELEUSODS BL LS TBONSL ey LER 1 necnos

portbengaffirbBeuring a magnetic recording media according
to an embodiment of the present invention; and

FIG. 10 is a perspective view of a magnetic
recording device according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments according to the invention
will be described hereinafter with reference to the
accompanying drawings.

The present inventors produce a magnetic
recording media (DTR media) in which recesses are
formed in the servo area so that thin film portions of
a magnetic recording layer are formed under the
recesses, and the magnetization direction of
protrusions of the magnetic recording layer is
antiparallel to that of the thin film portions of the
magnetic recording layer in the servo area, thereby
making it possible to reduce the lowering of the SNR

of a servo signal in the DTR media.
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25 magnetic recording layer in the servo area, thereby
meking it possible to reduce the | owering of the SNR
of a servo signal in the DIR nedia. - 6 Exanple of
the magnetic recording nmedia according to the present
invention wll further be described belowwth
reference to the acconpanying drawings. FIG 1 is a
schematic sectional view (down track 5 direction) of
one exanple of the servo area of a nmagnetic recording
medi a (DTR nedi a) according to the present invention.

The DTR j sof | ay an .
internedrgggﬁﬁggifﬁg ?cﬁ %ﬁgﬁgﬁ%éﬁégfg%gﬁﬁqcﬁe%ﬁaf%ﬁcordlng
grai RcSitz@ USRI LA MBINgtic A0 eeondi ned ayeloq

4, which aré stacked in this order on a substrate 1.

I'n thelser wa tar e fRfrdrite MRfdithe th@onPRENBIHE drawings.
recording layer 4 at the bottom of recesses is not

renoved cdijd .etleliyys aarxthdmettit caresisorof]l maignet id¢own track
recording |ayer at the thin filmportions is 15

smal dérechiapnhe winsk resgrdfe megridtd camuoradiary dfayeer

at the protrusions. This structure can be obtained by

et chf"R§ ke EGTELE e dsrdiang DTy e dirderaqdsrding to the
condition that at least part of the magnetic recording

| ayeP IS SN tYrremNed g?]et e o e g‘fcst e S¥desses,

20 [ i_l | _be explained in.detail aft rd. I.n the,
ser %lngllr%g\aﬁﬁ,a e %r‘na{:}’1 Neti Z&tT 6T ld:‘iecree CEYST g‘fTr Vfaccrh grientation

prot Lusiens i, anbi paall el fo dhat. af tat?l%\qtahirr&grlfeiéi@

portions. As a nethod to antiparallelize the

magneticzaliion dianeet 40N «ofi rhe R Qltsiedns it @ Hihats 1 Qfer on
a substrate 1. 1In the servo area of the media, the
magnetic recording layer 4 at the bottom of recesses
is not removed completely, and the thickness of
magnetic recording layer at the thin film portions is
smaller than the thickness of magnetic recording layer
at the protrusions. This structure can be obtained by
etching the magnetic recording layer under the
condition that at least part of the magnetic recording
layer ié left unremoved at the bottom of the recesses,
which will be explained in detail afterward.

In the servo area, the magnetization direction of
the protrusions is antiparallel to that of the thin
film portions. As a method to antiparallelize the
magnetization direction of the protrusions to that of
the thin film portions, there is known one under which
both the magnetization direction of the protrusions

and that of thin film portions are directed to one



25 the thin filmportions, there is known one under
which both the magnetization direction of the
protrusions and that of thin filmportions are
directed to one 7 direction by applying an externa
magnetic field using an electromagnet etc., and then
either the nmagnetization direction of the protrusions
or that of the thin filmportiens_is inverted using a
ring head. 5 At the thin filmportion of the recording

| ayer, the magnetic field that the ring head

energt I i | zad | Lr i
To bo s iy B Pt AT t anbithe FFAL8Musing
pr ot rusicars tfortdihe o @0 di Nthd awRdn dhedmangtic
field is strong enough 10 to start inversion of the
magnetaicratticra tdidrectiirett i ONeef thee igmeSidio®d or that of
magneti zation starts at the protrusions, it

pr ogrté&ss é inovidrieh tive tiower isurifratertofd uding ecaridinghead.
layer. |In case of using a ring head, since a magnetic
fiel &% &% tHhe thddd ™M PGitdert I9f Mreapdading alaveur che

k it is difficult for the magnetic field to reach
o nas S oot ¢ RS At {53
A i_ngly, th t. i.ons, .. magneti zation
i r estran 6 & P eiat e AirEtn 08 R dhisE ted.
whi | h in_fil ri w120 ti.zatio
di Ire% [ tgr?tnl%atr??t'niar%/é:ﬂeggo Ut%lrflsitzhl%“n trkglsplhzoglnsor?&notr%ﬂ;e

onl y reRgnetiingat QR i reel i Qft ithe ; Arptirus tgb?'l egg Hhough

be inverted again so that the nagnetization t1on
of the prelitUSneRTsii®n aFt ithRr dd@letti@ Ahan ofi A& ion.

thin filmportions.

Once the inversion of magnetization starts at the
protrusions, it progresses toward the lower surface of
the recording layer. 1In case of using a ring head,
since a magnetic field from the head is directly
applied to a return yoke, it is difficult for the
magnetic field to reach the deep part of the magnetic
recording layer. Accordingly, at the protrusions,
magnetization direction of entire magnetic grains can
be inverted, while at the thin film portions,
magnetization direction is not inverted. Utilizing
the phenomenon, only magnetization direction of the
protrusions can be inverted again so that the
magnetization direction of the protrusions is
antiparallel to that of the thin film portions.

On the cther hand, so as to antiparallelize

between the magnetization direction of the protrusions

and that of the thin film portions in the servo area,
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25 On the other hand, so as to antiparallelize

bet ween the nmagneti zation direction of the protrusions
and that of the thin filmportions in the servo area,

- 8 there may be enployed a nethod of recording
magneti zati on pattern under the matched timng using a
record head. However, this nethod is technically
difficult and there is a possibiJity that the cost to
5 produce the nedia is increased. Wether or not the
magneti zation direction of the protrusions is

ant i Q%re%l | ?Aayl %et I'é%ploofyiﬁt%gea trpelgtr]'] fcﬁ lO .J_peoc!%%éms can be

. in .
confired by “observing nagneti zat i on et i on

usi ng -3 nRAN&H 6 f Y68 LG MdOscope MMeq Thenin using a
& By

I nversion of magneti zati on rection can be seen

cut t irR@o@ff Heard. ofudue,eser uohi Anga fq the yidia and
perform ng nmagnetonetry. \Wien nagnetization anount

bef orie fapplylitng magneir ifd el Goanih Mmagnetdiat i cost to
anmount after applying | arge magnetic 15 field (20 kQe)

i n ome odiucec ttihen rerds ecdrpdmediedgedase there is

confirmed a difference in absolute value, this fact

i s consi déEFNF I ol b eragnadvi zhenicen divrcther eof the
exi sted two parts which are na%Qetized in _reversed

di r eEFPHASSHNR s fAdt R adn€ lartét Here the&tortdghin film

o001 K00 RANELLC oLk TS, TR D3 L o 25 e

L Opagippisa e LA o RN 2R Bece

tracks caod ceip@nahrivit.ensiey 10fy 48 MO A fit MN8N on
direction can be seen by cutting off part of the servo
area of the media and performing magnetometry. When
magnetization amount before applying magnetic field
and magnetization amount after applying large magnetic
field (20 kOe) in one direction are compared, in case
there is confirmed a difference in absolute value,
this fact is considered to be a collateral evidence
that there existed two parts which are magnetized in
reversed directions with respect to one another before
applying magnetic field. This method is known as the
remanence measurement. In case the media is loaded
into a device, the state of magnetization can be
checked by comparing signal intensity of the recording
tracks and signal intensity of the servo area. When
the protrusions and thin film portions are magnetized
in the same direction, signal intensity of the servo

area is half of signal intensity of the recording
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25 the protrusions and thin filmportions are
magnetized in the sane direction, signal intensity of
the servo area is half of signal intensity of the
recording 9 tracks or lower. On the other hand, in
case such signal intensity relation cannot be seen,

it can be determ ned that the magnetization direction
of the protrusions is antiparallel to that of the
thin film 5 portions. According to another enbodi nent
of a magnetic recording nedia of the present

i nveRtLeRg qul@@%@et'%r mﬁ%OQQEQQ %%%%k g%”Eﬁg%e%quP

or nore nagnetlc ayers ich are stac

of theghwo @hteBBEet}0 EaERELInC chAKSKS pieS s(e%?&DV%C% 'crém be
the magnetic recording |ayer at the recesses in the

ser vdeaeeajinandtheaerakvinhynet ithe iphotiuSicens Ty kee
different from that of the thin filmportions in the
servprateasioRgr thermbiparalaenmagnehiat bdyehenmpime £11lm
inserted 15 between the two or nore magnetic | ayers.

It | BOr§ésreable that the two or nore magnetic |ayers
are exchange-coupl ed. Wether or not the two or nore

magnetic P 8F§159et@xéﬁ&ﬁ§€rcﬁﬂﬁpéém@§ﬁ € GoffEianeed C

heck h | th t
26 T RSEPEaPY Rt BxEhanse. BOORFEL. BUBRFAAR ng Eis%fgneuc

b whi l.e
of k@gh¥HgHgné?? FEB&P&§¥SESthe09 hgkge%agﬁskég lgyers

case ayers are not excnange-c
si ngl;g8ichogpeOstacREkt i RhE- égage EOQHe'§w8bg§'Q%Qe I'n

case that a nultiple-stage | oop 1s obtaine when an
magnetic layers is removed in the magnetic recording
layer at the recesses in the servo area, and
coercivity of the protrusions may be different from
that of the thin film portions in the servo area.
Furthermore, a nonmagnetic layer may be inserted
between the two or more magnetic layers. It is
desirable that the two or more magnetic layers are
exchange-coupled. Whether or not the two or more
magnetic layers are exchange-coupled can be confirmed
by checking the hysteresis loop. In case the magnetic
layers are not exchange-coupled, overlapping loops of
individual magnetic layers are obtained, while in case
the magnetic layers are not exchange-coupled, a single
loop or a multiple-stage loop is obtained. 1In case
that a multiple-stage loop is obtained, when an
asymmetrically loop with its center position deviated
from zero magnetic field is obtained with minor loop

measurement in each stage, it can be seen that the
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25 asymmetrically loop with its center position
deviated fromzero magnetic field is obtained with

m nor | oop nmeasurement in each stage, it can be seen
that the - 10 magnetic |ayers are exchange-coupl ed.
The m nor |oop neasurenment is a nmeasurenent under

whi ch magnetic field is gradually decreased fromthe
saturated nagnetization state,;@nd. the nmagnetic field
is 5 increased again when a nmagnetization reversa
occurs. I n case of exchange-coupling two nmagnetic

| ayenggubaia 1@9@%9%%@ & RNel e—'ctouyie@{es' j %Mbaé loop
the thickness 0of the nonmagnetic |a

| onepeadhecheniBgRel & eb%ﬁ%@n@%ﬁsu%@%rh@W%dH3ﬂ¥§d%tlc
continuous 10 thin film Wen at |east part of two or

nor efragdet sc grbayans y( betrexarpl erodprel |sateirafed WO

| ayers) which are exchange-coupled is renoved by

et chinagnet¢zatgonf startkhe anelc éssemaghlet inagrieflicc is
property changes in the thin filmportions, and
magnébFécppefdagadasyacy e5megniemiaat iohe reversal occurs.

magnetization direction or coercivity changes. In the
medi a7 §F‘ﬁ8eOCO8P‘EP€Pf§§ 6P PHé Y 6tWPu§‘|36ﬁ§tllcs layers via a

ser v ETRar BT g Bl sPng ar go adrePie Fhatd the irg gness
an e!;fculggggﬁﬁgghgt Lregl choth Hh m”%gn‘i“ zati Mne |

direction rusi ns and“t hat Jof ~THEt'h
port h9AsakAeOnE %_(,@czt ueesaﬁgtt hencapp! ying %%91@%'

field which corresponds to the |nterned|ate magni tu e

bet verinceel gl Vi finedf atheepsot pHskoBS aRd bRathet thenetic
layers (for example, upper layer of two layers) which
are exchange-coupled is removed by etching etc. to
form the recesses, the magnetic property changes in
the thin film portions, and magnetic field necessary
to invert the magnetization direction or coercivity
changes.

In the media, since coercivity of the protrusions
is different from that of the thin film portions in
the servo area, by applying large magnetic field using
an electromagnet to direct both the magnetizaticn
direction of the protrusions and that of the thin film
portions to one direction and then applying magnetic
field which corresponds to the intermediate magnitude
between coercivity of the protrusions and that of the
thin film portions, either the magnetization direction

of the protrusions or that of the thin film portions

can be inverted again. As a result, the magnetization
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25 thin filmportions, either the magnetization
direction of the protrusions or that of the thin film
portions can be inverted again. As a result, the
magnetization - 11 direction of the protrusions is
antiparallel to that of the thin filmportions in the
servo area. Furthernore, in case the nedia is | oaded
into a device, by applying thgﬂﬁaxinun1nagnetic field
of a 5 head to the nedia so that" both the
magnetizarion direction of protrusions and that of

(P noL LR B o e Gl 12 one dLiselgn anda,

uh g O SRRPLATC e et A s e

bet ween the "protrusions an

the thi-RnhefhbFeponti ense the mRYNSt i;zatian i ][i%?:}]dé%n

of the protrusions is antiparallel to that o _
t hi ngbish B, peit BERS yiAgt RE S /%A nAke ta JRdiREATRI1Q i 5

case the nedia iIs [oaded into a device, by applying

| ar geedd magnati achiial dot ahkle bRt &hhdSmagnartizarion

el ectromagnet from outside so that both the

magnetirzaciion difr ecbitonsiohsprodr asieone famd inhdt lof

thin filmportions are directed to one direction and

t henPP&VeP8E| Pr&ppPLyERGSImagnetiec direlcdion andeaden

whi ch correigonds to the 20 internedi ate nagnitude

bet weBNCEBEI i FPPy Yof 9t REINGIFSECr dsfdfls Cand PRAC 1 iRe

thin_ filmportions, . the. magneti.zation di.rection_ of

the BPGFPGCBRS 1S A -BACANFET “L6 CRAL L6f oeng SchER™

f"”bB@EEEQ@%y'Bft@ﬁe ﬁ?%%?u@&%ﬁs and that of the thin
film portions, the magnetization direction of the
protrusions is antiparallel to that of the thin film
portions in the servo area. Furthermore, in case the
media is loaded into a device, by applying large
magnetic field to the media using an electromagnet
from outside so that both the magnetizarion direction
of protrusions and that of thin film portions are
directed to one direction and then reversely applying
magnetic field of a head which corresponds to the
intermediate magnitude between coercivity of the
protrusions and that of the thin film portions, the
magnetization direction of the protrusions is
antiparallel to that of the thin film portions in the
sServo area.

