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the Invention The present invention relates to a master carrie mmmmmm "'”Ilum
magnetic transfer carrying information that is transferred nmag

a slave nedium Description of the Related Art In a magnetic transkgdiso
net hod, the surface of the substrate of a naster carrier, coated with a

magnetic naterial havipagrar' CARAIEROPVR MAGNEEITE iTikaiN TR esponds to
information to be transferred, is brought into intimte contact with the

surface of a slave medi um havi ng a magnetic recording portion
state, a transfer field is applied, and a magnet i zation patte”m’mlﬂm I!@"IWL
correspondl ng to informatig dr(éét'im@%%@"?ﬁ NPrShgnal ) carri

master carrier is transferred and recorde ont e magnetlc recordl

portion of the slave medi um pSugl gf t’@plgnqtnéﬁgtt sapsfer nmethod is d| scl osed,
for exanple, in Japanese Une I on Nos.
63(1988) - 183623, 106:1’%8%@% fnv%'h%ﬂo%( }89§)ce%6€<§%f6ma£fes MB3tPle aﬂ{&f er

that is used for magneti ¥Fans constructed a sl con su rate, a
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etc.

magnetically to a slave medium.

Description of the Related Art

In a magnetic transfer method, the surface of the
substrate of a master carrier, coated with a magnetic material
having a “land/groove” pattern that corresponds to information
to be transferred, is brought into intimate contact with the
surface of a slave medium having a magnetic recording portion.
In this state, a transfer field is applied, and a magnetization
pattern corresponding to information (for example, a servo
signal)carriedbythemastercarrieristransferredandrecorded
on the magnetic recording portion of the slave medium. Such a

“"magnetic transfer method is disclosed, for example, in Japanese
Unexamined Patent Publication Nos. 63(1988)-183623,
10(1998)-40544, and 10(1998)-269566.

The master carrier that is used for magnetic transfer
is constructed of a silicon substrate, a glass substrate, or
the like. The substrate has a land/groo%e pattern formed with
a magnetic material by photolithography, sputtering, etching,
etc.

It is also possible to generate the aforementioned



It is also possible to generate the aforenentioned 1 master carrier by

utilizing the lithography being used for sem conductor device fabrication
or the stanper generation techni que being used to generate an optical disk
stanper. To enhance the quality of transfer in the aforenentioned magnetic
transfer nethod, it is extrenely inportant to bring the nmaster carrier and

t he sl ave iumintqQ direct .contact w.th r. i t.hout ap. I f the
contact  DETRGEN CRETCRS 1Y port Al e REFD ety e IR ds? Rer ot
performed wil.l occur. If ma.%net' t.ransfer istot erformed, nmissin

si gnal s oBE0F SPRINE SR difdi™® (MUY S (FarfdferT e Ry ($e7eF 3 Jemgnadi um
and therefore the signal qualjty is redyced. In .the case where a signal
recorded i §C§n§@t”\?olb%lé’r9alu,setdnéy°t G S lﬂ{btqp&%c@&nrfg’tS]beSEW??’éi ently
obt ai ned, and conseguently, there is.a problemihat reliability wll be
reduced. In additio ,Oei“ﬁ‘%rfﬁae Eﬁ%ﬂ@?i&%ﬁ’r"afn@?aé}s ?1]6&% i%‘iﬁs“é‘%“‘?h"@% anese
Unexam ned Patent Publication No. 11 (1999 -1178100,, a magnetic recording
medi um i sTAIGRELC, &3NS Tadv sdd G orfe i L YTHERAF T L0 Ristng
carrier with a soft magnetic layer is brought into direct contact with the
magnet i ¢ FBEOPRT hY™ AN ART 2RG Bhe sdisteelefi B 7 is° SPRIEdPREERE Bhidbsi te
direction. In this way, nore satisfactory transfer is made possible. In the
af or ement PBABL HRST & thgud %Qaﬂ'nciéé%ﬂea%P?FaFF BefreRne AhecHA 18HR2CT n t he
case where the Iang}%}%r oove pattern on the ,substrateqcorre ponding to
transfer FREGPRS MEFTEs "BFfdd S rtdAns et iNC s i imeq HEL bhaQec et t he
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s per o el S MAPE S/ TRy OB B TG e et P 1EHF PEREMARA  he
aual Y, OfnERISter it SIgnahs it SN HEd ol 2 ESUE cLle R BESD |
(Do st oL LAl Bheob g ol I e AL HISLERE SRyt RS OOR oM Y 1
the Slavebgeghgg&QXe%tg%ggggggnggﬁdanénéénsequently, there is a problem
that reliability will be reduced.
In addition, in the magnetic transfer method disclosed
in Japanese Unexamined Patent Publication No. 11(1999)-117800,
a magnetic recording medium is magnetized in advance in one
direction. Thereafter, a master carrier with a soft magnetic
layer is brought into direct contact with the magnetic recording
medium, and a transfer field is applied in the opposite direction.
In this way, more satisfactory transfer is made possible.
In the aforementioned master carrier, incidentally,
it has been found that in the case where the land/groove pattern
on the substrate corresponding to transfer information is formed

from a magnetic material, the shape of the top of each land in

the land/groove pattern has influence on a transfer



After the confirmation of the shape of the | and/ groove pattern on the
master carrier, it has been found that the flat shape of the corner of each
|l and in the |and/ groove pattern has a great influence on signal quality.
For exanple, in the case of slave disk nmedium a |and/groove pattern for
information corresponding to a servo signal has a plurality of rectangul ar

or square ed in the direction of the track wdth (radi al
directi on‘iﬂgpgﬁt§%?§gggée, it has been found that if each of the 4 corners
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the master tarrier becone finer. Because of this, reliability nust be

enhanced ¥Ai L¢,6BSH, R el waoMatikid ide Ret Weatdhe £onfid £4iM8tion

requi renents o? the prevention of damage to the |and corners in the

| and/ gr oo¥grpathbehRiaRdebhe J&AUCtdiQhal hashal 8EQFEL N8yl @B Srectangular
or square lands elongated in the direction of the track width
(radial direction). In this case, it has been found that if each
of the 4 corners is formed at right angleswithout being chamfered,
it chips when themaster carrier is repeatedlybrought intodirect
contact with the slave medium. It has also been found that the
chipped corner produces dust particles which will cause the
quality degradation of transferred signals.

Judging from the fact mentioned above, it is necessary

to chamber the corners of each land of the land/groove pattern.

