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DESCRI PTI ON PRODUCTI ON METHOD FOR MAGNETI C RECORDI NG
VEDI UM TECHNI CAL FI ELD The present invention rel ates
w0 ooog/op3vogiuct i on net hod for a magneti c recor di PQT/JP2005/014255
medium in particular, it relates to a production
met hod for a magnetic recoﬂding medi um of whi ch
variations in filmthe thickness distribution are
small. Priority is clained on Japanese Patent
Application No. 2004-229127, filed August 5, 2004, the
content of which is incorporated herein by reference.
And, priority is clainmed on United States Provisiona
Application No. 60/602645, filed August 19, 2004, the

content of which is i herei n by reference.
BACKGROUND ART Recentﬂ§$§¢§gﬁg§b ing density of hard

di spg HU@%ON’%X{OWG@WGNETY@M@S@QE@%ﬁEIUWd

reproduci ng devi ces, has 1 nproved consi and
now even the packing density of mass-produced HDDs has
reached 80 Gopsi (gigabits per square inch). Thus,

even snmal |l HDDs haveThCHNICARPEIELY For exanple, 80
Gopsi can realizes a capacity of 6 GB for a 1-inch

HDD.Thegadseti ingenitiog lelates ar aproduct mpanéthyd fovm magnatd tecording

size of about 1 inch makes wi de application to nobile
medippl, ircpartiodsr, uelateato apividhetiquiroetbed farpbnbgnctivsicording

| ayers, and
mecrl)iumyof which variations in film the thickness distribution are small.
Priority is claimed on Japanese Patent Application No. 2004-229127, filed

August 5, 2004, the content of which is incorporated herein by reference. And,
priority is claimed on United States Provisional Application No. 60/602645, filed

August 19, 2004, the content of which is incorporated herein by reference.

BACKGROUND ART

Recently, the packing density of hard disk drives (HDDs), which are a
magnetic recorder and reproducing devices, has improved considerably, and now even
the packing density of mass-produced HDDs has reached 80 Gbpsi (gigabits per square
inch). Thus, even small HDDs have high capacity. For example, 80 Gbpsi can
realizes a capacity of 6 GB for a 1-inch HDD.

Realizing high recording capacity for a small size of about 1 inch makes wide
application to mobile applications such as mobile phones, mobile music players, and
personal digital assistances (PDAs) possible. Already mobile music players on which
a 1-inch HDD is mounted are being sold, and certain new markets have been

developed.
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personal digital assistances (PDAs) possible. Already
nmobi |l e nusic players on which a 1-inch HDD i s nounted
wae®eheiongy sol d, and certain new markets have PEBIP2005/014255
devel oped. For a nmagnetic r%cordi ng nmedi um for hard
di sk drives, a structure inf which that netal filns are
| am nated on a substrate for a magnetic recording
medi um by a sputtering nmethod comonly known. Al um num
substrates and gl ass substrates are wi dely used as
substrates for magnetic recordi ng nedium Al um num
substrates consist of a mrror-polished base made of
an AI-I\/g aIon on which an alloy filmconsisting of a

f| s E)EI i éhétb glg%ecﬁ\!nﬁ I@Jﬁ&ﬁﬁk@h%é QQ rultif i flachgéh

nm | nt ness, and t e sur

thaf REGLRImLEE mmh%a BRh s%s&fa&r fof h Maphast re@raﬁfg medium by a

substrates are of two kinds, an arorphous glass and
sputbASS mefod tb&ton s Rfowrs U DSLFRSS sstraRs Bndilask sab&rates are

mrror-finished. In the hard disk drive for the
widehoiset ias sutsaates fargnagadiiciracoimeomsdionl y Als@thunasubstrates

non- magnetic primary layer (an alloy of a Ni-A type,
conGist oftmmarrdreppolishiedabale ntagdpef ar At-veg zhlldy@x whichen ah@gﬁbm iC

intermedi ate layer (an alloy of a Co- or -Cr-Ta
consigpag of a Nn& tVPd(’é)fOHnﬁdrka/gﬁi@QtIIO&ﬁSS alpeing, (tbmalénﬂ félw berm&about 10
Co-Cr-Pt-Ta or Co-Cr-Pt e or the I} and a

umpfl dhiggessy @ang Hy‘ewrfe@athﬁrsﬂf leﬁmg Ruther moraﬁrﬁsm@po@wd in
R LR LT —
of hch kiidl e RS £ Med S TOT ”Ed thereon.

In the hard disk drive for the magnetic recording medium now commonly used,
a non-magnetic primary layer (an alloy of a Ni-Al type, Cr, an alloy of a Cr type or the
like), a non-magnetic intermediate layer (an alloy of a Co-Cr or Co-Cr-Ta type or the
like), a magnetic layer (an alloy of a Co-Cr-Pt-Ta or Co-Cr-Pt-B type or the like), and
a protective layer (carbon or the like) are deposited in sequence on the glass substrate
or the aluminum substrate, and a lubricating film which is composed of a liquid
lubricant is formed thereon.

As for a method to efficiently produce the magnetic recording medium with a
small diameter, for example, Patent Reference 1 discloses a method in which a
plurality of small substrates are attached to a disk carrier and are formed by deposition
simultaneously by sputtering, and Patent Reference 2 discloses a method in which a
palette is rotated when a plurality of substrates are attached to the palette and are
deposited simultaneously.

