- 1 *159159* TITLE OF THE | NVENTI ON METHOD AND
APPARATUS FOR MANUFACTURI NG MAGNETI C RECORDI NG MEDI A
BACKGROUND OF THE | NVENTI ON 5 One enbodi nent

invention relates to a nethod and appar at us f‘ﬂmmlm ’Imlm
manuf acturing a magnetic recordi

specifically, a nmethod and apparatus for issisor
manuf acturing a discrete track récofding nmedia. 10 To
i nprove tracks of a hard disk drive (HDD), the

probl em of interference between adjacent tracks has
beconme obvious. In par¥iTef £HF FERUNTIR IN wite-

blur due to a fringe effect of a

Fi o o HEied Auisoriaoiatn e P G A TBERE T
track a(DTR medi a) in which recordin
trackggogmlwy separated can reduce a side- °
erase phenonmenon at phbgkbFRpObrWrkE REwERTIbE- r ead

phenonenon that pieces of information in adjacent

g racks are gixegniygledheot i4me ofnveadidy.rlites to a
Consequently, it is possible to greatly inprove a

densi tnetibd hhdragsaiatack thy ecdrioisctwhiioty Gamagnetic
provi de a magnetic recordi ng medi um onto whi ch hi gh-

densi tneceotirdi mypdisupossidime réHopearf, i dal ly c asanggfhod and

]

apparatus for manufacturing a discrete track recording
media.

10 To improve tracks of a hard disk drive (HDD), the
problem of interference between adjacent tracks has
become obvious. In particular, reduction in write-
blur due to a fringe effect of a write head magnetic
field is an important technical problem. A discfete
15 . track recording media (DTR media) in which recording
tracks are physically separated can reduce a side-
erase phenomenon at the time of writing, a side-read
phenomenon that pieces of information in adjacent
tracks are mixed up at the time of reading.

20 Consequently, it is possible to greatly improve a
density in the cross-track direction, which can
provide a magnetic recording medium onto which high-
density recording is possible. However, in a case of
a DTR media having patterns of protrusions and

25 recesses on the surface thereof, the problem that it
is extremely difficult to write and read by using a

low-flying head is brought about. Then, it is
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a DTR nedia having patterns of protrusions and 25
recesses on the surface thereof, the problemthat it

is extrenmely difficult to wite and read by using a

| ow-flying head is brought about. Then, it is

*@00002* necessary to conpletely flatten the

protrusions and recesses by formng a flattening film
and etching back the film Ot tlRe other hand, in an

HDD, a distance 5 (spacing) between a surface of a
recording mediumand a read/wite head has great

ef f ectnegre ss a4 yried -e@p ptisky ratdto-¢rsNR)e prparwtians and
in which a flattening filmremins above a ,
ferr orkRFIRTSTS rBt o W9 el at epulihgf 3490 ARrfk etching back
greater, gf. an SNR declines (an SNR 10 decli nes
exponerftS a4y wi th spacing). When a flattening film

' s over- el chigd. , SPACH0F U S, gRde, JRvepaP! 2 g Plla e

nmagnetic substance is danaged, so that’ ai _
decl i n@sspadiﬂq%} Gasg.aere an- W eval uald iy medium and

performed with a read/ wite head with a 15 flying

hei ghta ofedld/ ¥ c AMYe d @ kIt g 184 HNad £ LN Wn e signal-to-
observed if the flattening filmof 10 nmor nore

remai nsoide aralanomiii) ke mardbardid Qn prot@ctd viel didening
formed above the ferromagnetic recording | ayer.

Fur t hefrd, lnwhesmain s orveror ef of r ey ey ronegpetdin@Olayer,
recording |ayer (half of the thickness of the

fer r orfiRAFENT FredARE riFgaiRt) and dhdliR Hedvidieet (At SNR

10 declines exponentially with spacing). When a
flattening film is over-etched, spacing is made
favorable, but a magnetic substance is damaged, so
that an SNR declines. 1In a case where an R/W
evaluation is performed with a read/write head with a

15 flying height of 12 nm, any readout signal cannot be
observed if the flattening film of 10 nm or more
remains on a diamond-like carbon (DLC) protective film
formed above the ferromagnetic recording layer.
Further, when 10 nm or more of the ferromagnetic

20 recording layer (half of the thickness of the
ferromagnetic recording layer) is etched by over-etch
back, any readout signal cannot be observed.
Accordingly, a highly accurate method for detecting an
end point of etch-back is necessary to prevent SNR

25 from declining.

However, in a flattening film forming step and an

etch~back step for a DTR media under the present




back, any readout signal cannot be observed.

Accordingly, a highly accurate nethod for detecting an

end point of etch-back is necessary to prevent SNR 25
fromdeclining. However, in a flattening filmformng

step and an etch-back step for a DIR nedi a under the
present status, it is inpossible to high-accurately

detect an end point of etch-backR doe to many unstabl e
factors. Specifically, there are problens that a
deposition rate of an enbedding material by bias

sput t e¥fiaigid s 5 Urstidi s wid e q iMghora doHm TRy v detect an

flattening fjil m and that an etching rate is St
becausee”da ietS ' TR |daHe g ?Fi‘aﬁﬁff éH"‘StﬁPLgE Pofors.

etch- %Cfl ca dle}p lr}eerde Ianreaéur seiefiy (9 qL{:&})ntt! ty #%oaslr&ntion

i nner gt ching app Accor di

det ect ggl%m%éHHfH :H%Egrfdf“b§xgggéﬂéﬁﬂktering is

et ch- ba bas on an et |ng rate, it iIs inpossible

g 0 detigede A gk Rt ife 3Chediatinhg i dhracdi ALl #i1m and
with high-reproducibility. As a nethod except for the

det ectirdt ofn arc@fichg paity of drideaislontvatdett a nonmagnetic
et ch- back based on an etching 15 rate, there is a

et hodna tre mit Ic e Jaimniered- qubilngt dtschdetact eids byedmpayited in a
out analysis on residual gas in a process chanber in

an et clriRKEAREP: tY FIPN e Applhn. omamletchlng

Publ i cati on hb 10- 209128, there is described g

N whi P si (A RiliF e 11 | JRTEC e 2 aen point

Slelr\r/nl tngf q‘s decgoer%:ttreo un erth'l Stpacq( an &c?ssn (asnmtc ir{g rate,
it is impossible to detect an end point of etch-back
high-accurately with high-reproducibility.

As a method except for the detection of an end
point of time-controlled etch-back based on an etching

15 rate, there is a method in which an end point is

detected by carrying out analysis on residual gas in a

process chamber in an etch-back step.

In Jpn. Pat. Appln. KOKAI Publication

No. 10-209128, there is described a method in which a

20 silicon nitride film is formed as a film to be

detected under a spin-on-glass (SOG) film serving as a

flattening film in a process of manufacturing a

semiconductor apparatus, and an end point of etch-back

is determined by monitoring emission of Np from the

25 film to be detected in the process of etch-back. In

Jpn. Pat. Appln. KOKAI Publication No. 6-244150, there

is described a method in which a silicon oxide film




flattening filmin a process of manufacturing a

sem conduct or apparatus, and an end poi nt of etch-back
is determ ned by nonitoring em ssion of N2 fromthe 25
filmto be detected in the process of etch-back. In
Jpn. Pat. Appln. KOKAlI Publication No. 6-244150, there
is described a method in which a silicon oxide film
cont ai ni ng no hydrogen and a sili%om oxide film

contai ning hydrogen are lamnated in a process of
manuf acturi ng a sem conductor apparatus, and an end
poi nt &N e TRl BACKC | BY Her Rt e By2 noht 1O iRl sish Bh
S of q¥drogen,atons in a plasnﬁ§€t the tine of etchin

one of ?%@%%‘P%a@%‘&r?%%&%@ H@a‘i% Pt S RECGSPS Of
thls Vﬁgﬁuéghgh {chgsségié%gﬁﬁé%gfnlrglE%tus,.and an end
sem conductor, a ﬁ?asna process I n Wﬁféﬁ em SSi on

10 I'iKe) can be used, and additionally hi
5ensi td ¥ ik ydr &@dh be: &R ai megl yi d dnd esPpesie 1OLRYEIF &tching
slight change because anplification is possible by
usi Nng @re edecti@n amihdtgd i € lmg bhead ike. tHHoveMedna .
because i on beam etching without em ssion is used in
a process ofnlhimnudnct imi agoeoGTHs netlianafaendring a
poi nt of etch-back cannot be detected by nonitoring
em ssi TN IPHUFRL, Appd R SO O Pt | FativorciNgemission
11-265878 describes a method in which, a quadrupol e
mass (PECET ohEterS T RASs) T FEC BT tT Tt O & Pirde ) or the
hanmber,, 20 and .an end, point of ' etch- k is .det ected.
1y ot i 1B PR GV TR S BT T vy

Max!i MMy pe obtained with respect to even a slight change

occur s, £ .08 @%%@éﬁmé@}@%é%&é’&@é%‘}%ﬁﬂ@i&f dfission

because amplification is possible by using an electron
multiplier or the like. However, because ion beam
etching without emission is used in a process of

15 manﬁfacturing a DTR media, an end point of etch-back
cannot be detected by monitoring emission.