However, it has been found that in the case where the corner



The present invention has been made in view of the problens nmentioned
above. According, it is an object of the present invention to provide a
master carrier for magnetic transfer which is capabl e of enhancing the
quality of transferred signals by a reduction in recording |oss, also
enhancing durability by the prevention of damage to a |and/groove pattern
formed onsknEngRELeedCakicPiindARh LN RO RANAITRANE! | Gd HEIHE Sy gahen
perform ng nmagnetic transfer by applying a transfer tield tot mast er
carrier a I i j l.d. i I t. W .0t her .
I n addi tigg,E}?% Ifahog\{% g?gtrr}g%lﬁ%gjne &rlgagg??cg‘%%ggg%?&%&nm%ggt cl'es ‘nave
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I f dust particles ar resent_on _the infimate contact portion t abl
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possibilit hat the sier carrier_.qr slave diumitself wll_be damaged.
P the maheh e an e e e arditrer s S RY AP achie] B8y ipt 1 Bfet e
master carrier _and the,slave diumt er.f orm whal e- surface, cont act..
Because oPP RIERARr TALRERT ¢ 4% dhera he T BRE o5 2PHRnEROS b Th res,
and the nupmher. of intinmate cantacts is increased he, sof t etic layer
for med onPREUS BSTY SPE FOUBaRH: SoBReT 14 e e d mrLCE P aeE L e T on on
the intinmte gont act ﬁorti n rei_Iduc%s t he q(,t%acnt intésyf of ft.rgglsferged si}gnal S
and degr ad85SEReT QGPAB PP VO¥F TheCradt &P &A% TLepss 8PS ASERE ¥ s ul t
of an anal ysi s, perforned on.the separated. portion of the_soft nagnetic
Cayer, 1t PRaeRsaE, PolRdrhir KRat RRte R RO i Mg e Crder 51 5 der B e
during the,i_ntimate. contact .bet,\ween th er.carri t he sl ave
e um - ag3obRalesant Reteh 87 L RECsorer Ragkeri £ S8k Bbake” BrfHSetar y
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carrier a@@pbfiaiﬂgay@s@Eg'm&&oﬁgﬂ@a&%@etf%%@ FHOBuERE Ry UeFan Nt yed e
master carrier and the slave nedium are noved away from each ot her by
vacuum sugl iyeR.1 BacAusthRicddl S1n tnTRIRRLS tirfaRdfflet i reRad & r eat
nunber of ti'mes, the magnetic |ayer fornmed on the substrate will undergo
wear, abr geir@o.rrERPapaliran.i t§hd PREREs IANds eHg e Hieh Q8 taE icer AWy ,Ngi §heL
af orenent i oned steps. Consequently, there is a problemthat (1) the shape
of a pattenmitiabest raastedr edrbhl tighantecand the geah Fyuat thaps{eyred
signals will be reduced, (2) wear powder on the intimte contact portion
wi Il causeha ssirt@sichalise anthd educashd hearttiadtdyvefpd toash echeds si ghpl s,
and (3) the durability of the master carrier wll be degraded. Mre
speci fi cakhg, chippmypaiciced agenihooredhenlahd/glrands” pantehe, sahdt (3) e of
the master carrier becones thinner 6 due to wear and abrasion, or is
separ at ednfirs@iridies isgnesl s adecud ndweldi d | poo r thhegeegec ot réhefargneti c | ayer
chi ps and the magnetic | ayer becones narrower. Furthernore, dust particles
adhere to the directPaxdnitcadtayior,t iioh et veeordade cmgnetty dAyeheastlavde
sl ave nmedi um and cause scores to occur in the magnetic |ayer. Thereafter,
poor cont aeidimecurss inetrweasrd, heheadbedscandi groandst he shavkamddguoovdhus,
it becomes difficult to performstable magnetic transfer repeatedly.
pattern on the master carrier become finer. Because of this,

reliability must be enhanced while ensuring the compatibility
between the conflicting requirements of the prevention of damage

to the land corners in the land/groove pattern and the reduction



The present invention has been made in view of the problens nmentioned
above. Accordingly, another object of the present invention is to provide a
master carrier for magnetic transfer which is capable of preventing the
wear, abrasion, separation, chipping, edge deformation, etc., of the
magnetic | ayer, also enhancing durability, and preventing poor transfer,

when perf ] ti ransfer by applying a transfer field with the
nast er ca?é?%?g%%ggﬁﬁeiénge nmedi um held in direct contact with each other.
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obj ect of the present invention is to provide a master carrier for nagnetic

transfer fhabehd rPPROLEtIhat BCUH N Pode8bh 0 thbl JRENEE L Za k@M TRt ern
on a magnetic recording nediumw th a high degree of accuracy. SUMVARY OF
THE | NVENd4fhot be performed and, in addition, there is a possibility
that the master carrier or slave medium itself will be damaged.
In the magnetic transfer, relatively strong pressure
is applied on the master carrier and the slave medium to perform
whole-surface contact. Because of this, if magnetic transfer
is repeated a large number of times, and the number of intimate
contacts is increased, the soft magnetic layer formed on the
substrate is separated in this step. The separated portion on

the intimate contact portion reduces the quantity of transferred

signals and degrades the durability of the master carrier.



To achi eve the objects of the present invention nentioned above, there is
provided a first master carrier for magnetic transfer, conprising: a
substrate with a | and/ groove pattern, formed froma magnetic material,

whi ch corresponds to information to be transferred: wherein each of
approxi mately rectangul ar lands in the |and/ groove pattern has four round

corners whose radi Ugalsedf BAM: ke Ord B PHAKE AaYr%a(rﬁrl%fﬁrsa?Jem‘b‘in%cprorl epe) of
the width of a data track. It is desirable that the aforenenti oned nmster

carrier beeeanstiiched: 9bnd BUlRt 58ke Midrle @i d and/dd,09¥en RIBEIM £ ugigred by
utilizing a“stanper”generation nethod in which netal is deposited on an

original disk hay pg.3ca r%fi%%V%sp%totn%&rae%@ﬁorl%,sra%rz@rﬁgs& QiR MBid on by
a netal filTmform ng netho e g. , electrotyping) . It is preferable

t hat the rate [ | ' ' hi. i ref erabl e
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of the su r.at I ri.al: L fis IS 48
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s provided g TRARRL LA LALLM Y dNG SIERROF . applying an
initializing firel'd to a master carrier 9 conprising a substrate with a

