TOPFO079SG DESCRI PTI ON  PRODUCTI ON METHOD AND PRODUCTI ON APPARATUS FOR
MAGNETI C RECORDI NG MEDI UM Technical Field 5 The present invention rel ates
to a production nmethod and a production apparatus for a magnetpros@e®r di ng
medi um  Background Art In recent years, magnhetic recording nedia such as
hard disks and the |i ke have undergone significant increases in 10
recording density as a result of inprovenents including mniaturization of
the magnetic particles that nake DERSGREPTY¥@¢or di ng | ayer, devel opnent of
new materials, and mniaturization of head processing technol ogy, and it
is envi sagerobiet IoM et THoD eANw | PREDTCDI dur A PEARATES eRseMAGNEAEC r ecor di ng
density. However, increasing the recording density by conventi onal

i nprovenent techni ques such asgpEFcoRTHE #@brefy of the magnetic particles
has now reached its limt, and discrete type magnetic recording nedia, in
whi ch ap& 1gyfu§.éﬁ&ording 20 layer is partitioned into a plurality of
partitione record}ng el emrents, and a non-nmagnetic body is then used to
fill the grogves between, these partitioned recordi el enents, have. been
b ffosed (For TS S G o SRS Bb d P a2 KARIIE Pl ekt 36 ri
9-97419) as an exanple of magnetic 25 recording nedia which will enable
furtheraim@@%@@ﬁgﬁmsappﬁqﬁtus for a magnetic recording medium.

" Background Art

In recent years, magnetic recording media such as hard

disks and the like have undergone significant increases in
10 recording density as a result of improvements including

miniaturization of the magnetic particles that make up the

recording layer, development of new materials, and

miniaturization of head processing technology, and it is

envisaged that the future will bring further increases in
15 recording density.

However, increasing the recording density by conventional
improvement techniques such as miniaturization of the magnetic
particles has now reached its limit, and discrete type
magnetic recording media, in which a continuous recording

20 layer is partitioned into a plurality of partitioned recording
elements, and a non-magnetic body is then used to f£fill the
grooves between these partitioned recording elements, have
been proposed (for example, see Japanese Patent Laid-Open
Publication No. Hei 9-97419) as an example of magnetic

25 recording media which will enable further improvements in
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TOPFOO79SG recordi ng density. Dry etching techni ques such as reactive ion
etching are exanples of processing techniques that can be used to create
mnute partitions within a continuous recording |ayer (for 5 exgfab®scsee
Japanese Patent Laid-Qpen Publication No. Hei 12- 322710). Furthernore,
enbeddi ng techniques that utilize wet processes such as those used in the
field of sem conductor production (for exanple, see Japanese Patent

Lai d- Opeecdod Publ demsion. No. Hei 13-323381) can be used to achi eve the non-
magnetic filling described above. If |evel differences occur between the

surfaces of tiey @athiddgonechibgassi ngrlel airendsctangk then notcHBgNeit€ body
then problens such as instability of the head flying novenent and 15 the

accunul &b a0 OF & OSSP FBILET t E&N PSS, 13D CONSLAUBILA Veo thEe stk face of
the partitioned recording elenents and the non- magnetic body are

pr ef o afy, ot ed s I S, BHRAL "L Non ORSLALL . 680 81501 R5o £opduct ed usi ng

processli ng ues used’in seni con tor- pro i on, such
as 20 em cal Mechani cal Pol j shing) techniques based on wet
P 0Cb oS BRMPIEAdit | UPOBSE RS P2t O, 1 ELRE (R LER o7 Mo HOhdkT or
production (for exanple, see Japanese Patent Laid-Open Publication No. He
12- 0912993 7k%h- be used for 25 renpving foreign matter fromthe surface of
the partitioned 2

Furthermore, embedding technigques that utilize wet

processes such as those used in the field of semiconductor
production (for example, see Japanese Patent Laid-Open

10 Publication No. Hei 13-323381) can be used to achieve the non-
magnhetic filling described above.

If level differences occur between the surfaces of the
partitioned recording elements and the non-magnetic body then
problems such as instability of the head flying movement and

15 the accumulation of foreign matter can arise, and consequently
the surface of the partitioned recording elements and the non-
magnetic body are preferably smoothed. This smoothing
operation can also be conducted using processing technidques
used in the field of semiconductor production, such as CMP

20 (Chemical Mechanical Polishing) techniques based on wet
processes.

In addition, a wet cleaning technique used in
semiconductor production (for example, see Japanese Patent
Laid-Open Publication No. Hei 12-091290) can be used for

25 removing foreign matter from the surface of the partitioned
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TDOPFO079SG recordi ng el enents. However, if the type of dry etching used in
a sem conductor production process is used, as is, for processing a
continuous recording |ayer, then sections of the 5 partiti oned ryaogrds ng

el enents are prone to problens of deterioration such as oxidation and
corrosion. Deterioration of the partitioned recording elements may al so
occur over a period of tine follow ng production. In addition, the action
of sol veatsrding tdkehénkies duri ng ot her wet processes such as 10 cl eani ng can
al so cause problens such as oxidation and corrosion within some sections
of the partitiionederecof ditg twenehtdry Anattiatg pidd em ari ses in that the
use of wet processes increases the |likelihood of contam nation of the

surf aces ghiEbEaREF &1 1 LHREF BSOS £4 eNBNiSed ths fOg i g 15 matter. These
probl ens of deterioration and contam nation of the partitioned recording

© o o P 6805 EPH3 00 2000 Pn0lue PRECA PO | T Y0P, | 00 LG AAMG | SANNY Of

i nfor I on. ernore, conbining Cesses an ocessSes
cre%ges adﬂiéionaé robl ens inlthat transportatign of mgrk 29
(i nter T At BLORF %C%‘Sjrfé?i% PRTVT i G R D RO ROrt difficult,
and production efficiency deteriorates. In other words, because magnetic
recor di FgteetP e hi0R SURR e prbbrhen ) CRF RS ok f RatarHar ati®Mmagnet i c
material tends to be prone to oxidation, the use of processing 25
t echni quésthhapanret effiedt Feconiimg ne bemenrt $ imdyisalsuchcasr Pver a
period of time following production. In addition, the action
of solvents and the like during other wet processes such as
10 cleaning can alsc cause problems such as oxidation and
corrosion within some sections of the partitioned recording
elements. Another problem arises in that the use of wet
processes increases the likelihood of contamination of the
surface of the partitioned recording elements with foreign
15 matter. These problems of deterioration and contamination of
the partitioned recording elements can cause a loss of
precision in the recording and reading of information.
Furthermore, combining dry processes and wet processes
creates additional problems in that transportation of work
20 (intermediates of the magnetic recording medium} becomes more
difficult, and production efficiency deteriorates.
In other words, because magnetic recording media have
unique problems, including the fact that the magnetic material

tends to be prone to oxidation, the use of processing

25 techniques that are effective within other fields, such as
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TOPFO079SG sem conduct or production, during the production of magnetic
recording nedia results in a variety of problens such as oxidation of the
magnetic material, and accordingly producing discrete type nagfgihfs
recording nedia with good efficiency, 5 while preventing deterioration of
the partitioned recording elenents, has proven to be very difficult.

Di scl osure of Invention The present invention takes the probl ens descri bed
above démintmdeonst deradioniocanddhasnantiod|ecodetdt poowve fimggret peoduct i on
met hod and a production apparatus for a magnetic recording nmedium which

enabl e tbeordiihgiwadiprpdsel toninfaavadiseyede pyPelSMYnNeide s€cordi ng
medium while reliably preventing any deterioration of the partitioned

recor di fig; 35t LLENEAL e Txﬁﬁgﬂé@?. Nhat &VEDT | Ok Saééé)fd%lgg%fsgie!&uémg above

probl ens by maintaining the work environnent I1n a sta vacuum ~ and

bl em | _ n°as ~vacu

or ocossaLoeREREPRRE Infunp EF e nEELREUSRT hFERE el o8 (o R ek rom
h i ff i ' Li abl ti teri ti

of Tho WBLHE | D7 SHEHE 1 4g OREF RG-BF ERERR <Of HHE (RRGGLERTRTY (PROSTLRE 1 rom

the formation of the partitioned recording elenents through to the
f or mat i ®heBENEHe PrdtREeVRe taykee *aqaéyz@gfm@lbm y all conducted with the
wor k envi ronnent mai ntai ned 4 TDPFO079SG

Disclosure of Invention
The present invention takes the problems described above
10 into consideration, and has an object of providing a
production method and a production apparatus for a magnetic
recording medium, which enable the efficient production of a
discrete type magnetic recording medium, while reliably
preventing any deterioration of the partitioned recording
15 elements.

The present invention is able to resolve the above
problems by maintaining the work environment in a state of
vacuum, and conducting processing of the continuous recording
layer using dry processes. Completely isolating the

20 partitioned recording elements from the atmosphere is very
effective in reliably preventing any deterioration of the
partitioned recording elements, and consequently the steps
from the formation of the partitioned recording elements
through to the formation of the protective layer are

25 preferably all conducted with the work environment maintained
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in a state of vacuum In this specification, the term"vacuuni is not
restricted to the definition of a state in which the air pressure is 0O
[Pa], but rather defines a state of extremely 5 | ow air pressurgppgp7oshi ch
the pressure is within a range from approx. 0 to 100 [Pa]. Furthernore,
the term"magnetic recording nedium is not restricted to hard disks,
floppy disks (registered trademark) and nagnetic tapes and the I|ike,

whi ch use ansYabegnét veaoufimr the recording and reading of 10 information,
but al so includes nagneto-optical recording nmedia such as MO (Magnet

Optical) di skenwhis 6801 NEcHOLbn Teghet t&rm andaopihcal s chgg acteristics.
Accordi ngly, various exenplary enbodinents of this invention provide as

descri bﬁgs%ke%dléo(éﬂeﬁd@ﬂm@l@ﬁ QEOQU&QEealﬂaxgﬂf%hctl?@cﬂgi ng medi um
conprising: a recording |layer processing step, ormng a

bl ural i £yo0L,gLoPYeS: BN 8,1 PULL. SPACLID. thgegsaw@fn Lp-Lfie, pl anar

d|rect| A" an’in from pr odu Tion process

rec medi um produced 20 b a continuous. recording layer on top
SubtrarE PERFPULe. (parieh ohaet RE SOREF nibuSL oLty g hghPay BTt o a

plurallty of partitioned recording elenents; a non- nagnetlc body filling

step foRPPTPXng ERel@P obbek- hdtwddiennre pathe tieomedRagnatding el enent s

wi th a non-nmagnetic body; and a 25 protective |ayer formation step for

f or m ngrecprofegtneéilayeis 5SndDPFEOOTOECLed to hard disks, floppy

disks (registered trademark) and magnetic tapes and the like,
which use only magnetism for the recording and reading of

10 information, but also includes magnheto-optical recording media
such as MO (Magnet Optical} disks which combine both magnetic
and optical characteristics.