Jpn. Pat. Appln. KOKAI Publication No. 11-265878
describes a method in which, a quadrupole mass
spectrometer (Q-Mass) is built into a process chamber,

20 and an end point of etch-back is detected by
monitoring a change over time in peaks of the maximum
intensity mass number corresponding to a material
composition of a flattening film. In Jpn. Pat. Appln.
KOKAI Publication No. 11-265878, an end pocint can be

25 detected with high-sensitivity because a peak

~intensity of SiBr (mass number 107) to be detected is

great.



intensity mass nunber corresponding to a materia
conposition of a flattening film In Jpn. Pat. Appln.
KOKAI Publication No. 11-265878, an end point can be
25 detected with high-sensitivity because a peak
intensity of SiBr (mass nunber 107) to be detected is
great. Because a peak intensity of a material of a
flattening filmto be used for a°DTR nmedia is | ow,
however, sensitivity to detection of an end point
greatly declines. 5 BRIEF SUMVARY OF THE | NVENTI ON
Accor di ng t@ﬁ@@%ﬁ%n@o@@%@n%n%¢n$h@yg?%s@ﬁﬁat$ﬁ¥@ht?%na
there is provided a nmethaod for nanufactun

magnet§ ' rieXOYRA ngt Hedi ke cbifist i Sthg D¥or C.'iﬂga is low,

patter ns havi ng %)rot us| ons ang recesses

ferrorfgHetG o etttV ont o FcTr i WY ?fa%rf( %%%t?%hnt

and a V, e a substrate; fornmng a
fIzﬂteﬁ?gaéqf &ééf{#%% surface of which is higher than

g hat of the prOt“B%'EQ'EEOfSUﬁ\meYeUEOWQtN‘V@mW|a'
onto the ferromagnetic material; and performng ion is

beam et chi ng-ont @i ifiecd | Gbé esime fhbmt UPE tena §opsent
surface of the protrusion of the ferromagnetic

mat er i alveranibrdet €fer ai g @oentepa mefod | 8¢t eni ng
etching on the basis of a change in the total number

of i nowatenfagartind e m3gmEENs ofceardinh nediier QQuprising:
installed so as to be at an angle O with respect to a

per penfdh B g RAFeRETOMa bl 1heP LubsE T EReS | HAcERFRFRe °f 2

10 ferromagnetic material onto a recording track section
and a servo section on a substrate; forming a
flattening film, a top surface of which is higher than
that of the protrusion of the ferromagnetic material,
onto the ferromagnetic material; and performing ion

15 beam etching onto the flattening film up to a top
surface of the protrusion of the ferromagnetic
material, and determining an end point of flattening
etching on the basis of a change in the total number
of incident particles by means of an icon counter

20 installed so as to be at an angle 0 with respect to a
perpendicular direction to the substrate in accordance
with a material of the flattening film.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

A general architecture that implements the

25 various feature of the invention will now be described

with reference to the drawings. The drawings and the

associated descriptions are provided to illustrate



with a material of the flattening film BRIEF
DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NGS A
general architecture that inplenments the 25 various
feature of the invention will now be described wth
reference to the drawi ngs. The draw ngs and the
associ ated descriptions are provided to illustrate
enbodi nents of the invention and®not to limt the
scope of the invention. FIGS. 1A, 1B and 1C are graphs
each show ng an exanple of detection of an end point
of et cHUREKHLS sty D MRE Ypeatd dlopye FHrGgt Xhe
is a schenatig i agram showi ng an i on beam etching

u

appar atu¥Ps ot €IS Het®dd for nanufacturing a
magnetic re i ng, medi um accordi ng 1o, an enpodi
RS oo CEE 0% o SR IR an

of the pres i nvéehtion; grap n

depen 1O ANLANGLE: o) Of SPUALTI N YIS dSc K_pack by
Si 02 an C FIGS. 4A and 4B are schematic di agrams

of an yappar@tussd ofpa@irdacdpyi ng a DTR nmedi a

according to another enbodi nent of the present

i nvention; BhGFIGSis SA sOftemaSG c 5 adithrbEsiadwei vg enws ion beam
each showing a step of a nmethod for manufacturing a
magnetettchisoprabrar aeds uheacceor dime tnoe @rodenbodi ment

of the present invention; FIG 6 is a cross-sectional

vi ew gt axEpleg of napnet DTR rel G g Scturagr pyding to
a manufacturing nethod of substrate etching type

accor fhgEP AHbt HerC e nfdtiigsitent invention;

10 FIG. 3 is a graph showing dependences on an angle
6 of sputtering yields of SiOp and DLC;

FIGS. 4A and 4B are schematic diagrams of an
apparatus for manufacturing a DTR media according to
another embodiment of the present invention;

15 FIGS. 5A, 5B, 5C, 5D and 5E are views each
showing a step of a method for manufacturing a
magnetic recording medium according to an embodiment
of the present invention;

FIG. 6 is a cross-sectional view of an example of
20 a DTR media manufactured by a manufacturing method of
substrate etching type according to another embodiment
of the present invention; and

FIGS. 7A, 7B, 7C¢, 7D, 7E, T7F, 7G, 7H and 7I are
views each showing a step of a method of magnetic film
25 etching type for manufacturing a magnetic recording
medium according to an embodiment of the present

invention.



of the present invention; and FIGS. 7A, 7B, 7C, 7D,

7E, 7F, 7G 7H and 71 are views each showing a step

of a nethod of magnetic film 25 etching type for

manuf acturing a magnetic recordi ng nedi um according to

an enbodi ment of the present invention. DETAILED

DESCRI PTION OF THE I NVENTION In a prior art, an

anal ysis on residual gas has —beén perfornmed by
installing a Qnmass at an arbitrary position in a
process chanber. Description will be 5 %iven to an
exanpl e in whi BRTAALEDt ORPERIETAANe OF 0 THHe LB¥ENZACHNA
poi nt of etch-back in a process of nmanufacturing a

DTR medi a by Fsifigh & @ifes 21 SPEt st oy Ii"%sltqﬁ'éa%prqao?r has
art. lgjs exanpl e assunmes a _.case in which S$02 Js .
used 88 ARG I 1S HTd 19 & Shiack 9% an arbitrary

per for %%Citul%fnt ?%nggfcéa%cte & tci(%féénsb%rrf.ac%ei(gcré‘;%gsosn will be

pr ot I'l?SI on o rromagne materi a

speaks arg showy d nEE1 AR WhidiGanl A ddi@hiigheside to

peak i's recogni zed at mass nunber 60. As shown in

FIG HetdwawewelanSiga rane Dl - a8 ixath at @rqeeals atf
15 mass nunber 60. Accordingly, an end point of etch-

back ecamudtadierdeiect el H meuligh kgcowriagy d fO-trees peak

at mass nunber 60 is nonitored. A peak at mass nunber

12 in spleGtrbas @y ben ddresimdared s -subidtigntd@npl eplaGsumes a

(FIG 1B). However, intensity of this peak is too 20

weak 105 95 LTsal I HGghly ARAH d Aletletig T Hm, and

end pggyﬁlggéﬂ(ggkgg¥%ormed up to DLC on the top surface of
the protrusion of the ferromagnetic material. Q-Mass
peaks are shown in FIG. 1A. In FIG. 1A, the highest
peak is recognized at mass number 60. As shown in

FIG. 1C, however, Si0p and DLC are mixed at a peak at
15 mass number 60. Accordingly, an end point of etch-
back cannot be detected in high accuracy if the peak
at mass number 60 is monitored. A peak at mass number
12 in FIG. 1A can be considered as substantially DLC
(FIG. 1B). However, intensity of this peak is too
20 weak to be used for highly accurate detection of an
end point of etch-back.

Etching by an Ar ibn beam is performed by
exchanging energy between an Ar ion accelerated by an
electric field and an object to be etched. Then, the
25 present inventors have focused attention on the fact

that a direction and a quantity (sputtering yield) to

be sputtered vary depending on a material of an object
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Et ching by an Ar ion beamis perforned by exchanging
energy between an Ar ion accelerated by an electric
field and an object to be etched. Then, the 25 present
i nventors have focused attention on the fact that a
direction and a quantity (sputtering yield) to be
sputtered vary depending on a material of an object to
be etched. Here, description wilB be given to an
exanple of an ion beam etching apparatus for use in a
met hod for manufacturing a nmagnetic recordi ng nmedi um
accor dimdpat ¢Bhete present invention with reference to
FIG 2. The ion beam etching apparatus 10 has a
process chdifét: ESCHEPHi stdrc el Bigtaradifedn ¢xrdmole of
process chang} 11, a quadrupole nass spectroneter
Fdk

(Q Mass) TS RORFTECess ToRaser 11 2 gifFhed for
t 10 14 installed in the process chanb
19 el | PR o ke &*ambﬁct%fdmg to

E 2. The
exarrpl e, an el ectronic cyc otron resonance

syst eMonTRieSim %%%%Qﬁb'%pb@%@&@@lQOb%%%U%e Q%Ee%@lﬁh%%ber
but al so 15 reactive gases 02, SF6, CF4,

and t A4, iake iocar &oiuariez ad amdaaaéalebata@ @fo@@ss chamber
electric field, thereby formng ion beans. A

convendilent syetempory mascl stecarsystem i(@-Waiseh a3gas

is ionized while thernoel ectrons are generated by

i gni t PhGa&NEd arerhe POogREsacdagbeii Aéd wndhaarotary stage
nagneglc flelg enerated from a magnet that surrounds
10ihe i dA doStadl=d ABuths| Precess chamber 11. A substrate

15 to be etched back is held on the rotary stage 14.

The ion source 12 may be, for example, an
electronic cyclotron resonance (ECR) system. This
system is favorable because not only Ar but also
reactive gases Oy, SFg, CFy4, CHF3, CpFg and the like
are ionized and accelerated by an electric field,
thereby forming ion beams. A convenient system may
include a system in which a gas is ionized while
thermoelectrons are generated by igniting a filament,
and are confined with a magnetic field generated from
a magnet that surrounds the ion source. A neutralizer
filament is arranged at an outlet of the ion source,
and accelerated ions are neutralized, which can
improve a distribution of an ion beam reaching a
sample surface.