| and/ gr oove patter nFu%E%I} io§:ef Origf(Ehfer g\rgllgggrg&gﬂgga%srﬁtrer ir%llaﬂﬂg?ely

corresponds to information to Be ansf i n whi ¢h “eac
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corners ose iuS Isfro rough the w ata track;
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a magnetic récording "portron; an ransferring a magnetization pattern
corr eSponqL'erp;BPied. Thereafter, the master carrier and the slave medium

are mechanically separated from each other, or pressurized air
is introduced through the outer circumferential portion between
the master carrier and the slave medium to separate them from
each other. Next, the master carrier and the slave medium are
moved away from each other by vacuum suction. Because of this,
if magnetic transfer is repeated a great number of times, the
magnetic layer formedon the substratewill undergowear, abrasion,
separation, chipping, and edge deformation during the
aforementioned steps. Consequently, there is aproblemthat (1)
the shape of a pattern to be transferred will change and the
quality of transferred signals will be reduced, (2) wear powder
on the intimate contact portion will cause missing signals and
reduce the quality of transferred signals, and (3) the durability
of the master carrier will be degraded.

More specifically, the magnetic layer formed on the

“lands” on the substrate of the master carrier becomes thinner



the | and/ groove pattern to the slave nedium by applying a transfer field to
the master carrier being held in direct contact with the slave nedium In
the case of in-plane recording, the initial DC nmagnetization of the slave
mediumis perfornmed in advance in the track direction parallel to the plane
of the slave nedium In the case of perpendicular recording, the initial DC
magneti zat | on of the Slchago medi umi s perforrredti n van%gl in EDhE di_rection
per pendi c Far-? d"$He %rr B iHY Sfavé FEdahR eIQe o &CnaYPs retfrier is
brought ipto di.rect contacy with the sl ave dium_ Jn this state, .
Cranafer 17 8EAHS CypbRBd 495 © he Mg v G AdEE THLFS Gk TS BPEBELEGN of
the initial DC. nagnetization. In this, manner, netic transfer, is
per f o medLaNRE HEHATSH NrdgiiiGizat FOR CHF LPAE Ss| GU8T A bHF 185 FETRIEE by
magnetizing the entire slave nedium.in a predeterm ned direction with a
magneti c P2l P FAGF ngPREARGRIT L 97 IF TSR NSTE Y edisr lavsT R &b&rcive
field HAS of the slave nedium In addition, the application of the transfer
field is 9b2VeJReFOPHedByCHI R0 FRF he MR ddr Hhsr MR StHE iLdiveital i zed
slave nediuminto direct contact with each other, and then generating a
magneti c Thereafhat  naeoxn GRIGRR e QFTVES Pﬁﬁﬁ@@@cth?éﬁﬁ?% érrsigier and
distribution. In the predeterm ned nmagnetic field intensity distribution,

the magneti® Fi%1Q Mastielsi t yhERe cbbiRfE A AdtEAthlFal 9P T o SHEbHem
transfer field intensity range is not present; portions corresponding to
the magneBRr@PeFerdtiraPEnsrt yorrPRhPA¥he optinum transfer field intensity
range are present: and in the entire r_egi on of the slave nmedium the
magnetic field inteh8Ft PrEACERelBVFBELPBNDESpBSLReMEFSt AiNs ViEE YO IRE- RIS or
| ess of the c?erci ve field H s of the slag,e dium The optjnum transfer
field i ntRRSPEGMPaRGREIENEI62PEVE ! 3 AFFREILHE! Lot Whe s i NI F-P hfthehe

sl ave nmedi um Note tharg.,the, I andéé:;roo,\/& pattern on the aqu{ementi oned
subst r at ePHBFEBE ANPBEFEPYe Pat? FTP BHeh IS pAAFAFWHH FEPE G 0 a

magnet i za\gi on pattern ﬁ}ransferr%ﬁ to_ the slave rreg‘ill_‘.um That is, even if
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The doubl g; s,ded, RL0HLE2289US LL,808HE s 1 elltedium held in direct contact

with each other.

In addition, in themagnetic transfer method mentioned
above, the influence of a demagnetizing field on the magnetic
recording medium is slight because of the application of a static
field, as compared with a conventional servo write operation
which is performed using a magnétic head. However, in the case
where a transfer field is applied after the initial DC
magnetization of a magnetic recording medium, as in a magnetic

transfer method disclosed in Japanese Unexamined Patent

Publication No. 11(1999)-117800, there is a need to take the



performed with two master carriers brought into direct contact with both
sides of a slave nedium In these cases, one or two naster carriers are
brought into direct contact with one side or both sides of a slave nmedium
one or two magnetic field generation neans are arranged on one side or both
sides, and a transfer field is applied. In the case of in-plane recording,
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bet ween t?goﬁugggrgkegégggl gsEngkand/groove pattern) and the soft

magnetic | ayer e Yo S nodul us of the substrate and the soft

magnetic |ayer as p@ﬁé@{ﬁﬁof@‘ié Qi rRdeS d RSH %r'&%‘é%t%%“gﬂﬁé@ WiHd:
respect to the separation of the soft” nagnetic | ayer

af orenmenti gnegdersii o OF atnkwgnmrbgaelmﬁatuéreffﬂdaﬁﬁyBetl@%eltpbéﬂaitorof the
soft magnetic | ayer has been derived n accordance with the present

inventionyilhehgvksapgevbdedngitibhed Bastele edurelcy If MRONAtd ing ransf er,
conprising: a substrate with a | and/ groove pattern conprising | ands and
grooves: a8fgroduction that are performed through a magnetic recording
medium. Particularly, in the case where information to be
transferred is a servo signal, tracking performance is reduced
and reliability is reduced.
The present invention has been made in view of the
circumstances mentioned above. Accordingly, still another

object of the present invention is to provide a master carrier

for magnetic transfer that is capable of recording a desired



a patterned nmagnetic |ayer, formed on the substrate, 13 for transferring
information to a slave nediumto which transfer is perforned; wherein the
patterned magnetic |ayer conprises a magnhetic |and | ayer provided on each
| and of the substrate, a magnetic groove |ayer provided in each groove of
the substrate, and a reinforcenent portion provided between the magnetic
| and | ay t he i r oove . T e i I r
master et e EAIREE o O ma BB ¢ M HEITACHEN ) B 4 B bl o
portions of the substrate are formed, for exanple, by nultistage exposure
and eth#%frﬁﬁt% %9%%5%%¥Ic | ayer is formed on the substrate, the surface