Hereinafter, an example of a media whose magnetic

recording layer comprises two or more magnetic layers

which are stacked, and in which, in the magnetic
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25 Hereinafter, an exanple of a media whose nagnetic
recording layer conprises two or nore magnetic layers
whi ch are stacked, and in which, in the magnetic 12
recording layer at the thin filmportions in the servo
area, part of the two or nore magnetic |ayers is
renoved, and coercivity of the protrusions and that of
the thin filmportions are nade %ifierent in the servo
5 area wll be explained. (a) FiL 2 is a sectional
view of a nedia that has a nagnetic recording |ayer

i Si ; r ro, | r . cont i nuous | aye
i oh S T B S A B BRI e Ty e serve
2, amiddy ergmdi ale drayer Bm&d fa JRGNEL | -
recordiér% l ayer 4 th}gét/ c%%'gjri snés areellomerle%rg%ﬁg? l_s
| ayerrebbwant) artdpooatcivyey d2, tWhighor are Shacksd iRat of

this order on a substrate 1. The lower granular |ayer

11 i $hef thien giidnulerr tstonuctare nadavd ot e f@tt examphé, servo
magnetic particles of CoCrPt alloy 15 which have a

gr ai *§canetldr _Rsf eappraoiviamtely 8 nmare dispersed in

a matrix e of oxide such as Si2. The topcoat

| ayer 12 ing‘-‘of it ihuous? stedietanal wirk fof a aredpi ethat

S de of CoCrPt, all oy and does not contain oxide.
ISi ngzlatshea Img\/c\%élretgj'rcaﬁflﬁC{ag]rm[l r VPP e 200G Ghcpranular

A ARG o g e T e ors s gndihie

st ag@eddbatisrd f idJR RAWIG [HGH AR 3 LML U elslayer

referred to as a continuous é};éanu ar couple e(dé&e,t)

medi @, and iat rayreRQW dhRfrdihg MBAiA 4 that comprises a
lower granular layer 11 and a topcoat layer 12, which
are stacked in this order on a substrate 1. The lower
granular layer 11 is of the granular structure in
which, for example, magnetic particles of CoCrPt alloy
‘which have a grain diameter of approximately 8 nm are
dispersed in a matrix made of oxide such as Si0s. The
topcoat layer 12 is of continuous structure, and for
example, is made of CoCrPt alloy and does not contain
oxide. Since the lower granular layer 11 and the
topcoat layer 12 which configure the magnetic
recording layer 4 are exchange-coupled, the hysteresis
loop is of one stage. Stacked films having such layer
structure is referred to as a continuous granular
coupled (CGC) media, and it is known that the media
has an effect of improving recording performance of a

perpendicular magnetic recording media.

According to the present invention, the media



10

15

20

25

25 has an effect of inproving recordi ng performance of
a perpendicul ar magnetic recording nedia. According
to the present invention, the nedia 13 shown in FIG
2 is manufactured by renoving all or part of the
topcoat layer 12 |located at a predeterm ned position
in the servo area to formthe recesses. In the nedia
shown in FIG 2, since 5 coercivity_of the thin film
portions is increased, it 1is poSsible to manufacture
a nmedia in which coercivity of the protrusions is

di f f ehent, firomddat, ofg e?*% Gl tuddd m Ogﬁtra&@fng i

servo area. So as to arger coer

di ff @nencer Qmea%ﬁdmlla%}eeﬂrq@ mya&fd Jé% aglded to
the topcoat |ayer to adjust the magnetic property.

Ref eplriedig te@nfilnied PAHARD Il Gn e the-v@thad of s form the
anti parallelizing the magnetization direction of the

pr ot resiessest.0 timatchef ndud & hinowd lim gardJ ans dimdde

15 servo area showmn in FIG 2 will be explalned

Fi r stlogrcay iglyowrd it eFItGir8A L Iranger tiagreetic fietebded, it
applied to a media using an el ectronmagnet 101 to

di redt BOEKRE gy fstivEZRGtorr &diar éedion 1ot whech coercwlty

t hat of th I t to one
i T et GRS PR T e Redit S TR §70 Htagietiie thin

recordhpg g‘%\é'l%%s( qr V:%)e %E:C\IJODC demagrég)t Iréng gnrg%'}:s Jr§grger

per f or med ESh the Smedi e op osite

a re@@/9%h%§t@e@qf%%%en§%nc%n %df%¥8ﬁ'f3éi‘ﬁ%ﬁy'¥%y be

| ayer left at "the recesses in the servo area
added to the topcoat layer to adjust the magnetic

property.

Referring to FIG. 3A and FIG. 3B, the method of
antiparallelizing the magnetization direction of the
protrusions to that of the thin film portions in the
servo area shown in FIG. 2 will be explained.
Firstly, as shown in FIG. 3A, large magnetic field is
applied to a media using an electromagnet 101 to
direct both the magnetization direction of the
protrusions and that of thin film portions to one
direction. Then, the media is loaded into a magnetic
recording device (drive), and DC demagnetization is
performed on the media in the opposite direction using
a read/write head 102. Since the magnetic recording
layer left at the recesses in the servo area (for
example, lower granular layer 11) is large in
coercivity, the read/write head cannot magnetize the

left magnetic recording layer. Accordingly, the
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25 exanple, lower granular |layer 11) is large in
coercivity, the read/wite head cannot magnetize the

| eft magnetic recording layer. Accordingly, the - 14
structure in which the nagnetization direction of the
protrusions is antiparallel to that of the thin film
portions can be obtained. (b) FIG 4 shows a sectiona
view of a nedia 5 that has a nmggnetic recording |ayer
of the antiferromagnetically coupled (AFC) structure.
This nedia has a soft underlayer 2, an internedi ate

| ayerls ¢ y3ctangd Qnﬁﬁg?%%i%h@?%%@ﬂdﬁlééﬁ@g&(&%gggtion of the

conprises a | ower erromagnet’ c | ayer

nonNpgRetie iRisali s1@nitayRiradd.c 12aRd dMMPRE the thin film
ferromagnetic | ayer 23, which are stacked in this

or depoait imnsukstr ake chtaAnetdhe nonmagnetic net al

| ayer 22, Ru, Ir, Rh, etc. are used. The thickness of

t he nonmagiet i ¢'Iifet &l dheppey 2Zdct izetal twiv ol & media

| ower. The | ower ferromagnetic |ayer 21 15 and the

uppeit hBér hgPagn&ridneltdyer ez raiadstlaciesd ofi &het he
nonmagneti c nmetal |ayer 22 under the .
ant | PEEASREGRBEIOE eCdGalilg CORPEE dHPER ) mekes ativer est atThiis
stabl e when magnetization direction _of .the |ower
ferr@ﬁgjﬁegfg %af@F{anF§r A¥Charal Y Hﬁ?qqmﬁgiﬂtgﬂiayer
upper, f 0 i.¢ :l.ayer s kn gneti.c .
oeordi B ay SO A B gr e e 1 2 S S e @

st agesweWhen (the s .%QﬁclQ%?e@eg§9r%”%%%mﬁﬁn%QHbOXQQg

a hysteresis |oop of only the first stage’is obtaln

In caggetrhe2genher aof upberl gepromadevicated affe@motsne yhich
are stacked in this order on a substrate 1. As the
nonmagnetic metal layer 22, Ru, Ir, Rh, etc. are used.
The thickness of the nonmagnetic metal layer 22 is set
to 2 nm or lower. The lower ferromagnetic layer 21
and the upper ferromagnetic layer 23 are stacked via
the nonmagnetic metal layer 22 under the
antiferromagretic coupling (AFC) which makes the state
stable when magnetization direction of the lower
ferromagnetic layer 21 is antiparallel to that of
upper ferromagnetic layer 23. In the magnetic
recording layer, the hysteresis loop is often of two
stages. When the minor loop measurement is employed,
a hysteresis loop of only the first stage is obtaiﬁed.
In case the center of the loop is deviated from the
zero magnetic field, the deviated amount is the
magnitude of exchange magnetic field, and this fact is

considered to be an evidence of the existence of the
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25 zero magnetic field, the deviated anmount is the
magni t ude of exchange nmagnetic field, and this fact is
considered to be an evidence of the existence of the -
15 antiferromagnetic coupling. According to the
present invention, the nmedia shown in FIG 4 is

manuf actured by renoving all or part of the upper
ferromagnetic |ayer 23 locatedat a predetern ned
position in the 5 servo area to formthe recesses. As
a result, since coercivity of the thin filmportions

S ag gggomgénebﬁcp?%%ﬁﬁh% 0 g%%%f@gg?rgﬁ JpRdi %esent

coercl otru5|ons ffere

fronhﬁb@thEnth%hbhm@dlglsﬁbmgrﬁhO@qeln4th% %%mw%actured
area. 10 (c) FIG 5 shows a sectional view of a nedia

t hat bhasemoraggetilt beceaditngfl ayer upherheg exchargetic
coupl ed conposite (ECC) structure. This nedia has a
softlamderBéyépcztednatnaepmedbaEemﬁaﬁdrp&si&ﬁ@nain the
magneti c recording |layer 4 that conprises a 15

f err dRBEHActreal Apefo3M, thensaee§nesi.c Ast &l Hesyert,331ince
and a soft magnetic |ayer 33 of the granular '
struePBFeivihVcRfaFBesthdRed LA PRIES16N§ed Soflegreased, it

e LErt adiald, VRIS LRSI ety
20 are géghggggﬁﬁg#8h§d1¥l 1%?%rg%@n%9netE a %lthe thin

| ayer eresi’ s 'oop is of "one stage, and 7t
i's fﬂ@ﬂnpggéﬁohgelﬁo%ﬁ%'%b&%o'%régal| as conpared

W t the case of single ferromagnet. Specifically,
Si nce t hech er romRgBekhowsakeisedt idand 1t Re SOMIf a media

magnetic | ayer
that has a magnetic recording layer of the exchange
coupled composite (ECC) structure. This media has a
soft underlayer 2, an intermediate layer 3, and a
magnetic recording layer 4 that comprises a
ferromagnetic layer 31, a nonmagnetic metal layer 32,
and a soft magnetic layer 33 of the granular
-structure, which are stacked in this order on a
substrate 1. In case the ferromagnetic layer 31 and
the soft magnetic layer 33 of the granular structure
are exchange-coupled via the nonmagnetic metal layer
32, the hysteresis loop is of one stage, and it is
known that the coercivity is small as compared with
the case of single ferromagnet. Specifically, since
the ferromagnetic layer 31 and the soft magnetic layer
33 are exchange-coupled, the magnetization direction

is inclined obliquely. As a result, effective

coercivity can be lowered. This structure is known as
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25 33 are exchange-coupl ed, the magneti zati on
direction is inclined obliquely. As a result,
effective coercivity can be |owered. This structure
is known as 16 an ECC nedia. According to the present
invention, the nedia shown in FIG 5 is manufactured
by renoving all or part of the soft magnetic layer 33
| ocated at a predetern1ned_po%k§|on in the servo area
to formthe 5 recesses. As a result, since coercivity
of the thin filmportions is |ncreased |t IS

f !
of tRE EEFol S ona P CArErar B T PoRtena %o?lrn?ﬁéltilmrn the

f""ﬁeaﬁg' H%whnlkh%légr%olgrggnu%%c%% e%e @D %m&Ul g all

e used a magnetic recording layer hav I"ng

magngti gakayek, tae @@@r&a%%we%l&etlélyelraxe%r ao%%@ at a
ferromagnetic layer, which are staCked. In this case,

whenpredevergiakd posipach 6h the kerremagret ite IfRW the
| ocated at a 15 predeterm ned position in the servo
areartoefeem.t hds pecesses, siince coerciiviity off the thin
thin filmportions is decreased, it is possible to
nanufaémupérﬁlﬁéalaS|nncwﬁa@hdeoetcﬂ¢|p@sgﬂbﬂheto
protrusions is different from that of the thin film

por t "R TRATHRE SePgaiar éa. WQGCPdFOFFGFV6t§h@@st§e
sectignal view of a hat ne ic. . . ,
cop SR RGUFASHR bE A Ta=ranEi Faghr EhAr AL Bhs thedr 411m

has g seftundgrkayer 2, .an eanternedlate | ayer 3, and
a magnetic recording lrayer i are stacked in this

order on @u%%ﬁ%&h@&%,lthEQ% may be used a magnetic

recording layer having a soft magnetic layer, a
nonmagnetic metal layer, and a ferromagnetic layer,
which are stacked. 1In this case, when removing all or
part of the ferromagnetic layer located at a
predetermined position in the servo area to form the
recesses, since coercivity of the thin film portions
is decreased, it is possible to manufacture a media in
which coercivity of the protrusions is different from
that of the thin film portions in the serve area.