The rotary stage 14 can freely set an angle 0 of

the Q-Mass 13 with respect to the perpendicular



filament is arranged at an outlet of the ion source,
and accel erated ions are neutralized, which can

i nprove a distribution of an ion beamreaching a 25
sanpl e surface. The rotary stage 14 can freely set an
angle 0 of the QMass 13 wth respect to the

per pendi cul ar direction to the substrate 15, and an
appropriate angle 0 can set in 8ccordance with a
material desired to be flattening-etched. FIG 3
shows a relationship between an angle 0 of 5 the
Q mas S hadt s e ttheo SWRs tga@tisenddi-c @rgr adi P@RLRT LatE
the substrate in the i.on beam etchin ppar at us .a

d .
sput t NS ¥ CRP SF tari ToBiEECL 6 e "atEhéd Mo ER 16t Sebired

to be etched..(a.flattening film is Si02 or DLC 10
As cl &&r r%‘%\%t@mﬁg tehtecgnsepc{u'tteri ng yvield is

maxi m zed = : S g I ; i 02~
18, o8 G e IS8R e 0 o

case of DL and, t yl e

5 S MBXiHE zechAls Qvi:tkzafeéﬁ%&o'tcﬂttﬁé)gﬂ?gcﬁ\t@ﬂ@ﬂ direction
|
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sputtering yield is |ower than that 2. A1203 15

and Sitdenet eud e itrendencyrasoedind 2t dPtindPdpplinatus and
Ta, Ru, and ferromagnetic alloy such as CoCrPt denote

t he samsdugrdencyy asied.d Tf explaijteca dharkactegrdhstd.c The

of those materials, a type of particles to be

i nt r oddrd@tt it ehee tQhss sl dil e aniimia dd o e iCgo or
extentlg% installing in advance the Q Mass in a

di rectd of the angle O in which a sputtering yield

As clear from FIG. 3, the sputtering yield is
maximized at 6 = 50° to 70° in a case of SiOp. 1In a
case of DLC, on the other hand, the sputtering yield
is maximized at 6 = 20° to 40° although an overall
sputtering yield is lower than that of Si0Op. Al03
and Si denote the same tendency as Si0Op. Pt, Pd, Ti,
Ta, Ru, and ferromagnetic alloy such as CoCrPt denote
the same tendency as C. To exploit a characteristic
of those materials, a type of particles to be
introduced into the Q-Mass can be limited to some
extent by installing in advance the Q-Mass in a
direction of the angle 6 in which a sputtering yield
grows. For example, in a case of etch-back onto SiOjp,
it may be said that a peak at mass number 60 shows
substantially SiOj; when the Q-Mass is installed in the
direction of the angle 6 of 60° and mass spectrometry
is performed. This is because the sputtering yield of

DLC at the angle 6 of 60° is extremely smaller than



grows. For exanple, in a case of etch-back onto Si02,

it may be said that a peak at mass nunber 60 shows
substantially S 02 when the QMass is installed in the
25 direction of the angle 0 of 60" and nass

spectronetry is perforned. This is because the
sputtering yield of DLC at the angle 0 of 60" is
extremely smaller than 10 that G0 Si02. Al though there
is a characteristic that a direction and a quantity
(sputtering yield) to be sputtered vary in accordance
with ahedt erfi #1Qf. afldjudt thedre ot chethanafitenicgdsic that
not depend on an angle 5 of incidence of jons with
respect digFadte FubEtd &t guanti genEMtt e efigdd) to be
particles recoil in a direction of angle -(x when an
angl e UG EFG e o i1 AFGEFIRNC 2 WQRﬁ¥9$%‘D an

energy_l.os ue .to heat or the |jke actuall whi ch
br oade Sget%edcachdqee-e o St 5 ena?gtoncae\}a‘leyyﬁdanorl an angle

5Opt i rr%f af i%ér?cebrocpﬁlqg’%dyéige}ﬁd%easg%ec@fto Wts%tf‘&e .

the graph show ng ang nce of the
sput terd Rgend.eld. Jgunsdderatdion &f dde aboMe a direction
tendencies, it has been found that the angle O is
fixed di arger dancenhdrs ad tangl eraderirad i dendee eff ched is o.
back, and for exanple, by nonitoring a change over
ti me iHowewspectttalrariea reerguniafs alle peakheat or the like
intensities) which is obtained by the Q Mass, an end
poi nt asft ud latt.e mivigeretetfiatte neart- Hise ardslteer mifiekd i f Hiltth
accuracy. Wien an attenpt is made 20 to determ ne an

10end PSS BF WHXHQQ”ﬁQE}%ﬁ%jﬂq&}QﬁlS broadened in a range of

about 20° in the graph showing angular dependence of
the sputtering yield.
In consideration of the above tendencies, it has

been found that the angle 0 is fixed in accordance

15 with a material to be etched back, and for example, by
monitoring a change over time in a spectral area (a
sum of all peak intensities) which is obtained by the
Q-Mass, an end point of flattening etching can be
determined in high accuracy. When an attempt is made

20 to determine an end point of flattening etching of
Si0p by using the method described in Jpn. Pat. Appln.
KOKAI Publication No. 10-209128, a peak at mass number
44 is to be monitored, but accuracy 1s made poor
because the peak intensity itself is low. However,

25 when a Q-Mass probe is fixed to a position at the
angle 6 = 60° and a change over time in a spectral

area 1s monitored, sensitivity which is ten times as



Si 02 by using the nethod described in Jpn. Pat. Appin.

KOKAI Publication No. 10-209128, a peak at mass nunber

44 is to be nonitored, but accuracy is nmade poor

because the peak intensity itself is |ow. However, 25

when a Q Mass probe is fixed to a position at the

angle 0 = 60" and a change over tine in a spectra

area is nonitored, sensitivity whichis ten times as -

11 higher as that in the nmethod in Jpn. Pat. Appln.

KOKAI ~ Publication No. 10-209128 can be obtai ned. Note

t hat, Nighowsh TR des s atas el .giRddn Byppln. KOKAIL

U910 405,/ 0808 (01 ORI M AL LIS L0 il & v,
tral t . . i d ,
SPC Al AL AL SRS, ARSI ey g the

poi nt fyetehrpacioddy - the, esentyd gefbtr’ %rkta}sya change

descri bed above, and there is no need to enplo

sspect rARGORYndVBIE SRea dt LalduimbehO J0th i tdhe (a spectral
Q Mass, but also one functioning as an ion counter

can bexnsad,etatkd ttdmyrd e reRSEerinG-rdse ditngee,idoris to be
exanpl e, a partial pressure vacuum anal yzer or the

li ke. MRINGS.0 Al aimd B eartel ¢ hehetni erdl aigriants off edreht®ack in
apparatus for manufacturing a DIR nedia according to .
anot héh e My SfEnt1 rofe THe hraes s GriRast i verhiand there is
apparatus is obtained by altering a sputtering

depositd oI &Y St RO B (X IO ERdpl e T ARECHALcally,
IOCSO:I'O)nosco oarhyt QcheenaQb—lb?asfs! ,atbtuecnIarl%oetocnrlaI I’]?(*%mlc:r%ioning as an

ion counter can be used, and it may be an easy-to-use

type, for example, a partial pressure vacuum analyzer
or the like.

FIGS. 4A and 4B are schematic diagrams of an

15 apparatus for manufacturing a DTR media according to

another embodiment of the present invention. This
apparatus 1s obtained by altering a sputtering
deposition system for HDD (for example, an ANELVA

C3010) so as to enable flattening etching in

20 accordance with the method according to the present

invention. The apparatus 20 has a load/unload chamber
(L/UL) 21, sputtering deposition chambers 22 to 26 (P6
to P2) for HDD, and an ion beam etching apparatus 30.

A sample can move among the chambers consistently in a

25 vacuum. The ion beam etching apparatus 30 has an

etching chamber 31, an ion source 32 attached to the

chamber 31, a Q-Mass 33 attached to the chamber 31,
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20 accordance with the nethod according to the present
i nvention. The apparatus 20 has a | oad/ unl oad chanber
(L/UL) 21, sputtering deposition chanbers 22 to 26 (P6
to P2) for HDD, and an ion beam etchi ng apparatus 30.
A sanpl e can nove anong the chanbers consistently in a
25 vacuum The i on beam etchi ng apparatus 30 has an

et chi ng chanber 31, an ion sourde 32 attached to the
chanmber 31, a Q Mass 33 attached to the chanber 31, -
12 and a carrier 34 installed in the chanber 31. A
subst race 3% ary ilve StdcHed teddled drhélhg I atpercalri eP

34. In the ion beam etchi ng apparatus 30 of FI G 4B,
the i S8PSGFAEE 3P 9 |bi‘?stedzlqk€dJ £ s ito dSbY the ‘carrier

o S48 S, MR ST S s

nECha%%SnHth@%u&éra%ﬁ@qse %h %% %#ﬁggg%§%

[4

t aken Nt 6 Cons] tion

f' xed p'e'}p%n(?i'lrc%clt 'roqzoo}cth% psrt.%%tr%rt'@ @%d 1‘@19:! ipt(th Tarrier
10 500to0 70 in a case of SiA2, and 0 = 20 to 40 in a

case ofs,Dig@)y WiHeh J=05eGt 340 dhe pripendiccd aotary
direction to the substrate 35 in accordance with a

fl att erichgrfiisim Herial naf tericauare etanplas sofpravdwetthod ty is
for 15 manufacturing a nmagnetic recordi ng nedi um

accor diakgnt ¢ nticheoprsesenta tiimrent iforr bhidd, Bédedésdladsed3 1is
in detail with reference to FIGS. 5A, 5B, 5C, 5D and

5E. Fifisted d9 shoWraatiorGosA paedeRstntnacegingle 0 (8 =

50 to 70° in a case of SiOp, and 6 = 20 to 40° in a
case of DLC) with respect to the perpendicular
direction to the substrate 35 in accordance with a
flattening film.

Hereinafter, an example of a method for
manufacturing a magnetic recording medium according to
the present invention will be described in detail with
reference to FIGS. 3A, 5B, 5C, 5D and 5E.