is polished and an unnecess net i a d on the reinforcenent
porfion is renoved. It is ﬁ%@%&ggglgﬁtﬁ%# ¥ﬁgE&g&§§tion of the magnetic

| ayer be perforned vacuum filmform a such as vacuum,
evgporatign, sputpéﬁydﬁgh}%%ﬁp?%ﬁi?ﬁﬂe ?g.g$ngﬁécBF8§ﬁ8§ ﬁPVﬁnﬁﬁgnpresent
invention, there is provided a fourth master carrier for nagnet,ic transfer,
conpri si METGERIRAFEEE w THEE | @O HaEh & o SRS pRardiat yf oot

| ands t hat have, a nagne iC IaXer on,a surface of each |land, and forned for

transf er MaRP S or MBER®RSEo GOMBEREETE 1 ayer of a magnetic recording

medi um wherein a correction based on_.a denn netizin%lfielg is de on the

'and pattern so that SPRASIAE Hadheét 250G Goxa SRR HRE T AREFER €A ( he

magnet ic | ayer of  Lhe pagnetic recording 14 jrediumy That s, ig 4he
transferred;

wherein each of approximately rectangular lands in the
land/groove pattern has four round corners whose radius is from
1% through 47% (preferably 45% or less) of the width of a data
track.

It is desirable that the aforementioned master carrier
be constructed of a substrate with a land/groove pattern, formed
by utilizing a stamper generation method in which metal is
deposited on an original disk having a land/groove pattern
corresponding to informationbyametal filmformingmethod (e.qg.,
electrotyping). It ispreferable that the substrate have nickel
as its main component. It is also preferable that the magnetic
material covering the surface of the land/groove pattern of the
substrate be a soft magnetic material whose coercive field is
48 kA/m (= 600 Oe) or less.

In accordance with the present invention, there is
provided a magnetic transfer method comprising the steps of:

applying an initializing field to a master carrier



each land in the aforenentioned | and pattern and the w dth between the

| ands are determ ned by correcting for a demagnetizing field conponent so
that the width of each of the small regions in a magnetization pattern
transferred to the nagnetic recording medi um by the aforenentioned | and
pattern becones a predeterm ned width. Therefore, the width of each land in

the land pghief8if ri;lta!flﬁ?é?H&E@w%?taii_%ﬁﬁc{%@évé’ﬁakﬁérﬁE%ﬁﬁ'@hié‘ﬁ%gbkgn does

not have a di nensi elation o respect to the w dt

correspongjgg %%é&ﬁ’é‘tié‘ rhé‘%f@gfe&ﬁ&%d%@rtﬂ Rd g ?%fr?nrar ad. et e
magneti c recordi ng” nmedi um e Information to be transferred to the

{i . . . . .
T S R i s s i g Dt L A b e e
[ ti I ' he af [ I ‘
round cor iy EargERY Sl B e BB P P R R B 28R e 8
track. Thf%%%% F%“%h?&%@%r 498" Ekegh@‘ Wi AEHPLESENG - AVENLiQn 1s capabl e of
enhanci ng the quality o ransferred signal's By a reduction i'n recording
I , al h [ il by .th t . to the.patt :
Lo5s, oS0, enhanc g SHERL! LAY e (1" CBERYBOL 90, O AR DA BB LT
f the lapnd_is. 47%qr | f th i . of k i sk,
?ncregseagnskggeréégﬁ Pﬁégﬁggg Fﬁggbgg?%gng%ggrg?égd%%ggﬁPﬁgd%Fgffhe ﬁgster
CarLt o 2 the S Ve TEILOL L0 ShLBE EONL RS St Al Rt AL

undergoes at the por rou corner-can reven

this, dj st inct ' ' t ' dth
qual |ty of TSy SR PP B B s R Bt A T TS el <
itt by . i ti am It 4 I; f
the round? sorderof it TaRTERg - 1688 pMEIR I A HIRRERIBIEIER  he
cor ner dpgﬁengiaggcRgg-gﬁgessiver sharp. Therefore, even if the master
carrier is repeatedly 6rought into direct contact with the slave nmedi um

and magnetic transfef Eﬁepééégrﬁﬁg%gﬁgh%@ LE%o@hihbTESnet BRIG 1T B

possibility that the corner wl and chip. In“addition, m ssing

signal s dygsharPegtibhansf eheCatiagd R¥qRLAKER BREFLEMES 40 BekafeeUlin @
reduction ih the quality of transferred signals can be prevented, and the

nunber of theansi &k Sd LACLPEoh W @asRd By BReephanees®iind Bilhe dibabid.ity of
the master carrier. According to the magnetic transfer nethod using the

nmaster cathi €heOtakBeckr @eependiveNkirORecad riBARG! ithal 1A thaht e W th hi gh
signal quality can be accurately transferred and the durability of the

nmaster camagfetisaligh. oFhenaughakeohe@iGhangepedifotrhedmast edveaide eh i s
reduced and therefore magnetic transfer can be efficiently perforned. In
addi ti on, theedstaveiordpapprhtibcal spgbet tzatp angait amhe tolavsf ercdddy t he
master carrier of the present invention has high signal quality and is
i nexpensiNextpctbedmagtee therieecond basughtcdnticediakctheomtastntvith
invention, the ratio (E1/E2) of a Young's nodulus (El) for the 16
the slave medium. In this state, a transfer field is applied
in the opposite direction from the direction of the initial DC
magnetization. In this manner, magnetic transfer is performed.
The initial magnetization of the slave medium is
performed by magnetizing the entire slave medium in a
predetermined direction with a magnetic field having a magnetic

field intensity greater than the coercive field Heg of the slave

medium. In addition, the application of the transfer field is
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substrate to a Young's nodulus (E2) for the soft magnetic layer is in the
range of 0.3 < (E1/E2) < 1.3. In this case, even when the whole surface of
the master carrier is repeatedly brought into direct contact with the whole
surface of the slave medium the separation of the soft magnetic |ayer from
the substrate of the nmaster carrier can be considerably reduced even at a
great |y dgbor@edeROk!] 81 iAb:HAC LHRSHALLER Lheks okNafldihk0ln ¥183408q
signals due to poor transfer caused by separated particles do ot occur, a

reducti ong 0 LNG Al 8 ARt erned 3l gaaks an Benprevented,and the

nunber of transters can be inCreased by an enhancenment 1n'the durability of

h ier. A ' . - e of
| vent onCoTRERSarEe P BRCHEGRGH LT By o C Ot e er e reaRarre PARASFaSer

erne netrc Tayer conpris I"ayer

i ded Q@ h_lLand.of th . , i i ded

bl O gt S A B R R s e R Sl R e

th ic.l.and, | d th ti I .l t.hi th

mgnet e FhRHS) APEEREeh AL tPapeat Gl y ThRoNGRD S Lo ferCot METAdY wi t

the slave nediumis reinforced at t circunferenti edge, portion, t he
ot or LeRBRESHarE e Mk ar g e ek IPLE ST e SERG Ak A e