Patent Reference 1: Japanese Unexamined Patent Application, First
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As for a nethod to efficiently produce the magnetic
recording nediumwi th a small dianeter, for exanple,
weadoeni3oief erence 1 discl oses a nethod i n whi CPCEJIP2005/014255
plurality of small substrates are attached to a disk
carrier and are fornmed by 5%p03|t|on si mul t aneousl y by
sputtering, and Patent Reference 2 discloses a nethod
in which a palette is rotated when a plurality of
substrates are attached to the palette and are
deposi ted sinul taneously. Patent Reference 1. Japanese
Unexam ned Patent Application, FirstPublication No.
2002- 280443 Patent Reference 2: Japanese Unexamn ned

el Fi rst Publication No. 2000-265271
Pulﬁ?d%&gg osgg% [

atent Reference 1, a plurality of

SUbgh,fa R@fe e QDUT%)%HeSQ Wrﬁxéﬁ‘l?ﬁg S‘ngegb Eg%lijc%ﬁon gndt by

perform ng mdep sition on rates

pubqjcgmgga'emml%szvhe productivity of a snall magnetic
recordi ng nmedi um can be enhanced; however, the

pr opey discdsse@fin PiteniRefeteaed , Apdnealifyf selesbiatts Ag: mvdahtedion a
vary with the surface. This is because a disk-1|ike
subbtaatg ddldan dnd by patfenmiag fitm dépaitminumathese\subdtragasisghulinesusly,
do not align with each other, so that there is a
the gratuctivityt dlonsmall mapgmetic ieaokdiag sedaposin kecenbandgedghowever, the
surface of the substrate. To solve these problens, the
propettippef the qu@s%chmagnepatrwd%fr@fiém wary it the eerlacRe This s
subst hol der duri n t he m 0 owever
be%s& Bk ind heetthaeyolie o BE bk odhplignvith
each oﬂleir, &)ltﬁlgi%erg 1esnaeclilat %utlc%J 1rnI fq% t?lpcﬂnés% rdleggsned on the surface of
the substrate. To solve these problems, the method disclosed in Patent Reference 2
rotates the substrate holder during the film deposition, however, the structure of the
substrate holder becomes complex. Thus, plasma generated during sputtering
becomes unstable, causing the properties of the magnetic film to decrease, and dust

from a complex rotating structure causes production yields of the magnetic recording

medium to decrease.

DISCLOSURE OF INVENTION
The present invention solves these problems and provides a production method
for a magnetic recording medium in which a plurality of magnetic recording mediums
can be produced with high productivity, variations in electromagnetic conversion
properties on a surface of a magnetic recording medium are small, and production
yields are high.

The inventor of the present invention carried out extensive examination to
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beconmes unstabl e, causing the properties of the
magnetic filmto decrease, and dust from a conpl ex

WO 0008013998 St ruct ure causes production yi el ds oPCT/E005/014255
magneti ¢ recordi ng mediumto decrease. DI SCLOSURE OF
I NVENTI ON The present invention solves these probl ens
and provides a production nethod for a nmagnetic
recording mediumin which a plurality of magnetic
recordi ng nmedi uns can be produced with high
productivity, variations in electromagnetic conversion
properties on a surface of a magnetic recordi ng nmedi um
are small, and production yields are high. The

solié%'('tymg Db Ve-Rted PRLRNGS §1Y ad d;ﬁ)ésﬁel{ j{cﬁ@pl&%ﬁ A te:a;fﬂeiélvention. The

NnsSi ve exam nati on tos ove-

prefén® Blvef%on RAM fiARwA: resul t conpl eted the present
I nvention. The present invention is as follows: (I) A

pr oqurA ipestiudBéMAktHod forta ﬂ_ﬁagtreerrcir@comﬁg itbdNgn MREIHY forming
including formng thin filnms on a substrate by using a
thirs filiiid &1 4 NbsRe b dsing talypattdrarggréthodithal tirge ) e hbrighe taget
whi ch an annul ar - shaped erosion area is fornmed during
on wpichtaerahmgaasitiped sobisoh rates fooindé duong sphittehngaml aiswisiraty
of substrates are nounted are di sposed, opposed in
holgderroml whirh a iphiralityef pebistretge hretheuntedhase disposed, epposedin parpdlel,
. target and the substrate holder conformw th each
in ompaer sughdhatiibe eqsaxat esthe et thedubiirainloldesenfosne
.holder in itions such that R3/R1 js 1.1 or .smaller
wit e TeosheraEibg s s e Tpunis B ik SHOR A RO GG Pebgs
such that R3/R1 is 1.1 or smaller and R4 is R2 or greater to form thin films, where R1
is a distance from a deepest recess in the annular-shaped erosion area to the center of
the target, R2 is a distance from an innermost circumference of the annular-shaped
erosion area to the center of the target, R3 is a longest distance from an end of an
outside diameter of a substrate to the center of the substrate holder, and R4 is a shortest
distance from the end of the outside diameter of the substrate to the center of the
substrate holder;
(2) The production method for a magnetic recording medium according to item
(1) stated above, wherein R2/R1 is 0.4 or smaller;
(3) The production method for a magnetic recording medium according to item
(1) or (2) stated above, wherein the plurality of substrates are mounted at an equal
distance from the center of the substrate holder;
(4) The production method for a magnetic recording medium according to any

one of items (1) to (3) stated above, wherein the plurality of substrates are mounted in

concentric circles about the center of the substrate holder at regular intervals;
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is a distance froma deepest recess in the
annul ar - shaped erosion area to the center of the