(d) FIG. 6 shows a sectional view of a media
that has a magnetic recording layer being a multilayer
film. This media has a soft underlayer 2, an
intermediate layer 3, and a magnetic recording layer 4
are stacked in this order on a substrate 1. The
magnetic recording layer 4 is a multilayer film
including a plurality of ferromagnetic recording layer

41 and a plurality of nonmagnetic metal layers 42



10

15

20

25

25 magnetic recording layer 4 is a multilayer film
including a plurality of ferromagnetic recording |ayer
41 and a plurality of nonmagnetic netal |ayers 42 17
whi ch are stacked alternately. According to the
present invention, the nedia shown in FIG 6 is forned
by renoving part of the nultilayer film configuring

t he magnetic recording Iaye[_4:ﬁpcqjed at a b
predeterm ned position in the servo area to formthe
recesses. As a result, since the nunber of |ayers

form he nul_til r _filmi rreduced and,.t hu
coor EParhy S5t gl st S ne e Rhairthss the

s P?%é%@ln% 4 ERRYLACT Whe ﬁwfe@‘i%i & o MinC R 10ereCig 186 rmed

10 of the protrusions is different fromthat of the

t hi npyf ikeopaklyl @asti Bt kG eSenve iakg.r @Qﬁrﬂidﬂﬁf}i&f?fring

the protrusions and thin film portions of the nedia

can haemmagueedcbyetchedimeaduayverent lerpltey ng the

vi brating sanpl e 15 magnetoneter (VSM and the Kerr

ef f eptreneasumémentt postiitliioni ig the msegvet iaceertro form the

effect. The Kerr effect _neasurenent can renove the

i nf| Y8REESEE -t héSsef FesHrGnetile Cleayde. numbease® foflayers

finely adjusting the, oercivhtﬁhof the 20 protrusions

and CRTAFRI MFofHilond 29Tt Re tRagRetitducese 6rd igus

| ayer Oi nctihetser otgr e%hit h%ifl%l | owi. n et hodes Jgan ebe it

enplgyga. fi)ylﬁ et fi g Ba teMcBPF&d gﬁdiﬁgdpg tHe €

rece§§eﬁosg§g§getbsm%ﬁﬁ%%@tbgetgemg%ﬁﬁoq%g@%ﬁb%ld%@?éivity
of the protrusions is different from that of the thin
film portions in the servo area.

Coercivity of the protrusions and thin film
portions of the media can be measured by the
measurement employing the vibrating sample
magnetometer (VSM) and the Kerr effect measurement
utilizing the magnetic Kerr effect. The Kerr effect
measurement can remove the influence of the soft
magnetic layer.

In case of finely adjusting the coercivity of the
protrusions and thin film portions of the magnetic
recording layer in the servo area, the following
methods can be employed.

(1) In etching parts corresponding to the
recesses, damage 1s caused to the ferromagnetic layer.
For example, the acceleration voltage of Ar ion

milling is increased. Accordingly, defect is induced

in the ferromagnetic layer, which reduces the
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25 For exanple, the acceleration voltage of Ar ion
mlling is increased. Accordingly, defect is induced
in the ferromagnetic |ayer, which reduces the 18 -
coercivity. (2) In etching parts corresponding to the
recesses, ions are irradiated. By irradiating ions
with energy smaller than the etching energy, the 5
magnetic property can be changed, In sonme cases, the
coercivity is increased, and in other cases, the
coercivity is decreased. (3) Chem cal reaction such as

oxi dat.i A caused at parts corresponding to the
thing%F?%ﬁygtgdrtions. After etching the recesses, the

thin filmportions 4ie£LHe%ed I AWk Ga7 S as
oxygen or | uorine. Accordingly, chem cal reactions

suchrasese¥isdativaR afref iuekidiatiedn amy Gaused aAling ions
magnetic material of the thin filmportions, and the
magnetict &bepggpemiy lies changeédte letcddimy easesyy,t e
coercivity is increased, and in other cases, the

coer BRghey ics prgpersasedn Prechamapebe dmplsoyed ceses, the
met hod under which active gas is ionized, and thus

i oni £68T&EVILE das 1NSTeREEE) erCed NP tAE Fe ISP 1t & Nise
irradiated to the é% nedi a., Accordingly, there is

br ougRETSBEAE Yan SePEECE3SEE f aci | i tati ng cheni ca

reactionswggn Eh% o%% rré%%de t@g evic%>b%%ﬁg%§ q%

| arge scal'é, e Ccost™ 1o Pr sdiice FHhe et 4 9%

gggg}égl[:%gh%’ 8%?%%%%%‘9%::&%sb'&%d%%n%i ¢SGR ng 1pRdi a
portions. After etching the recesses, the thin film
portions are eqused to active gas such as oxygen or
fluorine. Accordingly, chemical reactions such as
oxidation or fluorination are caused at magnetic
material of the thin film portions, and the magnetic
property is changed. 1In some cases, the coercivity is
increased, and in other cases, the coercivity is
decreased. There may be employed a method under which
active gas is ionized, and thus ionized active gas is
accelerated by an energy to be irradiated to the
media. Accordingly, there is brought about an effect
of facilitating chemical reactions. On the other
hand, the device becomes of large scale, and the cost
to produce the media is undesirably increased.

In the magnetic recording media according to the

present invention, the cross-sectional structure of

the recording track area 1s not particularly

restricted. The magnetic recording layer 4 may be
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25 present invention, the cross-sectional structure of
the recording track area is not particularly
restricted. The magnetic recording |ayer 4 may be 19

i solated, as shown in FIG 7A. Oherw se, the

magnetic recording |ayer 4 do not have to be isol ated,
as shown in FIG 75. Fromthe viewoint of nedia
noise, it is desirable that the;gagnetic recording 5

| ayer 4 be isolated, as shown |n FIG 7A. On the

other hand, it is S|gn|f|cantly difficult to produce a

DTR nediia ddy Whi £hytde, megnetd ¢ WCOV&A}{L% o AYEr 1{ not

isolated in the servo area and the nagnetic recordi i ng

| ayemaghdtsiol atedhning i1 idie 4 espning d¥ack, %@%S&Pated
In case the magnetic recording layer 4 is a recording

| ayerashatiowg art quepat7B.ayexom0rcHd wiasepd e redinged Sa
the ECC nedia, a read/wite head cannot wite since

t he codrsei viitty igf dewelndiilre ftiHan pord inemdtsi d argerding
So, since nmedia noise such as side-fringe is 15
consilddteabldy Heeduicdd t ache a Gwwecitn 6 . st .uctQur ethod

the recording track area and that of the servo area
gﬁ@ udETR t 1 tedch Pt L B tdhowh ST MG tB.pugfluce a

228.“?%2?@{&&%6?1&“ R e t%‘%%”l%e%q%ﬁfn%ﬁér g6 1s not

Showris'oriatla h% V\shrg}gz%etl dclhrég mrgeq{e c ﬁqecordlng

nonmagneti c ayer ich S e reces

mgnatiye i §eOHGIIG tedy @n 14, @4 HY Qte%%tr‘d‘i%g acx_,%r }ﬁq area.

whi ch covers the nmagnetic recordi ng | ayer

nonmagnetise ltaygemaGnetic recording layer 4 is a recording
layer having a topcoat layer, or in case the media is
the ECC media, a read/write head cannot write since
the coercivity of the thin film portions is large.
So, since media noise such as side-fringe is
considerably reduced, the cross-sectional structure of
the recording track area and that of the servo area
may be equal with each other, as shown in FIG. 7B.

In above-described explanation, the magnetic
recording media is simplified to be shown. Typically,
as shown in FIG. 8, the magnetic recording media has
nonmagnetic layer 6 which fills the recesses of the
magnetic recording layer 4, and protective layer 7
which covers the magnetic recording layer 4 and the
nonmagnetic layer 6.

Referring to FIG. 9A to FIG. 98I, one example of

the method of prcducing the magnetic recording media

according to the present invention will be explained.
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25 Referring to FIG 9A to FIG 91, one exanple of

the nmet hod of producing the magnetic recordi ng nedi a
according to the present invention wll be explai ned.

- 20 As shown in FIG 9A, the soft underlayer
internedi ate | ayer, nagnetic recording |layer 4, and a
protective layer 5 are stacked in this order on the
substrate 1. For sirrplificat_iorEzs the soft underlayer 5
and internmedi ate | ayer are not %omm. As shown in FIG
9B, a resist film41l of approximately 200 nmin

t hi ckness .is forned o e raotective | ayer in the
spin coat BSTRER I, ;brrli)d;'r 9%1%%%%&{)&%%?1]?&‘36?'
prOtEH%EQ%%d@%QerQ%%%&QSH%%D. 3E?%£§EEPJ¥% (1t4§§ 4, and a

patterns of the protrusions an recesses 1n

recopdbRgctriaek 1anea and dd Jthe 3.l e @8 d:Ude on the
formed is pressed to the resist 41 under 2000 bar ftor

60 secbsdsate trangber stibglpatiterdisn, 0 tHhedRsigldddlayer
(high pressure inprint). 15 The press machine will be

expl ahAednbeiraklky atEhé ayveressenmachi mhchas a bott om

plate and a top plate formng a die set. There are
stacked, &8 thewhotitromIp| Afe of e afi fislat 41a diUf f er

| ayer made  of pol%ethylene terephthalate (PET) of 0.1

nm i APPHORAMEkReYs 208 Sifbdir &hd ckaessadsefommedt Ieins the
order. The .resist film,surface of the substrate and

t he BGPFSEE VRavPH§ t Re 1pr GFuSPIRs CRAd r e %@%bsébﬁtamper

(ne BioHRGSed pri it BB AL HCL P e

portgRreEpbRBing to the patterns of the protrusions and
recesses in the recording track area and in the servo
area to be formed is pressed to the resist 41 under
2000 bar for 60 seconds to transfer the patterns £o
the resist 41 (high pressure imprint).

The press machine will be explained briefly. The
press machine has a bottom plate and a top plate
forming a die set. There are stacked, on the bottom
plate of the die set, a buffer layer made of
polyethylene terephthalate (PET) of 0.1 nm in
thickness, a substrate, a stamper, in this order. The
resist film surface cf the substrate and the surface
having the protrusions and recesses of the stamper are
so arranged as to face each other. The top pléte of
the die set is arranged on the upper portion of the
stamper, and the bottom plate and the top plate of the
die set sandwich the buffer layer, substrate, and

stamper. Press is performed in this manner. The
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25 stanper, and the bottom plate and the top plate of
the die set sandwi ch the buffer |ayer, substrate, and
stanper. Press is performed in this nmanner. The 21
retention tinme of 60 seconds corresponds to the
novenent tinme of the resist. As shown in FIG 9C

after the press operation, the stanper 51 is renoved
usi ng vacuum tweezers. 5 Slnce:ghe Stanper 51 has
fluorinated parting agent coated t hereon, the resist
41 is not attached to the stanper 51. Since the

el OBk <BhoRERL CUSLORS 00 s LeqBInes, o PALLA NS Lo

PNt “process s ° Sapproxiivat €l

t he REthEPEC%Qﬁ%So%f 1Q r r§§| st residue Ieft at t he

recesses o the transferre patter ns i s appr oxi mat el Yy
120 nm  Agsshoewan N FlEGG 90c,r 65ty 83 %&%éss Jmmed,y,

by oxygen gas reactive ion etchlng (RIE). As plasma
sour eke bhempeducti vel yeﬁq@waldedlspln@sWacuuﬁP)twtefé&texf‘san

15 generate plasma of | ow pressure and high density is
desi fabke. tOr shempehleblhand, filkereheckcopacydingt raent
resonance (ECR) plasma, or a commonly used normal type

R E gegfed ﬁﬁ?rﬁénenﬁlhéyééﬂlsﬁ t8i ¢ sempsdicksrchechgo the
| CP etching device is used, wi.th the chanber pressure

20 s&F3FBe3nrTorr SiRREI Ehehdedait RE BAQ P&t en sRe %

t _to 100 W t Et chi d out f
30 SERORISSoaRl PG FaLRSEoFREraiy HiEch TPE far REBoER Lo

the LEGESSERALR1LNGA UBr HAL BT 0GRSS 'imf%%ec%ges% of

perfo ng {'h ching, the p{otectlve I ["6cated
resist residue left at the recesses of the transferred
patterns is approximately 120 nm.

As shown in FIG. 9D, resist residue is removed by

oxXygen gas reactive ion etching (RIE). As plasma
source, the inductively coupled plasma (ICP) that can
generate plasma of low pressure and high density is
desirable. On the other hand, the electron cyclotron
resonance (ECR) plasma, or a commonly used normal type
RIE device may be employed. In this embodiment, the
ICP etching device is used, with the chamber pressure
set to 2m Torr, while the coil RF and platen RF is set
to 100 W respectively. Etching is carried out for
30 seconds, and the resist residue which is formed at
the recesses in the imprint process is removed. By
performing the etching, the protective layer 5 located
at the surface of the recesses can also be removed

along with the removal of resist residue.