2352 ggggrnation, ;t ....of the ma ;etic | ayer L:ﬁ be preg ted, th Ilpplng

dur abi |1t 5OBECLRE RESt BFSEEIFT ePOr S 1R SCEE S SRRH RS 68c S EoREENST tSoor

t f i ted. St t t f { I

ber 1 or medt LaRBRETE TS s ubF PR ey T b B abg e E IS 1EP SR Ek trngey

master cartlhep gl bie presEnt by oo diILeRLE! 8¢oaul pREd Yildh Qupattern

ap% geters 183 1 P ot

having a S n view of tTheé rPaflTuénce of ‘a denagneti’zing

field. | nellhs 258 3q0PRLLRS; MOONEt{ ¢t 0N dRELETD SaN b deqrded i th @

hi gh degre accuracy on-a Ic recording nme nce a desired
tizati t i ded with high fidelit ti
Fodor di e REAPART. PR b HaT o oCeRr Bh T He: et 24 Ton TR (oris B be
tel q . I ¢ i . .
aceur at o] nEeBOMNERC ERLELOW ALY s il pasethetcy hecd o of abn, s @
DRAW NGS I{lg ?h%.%%%e' peenty an Wkl pe \%ﬁé%! R%Q&hﬁ{.f“”her detall wth

ref erence € acconpanyi ng<araw ngs erein: Figure 1A to 1C are

di agrams showi ng thﬁo%é%@h@l%&?@kb@vé?ﬁﬁ:ﬁe@nﬁﬁﬂ@@f‘@‘ﬂeﬁ@n‘ﬁ%e@i
master carrier constructed according to a first enbodi nent of the present

i nventiongubk@¥h@e2nay BePhaBokheWvehpwt@ rine v AR RV @ aRaldyer ifter med
on the master carrier; Figure 3 is a sectional view show ng the essenti al

part of ar&Bpker Pshk8hetaRkh Bl BCEOt dhNgfé 0rad TRyl s @A adidNin .Of
the present 1 nvention; Figures 9A and 4B are sectional views show ng how

the masterhaariker evengefenaned: ahduresval tarcdd@edied sHBIHS @M ng
basi c steps for nagnetic transfer;
magnetization pattern can be obtained if the initial
magnetizationandthedirectionofatransferfieldinthemagnetic
transfer step are reversed between the case of a positive pattern
and the case of a negative pattern.
The aforementioned magnetic transfer includes
single-sided serial transfer and double-sided simultaneous
transfer. The single-sided serial transfer is performed with

a master carrier brought into direct contact with one side of

a slave medium. The double-sided simultaneous transfer is

11



Figure 6 is a sectional view show ng a master carrier and a magnetic

recordi ng nmedium and 18 Figures 7A to 7C are di agrans show ng the basic
steps of a magnetic transfer method of the present invention. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Referring to Figs . 1 and 2, there is shown a
magnetic transfer nethod using a master carrier constructed according to a

first emhodi f .t.he.pre Ln | on tic Jbr fer od
uses i nirg:feaﬂnfegellr]ﬁe%%rwd‘ltr%gF%gsﬁgﬁéﬁn% %’%P]H g].fs P%Fggﬁ%tﬂ Sér%%% §88%Ephat

t he di nensign f. eac art _are_shown. at _a ratio differing fromthe actual
i mensi orfe SRS T BB otr BnEP BT ST Rt asi i1y THET &P TacErdi RG BIE)  be
outlined. As shown inh Fig. A an.i.nitializing field Hn is.first applied
Lo a sl aVRASRH (5T 6F B SiHRed i 14 ton LR tiCPREACn Yo Pa OBt 82 EPack on
a disk to rfarminitial magneti zation (DC denmagneti zati on) . _Then, as
Choun i e B (Pt LS S R P core PEcbRel FRBELFof SR ( he
slave nedium 2, and the top surface of the | and, atterg S%a of. an

i nf or mat | BT TP RGN T atkS cOREFRIT RGBT OB sBF P nBGnBPFE FAEF. 33nd
magnetic material) coated on a.m croscope | and/ grqove pattern on,the
bl Tot & Thape fa Lot e PBrd e OPE W b ane Sh IS St R e Pt cach
other. In the state of _teg_le intimate contact, a transfer field Hdu.is

appl i ed i MEBYFOS tfe ik FERPEATHPENMERRS (ST T V7S & MeRESHS £4PLSi ng

field Hn to performmagnetic transfer. The trapsfer field Hdu.is passed
t hr ough t’rfétffl&n%l’b%ﬁé?% P2 ek ﬁ8'§kﬁ?1ﬁﬁ§r{‘éﬁ T Bperes2, 18d-hhaeSehe

magneti zation of tl}e |.and ggttg[n 32&“ Isn notetr_ev rg and the magnetization
in each ro&FERS! GeCREALAGan-ThMRIge t1€, T LS nE FARS At YhM5atter n,
the sof t FGREE e ayBroRal iR FRELAnr §r RBE: ShrBaF FgPngoERrrate brr i
clave surtaec tREE AT IRERE BT e he 1) GG SBdCME Erkle Rethe taar Fralts 1
formed i n:lt.s(? altphpe_l.iseh@pceo %f p%rgiiso% of the slave medium, magnetic transfer

is performed on the entire surface by moving the slave medium

and the master carrier being in direct contact with each other,

or by moving the magnetic field. The magnetic field generation

means uses an electromagnet device or permanent magnet device.