Accordingly, various exemplary embodiments of this
invention provide as described below.

15 (1) A method of producing a magnetic recording medium
comprising: a recording layer processing step, which by
forming a plurality of grooves, with a minute spacing
therebetween in the planar direction, in an intermediate from
a production process for a magnetic recording medium produced

20 by forming a continuous recording layer on top of a substrate
surface, partitions the continuous recording layer into a
plurality of partitioned recording elements; a non-magnetic
body filling step for filling the grooves between the
partitioned recording elements with a non-magnetic body; and a

25 protective layer formation step for forming a protective layer
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that protects the partitioned recording el enents and the non- magnetic
body, wherein the recording | ayer processing step is conducted with the
envi ronnment surrounding the internmediate maintained in a statepgfpourguum
5 (2) The nethod of producing a magnetic recordi ng nedium according to
(1), wherein said recording |ayer processing step, said non-nmagnetic body
filling step, and said protective |ayer formation step are conducted
sequent thétypwotacha thei panhehiosedr vendrdgng Oe banentat andedhat eon-

mai ntained in a state of vacuum (3) The method of producing a magnetic

recor di nggnedi anboagr ol Agihothd) rétofd)Ing Weyet NpRodé¥s PROCEBS CL gani ng
step, which uses either one of a gas and a plasma for renoving ?oreign

matter E5RLaPe45wEENi £RB ”@H{ri)?HfSJEQHE'dé@Eﬁéﬁ‘ﬁ@liﬂ&r%ﬁéi PRedh&§05 6k ng

el enents, 1s provided between said recording |ayer processing step and

sai d ”Oﬂéﬁﬁggfﬁéﬁ ng%rékgtgngfsggguH£4) The net hod of producing a magnetic

recording medirum ac ng to any one of (1) through (3), wherein 20 a

snoqt hi ng step,for. snoothing surface of said artitioned recording
ol erbnt s and $31 dTROMRHEPRITE BERLFNT 7 iR et Het TR S Mo Whgnet | ¢

body filling step and said protective |ayer formation step. (5) The nethod
of prodaeragdangagpel it rekerding nedi um 25 according to (4), wherein 6
TDPFO079SG

said recording layer processing step, said non-magnetic

body filling step, and said protective layer formation step
are conducted sequentially with an environment surrounding
10 said intermediate maintained in a state of wvacuum.
{3) The method of producing a magnetic recording medium
according to (1) or (2), wherein
a dry process cleaning step, which uses either one of a
gas and a plasma for removing foreign matter from an
15 environment surrounding said partitioned recording elements,
1s provided between said recording layer processing step and
sald non-magnetic body filling step.
{4) The method of producing a magnetic recording medium
according to any one of (1) through (3), wherein
20 a smoothing step for smoothing a surface of said
partitioned recording elements and said non-magnetic body is
provided between said non-magnetic body filling step and said
protective layer formation step.
(5) The method of producing a magnetic recording medium

25 according te (4), wherein



said snoothing step is a dry plasma step which allows ions to collide with
a surface of said partitioned recording elenents and said non-nagnetic
body at an incidence angle that 1is restricted to a val ue wi thitppmpidaer one
of a range from-10 5 to 15 and a range from60 to 90. (6) The nethod of
produci ng a magnetic recording nmedium according to (5), wherein said dry
pl asma step uses ion beam etching. (7) The nethod of producing a nagnetic
recordi ng nedsainl dfoeicvongi siger olany dme lagi) stepughidiB)aglides ein in
said recording |ayer processing step, said continuous recording |ayer is

partiti oped by teatidvewi ol £t hiAgcdlsbNOsa LAl pont MONEX:dergasr &Dmg ai ni ng
an added nitrogen based conpound as a reactive gas. 15 (8) The nethod of

produci 8geReABRINELY Cséf&%&’ﬁ%a&i@é‘%ﬂ@ b(g&;?%@" 29 19c Y008 041 4 WindHrough
(7), wherein in said non-magnetic body fiTling step, said non=nagnetic

body is.us f i es. .d r{rtion recordi
eIenent%guggﬁggé%t%%rEgng g%9%¥a§ﬁgg%£€§£E$%£b?§§ é% %oﬂ%&g?ofggTd i
i nt ernedi at e, and . bi as sputterin 9) The net hod of producing a nagnetic
recot di hg igdi%ﬁq %cﬁﬁ?g?n B %%)éom%%rein sai d non-rmagnetic body filling
step uses a material conprising any one selected fromthe group consisting
of an 25 oxi 8@ rEternethod of thTeRueERSra Aragngidl @ FReCFretnedun
TDPFO079SG

according to (5), wherein said dry plasma step uses ion beam

etching.
{7) The method of producing a magnetic recording medium
10 according to any one of (1) through (6), wherein
in said recording layer processing step, said continuous
recording layer is partitioned by reactive ion etching using
carbon monoxide gas containing an added nitrogen based
compound as a reactive gas.
15 (8) The method of producing a magnetic recording medium
according to any one of (1) through (7}, wherein
in said non-magnetic body filling step, =said non-magnetic
body is used to fill said grooves between said partitioned
recording elements using either one of plasma CVD with bias
20 power to said intermediate and bias sputtering.
(2) The method of producing a magnetic recording medium
according to (8), wherein
said non-magnetic body filling step uses a material
comprising any one selected from the group consisting of an
25 oxide material, a nitride material, and a non-magnetic
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anor phous material as said non-magnetic body. (10) The nethod of producing
a magnetic recording nmedium according to (9), wherein said non-nagnetic
body filling step uses silicon dioxide 5 as said non-magneti c thadyzost11)
The net hod of producing a magnetic recordi ng nedium according to any one
of (8) through (10), wherein a barrier filmformation step, which uses
either one of a plasma CVD (Chem cal Vapor Deposition) nethod and a

sput t er amgrpiQusehhberial &srsang sobhamageetic|lbodn. said partiti oned
recording el ements, is provided between said recording | ayer processing

step and sai d{nON-TRGNEELEoDOST idbdhdDh§tLmnaddel)i dheed®tdDEy ahe@i@suci ng
a magnetic recording nedium according to (11), wherein 15 said barrier

filmforratioingt &R foy msyRebafnier filmof dianond-like carbon. (13) A
production apparatus for a nagnetic recording nedium conprising: recording

| ayer processj | C I f OF M |1y, ooyes, wWith
a mnute spac%%gd?ﬁééﬂrle %?%ié%gi]%g%y fp?%%%rlgd‘? %%%B'Ik é(;éng “J?{r?/lzi%)‘;llu g(ﬁ%a?)ryr%&l ate
frog;a groduc ion process, for a magnetic recordi ng nedi um produced by

form ngd SE6RtPARGIRIREELF dPRTY ayer on top of a substrate surface,
partitions said continuous recording layer into a plurality of 25
partitioned ré&kbl dThg Beehedtef pRdECTIPRC@EEtic recording medium

according to any one of (8) through (10), wherein
a barrier film formation step, which uses either one of a
plasma CVD (Chemical Vapor Deposition) method and a sputtering
10 method for forming a barrier film on said partitioned
recording elements, is provided between said recording layer
processing step and said non-magnetic body filling step.
(12} The method of producing a magnetic recording medium
according to (11), wherein
15 said barrier film formation step forms a barrier film of
diamond-like carbon.
{13) A production apparatus for a magnetic recording
medium comprising:
recording layer processing device, which by forming a
20 plurality of grooves, with a minute spacing therebetween in a
planar direction, in an intermediate from a production process
for a magnetic recording medium produced by forming a
continucus recording layer on top of a substrate surface,
partitions said continuous recording layer into a plurality of

25 partitioned recording elements; and



vacuum.retention device, which houses said recording |ayer processing
device, and maintains an environnent surrounding said internediate in a
state of vacuum (14) The production apparatus for a nmagnetic regootisg 5
medi um according to (13), wherein non-magnetic body filling device for
filling said grooves between said partitioned recording elements with a
non- magneti c body, and protective |layer formation device for formng a
protective | ayaruniatepeot sen sdeai ek parhich dnatb a9 secdrkegréimment s and
sai d non-magnetic body are provided inside said vacuumretention device.
(15) Theapepdtieddtons appadat USe f cind@ mapmed 15s r&e osy igonm@ um according to
(13) or (14), wherein dry process cleaning device for renoving foreign

matter sdpraem §£¥&r9@@@ﬁﬁeéyéf@uﬂﬁ'Qgsﬁété ParFadihgned recording
el ements using either one of a gas and a plasma is provided inside said

\rlggglrJ(Ti Lgt egtehpum ac(%: J@% oTIgﬁfpé)ne 0 éoﬁ%ﬁ%ﬁﬁ%@%%ﬁ&%}g n 20

barrier filmformation deV|ﬁf or fornlng a barrier film on said
ar§5tl%%%ﬂuWe%%?%¥%bn%l%%e 3 usfhg et her one of a plasma CVD nethod and

a sputtering nmethod is prOV|ded |n5|de said vacuumretention device. (17)
The product i GFPHEPRRERR LS fordy Feghtd devker ditlg TDI9 i It AcEnr ey to
any one of (13) through (16), wherein 9 TDPFO079SG

between said partitioned recording elements with a non-

magnetic body, and protective layer formation device for
forming a protective layer that protects said partitioned
10 recording elements and said non-magnetic body are provided
inside said vacuum retention device.
{15) The production apparatus for a magnetic recording
medium according to (13) or (14}, wherein
dry process cleaning device for removing foreign matter
15 from an environment surrounding said partitioned recording
elements using either one of a gas and a plasma is provided
inside said vacuum retention device.
(16) The production apparatus for a magnetic recording
medium according to any one of (13) through (15), wherein
20 barrier film formation device for forming a barrier film
on said partitioned recording elements using either one of a
plasma CVD method and a sputtering method is provided inside
said vacuum retention device.
(17) The production apparatus for a magnetic recording
25 medium according to any one of (13) through (16), wherein