First, as shown in FIG. 5A, an imprint resist
layer 52 is formed on a substrate 51, and patterns are
transferred by pressing a stamper 53, in which
recording tracks and servo information are formed by
patterns of protrusions and recesses, onto the imprint
resist layer 25 at 2000 bar for 60 seconds. For
example, a glass substrate is used as the substrate,
and Spin-On-Glass (SOG) which is converted into SiOj
by being sintered at a high temperature 1is used as the

imprint resist.



| ayer 52 is formed on a substrate 51, and patterns are
20 transferred by pressing a stanper 53, in which
recordi ng tracks and servo information are forned by
patterns of protrusions and recesses, onto the inprint
resist |layer 25 at 2000 bar for 60 seconds. For
exanpl e, a glass substrate is used as the substrate,

25 and Spin-On-d ass (SOG whichtis tonverted into
SiO2 by being sintered at a high tenperature is used
as the inprint resist. 13 Next, as shown in FIG 5B
t he stanperN&g i $s rEmvedin dnid + g edflteerstamper 53 is
hi gh-tenperature sintering at 450C or nore, or oxygen
expos Feesht et Gher med 9N LGRS At iSRS 109 at
t he pﬁ%ﬁﬁrned 5 confi%uration of Erotru ion% and
recessey © Thel8iftePr 28YSRBWAXPRSEFE T582 4°Ret 4P

thin filmb54 js forned aon the i rint resi.st r 52
havi néjeﬁwf;arﬁnaet erhs o erp?%)t rml?slin(;:nr%na%g‘er (?etzcseerlsn &

t ransf rieon. ¢l idun 4l be 10
5 ﬁrfﬁ%Jr]}lecd%g{; of gagzd@u% Brld DR L

forme s formed | neral deposition nmethod for a
HDD recor dime it cin (for s@amle st tRy | O)medz0r thin

exanple, CoZrNb filmof 60 nmas a soft magnetic
| ayer ,fiRun f34 msoff thetinaas tare umgearirayeresfigt layer 52
orientation control, and a filmof 20 nm obt ai ned by
15 addiavgray slhieghpa tarepurst off pSio@ usg cOeCraPtd arecgsses
ferromagnetic recording | ayer are stacked. The
f er r orfdgidthied fese S nRPN -ay dhandp isd &Nigndiitididfalto be
10 formed is formed by a general deposition method for a
HDD recording medium (for example, sputtering). For
example, CoZrNb film of 60 nm as a soft magnetic
layer, Ru film of 20 nm as an underlayer for
orientation control, and a film of 20 nm obtained by
15 adding a slight amount of SiOp to CoCrPt as a
ferromagnetic recording layer are stacked. The
ferromagnetic recording layer may be a longitudinal
film or a perpendicular film. A perpendicular film is
rather preferable in order to carry out high-density
20 recording. DLC is formed to be a film of 4 nm as a
protective layer 55 on the metal thin film 54.
Subsequently, a flattening film 56 is formed as
shown in FIG. 5D. A material without interaction with
the ferromagnetic recording layer 54 1is preferable as
25 the flattening film 56. For example, materials such

as Si0Op, Al,03, TiOp, C, Pd, Pt, Ta, Ti and Ru can be

used. Sputtering is preferable as a deposition



filmor a perpendicular film A perpendicular filmis
rather preferable in order to carry out high-density

20 recording. DLCis formed to be a filmof 4 nmas a
protective |ayer 55 on the netal thin film 54.
Subsequently, a flattening film56 is fornmed as shown

in FIG 5D. A material without interaction wwth the
ferromagnetic recording | ayer-54'4s preferable as 25

the flattening film56. For exanple, materials such as
Si 2, A1203, Ti2, C, Pd, Pt, Ta, Ti and Ru can be ,
used. MSFRAkr iy i ridfdrEsl e ad iddFosiag diprmegy by bias
met hod, and the flattening filmmy be forned b i.as

Sput £ S SaHTEh e Bor o Bt L ‘B Y A The
subst rat | O 1 1] (s 0 r.th

e, BRI e T oaay AR e s oediettod "ox cne

etch-bagle is performed by using the ion beam etching
apparatus according to the present invention shown in

sFIG 2 or pMBeFtiate back tsn@igred 8l gmki N @rnsdppe tath-back
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cross section that the DLC protective film 55 above
t he 10 < grardiagret ity nedorgdithg liayehdad andHilme apparatus
flattening film56 are in plane. The DLC protective
film55samyingl $@ bda emmeeththy rarergtichs Fdckirstiep FIBy. 2 or
usi ng the ion beam etching apparatus of FIG 2,
et ch- B&ck Késhhdaspdrs or i e ki afglséiape B jogoss
changed in order to . find an angle 0 suLtabI% f?; a

55 above the

mat er iSRS 5GP H& A é:t}}eerﬁlﬁlg grqhRctive film

ferromagnetic recording layer 54 and the flattening
film 56 are in plane. The DLC protective film 55 may
also be removed by an etch-back step.

By using the ion beam etching apparatus of
FIG. 2, etch-back has been performed while an angle 0
is changed in order to find an angle 6 suitable for a
material of the flattening film.

A suitable angle 0 when Si0Oy is used as the
flattening film will be described. First, detection
of an end point of etch-back was evaluated with the Q-
Mass probe being fixed at an angle 6 of 60°. A Q-Mass
spectral area intensity denoted 5 (no unit) as long as
flattening etching was performed by irradiating an Ar
ion beam. After 10 minutes, the Q-Mass spectral area
intensity rapidly declined, and thus, the flattening
etching was stopped. Thereafter, a DLC protective
film was formed again, and a lubricant agent was

applied thereto. When readout test was performed with



A suitable angle 0 when Si02 is used as the

flattening filmw |l be described. First, detection

of an end point of etch-back was evaluated with the Q

20 Mass probe being fixed at an angle 0 of 60. A

Q Mass spectral area intensity denoted 5 (no unit) as

long as flattening etching was perfornmed by

irradiating an Ar ion beam Aftler 10 minutes, the

Q Mass spectral area intensity rapidly declined, and

thus, the flattening 25 etching was stopped. .
Ther eafets@ecta thL@mpidilectilvd Hag manas SRed 4§@ wpbtained
and a lubricant agent was applied thereto. Wen C o
r eado TR 8§ iRad P Gr r‘i?(?(fqlﬁlp"‘trﬁ'tﬁ heagk pedth o Sy imgp heioht

whi ch fact dth bt ai DIR [ '
Feadl i 0d Rl Tt &N o TGS SR e G et
readoultooshg[gzalngé %ulv%rkée o A QTR SR A W a1
manuf actured and readout si gna intensities at

ssi m | ah, dep\sls erg ahtaingd i s resRedbd0 ld Wi
medi a. Next, on exam nation while the angle 0 was

vari edediriceen Hl lanthe8hedddVass spectral area

intensities at 0 = 10 to 40 were 4.0 or less, and

suf fici ent Ndktsensi tasdriiynaoidrd wiotlde robtaiqied .0 Avas varied
Q Mass spectral area intensities at 0 = 50 to 70 were

4.0 obatween Lfgkand BO°poesidse speobral nasedfietensities
sensitivity for detection of an end point. A Q Mass
spect Bl %ared 0% hPefl tYeER D & B IR abtRf upficient

Taki . . _ _ ~al
1osenlsint el\ﬁstl)]flvl ygscsolu Ide ntoot bet aolbq:asil'lnfefcl.CI %—\ntQ—Mass spectral

area intensities at 06 = 50° to 70° were 4.0 or more,
making it possible to obtain sufficient sensitivity
for detection of an end point. A Q-Mass spectral area
intensity at 6 = 80° was about 2.0, making it

15 impossible to obtain sufficient sensitivity. As a
result, it can be understood that the suitable angle 0O
when SiOp is used as the flattening film should
satisfy the condition of 50° £ 06 £ 70°.

For comparison, flattening etching was performed

20 by a time-control method. When 100 samples on which
flattening etching has been stopped up to 10 minutes
were manufactured, and R/W evaluation was performed
thereon, clear readout signals were obtained from
about 60 samples, and there have been about 10 samples

25 whose signal intensities were not more than half
thereof. Accordingly, it can be understood that, in

detection of an end point of etch-back by the



result, it can be understood that the suitable angle O
when Si02 is used as the flattening fil mshould
satisfy the condition of 50 < 0 5 70. For conpari son,
flattening etching was performed 20 by a tine-contro
met hod. When 100 sanples on which flattening etching
has been stopped up to 10 m nutes were manufactured,
and R/ Weval uati on was performed® tthereon, clear
readout signals were obtained from about 60 sanples,
and there have been about 10 sanples 25 whose sE%na
i nt ensionvesn bi@na Indtinepcontrar AEIthodyhdteds, difficult to

Accordinghy, it can he understood that, in detection
of an SERPLSSSNtENIr SHSRBEH by the 16 conventi onal

time contr nethad, it js difficult to. suppress .thi.

di sper si on%Werghdgl susuesCJec?Sastkﬁeﬂﬁtgtetnérﬂ%g ?q’ml?tlss

is suffdci taq _orj t h C@%@é p in.a - £3

di rectéiugﬁqc r(l{arlltt gr? gr%%éto °ofe . %g’cggggeaqsnpﬁt tdelrrieﬁ:g Hon

syi el d 0f @ is%d1@Wp bire 39ensi bb¥btyei s Woakeaedng@syield of C
conpared with™ that of Si02. However, because nany

mass speaidigl threalesh aft iGiaend souteakkdeR4s 3ompdGedmwith
the like), a spectral area intensity-to-noise (SN) is
made Itdrage.o f1(G 1AQ Miksiesmpett oalcaarsea mamtye msistsy spectral
denoted 2.6 (no wunit). On exam nation while the angle

0 was Pearise®f Betamden o100 @rRd 80, 2@ Miss oFpdder ditke), a
area intensity at 0 of 10 was about 1.0, makin

i NposSIRICE B AdIFailm SIS T ERTTOeRS 1§yt v S Al%éefve}?sfge-
1OSpeCt5?bjy§§% spectral area intensity denoted 2.6 (no
unit). On examination while the angle 6 was varied
between 10° and 80°, a Q-Mass spectral area intensity
at 6 of 10° was about 1.0, making it impossible to
obtain sufficient sensitivity. A Q-Mass spectral area
15 intensities at 6 = 20° to 40° were 2.0 or more, making
it possible to obtain sufficient sensitivity for
detection of an end point. A Q-Mass spectral area
intensities at 6 = 50° to 80° were 2.0 or less, making
it impossible tb obtain sufficient sensitivity. As a
20 result, it can be understood that the suitable angle 0
when C is used as the flattening film satisfies the
condition of 20° £ 0 £ 40°.
When Ti or Ta was used as the flattening film, a
Q-Mass spectral area intensity at 0 of 30° denoted 3.0
25 (no unit). When Ru, Pt, or Pd was used as the
flattening film, a Q-Mass spectral area intensity at ©

of 30° denoted 5.0 (no unit). The angular dependence



15 intensities at 0 = 20 to 40 were 2.0 or nore,
making it possible to obtain sufficient sensitivity
for detection of an end point. A Q Mass spectral area
intensities at 0 = 50 to 80 were 2.0 or |ess, naking
it inpossible to obtain sufficient sensitivity. As a
20 result, it can be understood that the suitable
angle 0 when Cis used as the flattening film
satisfies the condition of 20 < 0 5 40. Wien Ti or
Ta was used as the flattening film a O Mass spectra
area iaft éﬁ%ﬂﬁt%/ et &0 igFL B0V afe it F 2310 aszsc?(aﬁfo Qﬁgiq ).