The slavemediumtowhichmagnetictransfer isperformed

by the master carrier of the present invention is brought into

direct contactwiththemastercarrier. Asmentionedpreviously,

the master carrier has a substrate with a land/groove pattern,

formed fromamagneticmaterial, which corresponds to information

to be transferred. Each of approximately rectangular lands in

the land/groove pattern has four round corners whose radius is

from1l% through 47% of the width of a data track. The slave medium

has amagnetic recording portion towhich a magnetization patter,

for a servo signal, corresponding to the land/groove pattern

12



and has on one side of the disk an information carrying surface coated with
a mcroscopic | and/ groove pattern, corresponding to a servo signal and
formed fromthe soft nagnetic |ayer 32. The surface opposite to the
information carrying surface is held by intimate contact means (not shown)
and is brought into direct contact with the slave medium2 . In the
magnet| ¢ bhANS RhstbRL: A& LNl &y Stdefba gyl Abpl 18081 6h SN AiLAd . 1
and doubl e-si ded sinmultaneous transfer. The Single-sided serial transfer is
performedeyiifh t ag;a%r' {3 Pro k- | HEn &GO HMdihene
side of t 2@8 avgﬁsrrem??éuer#]z ﬁdeeq{dlohﬁ%'l éa-?fl ed éﬁaﬁﬁ% an c?us trgfléscf er lis(jD
performed, w;th t e i i di_rect ] bot h
ey PR S e

sides of t sl 4ve ne wnin

| and/ 2a i i i .
chanbered 1nto a ci FRursroEPERCE AULR chig BaBBER: MEVAHAUE MR do e
clroular B8y 9h0eac SOrhen s oLr o HOLITAUOl ALA (N eherably, A5% or | e59)

of the data track w e casé of a ser e data track
wi dth Wi on %Q‘En rder of O .1 to 2 um Therefore, in the case of the data
track wi dtR WB& NG 0.1 ~cmthe radius 20 R becones 1 to 47 nm In

(proferably, 5 to 48 AAPCCFAoP vieh Bcddpplg¥Baih WiReBl a0 00 ™
The chse That the dRrETrBeren it hoyrr¢ognoayh tRE 1Ay e SRR R ET 1"
hitiod fromihe pi PRR-BeTwson PRE AaBTV¥2LReTE woltlels BT FED

or cscr 1 bed f e Sae SeATE h A Bhlly: PRI A %120 % AR RePEAE LR (e
nogat {ve I HaTgr S0l BAT GrnReal e tha BUa Tl vo T A o cove pat tor n

shown in Fig. 1, a skl ' i t T8k, d
recorded by applyi nghtglﬁef%'n:g?iga éﬁﬂﬁheleg él-lﬁlgg'ﬁgq? e %%%Efagerfﬁre% Hdu

in a direehbob,BRRPaLECGHE {hAHARENH Yrednd ﬁESEéanafﬁiéPedéiéﬁdgmere
the substrate 31 consists of a ferromagnetic material such as nickel (Ni),
nmagneti ¢ gi-aRsher oranrke RAAIES fMatN Qs G0at | d1th Ae: StSE { @tiSe Sledh t D
the soft fmagnetic |ayer 32. However, satisfactory nmagnetic transfer can be
perfornmedchy RLGWItHAS t(REHG tRINGLHD/ dysFe Fathose) taadSERE soft
characteristic is good. In the case where the substrate 31 consists of a
nonmagnet naghteld abyeirt, | ®BifEAESS AP Pmduderd b€ shet subgheate dmyer
32. It is preferable that the soft magnetic |ayer 32 be 21 provi ded with
a protectiche ot monsdtsid Ngyelr s parruindtdies cadhdrusDekpet irkat sl havay be
provided with a lubricant layer. It is further preferable that the

prot ecti veekayaadeonitht rebpacbLCocbht o9épbravidf ofm and sofubnagaatitayer.
Furthernore, there may be provided an intinmate-contact reinforcing |ayer,
whi ch condikyes ,ofansl kheoafbSenenetionedbeaimenofhthsofdunafaenodulayent 32
and the protective coat. A lubricant inproves durability degradation, such
as the octhersumcet ndtsdorelsatod tlwe Boifttmaynewhe dlayeocha s beercderevedng f or
a shift that occurs when the soft magnetic |layer 32 and the slave nedium 2
are brought into codtnaeicosindanesciwidtthérhe present invention, there is

provided a third master carrier for magnetic transfer,
comprising:

asubstratewithaland/groovepatterncomprisinglands
and grooves; and

a patterned magnetic layer, formed on the substrate,

13



The substrate 31 of the master carrier 3 uses nickel (N), silicon (Si),
quartz, glass, alum num alloys, ceramcs, synthetic resin, etc. The

| and/ gr oove pattern on the substrate 31 is forned by a stanper generation
met hod, etc. In the stanper generation nethod, a photoresist filmis first
coated on the snmooth surface of a glass plate (or a quartz plate) by

spi nni ngdfg;l_e tqjagl%%eqjﬂtl’% i AFBPmaR i bASES al § Bhe 'Hfé%fﬁ]airrP ?fviehl t?‘ETrl%%f'%‘ia”)

nodul at ed according to servo signal 1s irradiate the glass plate
is being {Qtﬁéfgo gt he entire photoresist film a predeterm ned pattern,
for exanple,”a pa¥ éfh extending in the radial direction fromthe center of

rotation and corres LN g Ls e d
portionsporrespondi%@gfélﬁh%g?r %gé%?n%gtﬁg ?ggﬁg.igﬁégeggﬁg%?%Fﬁea
photor sl Shalb Y FoSEPLIBELLR BB, e iRt PRl Wbadi s
filmis obtained. Next ased on the l,and/ grqo te on t sur.f ace of
t he origiﬁ%?nﬁféﬁfgﬁ?QY% f?%%%pfgvﬁﬁggéﬁgf%%gbégggﬁép?gpgl s %gﬁgégeﬁicke
(Ni) substrate w.th a positive land/grooy rn_is,_.generated and

Copar at ot PE s s BARe FPanrIoN PESTt BeRbe ROk e MM ENEna |
t he naste{%carrie nd/groo e pattern on the substrate may be