9



snoot hi.ng device for snoothing a surface of said partitioned recording

el enents and said non-nmagnetic body is provided inside said vacuum
retention device. In this specification, the term"barrier fil nbprps7agsed to
5 describe a thin filmthat separates the partitioned recording elenents
fromthe non-magnetic body. Furthernore, the term "di anond-|i ke carbon"
(hereafter abbreviated as DLC) is used to describe a material with an

anor phous st rereetkineondevidagtearsrrobsinhe ppintage cofippmeht, 10 with a
Vi ckers hardness within a range from 200 to 8000 kg f/MWR. Bri ef

Descri pphobivfomsaniagsrfigy dlésentd ook i ograoh shomhagia Sehgnasi c
illustration of the structure of a production apparatus for a 15 nmagnetic

recor di pgoPedb M RE£QE AL NGt Pa dRuR TPOLLNEM N Ofle b e . Present invention; Fig.
2 is a side sectional view show ng a schematic illustration of the

structure of i r I - nagg t. r j P?gi“ I t
processi ng w f‘rﬁ #}Eiegs%é%%rg%%%%’n % %%rp%r%%%ﬂ%?g. i 21% 15sllgée %o
sectiongl view show n .schematic illustration of.the structure, of a
mgiet | P EESNE: POt FRT BT bus T e B saingbar HhE 1 SESS P it o
apparatus; Fig. 4 is a flowhart show ng the steps for producing a 25
magnet | eleBerEdi RgeheranmanThagnet 5aneOfY oduct i on appar at us; 10 TDPF0079SG

Fig. 5is a side sectional view showing a schenmatic
Furthermore, the term "diamond-like carbon" (hereafter

abbreviated as DLC) is used to describe a material with an
amorphous structure containing carbon as the primary component,

10 with a Vickers hardness within a range from 200 to 8000 kgf/mm?.

Brief Description of Drawings

Fig. 1 is a block diagram showing a schematic

illustration of the structure of a production apparatus for a
15 magnetic recording medium according to an embodiment of the
present invention;

Fig. 2 is a side sectional view showing a schematic
illustration of the structure of an intermediate of a magnetic
recording medium prior to processing with the same production

20 apparatus;

Fig. 3 is a side sectional view showing a schematic
illustration of the structure of a magnetic recording medium
following processing with the same production apparatus;

Fig. 4 is a flowchart showing the steps for producing a

25 magnetic recording medium with the same production apparatus;

10



i l.lustration of the shape of the above internmediate followng the transfer
of a partition pattern into the third mask layer; Fig. 6 is a side
sectional view showing a schematic 5 illustration of the shape tpfrobtreg above
intermedi ate following the renoval of those sections of the third mask

| ayer at the bottom surfaces of the concave sections; Fig. 7 is a side
sectional view show ng a schematic illustration of the shape of the above
i nternedi ate Foyl oi hg a 19iddesechnbvedl of i¢whosieowiny | dnsclodmd hiec second nmask
| ayer at the bottom surfaces of the concave sections; Fig. 8 is a side

sectionglluberashomi 6 eh&cheapsdi 6f thé ushbsad i DitOfnédieasdapsl bdwihg above
internmediate followng the renoval of those sections of the first nmask

| ayer atpiherdnsboltom SURLAEEEiQh bher ERNCAYE, SERL T ORBrd Fhlsk 914;13? #; si de
sectional view showi ng a schematic " illustration of the shape of %e above

internediate ygth th LLi : rolj s f .+ FlLg. 10 is a
si de sectiona %ieélgﬁogf%%&% %%ﬁgﬂéﬁgc'gkgglﬁ%ggﬁg.i%ﬁggggﬁﬁéﬁggape of the
above internediate foll owin t he renpval of those sections_of the first
ok | ey LT USFERAT R o ofhe Enaper | SRt atRSt? IRESHECEIE OnEaL FOLDRE ng
elements; Fig. 11 is _a side sectional view showing a schematic 25

i |l ust rBheoreBpvahecEhbpesef senblandvel | Hrer Fedrdtieashl }avenga 1 1tIFOPFO079SG

filling of the spaces between the partitioned recording
bottom surfaces of the concave sections;

Fig. 7 is a side sectional view showing a schematic

illustration of the shape of the above intermediate following
10 the removal of those sections cof the second mask layer at the
bottom surfaces of the concave sections;

Fig. 8 is a side secticnal view showing a schematic
illustration of the shape of the above intermediate following
the removal of those sections of the first mask layer at the

15 Dbottom surfaces of the concave sections;

Fig. 9 is a side sectional view showing a schematic
illustration of the shape of the above intermediate with the
partitioned recording elements formed;

Fig. 10 i1s a side sectional view showing a schematic

20 illustration of the shape of the above intermediate following
the removal of those sections of the first mask layer
remaining on the upper surface of the partitioned recording
elements;

Fig. 11 1is a side sectional view showing a schematic

25 1llustration of the shape of the above intermediate following

11



el.enent.s with a non-magnetic body; Fig. 12 is a side sectional view show ng
a schematic illustration of the shape of the above internediate foll ow ng
5 snoot hing of the surfaces of the partitioned recordi ng el enenpsoaregt he
non- magneti ¢ body; Fig. 13 is a photograph froman atomc force m croscope
showi ng an enl argenment of the surface of the partitioned recording

el enrents and the non-magneti c body of a magnetic 10 recording disk from an
exanpl efbilihe pfetkatspaventbemyeeri the Idarisi bl phed ogeaphdimom an optica
m croscope show ng an enlargenment of the surface of the nagnetic

r ecor di @yemésks fwOth t HensarRa gxenpt ehodpd Fig. 15 is a photograph from an
optical mcroscope 15 showi ng an enl argenent of the surface of a nmagnetic

recording digkyfrom gs conpadatyer P! i elBesiq 4 dcr@fdeing Qut the
Invention As follows is a detailed description of enbodi ments of 20 the

present. i I L Eh f e.to e i I i | O

di agranﬁ1~ % ogmpéégggaggél%n%%?c%?ﬁ%u%%r%}%%]o%kg%‘?g\{#géeslf{%%fﬁ% o?fl%&ﬁlrrg uction
appar at us fqﬁ.a ghetic recordin di um accordi ng to an. enbodi nent of
the > preRRntniRIERt | BAS PSFFTTET, OF ntof derT b THTT | ToR e GLBb ¢ er
under st andi ng of 12 TDPFO079SG t he structure of the production apparatus
for maghtePents ed iy ReuTBaIRe’sigpPedyescription is given of the

Fig. 13 is a photograph from an atomic force microscope
showing an enlargement of the surface of the partitioned
recording elements and the non-magnetic body of a magnetic

10 recording disk from an example of the present invention;

Fig. 14 is a photograph from an optical microscope
showing an enlargement of the surface of the magnetic
recording disk from the same example; and |

Fig. 15 is a photograph from an optical microscope

15 showing an enlargement of the surface of a magnetic recording

disk from a comparative example.

Best Mode for Carrying Out the Invention
As follows is a detailed description of embodiments of
20 the present invention, with reference to the drawings.

Fig. 1 is a block diagram showing a schematic
illustration of the structure of a production apparatus for a
magnetic recording medium according to an embodiment of the
present invention.

25 First, in orxrder to facilitate a better understanding of
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st.ructures of the magnetic recording nediuminternedi ate and the magnetic
recording nmediumitself, 5 As shown in Fig. 2, the nagnetic recording
medium internediate 10 conprises a glass substrate 12 with a hgglhe:

| ayer 14, a soft magnetic |ayer 16, an orientation |layer 18, a continuous
recording layer 20, a first mask | ayer 22, a second nask |ayer 24, and a
third mask | ayer 26 forned sequentially 10 thereon. The material of the
backi ngthaystridtuse e f helhe Grrodwdit ton Lapparaaurfat rmygnatiec mat eri al  of
the soft magnetic layer 16 is an Fe (iron) alloy or a Co (cobalt) all oy,

the neterboding hé@iQ) i enéahp Do deyeriddids (DI MO of thé or the 15
| i ke, and the material of the continuous recording layer 20 is a Co

(cobal F%t@ﬁé@ﬁreg%%gﬁ%@?é@& @é@éf@iﬁg%e@ﬁ% ﬂ{té%ﬁi{.ﬁg{)é ers are

TiN (titantumnitrid he first nmas l'ayer 22, N or the
second . 24 Lve. i st (NEB22A, manuf actured by
Sum'ton@%ﬁ%ﬁ%ﬁlé??gggdﬁ%nﬁgﬁwtJhEe§$jhfFd mask | ayer 26. As shown in
Fig.. 3, the nqgn tic recordin neq%$n130 is.a perpendicular recording,

di S6r ot e typehs CRUER nh o k: A d MAdIRE Kor 3 RSy | ayer 20 is
partitioned into a plurality of partitioned recording el enents 31 by

m nut e PBtepaedhyte f oY neeMRAr bFES t hedta®h apules Feets oh? ofithea thaekinga 13