WO 200g8139082 i s a di stance from an innernost PCT/JP2005/014255
circunference of the annul a -shaped erosion area to
the center of the target, R3 is a | ongest distance
froman end of an outside dianeter of a substrate to
the center of the substrate holder, and R4 is a
shortest distance fromthe end of the outside dianeter
of the substrate to the center of the substrate
hol der; (2) The production nmethod for a nagnetic
recordi ng medi um according to item (1) stated above,

wher @) ThEgfodhctich Hetfio®for aMBddnglic r&gﬂdlﬂ_g‘ﬁetﬂiﬁgfjdé%ﬂdﬂ% to any

met hod for a magnetic recordi ng nedi um according t

oné bEifenisl)1) @ (40 Shtcditadb sl whieaie theMuaibR Bf thb Subdtridfed mdurtedfon
substrates are nounted at an equal distance fromthe

thecsmbiteate béldérie withbsthe adinge b de?; (4) The production
met hod for a magnetic recordi ng nmedi um according to
any (6hé rofgretiensofding medi(:8) preduated by abopredustoarméthod foe a
plurality of substrates are nounted in concentric
maemtt,q rgeorgingwrcditia ageondiag tofny ong of itsssi(A te (Pbstated abave,
ul ar |nterv %1%9 The production nethod for a
wh ﬁ'& ivelope s &“ﬁ@ E“Frﬁ‘?ﬁté’éé‘@?]é‘?rn@lq o any one of

{ he Q) babedibud ol il sin ﬁ@ng s@%%&efdl?f% e maggede
recmaz%e%@% 09t @ st Bbefh FRENGAL e RG89
dcr)ef)xt%g% %ﬂﬂ’ox%ﬂf ra%qrf&%gﬁa@@ rEQr@RY n%ﬁm?f

State

The present invention provides a magnetic recording medium which has small
variations in electromagnetic properties in a surface and has a small diameter, and can

manufacture such a magnetic recording medium efficiently and stably.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view along line A-A’ in Fig. 2 and a target 5 located
thereunder.

Fig. 2 is a plan view of the substrate holder on which a plurality of substrates
are mounted.

‘ Fig. 3 is a graph showing relationships between R3/R1 and SNRm and

between R3/R1 and Mod of Table 1.

Fig. 4 is a graph showing relationships between R4-R2 and SNRm and
between R4-R2 and Mod of Table 1.
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wherei n envel ope nodul ation is 7 percent or smaller;
and (7) A magnetic recorder and reproduci ng device
w0 nimbaodiongy t he magneti c recordi ng nmedi um accorBCTIgPAES/014255
item (6) stated above and magneti c head for
recordi ng and reproduci ng informati on on the magnetic
recordi ng nedium The present invention provides a
magneti ¢ recordi ng medi um whi ch has snmal | variations
in electromagnetic properties in a surface and has a
smal | dianmeter, and can manufacture such a magnetic
recording nediumefficiently and stably. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a

o35 S L SOy 54 R B

targ C eun vi ew of

bethyBéh RYRI LMo dBf fififle &N Whi ch a plurality of
S

ubstrates are nounted. Fig. 3 is a graph show ng

rel @iiw%@%ai hRBbWRRNeRBOLIRhiRHWNRRARY 2he SWReR aiRB/ RL
and d of Table 1. Fig. 4 is a graph show ng

betwedraR 4-RsdhdModof Tae2R4- R2 and SNRm and bet ween R4-R2
and Mod of Table 1.Fig. 5 is a graph show ng

r el &lig.qdnis higesphirhd wagyre REORhi@riatvGNRR 24R U abd SNBamarkB/ R1
and Mbd of Table 2. Fig. 6 is a graph show ng
betwe¢raR2/Brlsidpdodbef Twdn3 R4- R2 and SNRm and

BEST MODE FOR CARRYING OUT THE INVENTION

In the present invention, when, for example, a primary layer of Cr, a magnetic
layer of an alloy Co, and a protective film of carbon are deposited by a sputtering
method to produce a magnetic recording medium on a substrate, the substrate and a
target for the sputtering are in a specific alignment with one another.

The present invention will now be explained with reference to the drawings.

Fig. 2 is a plan view of a substrate holder 2 on which a plurality of substrates 1
are mounted. The reference numeral 3 denotes an openihg into which the substrate is
inserted. The reference numeral 4 denotes a flat spring to secure the substrate. FigT
1 is a cross-sectional view along line A-A’ in Fig. 2 and a target 5 located thereunder.
An annular-shaped erosion area 6 is formed on the target 5 during the sputtering.

The target on which the annular-shaped erosion area is formed during the
sputtering and the substrate holder on which the plurality of substrates are mounted are
disposed, opposed in parallel, in a manner such that the center axes thereof are aligned
with each other. As shown in Fig. 1, the substrates are mounted in a position such

that R3/R1 is 1.1 or smaller and R4 is R2 or greater to form thin films where a distance
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between R4-R2 and Mbd of Table 2. Fig. 7 is a graph
showi ng rel ati onshi ps between R2/ Rl and SNRm and
wheirsees0R2/ R1 and Mod of Table 3. BEST MODE HEER/JP2005/014255
CARRYI NG QUT THE I NVENTION_I n the present invention,
when, for exanple, a primary layer of Cr, a magnetic
| ayer of an alloy Co, and a protective filmof carbon
are deposited by a sputtering nmethod to produce a
magnetic recordi ng mediumon a substrate, the
substrate and a target for the sputtering are in a
specific alignnment with one another. The present
invention will now be explained with reference to the

fro%r%#eﬁﬁf i cg.i;sqh t}?e %lﬁlpfé{/@%%@g \é{g)gwrllo{reaatostﬂg Sdtdof tl%gg&g{ is

ch a plur ates 1 are noun

R1 ,H:(ﬁst'éﬁ%eﬁﬁﬂ Gff ibHETRb& lcir@urgfe%?fcg of ff2 ARGAL-Hhpkd Et%lsi\@g a6 to