: he |
coated w y%rs%?é ﬁﬁén%?SEQEéﬁe rgﬁéeaasygféctive filmand enpl oyed as the
t ier. | diti t he af ti d i gi nal_.disk_i | at ed t
Gener at o & second of FGIHHTS I BE! SAnd By  tet g AT S SBaTd Cor LBt Sk,
| ati [ f b b s i I /
plating i gpech,or medh  yhereby ja sybst rale With 3 nedati ve.Landlorpove

pattern nmay De génerart ed. ernoré,” by plating € second ori grnal” di sk

Lern m : . m P e s& !
or i ginal Prar 6-hES ARErEYEhES, TERL S dr BrP SRANA A Mleqddd e ey
bst k LLi : t f t th
and, . pRoCh! Bar ot patt & RepBOrel RS U ESLRdh e AR Craly idR 1
perf or stﬁ?féc@ég}iggpgﬁégﬁg ttaﬁﬁ %aﬁﬁng'c%ts%‘igg"ﬁma@ﬁ%ttqrcei'aiéef *d ed to

obtain an origin ereafter, a su rate may be“fornmed 1 n the

af or ement | ﬁg&f}ﬁe %%goaﬁc%ﬁ%)%gq%e{é"ilenfcRFecl.he 1julbst Jg‘%f%ﬁ.%gfér}:ﬂéste N

or a N a r generating the ne trate 31 can

enpl oy vaghQuse FRL &l of idMeher fhgfe FBENOASe S W pas relrield BY 6pscPhld NG,
el ectropl ating, sputtering, ion plating,” etc. Ft is preferable that the
groove depbbm{ Al haBdsheisglh) ag3 vaduind R A ARV ehaidear el 1de .
substrate 31 bein the range of 80 to 800 nm The range of 100 to 600 nmis
further ppeteialleetcThe formation of the soft nmagnetic layer 32 is
performed by formng a thin |layer of magnetic material with vacuumfilm
form ng neans, suchiasavaewdaneeapdrat the, pseisenes iitgerntdoml afiery E&tc .
a plating nethod, etc . The magnetic material of the soft nagnetic |ayer 32
is able tpretmbey aolfahirthCompasteal loaysiwirt If oo nEoNdt i Calatrs fFéGoNbTaZr
etc.), iron (Fe), alloys with Fe (FeCo, FeCoN, FeN M, FeAl Si, FeAl,
FeTaN, etconprisinand alloys with NN (NiFe, etc. ) . Particularly, FeCo and
FeCoNi are preferred. It is preferable that the thickness of the soft
magneti c | ayer 32 be subdthestteangehef 1&0d patie@npneoriimei s bmgle wfuddlitw 400
nmis further preferable.

of lands that have a magnetic layer on a surface of each land,

and formed for transferring information to a magnetic layer of
a magnetic recording medium;

wherein a correction based on a demagnetizing field
ismade onthe landpattern sothat adesiredmagnetizationpattern

is transferred to the magnetic layer of the magnetic recording
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The master carrier may be formed by generating a resin substrate using the
af orenenti oned original plate, and then providing a soft magnetic |ayer on
the substrate surface. The resin material of the resin substrate is able to
use acrylic resin, such as pol ycarbonate, poly(nethyl nethacrylate), etc.,
vinyl chloride resin, such as polyvinyl chloride), a vinyl chloride

copl oymerpeQt Gm. €poxy resin, anorphous polyolefin, polyester, etc.

Pol ycarbonate is preferable because it has npisture resistance and

di mensi on stabili tyTﬁE@ S, | oW i C@ﬁ% rt @na@ie%xc%%%f@f‘ée{e }%emd%ﬁofiur rs

i n nol ded products, ey afe renove y varni shing or polishing

addi t i on, BQﬁOJ]%rrlogiH"{' edl 86, mplor?é&“i ﬂﬁ%a"’dé fan t'i’l Cv??r%t}%ett}%e oat by

u5|ng uItraV| -ra ardened resin, ectron eam resin

the resi nelanGrTer %'r%e&‘?% b Bee ?k%rt%h@f‘o%ﬁa @%@?ﬁﬁbﬁf 5% o
500 nm i s, ;mgmsyltpgsf 22! eno ThEADL CLPSEOR) G PALIAN Lhe S age of the

resin subs te’I's coafe magneti c | ayer to obt e naster

el TaaBRLhaTReLEE LRNCE LR UL TR By deRoSLe 8 Sudalls

magneti c na erla resin su ra mng means, such

as _vacuumexaRAnALLAD: SRUILEN:Ned O pLALL YN e £ LAY 8L e,

etc. In e case O perpen I"cul"ar record ng, approxi sane naster

carrier 3, athhatwéf%ﬁgrgf%}?g% ed Il ang, d ggpr %nqa%[ahsg%%erﬁhat

is, a Iand groove p ern [ s forne he sub rate

f £t I t d f ft
ﬁégnif?c"%m%?.eaﬁ‘%ﬁﬁ R S ek AT FAR e el A r'ea‘éo#asﬁéé{ ar i
shape, hﬁa98rQegim?%'s%n%*ia%ﬁ%%‘iolnmo‘% 3.4l Layhag %%ct' b ol SR GaGLPed

t hat the radius circular~arc of "éach corner-is from 1% throtgh 47%

of the dapa Lragk Wdthdihd BoLRarase hd hadplkanemntoned denpend cul ar

recording, initia magneti zation is perfor o that ave medi um 2

i s magnet{zgedskR 0BG dbrasd gk QE?QbBEh@BgIﬂeébﬁms'f@ﬁ%'ﬁ%ﬁdﬂﬁd@l%%e
Wth the slave nedium 2 and the naster carriér 3 held in direct contact

Wi th eacht: gLt radslreanelefo fth%'r@ag%%@ﬂ?'l‘a%r’ &f Lhe RPPOst1 e rddogeliingn from
the direction of the initial magnetization direction to perform magnétic

transfer.nShnGR ke at @@&sffoerslgh«alld laS ROBS9AGe! HiQuwa ,t Resoft 25  magnetic
| ayer 32 of the land pattern 32a of the master carrier 3, the perpendicul ar

magneti zati on of a peeblk@AngAJEsPRALLEE che rlike d Kk pabbent i3 dntion,

reversed. In this way, a magnetization pattern corresponding to the

| and/ gr oog¥echall baun igamhle afecemndad ionedhe asldave omred pattern has four
round corners whose radius is from 1% through 47% of the width
of a data track. Therefore, the master carrier of the present
invention is capable of enhancing the quality of transferred
signals by a reduction in recording loss, also enhancing
durability by the prevention of damage to the pattern, and
preventing poor transfer.