TDPFO079SG non-magnetic body 32 fills the grooves 33 between the
partiti baeerreéporai sgfeleaentsiSl]awed b6 pratectiowtdiayen Bdyer 18, a

continuous recording layer 20, a first mask layer 22, a second
mask layer 24, and a third mask layer 26 formed secquentially
10 thereon.
The material of the backing layer 14 is either Cr
(chromium) or a Cr alloy, the material of the soft magnetic
layer 16 is an Fé (iron) alloy or a Co (cobalt) alloy, the
material of the orientation layer 18 is CoO, MgC or NiO or the
15 1like, and the material of the continuous recording layer 20 is
a Co {(cobalt} alloy. Furthermore, the materials of each of the
mask layers are TiN (titanium nitride) for the first mask
layer 22, Ni (nickel) for the second mask layer 24, and a
negative resist (NEB22A, manufactured by Sumitomo Chemical Co.,
20 Ltd.) for the third mask layer 26.
As shown in Fig. 3, the magnetic recording medium 30 is a
perpendicular recording, discrete type recording disk, wherein
the continuous recording layer 20 1s partitioned into a
plurality of partitioned recording elements 31 by minute
25 spacings formed along the radial direction of the tracks, a
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and a l.ubricating layer 36 are forned sequentially on top of the
partitioned recording elenents 31 and the non-nmagnetic 5 body 32. A barrier
film38 is forned between the partitioned recording elenents 3Jfpmaghsthe
non- magneti c body 32. The material of the non-nmagnetic body 32 is Si02
(Silicon dioxide), the material for both the protective |layer 34 and the
barrier film38 is the hard carbon filmknown as DLC 10 descri bed above,
and t henoatmagoetdt boady| 3brELhl s nghéayeoo®és 33 BPEBEeépethié uor opol yet her).
Returning to Fig. 1, the magnetic recordi ng nedium production apparatus 40

conpri spsrt EE06HEATrLBYEA1i NG 06BERENEs BEYi £8442 pestéerIvaULAPerpaytitioned
recording elenments 31 by 15 form ng the grooves 33 in the internediate 10,

dry progg§Sa ShEADNLDP: HEVi £ #4356 0L L CROMLOG é@%&‘éﬂ 1 88 96%f Lo L pe

envi ronnment surrounding the partitioned recording elements 31, ~barrier

filmf ' ' ] he_b ' i | 38

par (1 11 BBcPPokb i REC of arahnAta e it Faghh: 1R, %@”%%n?rg%’%‘?%ﬁfaevi ce 48
f filli . 33 Dbet th titi ing e ts 31
w L7 HRORB g A A gty T Crott MM eE a0 (1o St e

surface of the partitioned recording elenments 31 and the non-nmagnetic body
32, preeeerdieyg| alerenbs nal i onddehe ceosanegret be hpedyt Bé- 25 protective
| ayer 34 on the partitioned recording elenments 31 14 TDPFO079SG and t he
non- magnet i ¢ Doeyn8Rer tamtl vhctiven nea-end dgoat devbedy 552 idi £hohoesids ddre
recording | ayer processing device 42, the dry

dioxide), the material for both the protective layer 34 and

the barrier film 38 is the hard carbon film known as DLC

10 described above, and the material of the lubricating layer 36

is PFPE (perfluoropolyether) .

Returning to Fig. 1, the magnetic recording medium
production apparatus 40 comprises recording layer processing
device 42 for forming the partitioned recording elements 31 by

15 forming the grooves 33 in the intermediate 10, dry process
cleaning device 44 for removing foreign matter from the
environment surrounding the partitioned recording elements 31,
barrier film formation device 46 for forming the barrier film
38 on the partitioned recording elements 31, non-magnetic body

20 filling device 48 for filling the grooves 33 between the
partitioned recording elements 31 with the non-magnetic body
32, smoothing device 50 for smoothing the surface of the
partitioned recording elements 31 and the non-magnetic body 32,
protective layer formation device 52 for forming the

25 protective layer 34 on the partitioned recording elements 31

14



process cleaning device 44, the barrier filmformation device 46, the

non- magnetic body filling device 48, the snbothing 5 device 50, and the
protective |ayer formation device 52, and maintains the enviraapmoisse
surrounding the internediate 10 in a state of vacuum In addition, the
production apparatus 40 al so conprises transfer device 58 for transferring
a partition pattern onto 10 the third mask | ayer 26 of the magnetic

r ecor di agdnelé uneiriagnetiatlkeody, 3andahdbvacatingetayeiohodeatcenSdevi ce 54
for formng the lubricating |layer 36 on top of the protective |ayer 34.

The transieh Hewsee OBeandcodbeihybrigatipgotayeingf @&vBEd om ﬂ%’]h@edﬁf« are
positioned outside the vacuum 15 retention device 56. The recording |ayer

processjpg-48yi efeéﬁlﬁen@ém%sé 24, ptﬁénﬁapfs.)é?sam Vh&€i 80 &QFice
processing the third mask [ayer 26 with a plasma utilizing oxygen, ozone

or a m ygd gas ?w%sgﬁetf{; 688 gf‘i‘lfﬁ 09 devise GAJ U plgasssi ng e

20 secon ayer eame ng ar ) gas, a
ng_devi ce. 64 pr.ocessi he, first nmask |ayer

f t ti
> Wt ROPEAEE | 90 | B F’eﬁ.B@OE%?HE%%&%WEW@Wnr? ATELFE] S6r ot haney

gas or SF6 (sul fur hexafluoride) gas, a second reactive ion etching device
66 for M2ENBRBREsERAGERIEICBRCT BUSHET PERSE R nEhe ajeFermediake r BAciRve i on
15 TDPFO079SG etching utilizing CO (carbon nonoxi de) gas containi ng added
NH3 (anh@beéayfgagcuamd a third reactive ion etching device 67 for

In addition, the production apparatus 40 also comprises
transfer device 58 for transferring a partition pattern onto
10 the third mask layer 26 of the magnetic recording medium
intermediate 10, and lubricating layer formation device 54 for
forming the lubricating layer 36 on top of the protective
layer 34. The transfer device 58 and the lubricating layer
formation device 54 are positioned outside the vacuum
15 retention device 56.

The recording layer processing device 42 comprises a
plasma processing device 60 for processing the third mask
layer 26 with a plasma utilizing oxygen, ozone or a mixed gas
thereof, an ion beam etching device 62 for processing the

20 second mask layer 24 with ion beam etching utilizing Ar
(argon) gas, a first reactive ion etching device 64 for
processing the first mask layer 22 with reactive ion etching
utilizing either CF, (tetrafluoromethane) gas or SFs (sulfur
hexafluoride) gas, a second reactive ion etching device 66 for

25 processing the continuous recording layer 20 with reactive ion
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renovi ng those sections of the first mask layer 22 remaining on the
surface of the partitioned recording elenents 31 with 5 reactive ion
etching utilizing either CF4 gas or SF6 gas. The dry process ghgarioRg
device 44 is a dry process cleaning device that utilizes a plasnma. The
barrier filmformation device 46 is a CV/D (Chem cal Vapor Deposition)
device for formng the DLC barrier film38 10 using CVD. The non-nmagnetic
body fié¢tchigndevtcbizadngsCa biasbospubnexidy) devs ceotiioaifibnei added fNEmM of
the Si 02 non-magnetic body 32 on top of the partitioned recording el enents
31 usi ngambbRsa ppyaserand. a 1bhThe sedet hvagisieveeeh By i Gediicd 067 beam
etching device for snoothing the medium surface using ion beam etching

Wi th Arreﬁ@§1n5h@h<9§@t§@&ty@néaaﬁrtﬂ@rf@fé9m9§wf L 35 Pod¥Ihfgyice for
formng the protective layer 34 of DLC using CVD. 2% The lubricating |ayer

for mat'(gﬁ ?ﬁ%F%ErEacéSof”thé‘?;ggaiﬂ?%i&@e&iei[é&?r oL ?‘é’f’é 085 asg%?{tﬁa“ ng

| ayer 3 usi ng dippi e vacuum retention eV|Ce 6 conprises a
vac um cha a_vac 70, that i nterconne ts with the vacuum
hanberCBEe 1%0%@%%@%@’%? BT Ferheit Fhe 5 (8 Sl 885 -devi ce. ¢ hat
utlllzes a nano-inprint method to press and transfer _a pattern (not shown
The dry process cleaning device 44 1s a dry process
cleaning device that utilizes a plasma.
The barrier film formation device 46 is a CVD (Chemical
Vapor Deposition) device for forming the DLC barrier film 38
10 using CVD.
The non-magnetic body filling device 48 is a bias
sputtering device for forming a film of the Si0O., non-magnetic
body 32 on top of the partitioned recording elements 31 using
bias sputtering.
15 The smoothing device 50 is an ion beam etching device for
smoothing the medium surface using ion beam etching with Ar
gas.
The protective layer formation device 52 is a CVD device
for forming the protective layer 34 of DLC using CVD.
20 The lubricating layer formation device 54 is an
application device for applying a lubricating layer 36 of PFPE
using dipping.
The vacuum retention device 56 comprises a vacuum chamber
68, and a vacuum pump 70 that interconnects with the wvacuum

25 chamber 68.
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in the.drawi ngs) prepared using lithography onto the third mask | ayer 26. 5
Next is a description of the actions of the magnetic recordi ng nedi um
production apparatus 40. Fig. 4 is a flowhart show ng the fl owm@orasc
processing for the magnetic recordi ng nmedi um producti on- apparatus 40.
First, a magnetic recording nmediuminternediate 10 is 10 prepared. The
internmediate 10 is forned by using sputtering to formsequentially, on top
of a gl ass subist riatandiZzr aldaicte Mp 1syerprebwiddvicd hheknesst lafze30@G t o
2000 A, a soft magnetic layer 16 with a thickness of 500 to 3000 A, an

ori ent ahh - ihEyEit Ifethdd o tidedensd of r bk £0r 3Dt £ @rrC OfHd th UhtSyrl 5
recording layer 20 with a thlckness of 100 to 300 A, a first nmask |ayer 22

thi cka iﬁl%@%amn%é)g A, and then usin % %é@yﬂe dh 8

t hi ckness of 100 to I ther” spin coating or dipping
to for | ayer 26 wth a th| ckness of 300 to 3000 A. 20 The
transftﬁlgd% écgeggf?khen uses a nano-inprint nmethod to transfer the type of

congave sections shown |n Fi 5, which correspond with the partition
patr%ern for tHFY &%Iqlm%%d?% R st ithe 15 ehiT d mask

| ayer 26 of the intermediate 10. 25 At this point the internediate 10 is
t ranspoF¢er d D Nedi Uy TOFROTYOEG appatAt thahber 68, and the plasm
processing device 60 is used to process the third nask |ayer 26 until

t hose sectiomsi@f 4 hiss a flowchart showing the flow of processing for

the magnetic recording medium production apparatus 40.
First, a magnetic recording medium intermediate 10 is

10 prepared. The intermediate 10 is formed by using sputtering to
form seguentially, on top of a glass substrate 12, a backing
layer 14 with a thickness of 300 to 2000 A, a soft magnetic
layer 16 with a thickness of 500 to 3000 A, an orientation
layer 18 with a thickness of 30 to 300 A, a continuous

15 recording layer 20 with a thickness of 100 to 300 A, a first
mask layer 22 with a thickness of 100 to 500 A, and a second
mask layer 24 with a thickness of 100 to 300 A, and then using
either spin coating or dipping to form a third mask layer 26
with a thickness of 300 to 3000 A.

20 The transfer device 58 then uses a nano-imprint method to
transfer the type of concave sections shown in Fig. 5, which
correspond with the partition pattern for the partitioned
recording elements 31, into the third mask layer 26 of the
intermediate 10.