As shown in FIG. S%E, after removing the resist



25 at the surface of the recesses can al so be renoved
along with the removal of resist residue. As shown in
FIG O9E, after renoving the resist 22 residue, using
the resist 41 |ocated at the upper portion of the
protrusions of the patterns as an etching mask, the
magnetic recording layer 4 is etched. In the present
invention, at the recesses of 5,4he_patterns, the
magneti c recordlng | ayer 4 is etched under the
condition that entire part thereof is not renoved so

t hat Ifé%rltdlfeher,%q_fnd S(:Heﬁfrtesfg}: eétfgln@c%\arg&? yatgrpeti%er

recording Iayer 4, i ng usin ion ~bea

i on midddirg) JdfS tdRsigrall@siOhd @f at ngé@cé‘&a&d,aﬂ%

using A gas or mxed gas of CO and N

enpl eyethinon meade afheenld tig: Ridedisd gy rmax@k gas; g of

CO and NH3, as the etching nask, hard nask made of

such eé;s:hﬁd Tdn \Whea P rtes doet usedandzmrcasaet siioh Ridedses of
enpl oyed to etch the magnetic recording layer 4, there

15 i $heoPded 6 S apde mqn@etlm Steassicing deyarecesiseset ched

f th netic recordln ayer 4. In this
embodi gt £ etl‘?é’ Shesc ety IR “hausof is not

g;gg%gg]%@egys %y;%% . éhla%%? :1'54 nder whi cchhlngy e

can be Stc

Setthﬁ%n%QQCZQe%%&%l gaﬁlgabvqlt%g? @fgg?df %QggﬁbWﬁm

varing‘the ion ‘incid from

in FbeamIRarafiber neighindg tke JRaneid e, r %ortd{e{z%ther

| ayer 4, the resist 41 used as the etchlng mas

removedd, | R1I6a%e igenenalaRhetorasied das W¥e®0 and NH3 may
be employed. In case of employing RIE using mixed gas
of CO and NH3, as the etching mask, hard mask made of
such as Ti, Ta, W has to be used. In case such RIE is
employed to etch the magnetic recording layer 4, there
is formed no taper on the protrusions and recesses of
the magnetic recording layer 4. 1In this embodiment,
the magnetic recording layer 4 is processed by
employing Ar ion milling under which any material can
be etched. Etching is performed by setting the
acceleration voltage to 400 V, and varing the ion
incident angle from 30° to 70°

As shown in FIG. 9F, after etching the magnetic

recording layer 4, the resist 41 used as the etching
mask i1s removed. In case general photoresist is used,
the resist can be easily removed by performing oxygen-
plasma processing. In this embodiment, the resist 41

is completely removed using an oxygen-ashing device by
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25 the resist can be easily renoved by perform ng
oxygen- plasma processing. In this enbodi nent, the
resist 41 is conpletely renoved using an
oxygen-ashi ng device by 23 perform ng the processing
of 5 mnutes under the condition of 1 Torr and 400 W
Along with the renoval of the resist 41, the
protective |ayer 5 | ocated at e surface of the
protrusions is also renoved. On the other hand, in
case SOG is used as the etching mask, this process
has I ' | uord nat %
fluo %ﬁ?&%@?ﬁ%ﬁé’%@ esnlgr zﬁﬁ)eg, r}?lnn ‘?q%ﬁi%ﬁ-e the

wat ecowashiing Ras it adie PRI faroed sines R O adld removal
such as H2SO4 may be raised 10 due to the reaction

W t hofatcere irfestike atlnosphent.ot A iShowaydy A GoQFed at
after renoving the resist 41, the protrusions and

r ecesdes sare afdd loegfid tiniet Ip idter u snemmagieetd Issd ay@toted .Thedon
coating processing is perfornmed by formng a film of

non- ignethe rmiieerd,alin HRsem@Qsyiley udeel Bisashe etching
sputtering nethod or general sputtering nethod. The
non- Ragifet it& 1FaPEACRS S R S © Wl s dvedtidd YSiga
oxi de_such a i 2, Ti X, 203, nitride such as

Si 3N%,1URFN,“5‘ ieﬁ, 9%Earbi % ﬁla?ra}él&ﬁeé 9350r iHes siith as
BN, el ubst an uch as C,. Si. 20 .The bia

sput t(taj g%g%%%%t’héé iwg] %é:%nect@ﬁgd "G wvﬁﬁs%clt?ga hassugcsoc M e

is bi i l-myi-s for, S terdng, hG -
I'S b@%ﬁ%@rﬁ%_@il l%ln'ce HES Jf0TBd Ry SRy rlr-gtéer gériavﬁg'r?céq raised

can easily fi the recesses wth the

f or maaef iclom: neN Aeli@ tatdhery iRaNdhat e NG (Hes SR HL S,
substrate due to the substrate
As shown in FIG. 9G, after removing the resist

41, the protrusions and recesses are filled with the
nonmagnetic layer 6. The coating processing is
performed by forming a film of non-magnetic material
employing the bias sputtering method or general
sputtering method. The non-magnetic material can be
widely selected from oxide such as SiOp, TiOyx, Al503,
nitride such as Si3Ng4, AIN, TiN, carbide such as TiC,
boride such as BN, element substance such as C, Si.
The bias sputtering method is a method under which a
substrate 1s biased and a film is formed by
sputtering, which can easily fill the recesses with
the material and form a film. On the other hand,
since dissolution of substrate due to the substrate
bias and sputtering dust are prone to be raised, it is
desirable that the general sputtering method be

employed. In this embodiment, sputtering is performed
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25 bias and sputtering dust are prone to be raised, it
is desirable that the general sputtering nethod be
enpl oyed. In this enbodi ment, sputtering is perforned
24 by applying DC 500 Wto a C target under 9 Pa.
When observing the surface of the discrete track
medi a on which the nonmagnetic | ayer 6 of
approximately 100 nm in thick s is forned using an
atomc force 5 mcroscope (AFM, the coating
processing is desirably carried out with Ra = 0.6 nm

wher ¢, [ ek, aan, be. Badhy « Seen. the PLOLRl 0ns Aand e

recesses. ot her hand, i ng can

per f @R AV L IRlO T -2 SR t¢RA 1 My 3G ENE P! on

of revolutions for spin coating is 10 adjusted to

det eiymiike the hingkness %0 1thalr te MY et AN 100 nm
recesses formed by etching are conpletely filled.” As
showini mhElcGnedld, iaf tferrnfear nisigidt ey atenmmgretrice | ayer

6, etch-back processing is performed 15 until the top

of t Hécposicopsi dATMf, tthe ragisnioc precesdiimg lisyetesfirably
are exposed. The roughness (Ra) of nedia surface

af t eF3fKe 6t CNthAEk N &a0 76 Onif Tt Wiheredddisrgplcan we hardly

t he etch-back processing be perfornmed by enpl oying Ar

ioﬁ SR g.e @%O;%ﬁéls I %r aﬁ‘ggdﬂeqeﬁsf@'caéél 31‘81(91 %’&ﬁl r hand,
ti teri ch as Si i S, used RILE usi_n .

coat g TNIIIY UCRAR IR I dne R e S goat

1 on guyn s a%?% Q%g%%&l%&eQEJ&ing&ﬁﬂiﬁap%hggp%wéﬁy%g is

mlling is perforne or ten mnutes

acceberalsien ol ree rithet @rE0@nY AR & d @hat the
protrusions and recesses formed by etching are
completely filled.

As shown in FIG. 9H, after forming the
nonmagnetic layer 6, etch-back processing is performed
until the top of the protrusions of the magnetic
recording layer 4 are exposed. The roughness (Ra) of
media surface after the etch-back is 0.6 nm. It is
desirable that the etch-back processing be performed
by employing Ar ion milling. On the other hand, in
case silicon coating material such as SiO» is used,
RIE using fluorinated gas can be employed. Etching
using an ECR ion gun can also be employed. In this
embodiment, ion milling is performed for ten minutes
with the acceleration voltage set to 400 V and the ion
incident angle set to 30°, and the etch-back
processing is carried out until the top of the

protrusions of the magnetic recording layer 4 are
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25 incident angle set to 30, and the etch-back
processing is carried out until the top of the
protrusions of the magnetic recording |layer 4 are 25 -
conpl etely exposed. As shown in FIG 91, after the
etch-back, the C protective layer 7 is fornmed. In
formng the C protective layer 7, it is desirable
that CVD be 5 enployed to forma-filmso as to attain
desirable coverage for the protrusions and recesses.
The C protective layer 7 may be forned by enpl oyi ng

Sput @fi1@ +Q1 @qgﬁggeq]epositi on. In case of enploying
CVvD, a C fiﬁﬁ1containing much sp3 bonded carbon is

10 formed.ad sraae therfd ] mt higknesscis @Qé‘ﬁlbé@kz AR C

or

| ower, the coverage becones undesirable. On the

ot helprlmama(d:tllvme daset e ifd |foddddkness fsrmequal tk® ¢ 10
nm or hi gher, the magnetic spaci ng between the

r eadbwoitteg thead lanyet Wo nediis ide emarlgedHax |OWRIod he
15 SNR, which is also an undesirable case. In this
exanﬁﬂ@lotyﬁ@l Goprf@tréfbtai Vid Imayesy @B dfo ®tfradim detﬁlctkatebes
is formed b on|n the CVD. Furt hernore,

| ubr CEXETA eI er HNE ERASP IS & h@émbrp?rﬁsefﬁﬁ ve T}iﬁ/é‘r

th ssure i nprin
nethg§°Q§CEE§F§g§§'ggggﬁbg&§%b|§%ﬂwﬁ{ rgF‘rﬁﬂlnt
met hads . ¢an 1he %rfp'v%%%!% JBYLL yfiaghuri ng, tc%ex"aog{hemp oying

recording nmedi'a of the pres

i nventi on.

conf cgur, aki oot ithe @ritks iMINGIIRE sp3 bonded carbon is

formed. 1In case the film thickness is equal to 2 nm
or lower, the ccverage becomes undesirable. On the
other hand, in case the film thickness is equal to

10 nm or higher, the magnetic spacing between the
read/write head and the media is enlarged to lower the
SNR, which is also an undesirable case. In this
example, the C protective layer 7 of 4 nm in thickness
is formed by employing the CVD. Furthermore, a
lubricating layer is covered on the C protective layer
7.

In this embodiment, the high pressure imprint
method is employed as an example, while other imprint
methods can be employed to manufacturing the magnetic
recording media of the present invention.

Next, the configuration of the drive using the
DTR media according to the present invention will be
explained with reference to FIG. 10 briefly. FIG. 10

shows a schematic perspective view of one example of
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25 DTR nmedi a according to the present invention wll
be explained with reference to FIG 10 briefly. FIG
10 shows a schematic perspective view of one exanple
of 26 the magnetic recording device according to the
present invention. This magnetic recordi ng device has
a housing 70 which has arranged therein a nagnetic
disk 71, a head slider 76 incl ging a magnetic head,
a head 5 suspension assenbly ( uspensi on 75 and an
actuator arm74) that holds the head slider 76, a
voic% COI circuit, board.

nagnep gg%&l§0§§¥§lpr g%vﬁ§€‘§fc?fd|§g @&“ﬁQﬁjQQ§sent
o SPil %gtqgkor %%l%o”g%nﬁ%H%;% co%%Qn#Odéyiégkias a

dlgltal ata is witten-thereto

per pﬁaqlscmbanomga%w %arse%qrr%@%dﬂ%%%mmerdz%%t c disk
slider 76 has built therein a magnetic head of “conpl ex

type7that heekudes darwiiet @ nheadiiely theagrerald Giead, a head
nonopol e configuration and a read head using a shiel d-

15 t gpepraghienoreasiesbilye (@Ml skead ienemdntangisantactuator
magnet oresi stive (GWR) film tunneling

nmagnetor ési sthes CPVRE fhlemhegidc s)lidehre 7$uspensiigr 791l

is held at one end of the actuator arm 74, and the
head™8FPderl Ve i d so2R€l @ &3 Ty iffabe2Re recording 20
surface of ,the magnetic, . disk 71 by the suspensjon 75.

The act ualt‘r(]?F PR PA G dﬁ%&‘eo‘dtlg eﬁlev&tra 3 “*ﬂﬁjelda\)o:jée is
il 7.
col gﬁh Q% ( gw% %E hﬁharran%% 73n tg&o%ré%ﬁ,7o

the a uator arm € VOI CE cai

drives tRgshaadis$usPaRsi:on sas38akly, t%QQe%%t%yt%%ploying

the perpendicular magnetic recording method. The head
slider 76 has built therein a magnetic head of complex
type that includes a write head of the magnetic
monopole configuration and a read head using a shield-
type magnetoresistive (MR) read element (giant
magnetoresistive (GMR) film, tunneling
magnetoresistive (TMR) film, etc.). The suspension 75
is held at one end of the actuator arm 74, and the
head slider 76 is so held as to face the recording
surface of the magnetic disk 71 by the suspension 75.
The actuator arm 74 is fixed to a piveot 73. The voice
coil motor (VCM) 77 is arranged on the other end of
the actuator arm 74. The voice coil motor (VCM) 77
drives the head suspension assembly, and sets the
magnetic head at a position of an arbitrary'radius on
the magnetic disk 71. The circuit board has arranged

thereon a head IC, and generates a drive signal for



25 magnetic head at a position of an arbitrary radius
on the magnetic disk 71. The circuit board has
arranged thereon a head IC, and generates a drive
signal for 27 the voice coil nmotor (VCM 77 and a
control signal for controlling the reading and
writing operation by the nagnetic head. EXAMPLES 5
The present invention will be | ai ned in detai
referring to exanpl es of enbodinents. (Exanple 1) In
the present enbodi nent, the DIR nedi a whose servo

area tl?l%s vtoqg eSt ou_t%,:] g{oec Cbs?%b@n 17!:7I t%hnoz a! fsciolngtnr daelr | saJ'y%'}a 1l for

manufact ured. Su € so

2 madenefroaZmnip t%Vir%ﬁﬁdjiM%Qnol%%ﬁy&titm boif the

intermedi ate | ayer 3 nmade of Ru having a ness

20 nmagaRrd itheexgnetic recording | ayer 4 that
conprises the | ower granular |ayer 11 nade of 15

CoCrPt-Si 02 having a thi cknessaMEFLH® nm and t he

topcoat |ayer 12 nade of CoCrPt having a thickness of

10 nm ar e Tdraskeadant tiniverdridey .wilhlerhe @@ fiddnirs detail
formed as a protective |ayer. After formng the DLC

fil mrefRé TrAGnéO EXedrded if [eapadimens sprocessed by

20 enpl oyi the inmprint nethod. In this processing,
only the ﬂg%@ il gser 12 is etched with the etching

cont Set 0 i WA AR LR TR D s

mMagngkkG ol §¢@EdNAg kA¥estructure shown in FIG. 2 is
manufactured. On the substrate 1, the soft underlayer
2 made of CoZrNb having a thickness of 120 nm, the
intermediate layer 3 made of Ru having a thickness of
20 nm, and the magnetic recording layer 4 that
comprises the lower granular layer 11 made of
CoCrPt-Si0Op having a thickness of 10 nm and the
topcoat layer 12 made of CoCrPt having a thickness of
10 nm are stacked in this order. Then, a DLC film is
formed as a protective layer. After forming the DLC
film, the magnetic recording layer 4 is processed by
employing the imprint method. In this processing,
only the topcoat layer 12 is etched with the etching
depth set to 10 nm, thereby obtaining a media having
the structure shown in FIG. 2.