e substrate I1s inserted. The reference nunera

the $8MEL Sth&tarA s RPId 18AgdsPdiSaRcH Roha <aHBS hi 8tSide Hiathetek of
IS a cross-Sectional viewalong line A-A" in Fig. 2

the 30k tidtel ta tkedenter lop et sabstidielictdrde R3, Al Aghoukardistdirp @dR4.
erosion area 6 is forned on the target 5 during the

s putByeperfogminphiéint depgeition withtthe sutistrate alinpoaironsthapesition,
erosion area is fornmed during the sputtering and the

evesubaighdhetahgsit ded thereenthi oies ohe ppiralitzalof sybstrites dd sotradiga svith
are nounted are di sposed, opposed in parallel, in a

cachwihesrand gyen thengh theene &eetris useddo prsprapthe fim deppytiertion a
plu%itg;/q ﬂ&%ﬁ?t@%éqhﬁ&gltgsggﬁgggwprlgg F'Iorgl 'mel[hoc} E)? a?xllja%%tgcartesgrding
medium can be provided, in which variations in the electromagnetic conversion
properties in a surface of a produced magnetic recording medium are small and
variations in the electromagnetic conversion properties between the magnetic recording
mediums are also small.

The above-stated annular-shaped erosion area of the target is an area eroded by
the release of particular sputtering pafticles on a surface of the target, when the target
is sputtered by plasma discharge. When the target is in the form of a disk, the erosion
area appears in an annular shape as shown in the cross-sectional view of Fig. 1.

In the present invention, R3/R1 is 1.1 or smaller, more preferably, R3/R1 is
1.05 or smaller. Moreover, a lower limit of R3/R1 is 0.6, preferably. When R3/R1
is greater than 1.1, variations in the film thickness in the surface of the magnetic
recording medium occur, and variations in magnetic properties also occur.

Also in the present invention, R4 is R2 or greater. When R4 is smaller than
R2, variations in the film thickness in the surface of the magnetic recording medium

occur, and variations in magnetic properties also occur.
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that R3/R1 is 1.1 or smaller and R4 is R2 or greater
to formthin filnms where a di stancefrom a deepest
WO emmeds3oD$ t he annul ar- shaped erosion area to PEEIP2005/014255
center of the target is R, a distance from an
i nnernost ci rcunference of % he annul ar - shaped erosion
area to the center of the target is R2, a |ongest
di stance froman end of an outside dianeter of the
substrate to the center of the substrate holder is R3,
and a shortest distance is R4. By performng film
deposition with the substrate di sposed on this
position, even though the target and the center axes
of | ural ity of.su not ' i
ot ndp Befidheht iy SieBLBP/ RNk B E8 T srllekshdhe B¥iGiably,
r:f qr L] mygepasi/Ri alyat ;
RO BT ok len, TVRATRUR) ARlePull sl tabickess 4

distIBARET b&ulsSif Mheld B cBHE UBh SRl SRRPINGWbAGEhal hiddWtieR occur.
variations in the el’ect romagnetl C conversi on

To B2RPRDIR 6.4 100 sdaBet] vBeLDOf magrRirod usie@rifB @N@kd €or deposition,
recording mediumare snmall and variations in the

the 81ze of b aimggeateifiacathody escsl fonsputtepry isiieaedsed vardiy rotating the
magneti c recording nmediuns are also small. The

magied\eewBle atregd odithreduafiacs bithe threetesn baexrosed tof pladnea, bar gber
is an area eroded by the rel ease of particular

knoypumedpilnepndsrustd| es on a surface of the target, when
the target is sputtered by plas i scharge. Wen the
t ar gethejRresept inyentrogy arfaaluaalgkg?% SralpH AT gppugtedpn the
appears, in an annyl.ar, shape, as  sho i n.the

subgPBE B0 eh i Sitatt i it % oo Go5teS 1Ptz Bly S at an equal

. nvention / is 1.1 .0 mal Ler e

aistafeRom g ol 5 ol sy SRR o mo R (Y SRR tyans

waﬁ%/aﬁgrtiélrﬁ Rivfen REESBERREY moHEN offfHeRhme substrate holder can be

avoided.

Also in the present invention, as shown in Fig. 2, a plurality of substrates are
preferably mounted on concentric circles about the center of the substrate holder at
regular intervals. By mounting the substrates in this way, uniformity of the plasma
distributed on both sides of the substrate holder is achieved, and variations between the
substrates mounted on the same substrate holder can be further suppressed.

In the present invention, the number of substrates mounted on the substrate
holder is preferably within the range of 4 to 7.

Concrete dimensions of the substrates, the substrate holder, and the target in
the production method of the magnetic recording medium according to the present
invention are, for example, as follows: the diameter of the substrates is preferably 10

mm to 40 mm, more preferably, 20 mm to 30 mm; the diameter of the substrate holder
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Is greater than 1.1, variations in the filmthickness
in the surface of the magnetic recording nmedi um occur,
w@naewaIvd@t i ons in magnetic properties al SO oCPUT/IP200F014255
in the present invention, B4 is R2 or greater. \Wen R4
is smaller than R2, variations in the filmthickness
in the surface of the magnetic recording nmedi um occur,
and variations in nagnetic properties also occur.In
the present invention, R2/Rl is preferably 0.4 or
smaller, nore preferably, R2/RlL is 0.35 or smaller.
When R2/R1 is greater than 0.4, the filmthickness
di stribution occurs in the surface, and abnormal SNR

. ' t M .
o A s R ey, 5045 LB, o
the $#8BA ?i’e@é}abl& H80 $irk o 240 RAnITREIE breféraBly CBINARE0 YO thrh Qthe

splttering 1S increased, or by rotatihg the magnet, a

disth&EoetREGahe Eubishiesna ticargef (ValiR It RrIIgt 1)a8prefeatsly N0 %@ to
to plasma, but other known nmethods can be used. In the