25 At this point the intermediate 10 is transported into the
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third mask | ayer 26 at the bottom surfaces of the concave sections have
been renoved, as shown in Fig. 6. Those areas of 5 the third mask | ayer 26
outside the concave sections are also partially renoved, but thgohayee!

di fference between these other areas and the bottom surfaces of the
concave sections is retained. Next, the ion beam etching device 62 is used
to renove 10 those sections of the second nmask | ayer 24 at the bottom

sur f acesagfiun heheoipenves segtd oblse phashowréredsgng deDuce ng0d idhisspdocess
a small quantity of the first mask layer 22 is also renoved. Furthernore,

a | argetprppocésontioé those macrRslapérthe thtid trocke | sy€tid®s opit stige t he
concave sections is 15 also renoved, although a small quantity stil

remai nSeni SYbaegkentlyy dbeatitrd BoRCLH VEul PLCSS ChE %Qeﬁéﬁﬁa@é is used
to renmove those sections of the first mask layer 22 at the bottom surfaces

of the S | i o Fi 8 .this ti t remaini ng
quantit§8§?9¥ﬁ%s§§g%ggée%?é?ﬂgggﬁ't%?r%@%%%ki?gé%é'2 'oJ?%FﬁéQ%%§%E%€ave
sections is, completely. renoyed. Furthernore, a |arge proportion of those
o ods of it nt LR Bk ThakST og ar OBt bt F IR ConeCavhcdeebLORT | o 7 Lo%i oo
removed, although a small quantity still remains. Next, the second reactive
i on et cARrRELYLLY ceemeved, Usel the leovebrdlElerenee deetveris Yieshe
continuous recording |ayer 20 18 TDPF0079SG at the bottom surfaces of the
concavectkeri angasthngd tharbotioni sigrfdheesont i thwusonexoe dsegtlaysri20 into
a

retained.
Next, the lon beam etching device 62 is used to remove
10 those sections of the second mask layer 24 at the bottom
surfaces of the concave sections, as shown in Fig. 7. During
this process a small quantity of the first mask layer 22 is
also removed. Furthermore, a large proportion of those areas
of the third mask layer 26 outside the concave sections is
15 also removed, although a small quantity still remains.
Subsequently, the first reactive ion etching device 64 is
used to remove those sections of the first mask layer 22 at
the bottom surfaces of the concave sections, as shown in Fig.
8. At this time, the remaining quantity of those areas of the
20 third mask layer 26 outside the concave sections 1s completely
removed. Furthermore, a large proportion of those areas of the
second mask layer 24 outside the concave sections is also
remcved, although a small guantity still remains.
Next, the second reactive ion etching device 66 is used

25 to remove those sections of the continuous recording layer 20
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plurali.ty of partitioned recording elenments 31 with grooves 33 forned
between the partitioned recording elenents 31, as shown 5 in Fig. 9 (Si)
During this process a small quantity of the orientation |ayer td#ohms@l so
removed. Furthernore, the remaining quantity of those areas of the second
mask | ayer 24 outside the concave sections is conpletely renoved, and a

| arge proportion of 10 those areas of the first nmask |ayer 22 outside the
concaveat selct i lomist ors sihsDacesovEdthal cdrocape assoeldnguartiudy still  remains
on the upper surface of the partitioned recording elenents 31. This

resi duapaftisionBsk 1Y eforZihGoedMdesLding erdyes 2d5 g hathe third

reactive ion etching device 67, as shown in Fig. 10. At this point, the dry

proces i Vi A4 i S : i e t

rpe i Lk K Tt e R R NG S AL T
shown ip Fi 11, a CVD device.is used to forma barrier,film 38 of DLC,
wth o TRTER dREruferothe Pa0h tonie rat Grathe SLFTI Oty (it ortHy
elenents 31 (S3), and the non-magnetic body filling device 48 is then used
to ilirtHedgroot®t! 33 between the partitioned recording el enents 25 31

wi th a non-magnetic body 32, using a bias sputtering nethod 19 TDPFO079SG
(S4). The norPwegretiliHdeyodPss 2 forakd dwankity chnpietatientation

layer 18 is also removed. Furthermore, the remaining quantity
of those areas of the second mask layer 24 outside the concave
sections is completely removed, and a large proportion of
10 those areas of the first mask layer 22 outside the concave
sections is also removed, although a small quantity still
remains on the upper surface of the partitioned recording
elements 31.
This residual first mask layer 22 is completely removed
15 with the third reactive ion etching device 67, as shown in Fig.
10.

At this point, the dry process cleaning device 44 is used
to remove foreign matter from the surface of the partitioned
recording elements 31 (S2).

20 Subsequently, as shown in Fig. 11, a CVD device is used
to form a barrier film 38 of DLC, with a thickness of 10 to
200 A, on top of the partitioned recording elements 31 (383),
and the non-magnetic body filling device 48 1s then used to
fill the grooves 33 between the partitioned reccrding elements

25 31 with a non-magnetic body 32, using a bias sputtering method
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caver the barrier film 38. Because the partitioned recording elenents 31
are covered and protected by the barrier film38, they undergo no
deterioration during the bias sputtering of 5 the non-nmagneti ¢pipoghes32.
Next, the snoothing device 50 is used to renove a portion of the

non- magneti c body 32 by ion beametching, until the upper surfaces of the
partitioned recording elenents 31 are exposed, as shown in Fig. 12,

t her eby (34bot Hitreg nolre-mauginfedde dfod0 32hé spdotrimeidosed ase dor dicmp leitedwnt s 31
and the non-nmagnetic body 32 (S5). During this process, in order to ensure
hi gh preedsitie Svoot 1énof i 1de3s NcBdenRes canglee pefc tiihe cAed eRSorsling
preferably set within a range from-10 to 15 relative to the surface.

Hovevere] dndites o1 268 Oy ed Pad It Oned £ £asy i Hor:of et He and the

non- magneti ¢ body 32 has been produced wth a good | evel of snoot hness
durlng th qggﬂggg? gpgy £ i lgg t#% angle of the
i ons rr%{/ | n al? an%ge(5 rom%gg t 33 %pe 0 g| ncr eased
|nC|deqﬁ§ angl e |ncrea53? hg¥£roce55|ng speed, and enabl es an 20
i mprov et Bt § ® barrier film38 on the upper surface of
t he partltloned recording elements 31 may be either conpletely renoved, or
a portion rra)}‘ret?'étrl gite j sfQRithing tqﬁ)‘(ﬂgﬂ? é%d%ﬁ%g?fétﬁ%ﬂcﬁ{ﬁjya IoHBARe the
partitioned recording elenents 31 is conpletely renoved. 25 The protective
| ayer fof nelté omntavdgre BLC thedy uS2s0n CVD 20T BRRODIASEG wet hodchie form a
protective |layer 34 of DLC, with a thickness
upper surfaces of the partitioned recording elements 31 are
exposed, as shown in Fig. 12, thereby smoothing the surface of
10 the partitioned recording elements 31 and the non-magnetic
body 32 (85). During this process, in order to ensure high
precision smoothing, the incidence angle of the Ar ions 1is
preferably set within a range from -10 to 15° relative to the
surface. However if the surface of the partitioned recording
15 elements 31 and the non-magnetic body 32 has been produced
with a good level of smoothness during the non-magnetic body
filling step, then the incidence angle of the Ar ions may be
set within a range from 60 to 920°. This type of increased
incidence angle increases the processing speed, and enables an
20 improvement in productivity. The barrier film 38 on the upper
surface of the partitioned recording elements 31 may be either
completely removed, or a portion may be left intact, although
the non-magnetic body 32 above the partitioned recording
elements 31 is completely removed.

25 The protective layer formation device 52 then uses a CVD
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of. 10 to 50 A, on the upper surface of the partitioned recording elenents
31 and the non-magnetic body 32 (S6), and the structure is then
transported out of the vacuum chanber 68. 5 Subsequently, the kpiFno@seti ng

| ayer formation device 54 is used to apply a lubricating |ayer 36 of PFPE,
with a thickness of 10 to 20 A, to the top of the protective |ayer 34,
using a dipping nethod. This conpletes the formation of the nagnetic

r ecor di ngthedi ten BorshavwréeFigve 3laver Bt auk Pkhe Wioklnea i Oniclnkess
processing of the partitioned recording elements 31 is conducted with the
envi roneEnt0 sairsoubdi g tihe nmber nedh Bdee 10F | tha sdat et dnad@cuum
deterioration of the partitioned recording elenents 31 through oxidation

Or COrrBstOPALAR OERESYENE LAaLlYT M MERGRSGh S ¢ Body Beld{déon. akde
internediate 10 is transported into the vacuum chanber 68 with the

conti ”“?lﬁé LecQrdipg fayehe Otrﬁg\éEB?‘EeB}’ohtﬁeo“fart?h%“%ra[%'&é’a%bg aggl, once

i nsi de e vacuum chanber 68 t artitioned recording elenments %ﬁ.aré
fornmed, fillj of the non-magnetic q$d gg i s perforned nd. t h %0
protect i ve | SYRTSSHITRCY By nalf o R GF Rhel BT |1 IR O O Sl enrent s
31 and the non-magnetic body 32 before the magnetic recording nmedium30 is
t ranspot¥ @St LR aRMEY vachiyd L el rlaeer ahfl ehneteritii the partiti oned
recording elements 31 (and the continuous recording |ayer 20) are 25
i sol at ethickmeas noEphér Lo 8Rydentandhehdop ke dthealdratiansi ve 1L AWRFODYOSG
meani ng deterioration of the partitioned recording elenments 31
using a dipping method. This completes the formation of the
magnetic recording medium 30 shown in Fig. 3.
10 Because the formation and processing of the partitioned
recerding elements 31 is conducted with the environment
surrounding the intermediate 10 in a state of wvacuum,
deterioration of the partitioned recording elements 31 through
oxidation or corrosion can be prevented during processing.
15 In addition, the intermediate 10 is transported into the
vacuum chamber 68 with the continuous recording layer 20
covered by the various mask layers, and once inside the vacuum
chamber 68 the partitioned recording elements 31 are formed,
filling of the non-magnetic body 32 is performed, and the
20 protective layer 34 is formed on top of the partitioned
recording elements 31 and the non-magnetic beody 32 before the
magnetic recording medium 30 is transported out of the wvacuum
chamber 68, and consequently the partitioned recording

elements 31 (and the continuous recording layer 20) are

25 isolated from atmospheric oxygen and the like at all times,
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can be.even nore reliably prevented. Furthernore, because each of the steps
utilizes a dry process, problens that arise when wet processes are used,
such 5 as deterioration of the partitioned recording el ement s tBFocesed by
the process liquids, or contam nation of the surface of the partitioned
recording elements 31 caused by foreign matter within the process |iquids
or cleaning liquids, can be avoided. 10 In other words, the nmagnetic

r ecor di gy ude pebtivcetben abperatpar 40t rpd aysceupierd celemtntbidity,
and is able to reliably prevent deterioration during formation of the
partiticaedos ecosnli mogrel earidisl Blorduehtwd nore, because each of the steps
utilizes a dry 15 process, transportation of the work in progress is easier

than processgsrifd Sib£ONMbNGERE Sdh Y THOCRSSSS niEaN Y 4 he-y magnetic
recordi ng nmedi um producti on apparatus 40 displays good |evels of

ducti e .
e S e R R e e i S s L T L

Phe “or cbrte FRe Lo T bR S hotRF EFTEC LTS Tefr ety simmEnts Shd provi ded
the partitioned recording elepents 31 and the continuous reéording | ayer