As shown in FIG. 2, the magnetic recording layer

4 is not completely separated in the depth direction,
and coercivity of the protrusions is different from

that of thin film portions. 1In the present invention,
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25 4 is not conpletely separated in the depth
direction, and coercivity of the protrusions is
different from that of thin filmportions. In the
present invention, - 28 the |ower granular |ayer 11
and the topcoat |ayer 12 are exchange-coupl ed. The
coercivity of the protrusions having the | ower
granul ar layer 11 and the top t layer 12 is 4 kCe,
while the coercivity of the 5 thin filmportions
having only the |ower granular layer 11 is 5 kOe. In
th'Stﬁ@yio§%QC%r%%%l%Qeﬁ%l%&tﬁl %&J[y%éryéégdlgnla r 12
portions whose ‘topcoat layer is Trenoved i ent argéﬁf

and bhe BRgRehiGe-SRAGIRY .I S THNERASES: thNer the
magneti zation direction of the thin 10 fi'l m portions

cannptobeustvest adviyigragretionelr elrdnefiara rgad/ Wi thd the
head. On the other hand, the nmagnetization direction

of t heppretr lsivems 1€anshd kiomyemthed eby hragnretrcd it df the
of a read/wite head. DC demagnetization is perforned

on t RE1DTRIABAPAL ti®NsahiaNg ngaiod 19t thet dceveim qureaular
direction using a powerful electromagnet. Then, the
DTR rBdFa i3 FSadedCeint dnathdgnetive BédGEdithe dosrsEvity
(drive),.and. DC _demagneti,zation is perforned on the

DTR ﬁngBei ghﬁﬁeflngg§irFé08isr é’gﬂsﬁnelﬁ’ﬁcﬁjtalayer is

r ead j head [ 20 gneti zation.directi.on af

e TRoRUEA TR BBl AMRORRE PR A 5 Ry 1

readiyriteshgadiddetbgnenlarged %gﬁgﬁkgkéybfikhksthin

possible to forma structure in . .
magnet i aapbeBidhseehh8BrObet RBveREREN BS BRSNS ic field of

antiparallel to that of the thin film
a read/write head. On the other hand, the
magnetization direction of the protrusions can be
inverted by magnetic field of a read/write head.

DC demagnetization is performed on the DTR media
having said structure in one direction using a
powerful electromagnet. Then, the DTR media is loaded
into a magnetic recording device (drive), and DC
demagnetization is performed on the DTR media in the
opposite direction using a read/write head. Since
magnetization direction of the thin film portiocns
cannot be inverted by the read/write head due to
enlarged coercivity, it is possible to form a
structure in which the magnetization direction of the
protrusions is antiparallel to that of the thin film
portions in the servo area. When observing a servo
readout signal from the drive using an oscilloscope,

amplitude of 90 mA can be seen.



25 portions in the servo area. Wen observing a servo
readout signal fromthe drive using an oscill oscope,
anpl i tude of 90 mA can be seen. 29 - (Reference
Exanpl e) Servo witing is performed on a genera

per pendi cul ar magnetic recordi ng nedia, not a DIR
medi a, which is not etched and has a continuous film
5 Then, the general recording pedia is |oaded to a
drive. The signal output of the drive is 100 mA
(Conpar ati ve Exanple) As a conparative exanple, a

conventi onak rBTB, R @LA S cJRNUf act ured by conpletely
etching a magnetic 10 recording layer in the servo

area to fgefvbeaessesgwikhpbheceineli be deplhesell to 20
nm DC demagnetization is perforned on the DIR nedi a
havi pgrpsaddcsfructhageethconecdrrdeatyi nadisi, ngod a DTR
powerful electromagnet. After |oading the DIR nedia
i nt omadig, dvhieh assapvoetrehdduendi §pal aotobOimious film.
observed. In case servo witing is perfornmed on a
cont tREBusthE| AfRGTaér Y8CSrghRE M§dfgr AedlBydapwaeda
magnet i zati o +1) and downward _magnetization (-1).
n tﬁ@lg?her@ﬂéna%gﬁg f BREPHE eénggﬁtpéhgﬁ B?RSHQdWQ;
20 a serv Lgnal . i.s _farnmed.by magnetization (+1) and
no nagne?F§§%F%ﬁt68f.gﬁ8@8}8¥nglyz in principle, the
servo si gpal aoebaggrafcib ecqanyent gn%n@_zﬁt%%g DR
mal ne i 'm

hal f that of a no ia having a continuous

undegéfabl Ys Bnbhgcetiped Bandomple€anybetsgeAqt Bahagnetic
recording layer in the servo area to form recesses
with the etching depth set to 20 nm. DC
demagnetization is performed on the DTR media having
sald structure in one direction using a powerful
electromagnet. After loading the DTR media into a
drive, a servo readout signal of 50 mA is observed.

In case servo writing is performed on a

continuous film, a servo signal is formed by upward
magnetization (+1) and downward magnetization (-1).
On the other hand, as for the conventional DTR media,
a servo signal is formed by magnetization (+1) and no
magnetization (0). Accordingly, in principle, the
servo signal output of the conventional DTR media is
half that of a normal media having a continuous film,
undesirably. On the other hand, it can be seen that,
even 1if output is slightly lowered as compared with

the continuous film, the DTR media in the example 1

can obtain a servo signal output that is twice that of
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25 even if output is slightly lowered as conpared wth
the continuous film the DIR nedia in the exanple 1
can obtain a servo signal output that is tw ce that of
- 30 the nedia in the conparative exanple. It is
desirable that only the topcoat layer is renoved wth
the etching depth set to 10 nm In case the etching
depth is set to 5to 15 nm _a bffgrence 5 can be made
bet ween coercivity of the protrusions and that of the
thin filmportions, and simlar effect can be

obtai ped, & Pxarpl g,2) LoLbe: presepLygapodi ment t he

DTR medi a serv ar ea structure shown

in FIG 4ItslsnﬁggiggEYEegha€h05@9 sHBstbRkeat, 1bher is

soft underlayer 2 made of CoZrNb  having a thicknéss

of 12Onspedthechi phersedhabg Hayen tseedol agenn.3 madease
of Ni FeCr having a thickness of 20 nm and the

magnehé celdhtegoddpny fayeetdtovhat toopr heesat Heflfewence
ferromagnetic |layer 21, the nonmagnetic netal |ayer 22
nmadecaf e thagengetwesnckaessivtty. sfnreandothesdpper and
ferromagnetic | ayer 23, are stacked in this order. The

| onethaerebnblghethen| AybR partsons mupbf| a)BLLIAEI MEfegt can
[Co(0.3 n /Pd 1.0 nm]5 having five Co filnms of 0.3
nn1a?% 2% fl|nB of 1.0 nmwhich are stacked
aIternateI¥ er ferromagnetic layer 23 is a

mul ti | ayer T ch?o.s nm/Pd(l.0 nm]10 having ten

Co films 95 Qhé B?b@@ﬁttgﬁbggiEEhE§ QBelDQRn%bWHBC@hose

servo area has the structure shown in FIG. 4 is
manufactured. On the substrate 1, the soft underlayer
2 made of CoZrNb having a thickness of 120 nm, the
intermediate layer (seed layer) 3 made of NiFeCr
having a thickness of 20 nm, and the magnetic
recording layer 4 that comprises the lower
ferromagnetic layer 21, the nonmagnetic metal layer 22
made of Ru having a thickness of 0.5 nm, and the upper
ferromagnetic layer 23, are stacked in this order.

Thé lower ferromagnetic layer 21 is a multilayer film
[Co(0.3 nm)/Pd(1.0 nm)]g having five Co films of

0.3 nm and five Pd films of 1.0 nm which are stacked
alternately. The upper ferromagnetic layer 23 is a
multilayer film [Co (0.3 nm)/Pd(1.0 nm)]lip having ten
Co films of 0.3 nm and ten Pd films of 1.0 nm which
are stacked alternately. Then, after forming the
magnetic recording layer, a DLC film is formed on the

magnetic reccrding layer as a protective layer. After
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25 are stacked alternately. Then, after formng the
magnetic recording layer, a DLC filmis forned on the
magneti c recording |layer as a protective |layer. After
- 31 forming the DLC film the nmagnetic recording

| ayer 4 is processed by enploying the inprint nethod.
In this processing, only the upper ferromagnetic

| ayer 23 is etched with the e%ﬁhiqg depth set to 13
nm thereby 5 obtaining a nedia having the structure
shown in FIG 4. In this enbodi nent, the | ower

fe”%’g%ﬂﬁ{:ye%g BEL fﬂﬁ”?ﬁ%%aﬁﬂ@%&o@ EI?QF\%} il%é/rer 4

| ayer via the no AGtI C

22 umgegreegstgdagyltﬁbte ggethe gagethegmeéﬁgh l&n this
this structure, coercivity of the protru3|ons bECOﬁES

|argﬁr@é@sé@nbheonapttB@rGFﬁBQn@kaoﬁ@Qﬁbtﬂ@ 1whelre 23 is
coercivity of the thin filmportions becones snal

si ncetchatli véthonagnetchiequpkpnyg deestnofl3aat, thereby
therein. 15 Coercivity of the protrusions is 4 kQCe,

whi | ebteoeiogvat pedfiat hevihgnthel arporthossshewb. 8n

kCe. DC demagnetization is performed on the media

havi AgGsafd structure in a manner sinlar to that in

t he exanpl e 1 After | qadin the medi a |nto a drive,
20 a servols Qﬁélepﬁpgﬁ§ﬁf§'oF heo lpKets 85§QW@&@etﬁﬁé&ayer

h d d
S phoabd, AL BERER bR RA0RRE 1coh aPek ato N stacked
S'Q”@La'ghénﬁbBM ﬁ@@gésmégghllayEQeZQeﬁﬁBQr'§hEhat

sl nce parts of coerclvit
antlferromagnetlc coupllng (AFC). 1In this structure,

coercivity of the protrusions becomes large due to the
antiferromagnetic coupling, while coercivity of the
thin film portions becomes small since
antiferromagnetic coupling does not act therein.
Coercivity of the protrusions is 4 kOe, while
coercivity of the thin film portions is 1.5 kOe.

DC demagnetization is performed on the media
having said structure in a manner similar to that in
the example 1. After loading the media into a drive,
a servo signal intensity of 70 mA is observed. When
etching is performed to the depth of 5 to 15 nm,
similar effect can be obtained.

In this case, the signal intensity becomes small.
The reason is that since parts of small coercivity
correspond to the thin film portions, the magnetic
spacing becomes large, which prevents complete

demagnetization by a read/write head.
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25 correspond to the thin filmportions, the magnetic
spaci ng becones | arge, which prevents conplete
demagneti zation by a read/ wite head. 32 - (Exanple 3)
In the present enbodi nent, the DIR nedia whose servo
area has the structure showmn in FIG 5 is

manuf actured. On the substrate 1, the soft underl ayer
5 2 made of CoZrNb having a _thigkness of 120 nm the
internedi ate | ayer (seed |ayer) made of PdSi O havi ng
a thickness of 20 nm and the magnetic recording |ayer
4 that co réseﬁ t%g ferromagnetic | ayer 31 being a
mul tilayer film[Co(0.3 nm/Pd(l.0 nm]5, the 10

nonnmagnet irg %%%a%r%%%%ﬁ et Pd¥e i 48 S0Hose
of the

magnetic | ayer 3 granul ar structure are

stackedvbnatkBeshakdehe Ehelctafkesnbonming pite 5 is
magneti.c recording layer, a DLCfilmis formed on the

magnethafrecardidng bayeheasudspratectli,vehleayerf.t Aniderlayer
15 formng the DLC film the magnetic recording |ayer

4 i8 perdeesfefoByNbhbaivapoi at tiechoessl wft Ri29Y nm, the
processing, only the soft magnetic layer 33 is etched

wi t hinheraeghiphg depel deeedoleysrnm3 mageelpyf PASiO having
obtai ning a nedia _having the structure shown in 20
FIG.aSFhEﬁkPﬁésppésgﬁtn@wbé&ﬁnéﬁ@,m@ﬁ@eFéFréﬁﬁﬁﬁ@HWQ layer

| aven Bhatnlehle BEAL RIS Bl Ak 30 e eshange,

the RCEe$iLYEtUEe 1nTREoTBIRCHLS /BRGNS Rh)hAYehnd 1S
nonmagnetic metal layer 32 made of PdSi, and the soft
magnetic layer 33 of the granular structure are
stacked in this order. Then, after forming the
magnetic recording layer, a DLC film is formed on the
magnetic recording layer as a protective layer. After
forming the DLC film, the magnetic recording layer 4
is processed by the imprint method. In this
processing, only the soft magnetic layer 33 is etched
with the etching depth set to 6.5 nm, thereby
obtaining a media having the structure shown in
FIG. 5.