When Ru, or Pd was used as the fI ten| éiﬁ

Q Mass speé’ﬁ%ﬂ Bl i it et 4 25t }09 ‘H‘g'}ﬁ) Ty ¢

(no u ngul ar__depe denc of t QS

mat er iﬂ.fltl\?sasvvassgehcguga;inearaesa ltoﬁwn ecé’ ]R/\ﬁe SenOted 2.8
used ag,f hg i e otneweg Sdddm énaé}m%rlv%sss sPegld aéas%feoaf Si0,.

|ntenS|ty at 60 denote no unit) in

ssame MRMIu@s dHe the Gaser afy %lQLZ;htl%/ @édlqliﬁal'b tﬂ'&:ause a
sensitivity slightly declines because a sputtering

yi el d gpmdtew iiny the lsan®s Mowem ahd sdntee maease ofs Gn the
there is no problemin detection of an end point.

When Siassas fused tasedehel o Irat trerilgen idmdeted@iMasf an end
spectral area intensity at O of 60 denoted 4.8 10 (nho

uni t) dainthe SHren rfEnmErs a4 ats'netkteas%lacﬁtesim flﬂﬁfe a
angul ar dependence of those materjals s the

that &Mgs2 sAGSEE2la RS Hinddeddnpla & of S nganpbed 4.8

10 (no unit) in the same manner as in the case of SiOj.

The angular dependence of those materials was the same
as that of SiO»p.
Next, a modified example of a method for

manufacturing a DTR media according to the present

15 invention will be described. The modified example is

different from the manufacturing method described
above in that a substrate itself is processed.
In this modified example, the same processes as

those up to FIG. 5B in the above-described

20 manufacturing method are performed. In this modified

example, novolac photoresist (for example, s1801 or
the like) or SOG (Spin-On-Glass) commonly used as an
imprint resist can be used.

As shown in FIG. 5B, an imprint residue 1is

25 removed (so-called bottom removal) by reactive ion

etching (RIE) onto the imprint resist 52 on which the

patterns has been transferred (not shown). When SOG



manuf acturing a DIR nedi a according to the present 15
invention wll be described. The nodified exanple is

di fferent fromthe manufacturing nmethod descri bed

above in that a substrate itself is processed. In this
nodi fi ed exanpl e, the sane processes as those up to

FIG 5B in the above-descri bed 20 manufacturing nethod

are performed. In this nodified l&xanple, novol ac

phot oresi st (for exanple, s1801 or the like) or SOG
(Spin-On-d ass) commonly used as an inprint resist

can bésusesgd AS ShewdMoF ItGresB stan Sitwgpr iGhtd /r €8iFgue C2F6 OT
is 25 renmoved (so-called bottomremgval) by reactive

ion &GhilAd S RED) Bntisaché S RpisRctles §8552 g whicdre of
the patterns has been transferred (not shomqg. en

SOG - MO @&é’%%&sﬁﬁ i PY R P8 1965, 1SFE UIERR S

OHFS, C2F6 iy d Mg d Ik aan e ynRd @5 AdSAMT Y081 11ng

In a case of novolac photoresi an oxygen das

ssui t ahlee p AR @ 187 $the' 8Sidue i eR&d, (@ shown) .

10

mlling 5 is perfornmed using the resist as a mask

(not $lOVIRN miAS iin@f) MWd liichgmiAr iingn i lddik@dle with any
suitable with any material. It may be RIE using a C

gas, ortemyaie RIE magi hg KRICOuNHBgas ClTherseaftremaya be RIE
residual resist remaining on the 10 top portion of

t he swssincatee GO NHgmeveed (not shown), and then, a DIR
media i s manufactured by a nmethod of substrate

et chi ng typdeaLadicith it BsGAw by sHrstyigfgpaining on the

top portion of the substrate is removed (not shown),
and then, a DTR media is manufactured by a method of
substrate etching type as shown in FIG. 6 by carrying

out the steps of FIGS. 5C, 5D and 5E described above.

Next, a method for manufacturing a DIR media by a

15 method of magnetic film etching type will be described

with reference to FIGS. 7A, 7B, 7C, 7D, 7E, 7F, 7G, 7H

and 71.
As shown in FIG. 7A, a metal thin film 64 1is

formed on a substrate 61, and then, a protective film

20 65 is formed thereon. For example, on a glass

substrate, CoZrNb film of 60 nm as a soft magnetic
layer, Ru film of 20 nm as an underlayer for
orientation control, a film of 20 nm obtained by

adding a slight amount of SiOs to CoCrPt as a

25 ferromagnetic recording layer, and DLC film of 4 nm as

the protective film 65 are stacked.

Thereafter, as shown in FIG. 7B, novolac



out the steps of FIGS. 5C, 5D and 5E descri bed above.
Next, a method for manufacturing a DIR nedia by a 15
nmet hod of magnetic filmetching type will be described
wth reference to FIGS..7A, 7B, 7C, 7D, 7E, 7F, 7G 7H
and 71. As shown in FIG 7A, a netal thin film®64 is
formed on a substrate 61, and then, a protective film

20 65 is forned thereon. For examl e, on a gl ass
substrate, CoZrNb filmof 60 nmas a soft magnetic
layer, Ru filmof 20 nmas an underl ayer for _,

or i enPROTET St dIf0ra HAMMIGH 23 8h OBt &hfed k) ©or SOG
addi ng _a slight ampunt of ,SiQ2 to CoCrPt as.a 25 ..
ferro?ﬁé’ it PEEST dih§ N aY e 1 dnd SBEE S iG%mlgf P Pihegs onto
the protecti il re st .. Ther er,
shownt%ﬁ %%E¥%§%}V%%3%ﬁ§€"f%13®k%%8PoF§€ﬁ§% (foF%%n’

exanmpli ¢y §1801 Of LN it ) 0h 183 1 GO IR e} 389 nto the
an inprint resist 62 is applied onto™ the protective

5l ayer 169y tSpieR-GRalliaRGr E2ENas igHinNtini S 1REY.f onedd 7D.
by pressing a stanper 63 onto the 5 inprint resist

| ayer 62, akexxhows ighdwWrGSn FLGANTE[D.rendent], oS istpowimt

in FIG 7E, renoval of inprint residue (so-called

bot t omesgimeal (Jso-s agdrefdoomgd dyy rRifevadilt i sr gspdotrmeg by RIE
the inmprint resist 62 having the patterns transferred

t her edd tENEESPREEN)EC When 100GLNS 1Gsds$éd o4s hefyéng the
inmprint resist 62, SF6, CF4, CHF3, C2F6 or the |ijke .
can b&aGLEF s tarederined Fhereon a‘“&é}sé?‘&fwm- When SOG 1s

10 used as the imprint resist 62, SFg, CFyq, CHF3, CpFg or
the like can be used as a reactive gas. In a case of
novolac photoresist, an oxygen gas is suitable.

As shown in FIG. 7F, etching onto the protective
film 65 and the metal thin film 64 is performed using
15 the imprint resist layer 62 as a mask. As etching, Ar
ion milling is suitable. It may be RIE using a Cl
gas, or may be RIE using a CO+NH3 gas.

As shown in FIG. 7G, a residual resist remaining
on the top portion of the ferromagnetic material is
20 removed. When an oxygen plasma process is used as a
step of removing a residual resist remaining on the
top portion of the ferromagnetic material, there is no
protective film DLC on the top portion of the
ferromagnetic material. However, in removal using a
25 reactive gas such as SFg, CFyq, CHF3 or CpFg, the DLC
protective film remains on the top portion of the

ferromagnetic material. Next, a flattening film 66 is



novol ac photoresist, an oxygen gas is suitable. As
shown in FIG 7F, etching onto the protective film®65
and the netal thin film64 is perforned using 15 the
inmprint resist layer 62 as a mask. As etching, Ar ion
mlling is suitable. It may be RIE using a O gas, or
may be RIE using a COtNH3 gas. As shown in FIG 7G a
resi dual resist remaining oﬁ'tﬁ%)tdb portion of the
ferromagnetic material is 20 renoved. Wen an oxygen
pl asma. process is used as a step of renoving a

resi dd&T™eSsi st remmining on the top portion of the

ferromagnetjc material, there is no rot.ect fdl e
[1Conthe%%ﬁ q%n%ﬁﬁ%§mfﬁws %%&qg@/TJHaS
However, _i.n_r 1Y, i [ S :

sro. - a5 A5 Ry WAty P B AR S i Aening
remai ns 10N ddhe R LRGP Of 1 g feyiremegnetddh-back has
material. Next, a flattening filme66 is 20 forned.

s5Ther efdegr pea ABRGHIINAS iSTHAW iihdFlaa 181 icowhiead red as to
by flattening etching onto the flattening film 66.

Det ectdeoratofaramrenie Poiopt: iofuretfolr- Baolk tleas. a 15 ofeéme
performed by installing an ion counter so as to be at

an andlletQepptniomfrmlivors G aratdascalinsfd o v at tenisipwn in
film66 as descri bed above. As shown in_FI G

71, a
DLC | &/&- 6Z.may BE AWy for My it ey Ly Jissrest on the

af t h- ) [ [
thee: etc6F%3%5af%%ﬁ*ggggyg;§¥: materials used for

10 Hereinafter, materials used for the respective
layers and a laminated structure of the respective
layers of the magnetic recording medium according to
the embodiment of the invention will be described.