20 are F3BFeE O 251 ¢ (BRPE RS al Hospher 0% Corerera bt rebrits ohiiefaghe 22

TDPFO079SG partitioned recording elements 31, the steps for processing
of the partitioned recording elements 31 caused by foreign

matter within the process liguids or cleaning liquids, can be
avoided.

10 In other words, the magnetic recording medium production
apparatus 40 displays superior reliability, and is able to
reliably prevent deterioration during formation of the
partitioned recording elements 31.

Furthermore, because each of the steps utilizes a dry

15 process, transpertation of the work in progress is easier than
processes which combine wet and dry processes, meaning the
magnetic recording medium production apparatus 40 displays
good levels of production efficiency.

In the present embodiment, the steps from the etching of

20  the third mask layer 26 through to the formation of the
protective layer 34 are all performed inside the wvacuum
chamber 68, but the present invention is not restricted to
this arrangement, and provided the partitioned recording
elements 31 and the continuous recording layer 20 are isolated

25 from the atmosphere to prevent deterioration of the
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each of. the masks, prior to the processing of the continuous recording

| ayer 20, may al so be perfornmed outside of the vacuum chanber 68. However,
during processing of the first 5 nmask |layer 22, sections of thprroomts nuous
recording layer 20 are exposed (see Fig. 9), and consequently the
processing of the first mask layer 22 is preferably conducted inside the
vacuum chanber 68. Furthernore, in the present enbodi nent three mask | ayers
10 of dPfeithenedtcetatrding eeiememis obl i hehe ontémsiolsr recerel sing | ayer 20,
and a four-stage dry etching process is then used to formthe grooves 33
in the ¢tateroedilaé emdOkandpphsti tod obhé herocoddimyons tlesorshiipnhayer 20,

but there are no particular restrictions on the type of dry etching used,

the mateskal8idy vsedrfop, txheyrra:@golw%erféﬂee@%@@él&é dBsknd ayers, or
the thickness of the mask ayers provi ded the continuous recording |ayer

20 i's abl&,dQ PtgnrgB%E kb onag, vtél- 2 di 4l *}lzdo%‘é%'ces%fm%r &G QD¢ 7L her nore,

in the present rment a y process eanlng operat|on using a
planals S enpvi oreLg tter fromt ace of t

o O i BReh FRET drhg SHehere S5 fthe BoiblrodlutiSofding Fafrs 28,
restrlcted to this nethod, and the foreign matter on the surface of the
partlt|%ﬁ%dexP%%%¢dKﬁ%eeFeﬁen9sf3§n@oﬁ¢%s%ﬂ%%n%éyr%%%v@%P%@s%ﬂ%ﬁyo%rocess

25 cl eaning operation using a gas. 23 TDPFO0O79SG In addition, in the
pr esent thebbirsermaskel aper ndgnes i preferably conducted inside the

vacuum chamber 68,
Furthermore, in the present embodiment three mask layers
10 of different materials are formed on the continuous recording
layer 20, and a four-stage dry etching process is then used to
form the grooves 33 in the intermediate 10 and partition the
continuous recording layer 20, but there are no particular
restrictions on the type of dry etching used, the materials
15 used for the mask layers, the number of mask layers, or the
thickness of the mask layers, provided the continuous
recording layer 20 is able to be partitioned with a high level
of precision.
Furthermore, in the present embodiment a dry process
20 cleaning operation using a plasma is used for removing foreign
matter from the surface of the partitioned recording elements
31, but the present invention is not restricted to this method,
and the foreign matter on the surface of the partitioned
recording elements 31 could also be removed by a dry process
25 cleaning operation using a gas.
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bady fi.lling device 48 uses a bias sputtering nmethod, but the present
invention is not restricted to this nmethod, and the filling of the

non- magneti ¢ body could al so be performed using 5 a plasma CVDTpmhieds Wi t h
bi as application. Furthernore, in the present enbodi nent the magnetic
recording nmedium 30 is a perpendicul ar recording, discrete type magnetic
disk in which the partitioned recording elenments 31 are arranged with

m nut e spaci ngds ddditheon s albk Fhelirtesonldieediorepostiite orsu-nawradbiat ween,
but the present invention is not restricted to this case, and can of

cour se labdp Dell appl dedito 4henpsoduchian ofuiagniotd aalilsdks, ibuwhiled t he
partitioned recording elenents are arranged with mnute spacings in the

track chreseher envédmtishresthion fdder secd@rtd S s ard i1, POsd tined
t her ebet ween, magnetic disks in which the partitioned recording elenents

are arr i ] _ I I o) r.adj ' ' and
t he tragﬁgfg?wc%ﬁf%é;géﬁlﬁ% r%%‘tg?oﬂﬁl&%gs%%%@ngadi%ﬁgg:% et \A@%&%ﬁ%irﬁggneti C
disks in ich t partitione recordiqggelenents 20 forma helical shape.

Fur ther P &> ST he" Y e8ehtOF nveh i DT aPPht S35 b% appl i ed to the producti on

of magneto-optical disks such as MO disks, and other non-di sk type
di screte typeUHEEIG S r eifbrihh PIRIF KIPASRigdts Madpist @nd t he
i ke. Furthernore, in the present ecbidinent the magnetic 25 recording
medi um peeetding megpan a3 Usi 02 i e eepih Ghewl av t he eo Pl IDPRIDTISE s epar at e
processi ng device for each of the steps, but the
type magnetic disk in which the partitioned recording elements
31 are arranged with minute spacings in the track radial
10 direction positioned therebetween, but the present invention
is not restricted to this case, and can of course also be
applied to the production of magnetic disks in which the
partitioned recording elements are arranged with minute
spacings in the track circumferential direction (the sector
15 direction) positioned therebetween, magnetic disks in which
the partitioned recording elements are arranged with minute
spacings in both the track radial direction and the track
circumferential direction positioned therebetween, and
magnetic disks in which the partitioned recording elements
20 form a helical shape. Furthermore, the present invention can
also be applied to the production of magneto-optical disks
such as MO disks, and other non-disk type discrete type
magnetic recording media such as magnetic tapes and the like.
Furthermore, in the present ecbidiment the magnetic

25 recording medium production apparatus 40 is equipped with a
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pr.esent invention is not restricted to such a configuration, and a
plurality of steps could also be conducted with a single device. For
exanple, the step for processing the first mask 5 | ayer 22, andptroersstep
for renoving the residual first mask |ayer 22 fromthe surface of the
partitioned recording elenments 31 could be conducted using the sane
reactive ion etching device, using either CF4 or SF6 as the reactive gas.
| n addi séparataepstvepssong pdecessi hor t deckeebnthemskepaydruathd 0 and t he
step for snoothing the partitioned recording elenments 31 and the

non- magpeésenbotlyv32t Conl tis beotondsict Belt &di g $eh &anen A g@astiem, beam
etching device. These rationalizations enable reductions in both the size
and t he;£@sk ﬁiuiQEi@ﬁOQECEtéﬁsa@@@léiéfso1§e(58§@@&€éd_&§tﬁgat§ﬁngle
enbodi ment descri bed above, the processing devices provided inside the
vacuum r t e t ecor.qdj di | t he
contin ugggi@go \r,%%g réé?ag&gfﬂl egy etﬁ{ea%g{eﬁlgfdpgg{ll%ﬁ egs'nsglgﬁf etgloépﬁl%lgsséé Ir&égrrsteﬂ]nt S
isolated fro he_a here. Fig. 13 is a photograph fromap atomc force
i orbs CBEEENBH nahaneaR| SHERnERE brievEnd PEcess Se hePPheFi i SRed
recordi ng el enents and the non-nmagnetic |ayer follow ng snoothing by ion
beam et t&YRY. 2Rehsorehbat SeFfecetpE SipferelibighedsseePrdhedpartiti oned

recordi ng el enents 2S TDPFO079SG and t he non-rmagnetic | ayer reveal ed a
maxi munelemehtdi Bl ecenté be conducted using the same reactive ion

etching device, using either CFs; or SFg¢ as the reactive gas.
In addition, the step for processing the second mask layer 24,
10 and the step for smoothing the partitioned recording elements
31 and the non-magnetic body 32 could be conducted using the
same Ar gas ion beam etching device. These rationalizations
enable reductions in both the size and the cost of the
production apparatus.
15
(Example)

Using the embodiment described above, the processing
devices provided inside the vacuum chamber were used to
prepare a magnetic recording disk with the continuous

20 recording layer and the partitioned recording elements
isolated from the atmosphere. Fig. 13 is a photograph from an
atomic force microscope showing an enlargement of the surface
of the partitioned recording elements and the non-magnetic
layer following smoothing by ion beam etching. Measurement of