In the present embodiment, the ferromagnetic
layer 31 and the soft magnetic layer 33 are exchange-
coupled vié the nonmagnetic metal iayer 32, forming
the ECC structure. The magnetic recording layer 4 is
provided with the thermal fluctuation resistance that
fulfills KuV/kT = 110. 1In general, Hc of the magnetic

recording layer which can attain the value is
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25 provided with the thermal fluctuation resistance
that fulfills KuW/ kT = 110. In general, He of the
magneti ¢ recording | ayer which can attain the val ue
is - 33 approximately 8 kQOe, which is significantly
high. On the other hand, since the protrusions of the
ECC structure have their magnetization direction
inclined obliquely as conpare ith a direction
perpendi cular 5 to the filmsurface, effective
coercivity is reduced. Accordingly, the magnetization

direﬁ%%ggxg&aEgﬁy @rgb%usugq%hcﬁger?g%#&ﬁk%nﬁﬁél%igh. On

[
i nver using a head that "can Wi t

oper 8h:0Bthert RenbBgRghice +heCeradicigsiayel ¥ thk@d n
coercivity. On the other 10 hand, since the thin film

port seRscaneendhveubhect magnkhe zaxchange re@upldmdnclined
the magneti zation direction of the thin filmportions
cannoblbguehyertedonpamgdt e thhead.irBC tdemgretdezatiicnrl ar
is perfornmed on the nedia 15 having said structure in

a mahfeEhsi Hilar susfeker edferhé vexamplre iVitaf tier reduced.
| oading the nedia into a drive, a servo signa

i nt efASFPYI6PI8Y mAPRsMEEEEvEa 1 PRe AL recEiong ofs the
perforngd to the depgh of 5.to 1% nm, sim/lar effect

can BECOBUSLRBE. CAB0PFERAMPLE A LY LAESHESemSing @ head

oo JPTbnt IE: PIETRILE MO8 300K BECR IR

strucbure Sl a

subs t ft. rupd ayer f r
o e A BB BRI b IR L OO e otnes

hand, since the thin film portions are not subject to
the exchange coupling, the magnetization direction of
the thin film portions cannot be inverted using the
head.

DC demagnetization is performed on the media
having said structure in a manner similar to that in
the example 1. After loading the media into a drive,
a servo signal intensity of 80 mA is observed. When
etching is performed to the depth of 5 to 15 nm,
similar effect can be obtained.

(Example 4)

In the present embodiment, the DTR media whose
servo area has the structure shown in FIG. 1 is
manufactured. On the substrate 1, the soft underlayer
2 made of CoZrNb having a thickness of 120 nm, the
intermediate layer 3 made of Ru having a thickness of
20 nm, and the magnetic recording layer 4 made of

CoCrPt-Si0O» having a thickness of 20 nm are stacked in
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25 internediate layer 3 made of Ru having a thickness
of 20 nm and the nagnetic recording |ayer 4 nade of
CoCrPt-Si 02 having a thickness of 20 nmare stacked in
- 34 this order. Then, a DLC filmis forned as a
protective |ayer. After formng the DLC film the
magnetic recording layer 4 is etched to the depth of
13 nmby the inprint method,_ thgrehy obtaining a nedia
5 having the structure showmn in FIG 1. DC

demagneti zation is perforned on the DIR nedia having

sai di§t LUGLULE 'nT%%%tﬂEr%%Ei%@&H§H@gf%rnEQM§ff%

electronagnet Then magnetized in

the pppesictevdi nagkiron ugiRg ao&&nrigllehféemC B&I1RY the
large in magnetic spacing with the head, the

magnebbaatien réicbeatingn 1efyetrh@ proOe@S$ clds tR0tthe depth of
inverted by the head. After loading the nedia into a
driveé3 amséyvohsi gnalriinnt eeshby, ofth@teik obtalisemnged media
Wien etching is perforned to the depth of 5 to 15 nm

15 shaviae éhrestreahuse ebrainnéd. FIf.cdse a signal of

20 MHz is witten to the recordln%,tracks of the .
recordlng ﬁe@@@agpﬁé*§@§ﬁﬂn 1SuPSEE ogmefo@rmAhies DTR media
neaer In_c rotrusions are. nagnetlzed

such8¢189:§5Rv nFF5H5¥u5$Rl§OOH§d|&reﬁ wWAPcHSERE 2
recoggwegfh@ysgec%rgaHBBSke'yTpgﬁpa&%geg RN tﬁ%ad%%th

di rection € SErvo-area e’signal”"in e sity~in

t he ﬁgbﬁgtﬁ%%@ EﬁStB@ QEpB@EEe Hhatk ef oheeQr digng rl

tracks or lower. On the other hand, accor 8

nEdlﬁe@ﬁ.thBe@hQSQﬁkgbniﬁnhbgﬁetﬁaespac1ng w1th the head,
the magnetization direction of the process is not
inverted by the head. After loading the media into a
drive, a servo signal intensity of 80 mA is observed.
When etching is performed to the depth of 5 to 15 nm,
similar effect can be obtained.

In case a signal of 20 MHz is written to the
recording tracks of the recording media, the signal
output of 100 mA is measured. 1In case only
protrusions are magnetized such as a conventional DTR
media in which the recording layer is completely
separated in the depth direction in the servo area,
the signal intensity in the servo area has to be half
that of recording tracks or lower. On the other hand,
according to the media of the present invention, the
signal intensity in the servo area is 0.9 times that
of recording tracks. Accordingly, it is determined

that the magnetization direction of the protrusions is
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25 signal intensity in the servo area is 0.9 tines
that of recording tracks. Accordingly, it is
determined that the magnetization direction of the
protrusions is 35 antiparallel to that of the thin
filmportions. To confirmwhether or not the

magneti zation direction of the protrusions is
antiparallel to that of the t@gwfjln1portions in the
servo area, magnetic 5 force mcroscope (MFM
observation is perforned When observing the nedia in

the BLESEOL.PAOCLIEOL cachl agk Aon (st CEIL s

obt al né correspon toa  buor

while a “@bt%ogQ@tha%%th%k b% obtained n A Raldat i on
surroundi ng the burst signal. Since the f contrast of

the §EMeeefibackbs the gkbﬁbeQBn@f1%pbﬂtlbbraQQ%leo that
seen that the spin in the protrusions is antiparalle

to tbé spenthant fielthportibmspant iches siervot keesgr vagnetic
area. For conparison, in case of carrying out MFM 15
meastPEFENNiEEP SaoPENVYAY) oRRISCDVRASEI & St P fiogmed.  When
produced by performng etching to the depth of 20 nm

and eBAPFELBEYTPENBEFAG tRe CRBYREEISENeEBPAIHGNdyed Plack
to forn1rece32 i a blggk co trast &+1) i S obtained at

par t eBFréspond %glﬁo Bar§e &fgRart ﬁﬁFF@SQOQF&?gzéo a
conty ast (0 LS obt ed at , part surroundln the b

S|gnéF pngig |née ﬁﬁ g?ayhcgﬁtFSEF ﬁgFléc § e © talned

i reet oA P e e n e Ra e drracti TSP SB
: pi N
is opgnédikget benthe kg ¢arveptisoRdk BIRMRdioA of spin, it
can be seen that the spin in the protrusions is
antiparallel to the spin in the thin film portions in
the servo area.

For comparison, in case of carrying out MM
measurement for a conventional DTR media that is
produced by performing etching to the depth of 20 nm,
and completely removing the magnetic recording layer
to form recesses, a black contrast (+1) is obtained at
part corresponding to a burst signal, while a gray
contrast (0) is obtained at part surrounding the burst
signal part. Since the gray contrast reflects the
state of no spin {(or spin in the horizontal
direction), it can be seen that the direction of spin
is one direction in the conventional DTR media.

(Example 5)

In the present embodiment, the DTR media whose

servo area has the structure shown in FIG. 6 1is



10

15

20

25

25 (Exanple 5) In the present enbodi nent, the DIR
medi a whose servo area has the structure shown in
FIG 6 is 36 manufactured. On the substrate 1, the
soft underlayer 2 nade of CoZrNb having a thickness
of 120 nm the internediate |ayer (seed |layer) 3 nade
of Nl FeCr having a thickness of 20 nm and the
magnetic 5 recordi ng | ayer 4_agﬁssygcked in this
order. The recording layer 4 i's a nultilayer film
[Co(0.3 nm/Pd(l.0 nm]15. Then, after form ng the

magnetl ¢ e %rr%!dr]g oY She Bl fllmyi S tfhloer g%%to%*{dg%layer
magnefi ¢ recording [Fayer as a protecti've lrayer. er

10 faryp e il .the Lic re i-ng .l ayer
1 |7 TR P TV ot 0 S

inprha%e&ﬁbaqgteth%g%gy(%%%@inhwgra medizachaw g rdie
structure shown in FIG 6. Wien'the nedia is observed

Usi Nga@iBE0SStheekiner st LEANSM S5, 0Bnel eGler @A giieli@SCOpY

15 (TEM, there is left [Co(0.3 nm/Pd(l.0 nm]5 at

t he rebkomdinkmlpeeti dns.reCeeracikeid yinoft htilse oprdetrr.us iThres

is 4 kCe, while coercivity of the thin filmportions

is 2Zekosdipg dewegnét ilsali awlits lgeerodfid® on the DIR

medi a_ 20 having said structure in a manner simlar to

t hat [FR (Ot HenBRARBI(@ - £. " dan | oddicRg eiéeBTROTEGING the

into_a netic recording devic ?srL e), a_servo

S gniFSERLENSFES "6 190 TKCFS Sty dd TWién GEangn the

L?fe@?%ﬁ%%ﬁ%dr%%o&@?n%ee%@e?fa%oat%r%%e%%Hv%lq%b%&. After
forming the DLC film, the magnetic recording layer 4
is etched to the depth of 13 nm by employing the
imprint method, thereby obtaining a media having the
structure shown in FIG. 6. When the media is observed
using a cross-section transmission electron microscopy
(TEM), there is left [Co(0.3 nm)/Pd(1.0 nm)]g at the
thin film portions. Coercivity of the protrusions is
4 kOe, while coercivity of the thin film portions is
2 kOe.

DC demagnetization is performed on the DTR media

having said structure in a manner similar to that in
the example 1. After loading the DTR media into a
magnetic recording device (drive), a servo signal
intensity of 70 mA is observed. When etching 1is
performed to the depth of 10 to 15 nm, similar effect
can be obtained.

Hereinafter, materials used for the respective

layers and a laminated structure of the respective
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25 can be obtained. Hereinafter, materials used for
the respective layers and a | am nated structure of
the respective 37 layers of the magnetic recording
medi um according to the enbodi nent of the invention
will be described. <Substrate> Exanples of a
substrate include a glass 5 substrate, an Al -based
all oy substrate, a ceramc su rate, a carbon
substrate, and an Si single- crystal substrate. As a
gl ass substrate, anorphous glass or single crystal

I b I
?n233€§%§€d§frﬁﬁg aﬁgﬁgﬂgﬁzrf%félum 05| fggte ?rdlng to

Exanpl@s e‘ﬁfonfM‘%tn%l Idfzec%gllmnﬂf&l ue, 1 Iﬂéﬂ&ggcrlbed
crystallized glass. A ceramc substrate may be, for

exanpl e, asigdwrakbody consisting substantially of
al um num oxi de, alumnumnitride, silicon nitride, or
the |i ke, Eramgrie ohtfaianedibstir dtye firberadeeianfqrad $1g
those sintered bodies. An Si  single-crystal

substsudsg ratee. ana Adibissed waflery reapos trate arg odrkmic
filmon the surface thereof. Further, one obtained by
f or NiSHESEF AP [PaFérrbon P SEBRFE, dasktEred rdmgle-

subst r at r a nonnetal bstr te by 20 plating or
sputF§V|EGQC§HQi§ﬁ%HiI ga%f%nﬁ o £ adte of LRjrous

Lhi n LD Q0. the sybstya AL, naL anly, the sputtering, ..

descP| above But” al vacuum évapor m-and

platngaGQme%u%S%qasi El%@%@@d%%6ﬁlne glass and

aluminosilicate glass. Examples of crystallized glass
include lithium crystallized glass. A ceramic
substrate may be, for example, a sintered body
consisting substantially of aluminum oxide, aluminum
nitride, silicon nitride, or the like, or one obtained
by fiber-reinforcing those sintered bodies. An Si
single-crystal substrate, i.e., a silicon wafer may
have an oxide film on the surface thereof. Further,
one obtained by forming an NiP layer on the above-
described metal substrate or a nonmetal substrate by
plating or sputtering can be used. And, as a method
of forming thin film on the substrate, not only the
sputtering described above but also vacuum evaporation
and plating can be used.