<Substrate>

15 Examples of a substrate include a glass
substrate, an Al-based alloy substrate, a ceramic
substrate, a carbon substrate, and an Si single-
crystal substrate. As a glass substrate, amorphous
glass or single-crystal glass can be used. Examples

20 of amorphous glass include soda lime 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

25 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



| ayers and a | am nated structure of the respective

| ayers of the magnetic recordi ng nmedi um according to

t he enbodi nent of the invention will be descri bed.
<Substrate> 15 Exanples of a substrate include a glass
substrate, an Al -based alloy substrate, a ceramc
substrate, a carbon substrate, and an Si single-
crystal substrate. As a gl ass substrate, anorphous

gl ass or single-crystal glass can be used. Exanples 20
of anor phous gl ass include soda |ine glass and

al um A1 iEdat gleads. Imbeanpihes sofr feaps tdiereadd glFaggher,
include lithiumcrystallized glass. A ceramc

subst P4t% FRhP e T TSERI% 20a NifhtlévEd Bedy-he above-
Son Dl S e e ats Gng e gl Ghstiite by
obt ai r}]ﬁ.%til?‘%é foirbesr-ur eéeqf.%r Ci 9, tblglo%eses&' nt ered bodi es.

& gl su §%‘%% e.,

An Si " singlte-cryst rate, 1.€., ‘a silicon wafer

smay - 21 hawsandde fddomon the surface thereof.
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Further, one obtained by formng an NiP [ ayer on the
above- desatdieth mRidersiiRailrat ena@net IROMBRIAding medium is
substrate by plating or sputtering can be used. 5

<Sof t mamderelcayaresl , Widia ta iperfpenmdicc wlsare magoetliled

recording nediumis manufactured, that is forned as a

s0- calPeggengdioydrdi dwoarl aves- Nepdumrédivdmohay ipegpgndicular
per pendi cul ar nmagnetic recording |layer on a soft
underp@@@@tggugppordlng layer on a soft underlayer (SUL).

The soft underlayer of the perpendicular two-layer
medium is provided for allowing a writing magnetic
field from a magnetic pole to pass through, and for
allowing the recording magnetic field to return to a
return yoke arranged in the vicinity of the magnetic
pole. Namely, the soft underlayer serves as one part
of functions of a write head, and functions as a part
of improving a writing efficiency by applying a
precipitous perpendicular magnetic field to the
recording layer.

As the soft underlayer, a high permeability
material including at least one of Fe, Ni and Co is
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



10 The soft underl ayer of the perpendicul ar two-I|ayer
mediumis provided for allowing a witing nmagnetic
field froma magnetic pole to pass through, and for
allowi ng the recording magnetic field to return to a
return yoke arranged in the vicinity of the magnetic
15 pole. Nanely, the soft underl ayer serves as one
part of functions of a wite he&&d, -and functions as a
part of inmproving a witing efficiency by applying a
preci pi tous perpendicul ar magnetic field to the

recor dedgN-.ayer. 20 As the soft underlayer, a high
perneability material including at Ieast,oqg of Fe

N and Co S thsedolgxamsieddasevhe mat&hial il ffe used
FeCo-based al | oy such as .-FeCo or. FeCoV:

o0 Fecbased. o Loy, sueh 85 ) L ERGRK: hcn oo cemo,

FeNi Si_ FeAl: FeSi.- I

el S Fothefeed 30,90 FESLantl o Loy SUERRS o

5FeTa'@%§e%ra%|%¥F§%ﬁgra%tr%%E%meF%Pagthh %QH@Wcﬁygial
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an FeZr-based alloy such as 22 FeZrN. As the soft

under Layer c 12 salrey ials s e iws ed meftixGlk .has a

m crocryatalline structure such as FeAlO, FeMQO,

FeTaN, or EeAndleenteai niheg nGl eati%loro fimdrtee ofo£15 Urejedrayer

a granular structure in which fine crystal particles

are difspehsed iine ladentar O, aBXa@yplcontefining Gt @émdalatofleast
the soft underlayer further include a Co all oy
Contapﬁﬁn@fC@ran@fatNPEagﬁr 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
material has no crystalline magnetic anisotropy,
crystalline defect, or grain boundary, and thus
exhibits an extremely excellent soft magnetisation.

By using an amorphous soft magnetic material, an
attempt can be made to make a noise of a medium lower.
Examples of a suitable amorphous soft magnetic
material include CoZr-, CoZrNb-, and CoZrTa-based
alloys.

Under the soft underlayer, an underlayer may be
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.



one of Zr, Hf, Nb, Ta, Ti and Y. 80 at% or nore of Co

10 is preferably contained therein. Wen such a Co

alloy is formed to be a filmby sputtering, an

anor phous |ayer is easy to form An anorphous soft
magnetic material has no crystalline magnetic

ani sotropy, crystalline defect, _or grain boundary,

and thus 15 exhibits an extréheﬁygeibellent soft

magneti sation. By using an anorphous soft magnetic
material, an attenpt can be nade to make a noise of a |,
medi um | owé® * BLES 12YEH CHFRe SEtorPhsud grgnetic
magnet | material ,include CoZr-, CoZrNb-, a

oo THA£EIA 56 Py § ~Saee ERsSan st gy drdegtaver
under | I l. r oyj Is rder. .0 i AQrove

the crols St peey oor (SRR KA RG, Pl difd TRORES 2

| nprove 1the radher ence ldibhe Salkrunderd ayer Jdr¢ th&hange
substrate. Exanples of a 25 material of the underlayer

5i ncl udeuplinta,inder@ctade pRtweeh a&healslodt aerihaicnicdng
those, or an oxide or a nitride thereof. - 23 An
i nt er nedicatle yleay endc aumposed oofd iagndayegnetinc tmatemitalol the
may be provided between the soft underlayer and the
per pesdivétlearl imddnevifc thec ediongingydpyek . r denpfleshef a
internmedi ate |l ayer is to cut off exchange 5 _coupling
i nt er 3eEEER e e ot HE t&eTE dRaGRetlify S tuddetvgfe Riandt, Fd.

t he rgpogdin ala er, a%q t.0 controll he cr¥$taLIini%%se
of the’r &drglng ayéP. E%anﬁFegnoF Oy containing t ’
10 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,
and have a Ru film having thickness of 0.5 to 1.5 nm
interposed therebetween, whereby anti-ferromagnetic
15 coupling may be carried out. 1In addition, the soft
magnetic layer may be exchange coupled to a hard
magnetic film having in-plane anisotropy, such as
CoCrPt, SmCo, or FePt, or a pinning layer composed of
an antiferromagnetic material such as IrMn or PtMn.
20 In this case, a magnetic layer, for example, Co, or a
nonmagnetic layer, for example, Pt may be laminated
above and under an Ru layer in order to control an
exchange coupling force.

<Perpendicular magnetic recording layer>
25 As the perpendicular magnetic recording layer,
for example, a material is used which consists

substantially of Co, contains at least Pt, Cr as



material of the internediate |ayer include Ru, Pt, Pd,
W Ti, Ta, C, and Si, or an alloy containing those,

10 or an oxide or a nitride thereof. In order to
prevent a spi ke noise, the soft wunderlayer may be
conprising of a plurality of layers, and have a Ru
filmhaving thickness of 0.5 to 1.5 nm interposed

t her ebet ween, wher eby anti-féTréﬁhgﬁétic 15 coupli ng
may be carried out. In addition, the soft magnetic

| ayer may be exchange coupled to a hard magnetic film
havi ngeiertesl: agd Cafivgétiedpyncdidissagn egecet (tsFosxagple,
FePt, or ,a.pinning | ayer conpgsed of an
antiférF&ﬁ&&ﬁ@tP&qﬁ§VeFiéﬁ%gﬁéﬁmagxﬁﬁﬁﬁ'orIﬁtﬁﬁ? 20

I n this_case,. gnetic.l. r,. far , Ca, .qr a
nonnagﬁgéﬁi%ﬁ§§ég% F%gn%§§%é%§Foﬁgl§§§%gggﬁénﬁﬁaﬁgd

aboxgﬁ§%%e%Q%%rf%@ E%gggxggekgg%ggqr 59 14Ol ARave a

exc ge coupling f I cufar nagnetic
5 ecor dioN@mndye st r&2 tAs <. he perpengeGleaty 1RARet htignetic

recording layer, for exanple, a material is used
whi ch reersidithg 1sykst antiiall ywueh Gostearttaires ahel east
Pt, C as 24 needed, and further includes an oxide
(for exdspltetioa sind ¢che exiyesald initaniofmtdel depneitdc
the perpendicul ar magnetic recording layer, it is
pr ef eFEYG tRer PREGAELISS @rpstalt isdrcterds fechave 2arssult, 2
col umar Sueure. 1 U1e PELRSnd Culal e, danaicy
10 recording can be obtained. In order to obtain the
structure described above, a quantity of oxide is
important. A content of oxide is preferably 3 mol% or
more and 12 mol% or less, and more preferably 5 mol%
or more and 10 mol% of the total amocunt of Co, Pt, and
15 Cr. When the content of oxide in the perpendicular
magnetic recording layer is within the above-described
range, the oxide is precipitated at the periphery of
the magnetic particles, which can be isolated and
become fine. When the content of oxide is over the
20 above-described range, the oxide remains in the
magnetic particles, which deteriorates the orientation
and the crystallinity of the magnetic particles.
Further, the oxide is precipitated above and under the
magnetic particles, and as a result, preventing the
25 formation of a columnar structure in which the

magnetic particles penetrate through the perpendicular

magnetic recording layer in the perpendicular



orientation and the crystallinity of the magnetic

crystal particles are satisfactory, and as a result, a
signal -to-noise ratio (SNR) suitable for high-density

10 recording can be obtained. In order to obtain the
structure descri bed above, a quantity of oxide is
inportant. A content of oxide is preferably 3 nol % or
more and 12 nmol % or | ess, and n@de preferably 5 nol %

or nore and 10 nol % of the total amount of Co, Pt, and

15 C. Wen the content of oxide in the perpendicul ar
magnetiicecétondi ngnl &per oitbewi hand t hcabenécaés ki p&dde,
range, the oxide is precipitated at the periphery of

t he nH§heRi ésSpapreiccltagn %ﬁ?cﬁbegﬁ'S§SF§6B§9e5a8ﬁé' causes

DECOE ) B U0 L8 SORLEILoOhe0t I8 S OUAE 1S Rl e

abov r énal Ns

nﬂgne%ka B@E&%@}%ineWH'gquﬁkﬁehQ& FeSAEh%_%Fh%%%ﬁ%E%%, a

and the crystallinity o e magnetic particles.