25 the surface roughness of the partitioned recording elements
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of. 2.88 nm and a center |ine average roughness Ra of 0.723 nm These
results confirmthat in this exanple, the surface of the partitioned
recordi ng el enents and the non-nagnetic | ayer have 5 been sati ghgobmst! y
snoot hed, wi thout the use of a wet process such as CMP. Furthernore, when
a surface defect inspection device was used to inspect the surface of the
medium for foreign matter, two pieces of foreign matter of size 0.3 to
0.5 pm ardethdenonfiaedneNocf bageygnreucs bed| argexintmnldvel pad fi@remee any
foreign matter of size 0.5 to 1.0 lamwas found. In addition, the surface

of the srRgpPesicnmecand Ag cénslerwas neoksemeed ttvrdglhess Rptdad. TMRTrwgcope,
both imediately follow ng production, and then again after standing for

appr oxi fRESEYrd8u NOYT Soh Bi An NEQAL t SAPER 8 UELamPi 8 PG it ¥ade SAViRONMENt
(tenperature: 80C, humdity: 80%, and on both occasions no corrosion of

h h . . . . . | . ] H h
the par%5%%??%%#8?9&95981&&gﬁgém%%%tg’agn&'%Q SOnfzh%gn%ﬁlésl £Hof 99K ap

fromth m cr oscopeé an ‘enl ar genent e surtace of the
magnetic recording djsk,of the exanple.afte t andi ng for 20 approxi mately
78 Four SoPR Prbt AghESbime: AP el gttt RO a: 35 GRO Y brireHEt KEOREEr at §ve
Exanpl e) A magnetic recording disk was prepared in a sinmlar 25 manner to
the exafBfe aBov¥P - b RUNHIerHdRe exd it iDrFUHACS Itke D tr BpPFEIEdSGhr ocessi ng

devi ces were not housed inside a vacuum chanber, so that the conti nuous
recor di dgviagevaandsefietpainspechethe surface of the medium for

foreign matter, two plieces of foreign matter of size 0.3 to
0.5 pym were identified. No foreign matter larger than 1.0 pum,

10 nor any foreign matter of size 0.5 to 1.0 pm was found. In
addition, the surface of the magnetic recording disk was
observed through an optical microscope, both immediately
following production, and then again after standing for
approximately 48 hours in a high temperature, high humidity

15 environment (temperature: 80°C, humidity: 80%), and on both
occasions no corrosion of the partitioned recording elements
was visible. Fig. 14 is a photograph from the optical
microscope showing an enlargement of the surface of the
magnetic recording disk of the example after standing for

20 approximately 48 hours in the high temperature, high humidity

environment.

(Comparative Example)
A magnetic recording disk was prepared in a similar
25 manner to the example above, but with the exception that the
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recordi.ng el ements were permtted to come in contact with the atnosphere.
When a surface defect inspection device was used 5 to inspect the surface
of the partitioned recording elenents and the non-magnetic bodyprhomwse
foreign matter, a total of 193 pieces of foreign matter, including 28

pi eces of size 0.3 to 0.5 lam 38 pieces of size 0.5to 1.0 jim and 127
pi eces larger than 1.0 pmwere identified. Furthernore, when the surface
of 10 theopaghing cleetoesi wgrei skt iesusdd eiveide ha otetuem opailesst, so

m croscope, both imrediately foll ow ng production, and then again after
st andi nghiortiepproxt eiehy AScdodisgiapehi ghd tleemedat U sondd gh humi dity
envi ronnent, although no corrosion of the partitioned recording el enents

was evi gdedbrithi &l difenids RétErpsStaNEt &g $07cdfe NOMI Sor 04 EOW ML Prrgluct i on,
a plurality of black spots were observed, indicating corrosion of the

parti tiongdsLecol di hg, &l erents, & Ge t%é %.n%#)%g_‘gti ik %itéﬁrifdeo'@ast Rgeopt i cal

m croscope Show ng an enlargenent o e sur € magnetic recording
di sk. of _the co rative exanpl e.20 after standi for roxjmately 48
nous i H L TRSREGh Chnmer B et rrih AR b {Pehr e SRrored S HBIREY wor ds,
corrosion _of the partitioned recordin el ements was prevented in_the
exanpl e2NAnehe heCR e PoF hE | BPdY of oF of eF ghomeid ke fasa af b2 het ket?y reduced

when conpared with 25 the conparative exanple. 27 TDPFO079SG | ndustri al
Appl i capi¢cey AE fOesei¢bedatbeve, inhbugingent piwentioh shadl@s3the

0.5 um, 38 pieces of size 0.5 to 1.0 um, and 127 pieces larger
than 1.0 pm were identified. Furthermore, when the surface of

10 the magnetic recording disk was observed through an optical
microscope, both immediately following production, and then
agaln after standing for approximately 48 hours in a high
temperature, high humidity environment, although no corrosion
of the partitioned recording elements was evident initially,

15 after standing for 48 hours following production, a plurality
of black spots were observed, indicating corrosion of the
partitioned recording elements. Fig. 15 is a photograph from
the optical microscope showing an enlargement of the surface
of the magnetic recording disk of the comparative example

20 after standing for approximately 48 hours in the high
temperature, high humidity environment.

In other words, corrosion of the partitioned recording
elements was prevented in the example, and the incorporation
of foreign matter was also markedly reduced when compared with

25 the comparative example.
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efficient production of a discrete type magnetic recording nediumwth
reliable prevention of any deterioration of the 5 partitioned recording
el ements. 28 TDPFO079SG What is clained is: 1. A nethod of produeroomesa
magneti c recording medi um conprising: a recording |ayer processing step,
which by forming a 5 plurality of grooves, with a mnute spacing
therebetmeen ina planar direction, in an internediate froma production
process nﬂBFtélﬁﬁgﬁBPﬂéC?EébFEVng medi um produced by forming a continuous
recording layer on top of a substrate surface, partitions said continuous
recordi ng | ayks desordbpfunladvey Ofe Ifrpaeni tionedt f@cosdine el Enent s; a
non- magnetic body filling step for filling said grooves between said
partiti efédctesordiroguet eonds ﬁbs@r@@@-t@gnﬁé?ﬁebﬂéyw:e@@ﬂi%@r otective
| ayer formation step for formng a 15 protective layer that protects said

partitipegeukheqotdi E‘Qll%f@ﬁ}?i*év@ﬂgléﬁ' anHy”&@EQ{“iSrQE’gé(n yhergin said

recording | ayer processing step is conducted envi r onnent

surqpung?pg gbgeanEQEngi§§ ef@ﬁgﬁg ned in a state of vacuum 20 2. The

met hod ucrng a nmagneti c recor ing nedium according to claim1,
wherein sald recordlng Iayer processi ng step, said non-magnetic
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bady fi.lling step, and said protective |layer formation step are conducted
sequentially with an environnent surrounding 25 said internediate

mai ntained in a state of vacuum 29 TDPFO079SG 3. The net hod ofpphemddci ng a
magneti c recording medium according to claiml1, wherein a dry process

cl eaning step, which uses either one of a gas and a plasma for renoving
foreign matter froman 5 environnent surrounding said partitioned recording
el enent®hat| ssprbyided bet ween said recording | ayer processing step and
said non-magnetic body filling step. 4. The nmethod of producing a magnetic
recordi hg nmedi umetlase os i preodwc CAQi anwa grvdied € e ddr & 18lf ymgd 0@€SS cl eani ng
step, which uses either one of a gas and a plasma for renoving foreign
matter E&@PFaPingnVi ronment surrounding said partitioned recording

el enents, is provided between said recording |ayer processing step and

erents, 1S pi etw din _

rmgnet 1 1 ecor it 1 e - LR e T 5 U B AR P i a
t hi t f t hi . f f id, titi d d

el erfentRERRG SHY d©hoREMRERRY | £ By 40U [ W aet et HRETP SaI e ot magnet i

body filling step and said 20 protective |ayer formation step. 6. The
net hod Biaprbddtiagtiormghetie FekorrdiphediitR AR WAL RIS S,
wherein

for a magnetic recording medium produced by forming a

continuous recording layer on top of a substrate surface,
partitions said continuous recording layer into a plurality of
10 partitioned recording elements;

a non-magnetic body filling step for filling said grooves
between said partitioned recording elements with a non-
magnetic body; and

a protective layer formation step for forming a

15 protective layer that protects said partitioned recording
elements and said non-magnetic body, wherein

said recording layer processing step is conducted with an
environment surrounding said intermediate maintained in a
state of vacuum.

20 2. The method of producing a magnetic recording medium
according to clalm 1, wherein

said recording layer processing step, said non-magnetic
body filling step, and sald protective layer formation step
are conducted sequentially with an environment surrounding

25 sald intermediate maintained in a state of wvacuum.
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said snoothing step is a dry plasma step which allows ions to collide with
a surface of said partitioned recording 25 elenents and said non-nmagnetic
body at an incidence angle that 30 TDPFOO79SG is restricted to TAPRoatdse
within either one of a range from-10 to 15 and a range from60 to 90. 7.
The net hod of producing a magnetic recording medium according to claim®é,
wherein said dry plasma step uses ion 5 beametching. 8 The nmethod of
produci g a nByheheEhedcof dPregduedidne Badosdl agreccradmingmediun] ains 1 to
4, wherein in said recording |ayer processing step, said continuous

recor di agcbagiengi sopataimni bpedhbyeiracti ve ion etching using 10 carbon
nonoxi de gas contai ning an added nitrogen based conpound as a reactive

gas. 9. The ngtdsd pfoPsoLUE] 8&n BndBGNED) Cwi EERT EhHE aREheMoReCcOFdiNg to
claim5, wherein in said recording |ayer processing step, said continuous