<Soft underlayer>

The soft underlayer of the perpendicular two-
layer medium is provided for allowing a writing

magnetic field from a magnetic pole to pass through,
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25 The soft underlayer of the perpendicular two- | ayer
mediumis provided for allowing a witing nagnetic
field froma magnetic pole to pass through, - 38 and
for allowing the recording magnetic field to return
to a return yoke arranged in the vicinity of the
magneti c pole. Nanely, the soft underl ayer serves as
one part of functions of a witg, head, and 5 functions
as a part of inproving a witing efficiency by
appl yi ng a precipitous perpendi cul ar magnetic field
to t r [ - I.. t .Qf er . . I gh
A8 2007 dNNG.ANPIn G G S AR QY e Py NS

perneabi ity “materital 1 ncludling one 0

N andGon $0 10 Aseln BAPlES Lgdde Bl i@lcinicy of

i ncl ude an FeCo-based al'l oy such as FeCo or FeCoV; dn

FeN thbasedgaldtay suck . axanNy, keN MyurdeMddrlfdfer serves
FeNi Si; an FeAl -based and FeSi-based all oy such as

FeAl asFeAlSiparfee AlfSifGnct ifeeAl SifTiaRwridare FeAld) aard

FeTa- based all oy such as 15. FeTa, FeTaC, or FeTaN;

and dmnEgZnisaged aalblagyr suchmps ovRer N wask tting sufffiiciency
underl ayer, a material may be used which has a , '

m cr 8&r EPAYIINTe 3 PEEGHE e Pedd areliqyl aFamgmetic field
FeTal, %é FeZr N conta&nin 60 at% or nore of 20 Fe, or

a gr SRUFRE SECOHHE itiYfTich fine crystal particles

o[ O PeSEU AL A AT B! 2 o st A

cont 322500 560 1310 Rl 1P 118 Yneflor He, M ot B 1s
used. Examples of the material include an FeCo-based
alloy such as FeCo or FeCoV; an FeNi-based alloy such
as FeNi, FeNiMo, FeNiCr, or FeNiSi; an FeAl-based and
FeSi-based alloy such as FeAl, FeAlSi, FeAlSiCr,
FeAlSiTiRu, or FeAlO; an FeTa-based alloy such as
FeTa, FeTaC, or FeTaN; and an FeZr-based alloy such as
FeZrN.

As the soft underlayer, a material may be used
which has a microcryatalline structure such as FeAlO,
FeMgO, FeTaN, or FeZrN containing 60 at% or more of
Fe, or a granular structure in which fine crystal
particles are dispersed in a matrix.

Examples of the material of the soft underlayer
further include a Co alloy containing Co and at least
one of Zr, Hf, Nb, Ta, Ti and Y. 80 at% or more of Co
is preferably contained therein. When such a Co alloy

is formed to be a film by sputtering, an amorphous

layer is easy to form. An amorphous soft magnetic
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25 is preferably contained therein. Wien such a Co
alloy is fornmed to be a filmby sputtering, an

anor phous layer is easy to form An anorphous soft
magnetic - 39 material has no crystalline magnetic
ani sotropy, crystalline defect, or grain boundary,
and thus exhibits an extrenely excellent soft
magnetisation. By using an _anmpyphaus soft magnetic
material, an 5 attenpt can be made to nake a noi se of
a medium | ower. Exanples of a suitable anorphous soft

ﬁ&gh%%l%rlggt%ggahol%gl ger tﬁe mag%%%wgéﬁdyg%trQEY,

CoZr base all oys soft ayer

Unde%r@%%%lqﬁﬁeb@ef%gta|%Q @&%%hd%%uh%aQQde%nbpthus
i mprove the crystalllnlty of the soft underlayer or

t o i ERhoVAE tishe nadhereree yolkxckehe «50f tsamdefagnaytdrsattdon.
the substrate. Exanples of a mnaterial of the
undeBlyayerinighahudectiphola, sWEtCmaame t ifet madre rda 13! laoy
contai ning those, or an oxide or a 15 nitride thereof.

An i atéempdi see gy aedeomposedeofa acisemegnet imedium lower.
mat eri al may be provided _between the soft underlayer

and ﬁﬁémﬁéﬁﬁeﬁéléuﬁ&ﬂtﬁQéﬁePW@rP@@&ﬁdﬁﬁgtl§F@Pe AC

rol e_of the.internmedi y to cut chan
%0 COSAIGH APELAEET A 56t weeh e s G megiar Bases
under|,g gr and the recording layer, and to control the
crystall nlty of the recording |layer. Exanples of a

et )t Y SRR LN ] e B Y o
also provided in order to improve the crystallinity of
the soft underlayer, or to improve the adherence of
the soft under layer to the substrate. Examples of a
material of the underlayer include Ti, Ta, W, Cr and
Pt, or an alloy containing those, or an oxide or a
nitride thereof.

An intermediate layer composed of a nonmagnetic
material may be provided between the soft underlayer
and the perpendicular magnetic recording layer. A
role of the intermediate layer is to cut off exchange
coupling interaction between the soft magnetic
underlayer and the recording layer, and to control the
crystallinity of the recording layer. Examples of a |
material of the intermediate layer include Ru, Pt, Pd,
W, Ti, Ta, Cr, and Si, or an alloy containing those,
or an oxide or a nitride thereof.

In order to prevent a spike noise, the soft

underlayer may be comprising of a plurality of layers,
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25 or an oxide or a nitride thereof. In order to
prevent a spike noise, the soft wunderlayer may be
conprising of a plurality of l|ayers, 40 and have a Ru
filmhaving thickness of 0.5 to 1.5 nm interposed

t her ebet ween, whereby anti-ferromagnetic coupling my
be carried out. In addition, the soft nagnetic |ayer
may be exchange coupled to a hargd 5 magnetic film
havi ng i n-pl ane ani sotropy, such as CoCrPt, SnCo, or
FePt, or a pinning | ayer conposed of an

anti fenr pogangt ke ?ﬁtl%]r. al, $UCR 3% ML Qf REMY. N g
e, a nmagnetic y f anple, or a

t hi s case, ayer, ’f or “ex Co,

nonn@ge@&»besgay%erfegtelt%@@p! %,heﬁ’:teby%ntmf%@mgﬁ%é&c

above and under an Ru layer 'in order to contro
exchangeleayphbpgpkoreericBetpendi awl agdTRAReY,| Ghe soft

recordi ng |layer> As the perpendicul ar magnetic

recomdgngtliayeésyerf anyeyanpkehaagebicetipdled $cusethard

whi ch consists 15 substantially of Co, contains at

| eashaphetCe 44 lmnsededg andpflanehemniisotiroges @mobxiace

(for exanple, a silicon oxide, a titaniumoxide). In

t he CPEEBEndPBGPar CagREL c OFre@oPdinAg Nay@yeri camposed of

preferred t?r na%netic,créﬁtal_particles to have a 20

col ufRaf &t FGEEGPEINPRIENBASEF perdiseG ar Snadghet io¢ FtMn.

reco digﬁ.laéerehaving sugq a %tr%ct%re,ethe o C

ori entatisR XAGSthE EFFLFALF APEY T ot TPfe SREGRESc Cor or @

cryshahnRghbk§kes 9ke, sabhstachpny, 3ndas g ety gy

signa?-tognoise ra?io’(%Nﬁ) SU|?abVe ?op &igﬁ-genéify
above and under an Ru layer in order to control an
exchange coupling force.

<Perpendicular magnetic recording layer>
As the perpendicular magnetic recording layer,

for example, a material is used which consists
substantially of Co, contains at least Pt, Cr as
needed, and further includes an oxide (for example, a
silicon oxide, a titanium oxide). 1In the
perpendicular magnetic recording layer, it is
preferred for magnetic crystal particles to have a
columnar structure. In the perpendicular magnetic
recording layer having such a structure, the
orientation and the crystallinity of the magnetic
crystal particles are satisfactory, and as a result,
signal-to-noise ratio (SNR) suitable for high-density
recording can be obtained. 1In order to obtain the

structure described above, a quantity of oxide is

important. A content of oxide is preferably 3 mol% or
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25 recording can be obtained. In order to obtain the
structure descri bed above, a quantity of oxide is

i mportant. A content of oxide is preferably 3 nol % or
41 nore and 12 nmol % or less, and nore preferably 5
nmol % or nore and 10 nol % of the total amount of Co,
Pt, and Cr. Wen the content of oxide in the
perpendi cul ar magnetic recordi | ayer is within the
above-described 5 range, the oxide is precipitated at
t he periphery of the nagnetic particles, which can be

| at ed d Wh t he content_ of o
: zoosné)?:et Roc &bg\sg d’esc‘rl 5&F F%?éle "Yie po%ﬁfc?eraﬂ‘bg'rﬁdi pold
in the o rst}%n%gdc RALIIG &% il GRSt QLA 8 Lhe. pe, and

ori entation e cryst Inity O e magnet C

par ticel. es yn RURRe oo e, 10d 18 d 191 0T %pltmet He, AROVE 1 ax
and under the magnetic particles, and as a reésult,

pr evenineg ithe e dooiialy AR vefr a CliWmar e léQidifee-dé"écribed
whi ch the magnetic particles penetrate through the

per peadigey! ahelbximgnets @ reedaridiatgd aygertHen gddtd phery of
per pendi cular direction. On the other hand, the

cont éhe oRooeitde, rawltiich eiss [wisisht lvam fdee isolated and
above-descri bed range, causes the magnetic particles

to b@eFﬁ§Gf¢F@ﬁentMgemséﬁéiéWNtéﬁﬁ Ecowe oS ¢ over the
|nsuf iciently. .As a consequ nce, .a 20 noise gt the

ti me 5P VEEEESHGAREt IFAG I ncrEgs &¥ 1 dgmdepains 1n the
Slgn%lg%%tnglﬁor%%%ﬁ% (SN%) u%%%e&&ﬁ%pr hl%h den qﬁ%gtlon

recor |ng canhiot be obt ai'ned. = of

ber PeRdl ¢ulale JROASHL G 3 PR Urfld o Bh: 11cS p%frecfl%ﬁae@ y
10 at% or more
Further, the oxide is precipitated above and under the
magnetic particles, and as a result, preventing the
formation of a columnar structure in which the
magnetic particles penetrate through the perpendicular
magnetic recording layer in the perpendicular
direction. On the other hand, the content of oxide,
which 1s less than the above-described range, causes
the magnetic particles to be insufficiently isolated
and become fine insufficiently. As a consequence, a
noise at the time of reading/writing increases, and a
signal-to-noise ratio (SNR) suitable for high-density
recording cannot be obtained.
The content of Pt in the perpendicular magnetic
recording layer 1s preferably 10 at®% or more and
25 at% or less. When the content of Pt is within the
above-described range, a uniaxial magnetic anisotropy

constant Ku required for the perpendicular magnetic
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25 25 at%or |ess. Wien the content of Pt is within

the above-descri bed range, a uniaxial nmagnetic

ani sotropy constant Ku required for the perpendicul ar
magnetic - 42 recording |layer can be obtained, and
noreover, the orientation and the crystallinity of

the magnetic particles are nade satisfactory.
Consequently, it is possible t@ obtain a thernal
fluctuation tol erance and 5 a read/ wite property

whi ch are suitable for high- density recordi ng. Wen

the cant ent. of:f% I.s over_the  _abov -deéiribed range

a | ay& Haisy & Wodc &8 k% dd @ c PICHO T it ur'e™®

is f in.the td icl.es, ' d

to dorery orationd h e S hg ot entel oif ang BebifAt
Crystalddiniltas Memddie CoNtEHcQfr I dehd&aedddn, it is
t he above-descri bed range, on the other hand, a

t her pis Sfildied wad ot i0] eF aea reannoty &g a itk idhce and
accordance with a Ku suitable for high- density

r ecoradiregd /L& iHee poanteanty ofhiGh iard hasiperhdendi il airgh -
magnetic recording layer is preferably 0 at% or nore

and Perstidy dredoasisngand Wisre threefamdalsine K @tt%oioy over the
nore and 14 at %, or |ess. Wen the content of Cr is

Wi t hitR Ve SaFGFe-Lede <&M %sed & g€’ Risgh Neaghddcensstered
can be.mai ntai ned 20 w t hout creasi,ng uni axi al,
magn&te Cani sc§tr} r SPY Lo art %%lfmeﬁg By Ir?efgnaeatlc

read/ wri.t. r.opert. j [ I.ta f.ar . .

hi gh-]‘O\(%%'Jracsli%tlg[/%Sr’eS’(rglrléh\rq"gyoan(fl alseaﬁf | (?Jlegcn rgt%reartr%ﬁns in the

fl Ucbliﬁtein%rétti%!nera@ur@ic%rt%%re{agqinqhﬁtya.i Nefen8R (G itent of pt

content of Cr is over bove
is less than the above-described range, on the other

hand, a thermal fluctuation tolerance cannot be
obtained in accordance with a Ku suitable for high-
density recording.

The content of Cr in the perpendicular magnetic
recording layer is preferably 0 at% or more and 16 at%
or less, and more preferably 10 at% or more and 14 at$%
or less. When the content of Cr is within the above-
described range, high magnetisation can be maintained
without decreasing a uniaxial magnetic anisotropy
constant Ku. As a result, a read/write property which
is suitable for high—dénsity recording and a
sufficient thermal fluctuation toclerance can be
obtained. When the content of Cr is over the above-
described range, a thermal fluctuation tolerance
deteriorates because a Ku of the magnetic particles is

made little, and the crystallinity and the orientation



25 described range, a thermal fluctuation tolerance
deteriorates because a Ku of the magnetic particles is
made little, and the crystallinity and the orientation
- 43 of the magnetic particles deteriorates. As a
result, a read/wite property deteriorates. The
per pendi cul ar magnetic recording |ayer may include
one or nore additive elements sglected fromB, 5 Ta,
Mo, Cu, Nd, W Nbo, Sm Th, Ru and Re, in addition to
Co, Pt, O and an oxide. Since these additive el enments
are ' 1t s possible to stimulate a
reduc%%qgtﬁern %Aeetsﬁczetpao%%%eesnaééente ril(:orpagcr??'cl deS BHrigaite
| P Qv & ey Warinsd 3l d gl ey, andk g ordentation thereof,
10 thereby enabling to obtain a read/wite property
and a theahalpddgatdioti iy trd @ianrce Weeha e 1Dy &r may
suitable for high-density recording. The total
cont emtc lofde tdmes e raddiret iacd ied ienerd enenty efeeradl od 8from B,
at%or less. Wwen it is over 8 at% a phase except
for daheXgoial, 1Bl,clioséipacked ThheRu pEraserd,s froraddiition
in the magnetic particles, and thus, the o
crystt& [SOni B rafd e 6y it i orPidfca Heamyrmeddiccive
particl es %re di st ur bed. %fs a consequence, it becones

0

irr‘po§ ieme 8 l‘aé:fdlc\mttaeln_ rivé:rtjyS .%lqlr?ert,ﬁiﬁtlmulate a
f uc&%@lﬂcﬁ@.o&o'i%r Hee svi'hl C%fart%ezgr%asgg{etrlﬁgt%le%a;q%ri&let%e or to

hi gh-density récording. anplgs
per pepdi GHlak nMgneati-g 1egardi lLaver_ f.urt
i ncl udg)I a Ce:oPt -ebasgﬁ a%%lg])(},%}g aén‘gja%asoerfdl%; LJI}j‘(;e{/l,ona thereof,

CoPt Ehehaggd elalaying CRPIUBL aGPLCO Qs dRtRe AMberty and a

CoPtCrSi. The
thermal fluctuation tolerance which are more suitable
for high-density reccrding. The total content of
these addictive elements is preferably 8 at$% or less.
When it is over 8 at%, a phase except for a hexagonal
close-packed (hcp) phase is formed in the magnetic
particles, and thus, the crystallinity and the
orientation of the magnetic particles are disturbed.
As a consequence, 1t becomes impossible a read/write
property and a thermal fluctuation tolerance which are
suitable for high-density recording.