5FurthﬁBisEthoﬁh@etﬁ%egﬁ?cEEEH@B%QW%QQ!%gaHQC%%@%%sEh%nd a

magnetic particles, and as a result, preventing the 25

f or matigRa0f ta-gekanaa tsbr ushimn e sl twhileh foltfehigh-density
magneti c particles penetrate through the perpendicul ar
magneteeotredagdicagnbayee obtbheeper pendi cul ar - 25
direction. On the other hand, the content of oxide,

which is | 85s doartentte cdbdire-idesde ived peaggeulegugegnetic
the magnetic particles to be insufficiently isolated

and bEESRELNFe 1RNEET fisc PERLEYEPAY &0céhSeqieACEs &N

10" €8t 1he L TR ARG ALY e N8 3%eY s A1Yn the
above-described range, a uniaxial magnetic anisotropy
constant Ku required for the perpendicular magnetic
recording layer can be obtained, and moreover, the
orientation and the crystallinity of the magnetic

15 particles are made satisfactory. Consequently, it is
possible to obtain a thermal fluctuation tolerance and
a read/write property which are suitable for high-
density recording. When the content of Pt is over the
above-described range, a layer having a face-centered

20 cubic (fcc) structure is formed in the magnetic
particles, which could lead to deteriorations in the
orientation and crystallinity. When the content of Pt
is less than the above-described range, on the other
hand, a thermal fluctuation tolerance cannot be

25 obtained in accordance with a Ku suitable for high-
density recording.

The content of Cr in the perpendicular magnetic
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signal -to-noise ratio (SNR) suitable for high-density
recordi ng cannot be obtained. The content of Pt in the

per pendi cul ar magnetic recording layer is preferably

10 at% or nore and 10 25 at% or | ess. Wen the content

of Pt is within the above-described range, a uni axi al
magneti c ani sotropy constant Ku required for the

per pendi cul ar magnetic recoFdi@@ | ayer can be

obt ai ned, and noreover, the orientation and the
crystallinity of the magnetic 15 particles are made o
sat i sFeEPEFYNICIAYEGUERL PyeTrEabdy Bo8&ifpPrE FEr6bean2> ats

a thermal fluctuation tolerance.and,  a _read/wite e
pr opePty 1ffSeh d emgﬁﬁtgﬁﬁgefgslﬁlgﬁ-aaéngftyore and 20 at#

recordin%és@henwkg% %%%t%ﬁk§%ktp%f!%roggrwﬁQﬁin the above-

O
abovedescibed range, a layer having a face-centered

20 cubi-GtfigeH $hhdel UHE ginS mhefiRd skaR 1bhe camgpet ke intained
parti?ﬁeg,lwhich cgﬁld Igadmﬁg detg?iératfons in the

or i entatthen rake Geystialgl aniuhy axWaen mbge etdrt @nti soft rBpy

is less than the above-descri bed range, on the other ‘

hand, cantshentalKuf.| ugisuat ires uilal, erareeddanmige pegopsrty which

obtained in accordance with a Ku suitable for high-

densi tiy sedsrdileg.foThé igbmdems i6ly @eciogdimg and a

per pendi cul ar magnetic - 26 recording_|ayer is

pr ef esadify od eattogtdre rfsrle fANE o5 tdom, tolerasse &7d Mor e

preferably 10 at % or re anqﬁg at % or, |ess. ghen _

the cOMnt'ser aViod wEhiar™ @%aﬁéygf dEs SVied e above

range d ehslc%q bré%g I}eatnl gsea,t 1.on h%arrr]natie f%lcl%ﬂj%th%ql tolerance
deteriorates because a Ku of the magnetic particles is
made little, and the crystallinity and the orientation
of the magnetic particles deteriorates. As a result,
a read/write property deteriorates.

The perpendicular magnetic recording layer may

include one or more additive elements selected from B,
Ta, Mo, Cu, Nd, W, Nb, Sm, Tb, Ru and Re, in addition

to Co, Pt, Cr and an oxide. Since these additive

elements are contained, it is possible to stimulate a

20 reduction in the size of the magnetic particles, or to

improve the crystallinity and the orientation thereof,
thereby enabling to obtain a read/write property and a
thermal fluctuation tolerance which are more suitable

for high~density recording. The total content of

25 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
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5 wi thout decreasing a uniaxial magnetic ani sotropy
constant Ku. As a result, a read/wite property which
is suitable for high-density recording and a
sufficient thermal fluctuation tol erance can be
obt ai ned. When the content of Cr is over the above 10
descri bed range, a thermal fluctuation tol erance
deteriorates because a Ku of th&magnetic particles is
made little, and the crystallinity and the orientation
of the magnetic particles deteriorates. As a result,

a r eaBPWELER eFr 0paAt Fhdst elth6r srgstalginpgéy and the

per pendi cul ar magnetic recording | ayer i ncl ud

one oPrﬁ8P§a§&8PtP?etgﬁeﬁéﬁpgté I@@%@dcggﬁwﬁéﬁ d?é%urbed'
Mo, Nd, W Nb, Sm Th, ,Ru Re, i.n. it to. .
Co, SH? & “an! egHeQEFde}Qspﬁgg%%%eégpgggﬁ?ﬁ%e%e%%ﬁgégglte

reduction in“the size of the magnetic particles, or
| mprove ithe1er ¥etahlighi-enand yt he oridentyat i on t hereof,
t hereby enabling to obtain a read/ wite property and a
thermal fl usdapatlieen dfolermnee Wi ST ahe mereesiditcallae
for high-density recording. The total content of 25

are C?QB%EQ%Q'aIH 1S PR Eﬁl%lh%t%%EQ%EaE%l%ra%ge wh&gh are

t hesemaddiecttiicv e eeloeniemgs liayepr dluettalslry 18 cdt¥teor CePs-based

Wen it is over 8 at% a phase except for a hexagona
cl oseapacked a( ROFY —phase iad Loor mad Gor tlhe beggRetild 027

parti
orien

cles, and thus, the crystallinity and th
£2EiEen GPPFﬁéowagﬁgﬁﬁéxpéP@i€P5§%§Fé'di§$§rbed.
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multilayer film of Co and an alloy which consists
substantially of at least one type selected from the
group consisting of Pt, Pd, Rh and Ru. Further, a
multilayer film such as CoCr/PtCr, CoB/PdB, or CoO/RhO
having Cr, B or O added may be used as the each layers
of the multilayer thereof.

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



property and a thermal fluctuation tolerance which are
5 suitable for high-density recordi ng. Exanples of a
mat eri al of the perpendicular nagnetic recording

| ayer further include a CoPt-based alloy, a
CoCr - based all oy, a CoPtCr-based alloy, CoPtQ
CoPtCrO, CoPtSi, and CoPtCrSi. The 10 perpendicul ar
magnetic recording layer may be & rultilayer film of
Co and an all oy which consists substantially of at

| east one type selected fromthe group consisting of
Pt, PRUtRMtadd mee Fudhherhigh rﬁHSthiOIré;ﬁera HauaiQEh ad
CoCr/PtCr, CoB/PdB, or CoQ RhQ.15 having C, B or 0
added G B ded ad & SRRV SIAT TGN C FecoTding

LR hereleo TS | UGS A IR IR GA

magnet reco I's pre abl to'6

and myjien R &lRnably & tQ 3Q M A PerpRRd GUKAT (3000 oe),
magneti ¢ 20 recordi ng 'l ayer having a thickness within

sthis rarge iisS eSudnbief ahdti gh+tensiatly fecerditien

When the thickness of the perpendi cul ar magnetic

recor dicigranmyperddcdd ilness. t Baperpamd itdudee igraalation of the
tendency that a regenerative output is too |ow, which

i s | owerrpehal cal 12y meigge tdanperentd imggHerye tWien prederably
thi ckness of the perpendicular magnetic recording

| ayer G-8 Gem4® -nmWhepn tihige petmen dand an Wepslatsop is less
tendency that a readout - out put is too

whi ch di%dt ort%s &\hFet'or M %%“d@@&ycit\ﬂatty oL
1operpe%ﬂﬁﬁ%@d%{i@%QQﬁ?fé%gh%%Pﬁﬁgéﬁines,
<Protective layer>
The protective layer prevents corrosion of the
perpendicular magnetic recording layer as well as
damage of the surface of the medium when the magnetic
15 head touches a medium. Examples of a material of the
protective layer include a material containing C,
Si0p, 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
20 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 sp2—bonded carbon
(graphite) and sp3—bonded carbon (diamond). The sp3—
25 bonded carbon is superior in the durability and the
corrosion resistance to that of graphite. However,

because the sp3—bonded carbon is crystalline, the



| ayer is preferably 237000 A/ m (3000 Ce) or nore.