60 Pie38stt prafsrabllyl DMmnvees0 anp| Wadeiprafeablys uhsh tirtdiametecof
nount ed on the substrate hol der, as shown in Fig. 2,
the aalodtrag Hedder ag 25 msn grdethe fradst yirenmfieteade tereahisstpumm, the same
_distance fromthe center of the substrate hol der. By
sizesumegnstic disks, shibsitbstaate Soldar with shasapstrajesratiachashan be handled
_ between the substrates npunted on the sane substrate
in theypaRg MABRFET B OBy BRI csHsksnsq that Py ILiNe SPyiFalgapparatus

e B e 3o oR Bt SL P BB 2, %5,

c entl\ﬁggn%tic %‘ercl:grd?rlljgbr%tecrii%}neprggtllc% rusf%% the production method for the
magnetic recording medium according to the present invention are preferably used in
small magnetic recorder and reproducing devices. In other words, a magnetic
recorder and reproducing device, including a magnetic recording medium produced by
the production method according to the present invention, a medium driver for rotating
and driving the magnetic recording medium, a magnetic head for recording and
reproduction of information on the magnetic recording medium, a head driver, and a
recording and reproduction-signal-processing system, can be produced, wherein the
recording and reproduction-signal-processing system processes input data to send a
record signal to the magnetic head and processes a reproduction signal from the

magnetic head to process data.

(Examples)
The present invention will be explained by means of the following examples as

follows, however, the present invention is not limited to these.
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regular intervals. By nmounting the substrates in this
way, uniformty of the plasma distributed on both
wGeaed1008 t he substrate hol der is achieved, anBCT/JP2005/014255
vari ati ons between the sub %rates nmount ed on the sanme
substrate hol der can be further suppressed. In the
present invention, the nunber of substrates nounted on
the substrate holder is preferably within the range of
4 to 7. Concrete dinensions of the substrates, the
substrate holder, and the target in the production
nmet hod of the magnetic recordi ng nmedi um according to
the present invention are, for exanple, as foll ows:

20" b S s TustE S8 iR 9 4B EUSW R prgckbuiFah he
ele@torh eﬁ#‘@&{vre{"s‘i& ;ggb&ﬁéé v%e:%e%&%ﬁé&' y 80 nmto 160 mm
r , mmto nm

nor e eferab t he di ameter of the

tar q8tadsed PraSd &balltds IR a At eRer40 | MhmMAi27.4 mm were
preferably, 120 nmto 200 mm; the di stance between

motied sHRASUbAfag RNdert h @8%ﬂihgﬁven(e\&ahﬂ&l dn 1h8 sibsirateIholdes to
preferably 10 mmto 60 mm nore preferably, 20 mmto

mobft thersubvbraes pr dekredpdsytionshehé bgenthiggmedre formkd thsuch a way
substrate holder is 95 mmand the inner circunference

that the cemtérsicd tiRGsubrtrateste bs ammpingddzreera20magnedd ondifoksthe cemger
substrate holder with the substrates attached can be

of thasustrateiholdaie Qaitke sbpinde haldeip figE sulsiraten ydira dampisk el
so that _.an existing sgﬁtterin agparatuslgan be used

21.Gymrn apgh Eour ispiptigies a4 GAMEST agﬂ- FHR AV eER A be mpwed.

L THERA RN, -0 e ML L
DCﬁc}:])%gr{egriopl%pBt?e&n%%p%r%?u% Q}nahen (\)/Ieﬂ}leil%l Cgr, e I%S.erﬁ?el t%rglélls Ss%d
was 180 mm in diameter, and R1 and R2 were changed by varying the size of a magnet
of a DC magnetron cathode to perform film deposition.

After exhausting air from the chamber to a degree of vacuum of 1 x 10 Pa, Ar
of 0.6 Pa was introduced to perform sputtering. In detail, Cr35Ta (film thickness of
200 angstroms (20 nm)), NiAl (film thickness of 200 angstroms (20 nm)), Cr20Ti (film
thickness of 50 angstroms (5 nm)), Col13Cr6Pt (film thickness of 20 angstroms (2 nm)),
Ru (film thickness of 8 angstroms (0.8 nm)), Co22Cr14Pt6B (film thickness of 80
angstroms (8 nm)), Co14Cr12Pt12B (film thickness of 70 angstroms (7 nm)), and
diamond-like carbon (film thickness of 30 angstroms (3 nm)) were deposited. In the
composition of the above-stated alloy, numbers denote the percent by mass of the
element following the percentage. For example, Cr35Ta denotes 35% by mass of Ta
and the remainder Cr. The lack of a number indicates equal proportions.

After that, the substrates were taken out from the chamber, and a lubricating
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smal | magnetic recorder and reproducing devices. In

ot her words, a magnetic recorder and reproduci ng
walenis0€3908 ncl udi ng a nmagnetic recordi ng medi unPQET/orRMOES 4255

by the production nethod accordlng to the present

i nvention, a nedium driver tor rotating and driving

t he nagnetic recordi ng nedium a magnetic head for

recordi ng and reproduction of information on the

magneti c recordi ng medium a head driver, and a

recordi ng and reproduction-signal-processing system

can be produced, wherein the recording and

r epr oducti on- signal-processing systen1processes input

d t d
firy o 30 adastroms () pEf b oo Hg*gpﬁlxstﬁew h’ﬁb"ﬁ@t fidkine
dat Th t t |1
melad B SmhBisTie st BRB il 15 PO e e'XQYrSFe's"QsW
f ||
ol e IONEN Rl BB S BYP B kel BBy
wefeoévlaﬁl\é‘leﬁg BLAGSSUH &ﬁldﬁﬂﬂs WEFe &l womagnetic

conversion properties were eval uated. C eansed gl ass
substrates with a dianmeter of 21.6 mmand 27.4 nmm were
nmounted on a substrate hol der. Openings were fornmed on
(Exahentisn Cohdigibas)hol der to nmount the substrates at
desired positions. The openings were fornmed in such a
Testary Mddaby ttHéZikeGb o RVAI632he substrates to be nounted
were 20 mmto 65 nmfromthe center of the substrate