15 1 ecopdhngnhayephsmpatsit LOREULRY FEACHINCnh PRt eRbROHSI Ng  car bon

nonoxi dé gas contalning an a I frogen base conpound as a reactive

gas.. 10 nmet hod_of _producing_a.magnetjc recordi ng,nmedi u according to
5% oo UREP B R E0° Rk B S acde B Rar By b o b dchesP R Re cp Ton RS

conti nugus recgrgin | ayer is partitioned by reactive ion etching using
car bon OnBXPHEYH sbgBﬂ? ?n?ﬁbdaﬁeﬁﬂﬁganﬁi%?é@%npﬁﬁgﬁﬂSlng step aﬂd

said non-magnetic body filling step.
4, The method of producing a magnetic recording medium
according to claim 2, wherein
10 a dry process cleaning step, which uses either one of a
gas and a plasma for removing foreign matter from an
environment surrounding said partitioned recording elements,
is provided between said recording layer processing step and
said non-magnetic body filling step.
15 5. The method of producing a magnetic recording medium
according to any one of claims 1 to 4, wherein
a smoothing step for smoothing a surface of said
partitioned recording elements and said non-magnetic body is
provided between said non-magnetic body filling step and said
20 protective layer formation step.
6. The method of producing a magnetic recording medium
according to claim 5, wherein
salid smoothing step is a dry plasma step which allows
ions to collide with a surface of said partitioned recording
25 elements and said non—magnetié body at an incidence angle that
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compound as a reactive gas. 11. The nethod of producing a magnetic
recordi ng nmedium 25 according to claim?7, wherein 31 TDPFO079SG in said
recordi ng | ayer processing step, said continuous recording | ayerrFobRsc
partitioned by reactive ion etching using carbon nonoxide gas contai ni ng
an added nitrogen based conpound as a reactive gas. 5 12. The nethod of
produci ng a nmagnetic recordi ng nmedium according to any one of clains 1 to
4, wherefnreptsirbedoho nagriel e Boklyini ¢l tier seep, oEad draoge nbgpret 110 body
is used to fill said grooves between said partitioned recording elenents
usi ng etdohed’ omedod paageaffMbd 6dttobd@as. 10 power to said internediate and
bi as sputtering. 13. The nethod of producing a magnetic recordi ng nmedi um

accordimg to thaimeShodhef ehFodilc Siad th NdgHBENEt F LodRind idddNey st ep, said
non-magnetic body is used to fill said grooves between said partitioned 15
recordi t 5, USH egt o, it j o to said
internegggftggﬁ% ?agiggﬁt§b?§%%£Q§%.é%ﬁ%qﬁgfﬁg%g%¥ép$% 2?%%Qaﬂﬁggnetic
recquigg HEQ{gglnaccording to claim 12, wherein said non-nagnetic body
filllng s?ep uses % material 20 conprising any one selected fromthe group
consisting of _an oxide naterial, a nitride nmaterial, and a non-nagnetic

anor photis mat B1¢ A B L1 RiRLYebietd IaRgtic recording medium

according to any one of claims 1 to 4, wherein
in said recording layer processing step, said continuous
recording layer is partitioned by reactive ion etching using
10 carbon monoxide gas containing an added nitrogen based
compound as a reactive gas.
9. The method of producing a magnetic recording medium
according to claim 5, wherein
in said recording layer processing step, said continuous
15 recording layer is partitioned by reactive ion etching using
carbon monoxide gas containing an added nitrogen based
compound as a reactive gas.
10. The method of producing a magnetic recording medium
according to claim 6, wherein
20 | in said recording layer processing step, said continuous
recording layer is partitioned by reactive ion etching using
carbon monoxide gas containing an added nitrogen based
compound as a reactive gas.
11. The method of producing a magnetic recording medium
25 according to claim 7, wherein
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15. The method of producing a nmagnetic recordi ng nmedium according to claim
14, wherein 25 said non-nagnetic body filling step uses silicon dioxide 32
TDPFO079SG as sai d non-nagnetic body. 16. The nethod of producitpgroerosc
magneti c recordi ng medium according to claim12, wherein a barrier film
formati on step, which uses either one of a 5 plasma CVD nethod and a
sputtering nethod for formng a barrier filmon said partitioned recording
el enents, is iprovideeederdiden Savel riereres Fignd oteep praciad siont stepisind
said non-magnetic body filling step. 17. The nethod of producing a nagnetic
recor di ngcoeding ldPenctorpangl t Doxédi by ldcaahivei nom dackiies ddimg
formation step, which uses either one of a plasm CVD nethod and a

sput t er tagbdRt Metok Die f 9481 AEnBaikafidi &8 Ldded oni spbgePALIdddoned recording
el enents, is provided between said recording |ayer processing step and

said 15 = net i &Ll step. 18. The net.hod of producing a
nagneti%a@g%%r i%% %Eg€%%$ acc ?%ing to claim 15, wherein a barrier film

formati st which uses either.one of a plasma CVD nethod and a
Sputh er DAy metiedry arod o v pae A56%h e dtadhe i & e B s bneq
recording el epents, is provided between said recording |ayer processing
step andCSAFH Aok ndgHet e DbdFid+mnFi hgtetbp. wherein

in said non-magnetic body filling step, said non-magnetic
body is used to fill said grooves between said partitioned
recording elements using either one of plasma CVD with bias
10 power to said intermediate and bias sputtering.
13. The method of producing a magnetic recording medium
according to claim 5, wherein
in said non-magnetic body filling step, said non-magnetic
body is used to fill said grooves between said partitioned
15 recording elements using either one of plasma CVD with bias
power to said intermediate and bias sputtering.
14. The method of producing a magnetic recording medium
according to claim 12, wherein |
said non-magnetic body filling step uses a material
20 comprising any one selected from the group consisting of an
oxide material, a nitride material, and a non-magnetic
amorphous material as said non-magnetic body.
15, The method of producing a magnetic recording medium
according to claim 14, wherein
25 sald non-magnetic body filling step uses silicon dioxide
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19. The method of producing a nmagnetic recordi ng nmedium according to claim
16, wherein 25 said barrier filmformation step forns a barrier filmof 33
TDPFO079SG di anond- | i ke carbon. 20. A production apparatus for TeProB@REt i C
recordi ng nmedium conprising: recording | ayer processing device, which by
formng a 5 plurality of grooves, with a m nute spacing therebetween in a
planar direction, in an internediate froma production process for a

magnet i @5 r 225 ooy Aediehi prioedEed by forming a continuous recording |ayer
on top of a substrate surface, partitions said continuous recording |ayer
into a pbural Thy métHOd paf tptodunethy e anabymet 5t ermadsd i rendnadioumm r et ent i on
devi ce, which houses said recording |ayer processing device, and maintains

an envi e85 ng Stib r @UATH o2 sakkle+oier nediate in a state of vacuum 21. The
production apparatus for a nagnetic recording medium 15 according to claim

20, wherein nonsgagnet Lgimdﬁ’o%%%ié;?eé’ngé‘néé%véf’ h hiddd NGt S Qroqyes,

bet ween said partition recor th a non- nmagnetic body, and
protective_| ay forpation device for .form rotective |ayer that

or otect 3 3HG (ggIr)tIP ?lg%%da% 7 TR b Pty e%ﬂt?% a %rsg?ﬂn}fb%-%gneti ¢ body
are provided insjde said vacuumretention devjce. 22. The production
appar at PRTFbFT al HEfneR i 82+ @R HF hploreR upscording elements, '1s

provided between said recording layer processing step and said
non—magﬁetic body f£illing step.
17. The method of producing a magnetic recording medium
10 according to claim 14, whereiﬁ
a barrier film formation step, which uses either one of a
plasma CVD method and a sputtering method for forming a
barrier film on said partitioned recording elements, is
provided between said recording layer processing step and said
15 non-magnetic body filling step.
18. The method of producing a magnetic recording medium
according to claim 15, wherein
a barrier film formation step, which uses either one of a
plasma CVD method and a sputtering method for forming a
20 barrier film on said partitioned recording elements, is
provided between said recording layer processing step and said
non-magnetic body filling step.
19. The method of producing a magnetic recording medium
according to claim 16, wherein
25 said barrier film formation step forms a barrier film of
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accordieng to claim 20, wherein dry process cleaning device for renoving
foreign matter 25 from an environnent surrounding said partitioned
recordi ng 34 TDPFOO79SG el enents using either one of a gas andTePRobBSER | S
provi ded inside said vacuumretention device. 23. The production apparatus
for a magnetic recording medium according to claim?21, wherein 5 dry
process cl eaning device for renoving foreign matter from an environnent
sur r oundi #BeRAT Hikarea¥Pomed recording el ements using either one of a gas
and a plasma is provided inside said vacuumretention device. 24. The
product20n appapaddisctosn capmaretis feco daghaeteid: uecddasg aietdingnt o cl aim
22, wherein dry process cleaning device for renoving foreign matter from
an envi ¢empEDNEi1s4f roundi ng said partitioned recording elenents using
either one of a gas and a plasma is provided inside said vacuumretention

device. 15 2 d I ,_acE(p@g | & Maghet) i di um
accordi ng to%?%%%d%{f) ﬁ%‘!ﬁg&% ar r%@fﬁi?&n%?%'r mat | o%cb e\?fég%nﬁj}fﬂ(;lf ormng a
barrder_film.on said partitioned recording el enents using either one of a
o1 arm TS ot DL B BB Lht 12 PP HEEROLE S BT DN e TRt B 0tR o G
vacuum retenti(gn device. 26. The gr oduction apparatus for a nmagnetic

r ecor di PPHREI Thf Cabtordi Hy ¥ trhaerredlalpet e @ production process

for a magnetic recording medium produced by forming a
continuous recording layer on top of a substrate surface,
partitions said continuous recording layer into a plurality of
10 partitioned recording elements; and
vacuum retention device, which houses said recording
layer processing device, and maintains an environment
surrounding said intermediate in a state of vacuum,
21. The production apparatus for a magnetic recording medium
i5 according to claim 20, wherein
non-magnetic body filling device for filling said grooves
between said partitioned recording elements with a non-
magnetic body, and protective layer formation device for
forming a protective layer that protects said partitioned
20 recording elements and said non-magnetic body are provided
inside said vacuum retention device.
22, The production apparatus for a magnetic recording medium
according to claim 20, wherein
dry process cleaning device for removing foreign matter
25 from an environment surrounding said partitioned recording
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smoot hi.ng device for snoothing a surface of said partitioned recording
el ements and said non-nmagnetic body is 25 provided inside said vacuum
retention device. 35 TDPF0079SG

elements using either one of a gas and a plasma is provided
inside said wvacuum retention device.
23. The production apparatus for a magnetic recording medium
according to claim 21, wherein
5 dry process cleaning device for removing foreign matter
from an environment surrounding said partitioned recording
elements using either one of a gas and a plasma is provided
inside said vacuum retention device.
24. The production apparatus for a magnetic recording medium
10 according to claim 22, wherein
dry process cleaning device for removing foreign matter
from an environment surrounding sald partitioned recording
elements using either one of a gas and a plasma is provided
inside said vacuum retention device.
15 285, The production apparatus for a magnetic recording medium
according to claim 20, wherein
barrier film formation device for forming a barrier film
on said partitioned recording elements using either one of a
plasma CVD method and a sputtering method is provided inside
20 said vacuum retention device.
26. The production apparatus for a magnetic recording medium
according to claim 20, wherein
smoothing device for smoothing a surface of said
partitioned recording elements and sald non-magnetic body is
25 provided inside said vacuum retention device.
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