Examples of a material of the perpendicular
magnetic recocrding layer further include a CoPt-based
alloy, a CoCr-based alloy, a CoPtCr-based ailoy,
CoPt0O, CoPtCr0O, CoPtSi, and CoPtCrSi. The
perpendicular magnetic recording layer may be a
multilayer film of Co layer and a layer which consists

substantially of at least one type selected from the
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25 perpendi cul ar magnetic recording |layer may be a
multilayer filmof Co |layer and a | ayer which consists
substantially of at |east one type selected fromthe
44 group consisting of Pt, Pd, Rh and Ru. Further, a
mul tilayer filmsuch as CoCr/PtCr, CoB/PdB, or CoQ RhO
having Cr, B or 0 added nay be used as the each | ayers
of the nmultilayer thereof. 5 As escri bed in above
exanpl es, a magnetic recording 1ayer having granul ar

| ayer and continuous |ayer which are stacked, a

”Hgngtﬂo%pr %%%rsg:sﬁg 'gaig;%r ptﬁha‘ﬁong P@Egnzo{ Rictung and a

magneti c recor ayer avi g ructure can e

used;,;1Q iﬁ%@/etrhifﬁliﬂ?%%c@lf dhe pernendi ,C 0 ,ngri &o00/RhO
recording layer is preferably 5 to 60 nm and nore

pref eahhy Trt,0B830 MM ARy peRdiveul@edTRENGIHL each layers
recordi ng layer having a thickness within this range

I S suift ablee rfudrt iHiaglerdemsirey fr.ecor di ng. When the 15

t hi ckness of the perpendicul ar magnetic recording

| ayer is |Assglastanilechmn taieree iexanplerderscynadragt i

regenerative output is too low, which is |ower than a

noi s & SEEFFdAENtL Alyisgh &R Y 1WWe 9 Tl aHi diaed's agfd st inuous

D0 ORARE BERET RS ERERG | € SoCBTey iRy aver

|22 5, LR Sy WS ASLOTAS R0 dayer

ccoilif SBHee EoREteal K UMD A (3000 OF) v

Ce), The thickness of the perpendicular magnetic
recording layer is preferably 5 to 60 nm, and more
preferably 5 to 30 nm. A perpendicular magnetic
recording layer having a thickness within this range
is suitable for high-density recording. When the
thickness of the perpendicular magnetic recording
layer is less than 5 nm, there is a tendency that a
regenerative output is too low, which is lower than a
noise component higher. When the thickness of the
perpendicular magnetic recording layer is over 40 nm,
on the other hand, there is a tendency that a readout
output is too high, which distorts a waveform. A
coercivity of the perpendicular magnetic recording
layer is preferably 237000 A/m (3000 Oe) or more.
When a coercivity is less than 237000 A/m (3000 Oe),
there is a tendency that a thermal fluctuation

tolerance declines. A perpendicular gradation of the

perpendicular magnetic recording layer is preferably
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25 there is a tendency that a thermal fluctuation

tol erance declines. A perpendicul ar gradation of the
per pendi cul ar magnetic recording |ayer is preferably
45 0.8 or nore. \Wen the perpendicular gradation is
less than 0.8, there is a tendency that a thernal
fluctuation tol erance declines. <Protective |ayer> 5
The protective |ayer prevents C@gr05|on of the

per pendi cul ar magnetic recording | ayer as well as
damage of the surface of the nedi umwhen the magnetic

head t%u%I}e?nOQermd' J ude }n%aeterieq 1acuriat erglnaa!da%dgrggls less

pr ot ecti ve ayer ri a con

Si tah%rﬂd OZ"SQ2 th%rteh'l“sk%e%%n@ceﬁégﬁ et %Ctﬂh\/@rnllﬁlyer
is preferably made to be 1 to 10 nm Wen th

thi ckness ek ithe tRneiresideVeidAyefed s mde to be Wi t hin
t he above-descri bed range, spacing between the head

and a nedi<kbnotaTtherardds/dress, which suitable for 15

hi gh-density recording. Carbon can be classified into
sp2- bonded hearymt e qtgraphiay®)r anee sps-honded cobont the
(di amond) . The spa-bonded carbon is superior in the

dur aBieIripﬁ\Fdéﬁdllatrh@a@é]ﬁrtd§ G1F Goa st isadey aro ashatelof as

graphi te. ver, because the sp3-bonded carbon is
crys &Wﬁgﬁeo ﬁg SHESERFe S dhea MG & qﬂuﬁﬁﬁ nagnetic

Infe%ggg E%uc%%at.o 1u%hlt% anﬁé’usfﬁbcg%g¥gﬁﬁfl'0f the

fornme sputt

targ%&otEQtEkala@%thQ%cl%@%r%hg%%e%q qo%dﬁléMHbe C,

sp2- bonded carbon
Si02, and ZrOp. A thickness of the protective layer

is preferably made to be 1 to 10 nm. When the
thickness of the protective layer is made to be within
the above-described range, spacing between the head
and a medium can be made less, which suitable for
high-density recording.

Carbon can be classified into spz—bonded carbon
(graphite) and sp3—bonded carbon (diamond). The
sp3—bonded carbon 1is superior in the durability and
the corrosion resistance to that of graphite.

However, because the sp3—bonded carbon is crystalline,
the smoothness on a surface thereof is inferior to
that of graphite. Usually, carkon is formed to be a
film by sputtering using a graphite target. In this
method, amorphous carbon in which spz—bonded carbon
and sp3—bonded carbon are mixed is formed. Carbon in
which a ratic of sp3-bonded carbon is high 1is called

diamond-like carbon (DLC). Since the DLC is excellent



25 and sp3-bonded carbon are m xed is fornmed. Carbon
in which a ratio of sp3-bonded carbon is high is

call ed dianond-like carbon (DLC). Since the DLCis
excellent 46 in the durability and the corrosion
resistance, and is excellent in the snoothness on a
surface thereof as well because of anorphous, it is
utilized as a surface protepti¥§ filmfor the
magneti c recording nmedia. 5 Wth respect to film
formati on of DLC by a chem cal vapor deposition (CVD)
nmet hod, C more .ri.ch in a- bonded .car bon .can be .
f or med kt;‘yl/glésau’lrsa Vitng Y e 2Cor$dictqr6fr?5516)é]c§§ssel%f@?es’ and 1is
genere%c%‘il%)ﬁ ex¢) kg sﬁ%qith CEATRQSING 3 4 %Séff&)f as

pl asma, an ue to a chemcal 10 reaction thereof.
<Lubkieqantelcay@ie> X amlr@h Rfs @ iltulld Gantl i848Ntas a surface
i ncl ude per-fluoro- polyether, alcohol fluoride, and

f | uopirnated i vearfiaxy Ific atied matmefid & ceRridding media.
enbodi nents of the inventions have been descri bed,

t hes#ighbodispentts tivavie lbedw mprésemnt ed DB Wy cofchemical
exanpl e only, and are not intended to |limt the scope
of t R@ricdvEeRPosisiondéd®) med hesvePLeogds i in
systens described herein may be enbodied 20 in a

vari 8Py ~6PNGERe C3Erms CafuPen okBes, byasiddisfying the
om ssi ons, .substitution d changes .in the form.of

Che. RECAH4 SAid PGS Digacr BET S-St By e ridte 2nd

mjth%%%oﬁ B@&hin% E%%”B%@e'%piﬁg%m%f 5%%|bn%¢Q% PMZFhemical
The accon‘%anyl ﬁg clains anc:lLt elr edw val ents are
reaction thereof.

<Lubricant layer>

Examples of a lubricant agent include per-fluoro-
polyether, alcohol fluoride, and fluorinated
carboxylic acid.

While certain embodiments of the inventions have
been described, these embodiments have been presented
by way of example only, and are not intended to limit
the scope of the inventions. Indeed, the novel
methods and systems described herein may be embodied
in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of
the methods and systems described herein may be made
without departing from the spirit of the inventions.
The accompanying claims and their equivalents are

intended to cover such forms or modifications as would

fall within the scope and spirit of the inventions.
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25 intended to cover such fornms or nodifications as
would fall within the scope and spirit of the
inventions. 47 - WHAT IS CLAIMED I'S: 1. A nmgnetic
recordi ng nmedi a conprising: a magnetic recording |ayer
formed on a substrate, wherein recording tracks and
servo areas are 5 prescribed as patterns of
protrusions and recesses forned on_the magnetic
recording layer so that thin filmportions of the
magnetic recording |ayer are fornmed under the

recesses, a thickness %EA%HQEFEF%EH%ﬁcggqing | ayer at

the thin filmportion I's Sma han "a t hi ckness

of magnetic recqrding | a¥al- Ata e mdl & rush it%fehéhe

servo area, and a mhmgnetization Tdirection

protrusi on infecaftidRarad&lainy aayRIned it ioN a substrate,

direction of the thin filmportion in the servo area.
15 2whéEhe impgreidrel imecardidky ned &<aceoraddyps tare cl ai m
1, wherein the magnetic recording |ayer conprises two
or mpreswaghed @sl dpdrtenns off gt kisdoked arahd ecqrgds
of the two or nore magnetic layers is renoved at the
r eced8&8 St OPhéhseMpeTRTES, TaATP rE0 o draias t5p dfhathethin
protrysion is .different from coercivity of the thin
fil mfﬁgfnt P&ﬁ%ilﬁnlshgfs MR t13 L Jrgheigyer are
recordi ia.according to claim?2, ,wherein the .
nmagn éf;g irg1 %rd _ggl %rd% i'n é?ﬁeafe?rC% SCotpr i% ::Eg] T KIEa Io;r Magngtic
and @e%%QHHQQOQ%yEQy%% 2 W@H%hf@f%536¥%$%% is smaller
than a thickness of magnetic recording layer at the
protrusion in the servo area, and a magnetization
direction of the protrusion is antiparallel to a
magnetization direction of the thin film portion in
the servo area.
2. The magnetic recording media according to

claim 1, wherein the magnetic recording layer

comprises two or more magnetic layers which are

stacked, and a part of the two or more magnetic layers

is removed at the recesses in the servo area, and

coercivity of the protrusion is different from

coercivity of the thin film portion in the servo area.

3. The magnetic recording media according to
claim 2, wherein the magnetic recording layer
comprises a granular layer and a continuous layer
which are stacked.

4. The magnetic recording media according to

claim 3, wherein the granular layer is of a structure



10

15

20

4. The magnetic recording nedia according to claim 3,
wherein the granular layer is of a structure - 48 in
whi ch nagnetic particles of CoCrPt alloy are

di spersed in a matri x made of Si02. 5. The magnetic
recordi ng nedia according to claim3, wherein the
continuous layer is made of 5 CoCrPt alloy. 6. The
magnetic recording nedia accorgighg to claim 2,
wherein the magnetic recording layer conprises a
ferromagnetic | ayer, a nonmagnetic netal |ayer, and a

granul ar,,. Laye [ a : d..f1 N tic
L endi kel ch ctes stiaskaror ok e M
ferrgragaetica hayer masrax ekl bayerndhi.l m t hat
conprises Co filnms and Pd filns, whicCh are stacked

al ternatelsy. &helhegmgne! iredeedndi igdirdiaaaRedrd e
to 15 claim 6, wherein the nonnagnetic netal |ayer is
a PdSiLaimager whereThe timegoethitc nuecer dieyg medi sade of
according to claim®6, wherein the granular |ayer is

of aC§€wgétaﬁéoyrn whi ch magnetic particles of CoCrPt
all oy are 20 di spersed in a matrjx made of Si02. 10. A

nmagneti c Pecordengd@RtdE CEmLAEneg Mtk @ fegirdtdig to

recoE EQ% E?d%%e%%ggr %ggm%%n%E%%nE%bording layer
comprises a ferromagnetic layer, a nonmagnetic metal
layer, and a granular layer which are stacked.
| 7. The magnetic recording media according to
claim 6, wherein the ferromagnetic layer is a
multilayer film that comprises Co films and Pd films,
which are stacked alternately.

8. The magnetic recording media according to
claim 6, wherein the nonmagnetic metal layer is a PdSi
layer.

9. The magnetic recording media according to
claim 6, wherein the granular layer is of a structure
in which magnetic particles of CoCrPt alloy are
dispersed in a matrix made of SiOyp.

10. A magnetic recording device comprising the

magnetic recording media according to claim 1.