When a coercivity is less than 237000 A/ m (3000 Ce), 5
there is a tendency that a thermal fluctuation

tol erance declines. A perpendicular gradation of the
per pendi cul ar magnetic recording |ayer is preferably
0.8 or nore. Wien the perpendicul ar gradation is | ess
than 0.8, there is a tendency'tﬁﬁ% a thermal 10
fluctuation tol erance declines. <Protective |ayer>

The protective |layer prevents corrosion of the
per per'?dTiocﬁHrH}eSrﬁagﬂbta} é‘%@%?ﬁediqbeqeé&ferl%s”\/@ql% to that of

Gintie lothe SV ace of L1 il ahenthe et o,
i tective |aver i | . .y |

5o, A R N E e b Ty fenoa,
i's prefigyablydmdedo b Lt QgmpMen thebon and sp3-

t hi ckness "of the protective layer is nade to be within

520 t heyahme-ctasadr ket mangel iSpadmegdet weaibdhehead ch a
and a nmedi um can be made | ess, which suitable for

hi gh- densiid yo ff eqor-tiangle Cardxdrorcains bel gt assiddldcd ntigmond-
sp2- bonded carbon (graphite) and sp3-bonded carbon

(di amondle CREp3DIAD borfdedacditizorPiG isupsdedrlant in the
the durability and the corrosion resistance to that, of

gr aphidie 2 dvigerand Betea s 1dfe Yp FBorfded <Sar Fo il

crystalline, the 29 snoothness on a surface thereof
is inﬁ@ﬁqgi%QFt%ﬂﬂtQﬁ smoothness on a surface thereof as

10 well because of amorphous, it is utilized as a surface
protective film for the magnetic recording media.

With respect to film formation of DLC by.a chemical
vapor deposition (CVD) method, DLC more rich in sp3—
bonded carbon can be formed by satisfying the

15 conditions because DLC is generated by exciting and
decomposing a raw gas in plasma, and due to a chemical
reaction thereof.

<Lubricant layer>

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

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
25 the specific details and representative embodiments
shown and described herein. Accordingly, various

modifications may be made without departing from the



graphite. Usually, carbon is forned to be a film by
sputtering using a graphite target. In this nethod,

anor phous carbon in which sp2-bonded carbon and sp3 5
bonded carbon are m xed is forned. Carbon in which a
ratio of sp3-bonded carbon is high is called di anond-

i ke carbon (DLC). Since the DLC is excellent in the
durability and the corrosion Tesi&tance, and is

excellent in the snoothness on a surface thereof as 10
wel | because of anorphous, it is utilized as a surface
pr ot eGRLE tf idrmsicer et 19 rﬁ@q@ﬁr@rraécdmem}wmcam%m as
respect to f|In1fornat|on of DLC b a chenlcal vVapo
depositEidRecory) Thst Rep eSS h&3¥ WBhidk jents.
carbon can be forned by satlsfylng the 15 condi tions
because DLC is generated by exciting and deconposing
a raw gas in plasma, and due to a chemical reaction

t hereof. <Lubricant |ayer> Exanples of a |ubricant
agent include per-fluoro- 20 pol yether, alcohol
fluoride, and fluorinated carboxylic acid. Additiona
advant ages and nodifications will readily occur to
those skilled in the art. Therefore, the invention in
Its broader aspects is not limted to 25 the specific
details and representative enbodi nents shown and
descri bed herein. Accordingly, various nodifications
may be nade without departing fromthe 30



spirit or scope of the general invention concept as
defined by the appended clains and their equival ents.
31 WHAT IS CLAIMED IS: 1. A nethod for manufacturing a
magnetic recording nmedium conprising: formng
patterns having protrusions and recesses 5 of a
ferromagnetic material onto a recording track section
and a servo section on a substrat®; forning a
flattening film a top surface of which is higher
than that of the protrusion of the ferromagnetic
material, onto the ferr##8gnéti €L26MFRt éFi‘al ; and
perform ng jon beametching onto_ the flattenin film
up to a to surzfdﬁ%t}b‘?gtﬁ%rgd?ﬁ?{%‘?tdﬁjd?g thdiagnetic

ferroma neQ;c mat erial, and det.erm ning an end poi nt

of flatteni nlgngetncl:":\hllnugm’onc?nl‘%)er 4815 of a change in the

is total nupbgr, L hei dent I cl gg%gp§

ion counter i nlsl?%légg& SO asrp%éf C'g %%u angl e %{%\n t o oees
5 espeddr t0 A PRl afa i Fiect igtd & thesuhsid almick

in accordance with a material of the flattening film

2. Thesgwmiinod @acto ddrwyd sedtaion ©hn whendgtnedtery 20 a

mat eri al selected fromthe group consisting of Si02,

A1203 and Sicrimsinged kattenftatfiemneg fidmmsuheaangi®e which
O of the ion counter with respect to the perpendicul ar

di r ectiomighahe mmbsthratt eoff SSheetpn HesBOD o thr e

and 70' or less. . , ,
ferromagnetic material, onto the ferromagnetic

10 material; and
performing ion beam etching onto the flattening
film up to a top surface of the protrusion of the
ferromagnetic material, and determining an end point
of flattening etching on the basis of a change in the
15 total number of incident particles by means of an ion
counter installed so as to be at an angle 0 with
respect to a perpendicular direction to the substrate
in accordance with a material of the flattening film.
2. The method according to claim 1, wherein when
20 a material selected from the group consisting of SiOp,
Al,03 and Si 1is used as the flattening film, the angle
0 of the ion counter with respect to the perpendicular
direction to the substrate is set to be 50° or more
and 70° or less.
25 3. The method according to claim 1, wherein when
a material selected from the group consisting of C,

Ti, Ta, Ru, Pt and Pd is used as the flattening film,



25 3. The nethod according to claim1l, wherein when a
materi al selected fromthe group consisting of C, Ti,
Ta, Ru, Pt and Pd is used as the flattening film 32
the angle O of the ion counter with respect to the

per pendi cul ar direction to the substrate is set to be
20 or nore and 40 or less. 4. The nethod according to
claim1, wherein the 5 ion cound®r s a quadrupole
mass spectroneter. 5. The nmethod according to claiml,
wherein the ion counter is a partial pressure

anal y2é¥e 91 Spfartdtud Focaaifadtit’ ig sPargrié&t ithe

recordi ng nedi u conprising: 10 chanber; an jion
sour cé’eég?eéh‘ﬂ]éd“rﬂaort e&talrf%ért,o aﬁlq ottt L& 1s set to be

attac ta Rh% chagb%%; agdla supporting nmenber which
supports 8 stbsfr at'€, ““thd" substiat e havi ng forned

thereon paty er ng, haylng,q ]%c@&oé{r%b‘;i t%‘sc%‘ﬂn rfc‘;\i‘rﬁeexsein the

of a ferronmagnetic nmaterial onto a recording tr

ssecti Qi randh i/ (8 W S Chl hupdnd hasd NG & d atd @i ng

filmformed thereon so that a top surface of the
flattening 3il mhs tdghed ddedrdied tOfcldien porotwhistoin the
of the ferromagnetic, 20 wherein the ion counter is

i nst alilced soirdsent d e mramlangtes Qine tdnalesgeect to a
perpendi cular direction to the substrate in .
accordance & t ira apraRRt e ©BIr thRnYfagtening 4 inggnetic

recording medium, comprising:

10 a chamber;

15
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25

an ion source attached to the chamber;

an ion counter attached to the chamber; and

a supporting member which supports a substrate,
the substrate having formed thereon patterns having
protrusions and recesses of a ferromagnetic material
onto a recording track section and a servo section,
and having a flattening film formed thereon so that a
top surface of the flattening film is higher than that
of the protrusion of the ferromagnetic,

wherein the ion.counter is installed so as to be
at an angle 0 with respect to a perpendicular
direction to the substrate in accordance with a
material of the flattening film.

7. The apparatus according to claim 6, wherein
when a material selected from the group consisting of
Si0Op, Al,03 and Si is used as the flattening film, the

angle 6 of the ion counter with respect to the



7. The apparatus according to claim6, wherein 25
when a material selected fromthe group consisting of
Si 2, Al1203 and Si is used as the flattening film the
angle O of the ion counter with respect to the 33

per pendi cul ar direction to the substrate is set to be
50 or nore and 70 or less. 8. The apparatus according
to claim6, wherein when a matetial-selected fromthe
group consisting of 5 C, Ti, Ta, Ru, Pt and Pd is
used as the flattening film the angle A of the ion
count érenganfiedgecditnectilipn ger pdrsdisclsdrradia 6@ iset to be
to the substrate is set to be 20 or nore and 40 or
less. ¥ PRe™@pparatiug Oacebr of #y- to claim6, wherein

10 the supporti menber is a novable sta mhlc i%l .
otatabie o, T[}ﬁeeaaop%a&aaws SR 15 wherein
wher ei ﬂﬁ%ﬁ@% G dd %691 @ fhe, %W&fﬁﬁmof
to be a e “angl respect to S

gher pe'td' GM' arrglS RCH reqt ion Ry t iNe SRS, tt%é Flattening
accordance with the material of the flattenlng film

11. The 1appatd U @GC O difN@hleo iehaicubt Whefigihn relshect to
ion source is in an electronic cyclotron resonance
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9. The apparatus according to claim 6, wherein
the supporting member is a movable stage which is
rotatable.

10. The apparatus according to claim 6, wherein
the ion counter is fixed to the chamber so as to be at
the angle 6 with respect to the perpendicular
direction to the substrate in accordance with the
material of the flattening film.

11. The apparatus according to claim 6, wherein
the ion source is in an electronic cyclotron resonance
sSystem.

12. The apparatus according to claim 6, wherein
the ion source is in a system in which a gas is
ionized while thermoelectrons are generated by
igniting a filament, and are confined with a magnetic
field generated from a magnet that surrounds the ion
source.

13. The apparatus according to claim 6, wherein

a neutralizer is arranged at an outlet of the ion




igniting a filament, and are confined with a magnetic
field generated froma nmagnet that surrounds the ion
25 source. 13. The apparatus according to claim®6,
wherein . a neutralizer is arranged at an outlet of the
ion - 34 source. 14. The apparatus according to
claim6, wherein the ion counter is a quadrupol e nass
spectroneter. 15. The apparat us34ccording to clai m6,
wherein 5 the ion counter is a partial pressure

anal yzer.
source.

14. The apparatus according to claim 6, wherein
the ion counter is a gquadrupole mass spectrometer.
15. The apparatus according to claim 6, wherein

5 the ion counter is a partial pressure analyzer.