Spingtandr Madp by B AKoSe.s &1 WIME der, five substrates with
Spi?ldldei rg\r/rﬁltlt(ieorn s(}))feed: 8369 rpm

Measurement diameter: 8 mm

HF: 114.32 MHz

MF: 57.16 MHz

LF: 9.53 MHz

I§v: 50 mA

Head: Writing width was 0.26 pm; reading width was 0.19 um.

Packing density: 830 kFCI

LF-kFCI: 69.2 kFCI

The results are shown in Tables 1 to 3.  Fig. 3 is a graph showing a
relationship between R3/R1 of Table 1 and SNRm and Mod. Fig. 3 is a graph
showing relationships between R3/R1 and SNRm and between R3/R1 and Mod of
Table 1. Fig. 4 is a graph showing relationship between R4-R2 and SNRm and

between R4-R2 and Mod of Table 1.  Fig. 5 is a graph showing relationships between
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21.6 nmm and four substrates with a dianmeter of 27.4 mm
were able to be nounted. The substrates nounted on the
weushi@ve hol der were set in a chanber of a PCT/JP2005/014255
DC- magnet ron- sputtering appar at us (made of Anelva Co.,
C-3010). The target used was 180 mmin dianeter, and
Rl and R2 were changed by varying the size of a magnet
of a DC magnetron cathode to performfil m deposition.
After exhausting air fromthe chanber to a degree of
vacuumof 1 x 10 6 Pa, Ar of 0.6 Pa was introduced to
performsputtering. In detail, C35Ta (filmthickness
of 200 angstrons (20 nm), N A (filmthickness of 200

r ( [ ; Ti [ inck . .
RSB0 b R EEbMof ol TebE? (RS0 Py showing
relﬁm%gﬁg?w@&, ﬁzm% anig NI o bBiWEKR gasmanﬁma%watm.

(0.8 , Co22Cr14Pt6B (filmthickness of 80
FigdN @54 51apR skRviiP)olatidrRhipShétaREh RB/K f AddSNRinCAaestvedh ROIR 1
angstrons (7 nn)), and di anond-like carbon (film
and Miodlofigable3f e angls wrin ik fgiréyJorrediinds cdepo et esticdl Axis;
t he conposition of the above-stated all oy, nunbers
andithe otagk t Aecqresspemts thyhemigds verticalhexise| e vt denotes dwi mgulation
the percentage. For exanple, Cr35Ta denotes 35% by
(enwelope mpdalatiemdfiaheuipshsignad ér a @ack Jinenit, awkSRmadangiey aredia
indi cates equal proportions. After that, the i i
noigg; h <y parfoympg e filmelepesitor Vishinithscona rbthe pregit igvention,
[ ubri atingfilawof. Q angstrons (20 nn% of ..
varidions (8 elpes rodvigiema therdeathomagReiceoR Viyion PERRSHiSIdn 2
.method to forma nmagnetic.recordin di um ..The .. .
ciri Tl SR EBRT AF SR § pct Pretsredingsdi wit
stabl& %%Egbxgggmg 'cYfNersion properties can be produced.

(Table 1)
Diameter of | R1 R2 R3 R4 R3/R1 R2/R1 | R4-R2 | SNRm | Mod
Substrate [mm] | [mm] | [mm] | [mm)] [mm] [dB] [%6}
[mm]
Comparative 21.6 | 60 15 75.8 |542 |1.26 0.25 39.2 11.5 22
Example 1
Comparative 21.6 | 60 15 70.8 | 492 | 1.18 0.25 342 14.4 15
Example 2
Example 1 21.6 | 60 15 658 (442 | 1.10 0.25 29.2 156 |7
Example 2 21.6 | 60 15 60.8 [39.2 |1.01 0.25 24.2 16.1 5
Example 3 21.6 | 60 15 55.8 1342 }0.93 0.25 19.2 159 [2
Example 4 21.6 | 60 15 458 1242 |0.76 0.25 9.2 16.3 5
Example 5 21.6 | 60 15 40.8 [19.2 [0.68 0.25 4.2 16.2 5
Comparative 21.6 | 60 15 358 | 142 |0.60 0.25 -0.8 14.3 14
Example 3
Comparative 21.6 | 60 15 308 192 0.51 0.25 -5.8 133 18
Example 4




were eval uated. Evaluation conditions were as foll ows.

(Evaluation Conditions) Tester: Made by GQUZIK Co., RWA
wae®gogpinr stand: Made by GUZI K Co., S1701 VP SpCTiait2005/014255

revol ution speed: 8369 rpm;,Neasurenent dianmeter: 8 nm
HF: 114.32 Mz MF: 57.16 MHz LF: 9.53 MHz Iw. 50 mA
Head: Witing wwdth was 0.26 mm reading w dth was
0.19 nmm Packing density: 830 kFCI LF-kFCl: 69.2 kFC
The results are shown in Tables 1 to 3. Fig. 3 is a
graph showing a rel ationship between R3/Rl of Table 1
and SNRm and Mod. Fig. 3 is a graph show ng
rel ati onshi ps between R3/Rl and SNRm and between R3/ Rl
Ta)Mod of Table 1. Fig. 4 is a graph shpvvi ng

rerati gl PEIMEETRRATRE angs SNRERNIRIA! VRERE RN [ Mod
and Mod Sofstrafeabl |gmi] | fringy.| [Bm]i §[n@n)gr aph Showi Npem] | [dB) | [%]
rel atigdenl ps Het webnR3/R1 and S and bet ween R3/RI1
g}‘(’:ﬁ@p tvod of THS |E02. | K g.| 7871 $583 griaPh shdhwi pgp3 | 104 121
Comparative 274 | 60 15 73.7 | 463 1.23 025 (313 12.9 14
Example 6
Comparative 274 | 60 15 68.7 |413 1.15 0.25 26.3 15.7 8
Example 7
Example 6 274 1 60 15 63.7 | 36.3 1.06 0.25 21.3 16.1 3
Example 7 274 | 60 15 58.7 ]31.3 ]0.98 0.25 16.3 162 |4
Example 8 274 | 60 15 48.7 [21.3 |0.81 0.25 6.3 158 |4
Example 9 274 | 60 15 43.7 16.3 | 0.73 0.25 1.3 15.5 6
Comparative 274 | 60 15 38.7 11.3 | 0.65 0.25 -3.7 14.3 10
Example 8
Comparative 274 160 15 33.7 | 6.3 0.56 0.25 -8.7 12.9 14
Example 9
(Table 3) .
Diameter of | Rl R2 R3 R4 R3/R1 | R2/R1 | R4-R2 | SNRm | Mod
Substrate [mm] | [mm] | [mm] | [mm] [mm)] [dB] [%]
[mm]
Comparative 21.6 | 60 40 458 (242 |0.67 0.67 -15.8 13.9 18
Example 10
Comparative 21.6 | 60 30 458 (242 |0.50 0.50 -5.8 14.6 10
Example 11
Example 9 21.6 | 60 20 458 [242 |0.33 0.33 4.2 159 |4
Example 10 21.6 | 60 15 458 [242 |0.25 0.25 9.2 16.1 5
Example 11 21.6 | 60 10 458 242 |(0.17 0.17 14.2 158 (5
Example 12 21.6 | 50 15 45.8 242 |0.30 0.30 9.2 16.1 6
Example 13 21.6 | 40 15 458 [242 |0.38 0.38 9.2 15.5 6
Comparative 21.6 | 35 15 458 |242 043 0.43 9.2 147 |9
Example 12




rel ati onshi ps between R4-R2 and SNRm and between R4-R2
and Mod of Table 2. Fig. 7 is a graph show ng

WO edoabidoshi ps between R2/R1 and SNRm and bet vibenJirRadésRi4255
and Mod of Table 3. The mark in the figures
corresponds to the left vertical axis; and the mark D
corresponds to the right vertical axis. Md denotes
the regul ation (envel ope nodul ati on) of an out put
signal in a track circuit, and SNRm denotes nedi a
noi se. By performng the filmdeposition within the
scope of the present invention, variations (envel ope
nodul ation) in the el ectromagneti c conversion

properties in a INDUSTRIALQUPE [ChgieiTgunference are
smal |, so that a magnetic recording nediumw th stable

el ecThomagreticirecotdiny afedivamaqebaiey o e poasht BeveRtiOsIHaashall
Tabl e 1Tabl e 2 Tabl e 31 NDUSTRI AL APPLI CABI LI TY The
vapgitpre tn theredbastrotiaguetivednvarsian papditieg int @ sirfiee yoakarit can be
invention has small variations in the el ectromagnetic
preferablyrusedas prmpbmegraticirecoades and aereodusing deatcej for egamyile, in
referably used as a small nmagnetic recorder and
> m gﬁpg@ﬁ§i geliledBusi¢ play@sanpl e, in nobile phones, and
nobil e nusic players. CLAIMS 1. A production nethod for
a magnetic recording nmediumconprising: formng thin
films on a substrate using a sputtering nmethod with a
target, wherein the target on which an annul ar-shaped
erosion area is formed during
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sputtering and a substrate hol der on which a plurality
of substrates are nounted are installed, opposed in
w@20ebidbg i n a manner such that center axes OFCT/IR005/014255
target and the substrate holder align with each other,
and the substrates are mounted on the substrate hol der
in positions such that R3/RL is 1.1 or snaller and R4
is R2 or greater to formthin filns, where R is a
di stance from a deepest recess in the annul ar- shaped
erosion area to the center of the target, R2 is a
di stance from an innernost circunference of the
annul ar - shaped erosion area to the center of the
target, R3 is a | ongest gt?h e froman end of an
out si de dianeter of a substrate to the center of the

b t i . q .di .
L Phe® hBioBpRtndftod RS < Madrbrier 00 Rttt iy O
the BaRLEthiRTIhE6n 8 YBSaal ®ild0d Rkteride mEMRd ViR GEEdeRN

met hod for a magnetic recording nmedi umaccording to

cl aiwhekein\thetafieNom@hiRh dnsinBuldr-SHapsdrelokidh ared. is Idied during
production nethod for a magnetic recordi ng nmedi um

spuaetiog didg sutatrate dohdel on whéohed plutahiey @ff substhatésyarofmounted are
substrates are nmounted at an equal distance fromthe

instdlnd,@xpposdedtin pailéls trr ameniew [sady thatdcentEh exqsrod thecthigehand the
met hod for a magnetic recordi ng nedi um according to

substrafieolder wabige withieneh ethers and thy spstates arq mpwedpr the

S RS S R e Ry e s
to gan%Q}lel%ifﬁmrs,e\g}?grg i{q qs g‘fnlfjsltallercne Tota eieggst treocescsI i%itl!;g zilrinular-shaped
erosion area to the center of the target, R2 is a distance from an innermost
circumference of the annular-shaped erosion area to the center of the target, R3 is a
longest distance from an end of an outside diameter of a substrate to the center of the
substrate holder, and R4 is a shortest distance from the end of the outside diameter of

the substrate to the center of the substrate holder.

2. The production method for a magnetic recording medium according to claim 1,
wherein R2/R1 is 0.4 or smaller.

3. The production method for a magnetic recording medium according to claim 1,
wherein the plurality of substrates are mounted at an equal distance from the

center of the substrate holder.

4. The production method for a magnetic recording medium according to claim 2,
wherein the plurality of substrates are mounted at an equal distance from the

center of the substrate holder.



10

15

20

wherein the plurality of substrates are nounted in
concentric circles about the center of the substrate
wholodersses regul ar intervals. 6. The producti orcTaEthesd 14255
for a magnetic recording medi umaccording to claim 2,
wherein the plurality of sdbstrates are nounted in
concentric circles about the center of the substrate
hol der at regular intervals. 7. The production nethod
for a magnetic recordi ng medi umaccording to claim 3,
wherein the plurality of substrates are nounted in
concentric circles about the center of the substrate
hol der at regular intervals. 8. The production nethod
for a magnetic recordi ng medi umaccording to claim4,
wherein the plurality of substrates are nounted in
5. conCERtgréductibh &leBfoddBPA mahdicG8EEr8ing Medilif adodihg & faim 1,
hol der ‘at regular intervals. 9. The production nethod
f or vehereignied plaratieceftsubsightevend tivuawed i conagnttio cirtlas abolit the
wherein the nunber of the substrates nounted on the
cerseriad theatubstiasé tlelder & reguldriimetvats. r ange of 4 to 7. 10.
The production method for a magnetic recordi ng nmedi um
6. accorhgipieductor mgtheddor gumagkdtie re¢nsding mirshiurp ficqonding to claim 2,
substrates mounted on the substrate holder is within
t he Whgrgj thsrplurality of sybstratgsearg, MOHSH ibePneaRtie girelgy aput the
magnetic. recoydi.ng nmedium according to claim 3,
Cel\mgﬂg?‘hsulbﬁéatﬁBg}ﬂ%‘?até?gulkﬁén@%&rat es nounted on the

substrate holder is within
7. The production method for a magnetic recording medium according to claim 3,

wherein the plurality of substrates are mounted in concentric circles about the

center of the substrate holder at regular intervals.

8. The production method for a magnetic recording medium according to claim 4,
wherein the plurality of substrates are mounted in concentric circles about the

center of the substrate holder at regular intervals.

9. The production method for a magnetic recording medium according to claim 1,
wherein the number of the substrates mounted on the substrate holder is within

the range of 4 to 7.

10. The production method for a magnetic recording medium according to claim 2,
wherein the number of the substrates mounted on the substrate holder is within

the range of 4 to 7.
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the range of 4 to 7. 12. The production nethod for a
magneti ¢ recordi ng nmedi um according to claim4,
wob@civt he nunber of the substrates nounted POT/IPO0S/014255
substrate holder is withinlfhe range of 4 to 7. 13.
The production nethod for a magnetic recordi ng medi um
according to claim5, wherein the nunber of the
substrates nounted on the substrate holder is within
the range of 4 to 7. 14. The production nethod for a
magneti c recordi ng medi um according to claim®6,
wherei n the nunber of the substrates nounted on the
substrate holder is within the range of4 to 7. 15. The

pr odpiet t
L cor i OAATBh fRhador & pBATR! L AR AT Mo claim 3,
Subsikeaéif Shd M @fgﬁ stibSratdstadurd Lo Pk dQ8stra e twldela idWwithin
the range of 4 to 7. 16. The production method for a
ﬂwwmgﬁaﬁmaoﬂECordlng medi um according to claimS8,
wherein the nunber of the substrates nmounted on the
substrate holder is within the range of 4 to 7.17. A
magneti c recordi ng medi um produced by the production
12.ret Hid preductiomatiedi for 2 megnaicrrgearditic umdaot ecadrdigg taclaim 4,

any one of clains 1 to 16, wherein envel ope nodul ati on
wherginthe spmbe ofghe sypsirptey 1 mounted on the substrate holder is within the

range of 4 to 7.

13. The production method for a magnetic recording medium according to claim 5,

wherein the number of the substrates mounted on the substrate holder is within the

. range of 4to 7.

14. The production method for a magnetic recording medium according to claim 6,
wherein the number of the substrates mounted on the substrate holder is within the

range of 4 to 7.

15. The production method for a magnetic recording medium according to claim 7,
wherein the number of the substrates mounted on the substrate holder is within the

range of 4 to 7.

16. The production method for a magnetic recording medium according to claim 8,
wherein the number of the substrates mounted on the substrate holder is within the

range of 4 to 7.



18. A magnetic recorder and reproduci ng device
conprising: the magnetic recordi ng nedium according to
web@icion3bds and a magnetic head for recordi ng apdr/JrP2005/014255
reproduci ng i nformati on ongthe magnetic recordi ng

medi um

17. A magnetic recording medium produced by the production method for a
magnetic recording medium according to any one of claims 1 to 16,

wherein envelope modulation is 7 percent or smaller.

18. A magnetic recorder and reproducing device comprising:
the magnetic recording medium according to claim17; and
a magnetic head for recording and reproducing information on the magnetic

recording medium.