That is, since the radius of the round corner of the

land is 47% or less of the width of the data track on a disk,

an increase in the recording loss that a transfer field (applied

to the master carrier and the slave medium in direct contact
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The sl ave nedium 2 uses amagnetic recordi ng di sk, which has a magnetic

recordi ng portion (magnetic |layer) fornmed on one side or both sides, such
as a hard disk, a high-density flexible disk, etc. The magnetic recording
portion is constructed of a coat type nagnetic recording layer or a thin
metal filmtype magnetic recording |ayer. Themagneticmaterial of the thin

metal fi |mL¥:MI0§aHHQBEBéE I €6Q& B4H8s | By edhd ;@bﬁ&»ﬂ @ fepleOY otpliakbrheR)
alloys with Co (Co , CoCr CoPt Cr Ta, CoPtCrNbTa, CoCrB, CoNi, etc.),

iron (Fe)caﬁ|bQY§r@bEHt5@.(Fﬁééauggeéf teOoN a @i§tincﬁ"ma%ﬁét@hh@Y§n“ﬁth
Ni (N Fe, etc.). These magnetic materials are preferable, because they have

a great f bHEtQ?H%dsfé’réi@Qféh? 'amerer&%%d En@RhQu0P% &wfwsn%g%red

direction as the rection o an applied magnetic fi el track direction in

the case ofh01pl 8BEORESORLAGL OEn RET BROAH Ay B 8l d B:lihe by Of

per pendi cul recordi ng therefore distinct” transfer can be perf orned.

It is prefgraphe ggyﬂﬁ%éi@l@r@a%@ 'qtyleadeitmeﬂ 1h&e ks &fs Lbire

magneti c naterla he si de of the substrate) to tain the

required magnetiGoani SOt opy «Ht 1L3qNES OSSRy @ﬁﬁ:e&hﬁfcﬂyétcﬂtaﬁtrrﬁ%ﬁcure

and lattice constant of the base ayer be natched mnt ose of

magnet i c mém ﬁ%xf:;gh%urc?@éé’ﬂottﬂ'éeco?\ﬂé ExLay8hver Pef oy

CrTa, 26 etc. Note before | roug into dlrect
contact wiLhnthe FRSLGLGAL G rIe t A %@\égt@a@w@r%u%@e G09S dlihe Jur ocess

of renmpving the microscopic protrusions of dust particl’es on the surface by
a grindi ngongagt v@lapkhémefaveeﬁ@dwﬁ[ F6E QLLRSERO: H81BRGS £l & PR rERIRES

i n-plane recording, the magnetic-f neration nmeans, for applying an

initializgng 1L£§h9tgagfatwégsf€ﬁeéé efd.nd %oocs%%fm_tfctr@ft Vel iceahley
spaced ring el ectrofmgnets t hat have a coi I wound on ‘a core havi ng a gap

whi ch extgRes hPakBeaf@dddp di 1eChuER tebnt NRi5LaNE FBGHHTE ZaudVid plohs
vertically spaced ring electronagnets a transfer field generated in the

same diregethABrks éEQEb@dbPabﬁbkéh p&rt he1 datdo tic o Cld eeduldtiichy
application of a magnetic field, the magnetic field generation nmeans

applies ajhramsifiarite} dr whhherbhecaonigcdl bathh B pheveheve, nadh whe2 and
master carrier 3 is being rotated. The magnetic field generation neans may
be provi daedmbert bat trhnkgetket ababbe. iddweanghaiy carf iealrth rgenesrad iion th@ans
may be di sposed only on one side. The magnetic field generation neans may
be constrdakediofitg sifnghe persreieriarrdgret arranged on one side or two

per manent magnets arranged on both sides, The magnetic field generation
means in the case oRcperpéndi tul therecgnel hg isacofist metledl afsing the

el ectromagnets or pernmanent magnets of opposite polarities, which are

di sposed mboteraralr bt vwiathe prasentiotlyvenhtos: iangaghet heatianeatddinm 27

2 and the master carrier 3. The magnetic field generation neans generates a
magnet i ¢ Wiehdhighaspenpbrnglizidty cdinr bet poaunatiedpptransferredtanrd ddvet act
body. Wien the magnetic field generation nmeans applies a magnetic field to
a porti ondekabhé islvavbthediashe, cangher ie hirgnsf dheirumpksy of ee¢hangate
entire surface by noving either the contact body or the magnetic field.

Now, wit hofdgpraiaste medrfieationsduagdevmdiharieforexanphesi oft nans fngst er
carrier in the first enbodi nent, a description wll be given of the results
of experlﬁéﬁtbelﬁdﬁ@&ﬂﬁm}hﬂuﬂeﬁﬁpﬁm$QNeferable that the radius R of the

round corner of each land in the |and pattern on the naster carrier be in
t he af orementioned Fangddition, the slave medium with a magnetization

pattern transferredbythemaster carrierof thepresent invention
has high signal quality and is inexpensive.
According to the second master carrier of the present

invention, the ratio (E1/E2) of a Young’s modulus (El) for the

lo



<CGeneration of Master Carriers> Aphotoresist (electron beam draw ng resist)
was coated on a glass plate with a flat surface by a spin coat nethod. An
el ectron beamwas irradiated thereon while the glass plate was rotated,

t hereby perform ng exposure thereof. Next, the photoresist was devel oped
and the exposed portions were renoved, to forman original disk. Then, a N

substrate ﬁg&%?gu&f% RYuRbaL! rﬁﬁ%&i;&s °§ﬂ29)i ere ‘éhéksé!‘ﬂg?éﬁmég{% Egglleirng It

off fromft orrgrnal disk.~In and/ groove pattern bstrate,
dopth of bs3Ersh 2eE Red,. 90 FETER SR A s eccdes ad B o
"nner oot CRBSTEPBR 0 FRVAEY TrOMATIE HEas Tt de. ToR et g hbTquant
tomi ¢ poFBBRIT BPC LHiRs 00 RRPM T AR B AT st B o vas
ot L B L R
e L T e it e,
R S IRIARIE oo e R e T
. . ' 00 e us 43 ie icles d

R B PR
met hod of neasuring the radius . R of t roun Lper he .sur.f aces of . the
mster caPPTePs BrELr Eeterdl dhweriane SrvEntiabEhe HAay TR

pactern shgpes Wehenalsgnied, Bised.0nhe dea Ly o Ahasr il o, e

radius R 0O rouna corner I n eac ttern was cal cu

<Generation of a Sli%@ogggbgng%Lﬂ@¥Q§Hﬂﬁih@@&%&nk?ggggkcgf the present

( Shi baur aMechat r oni cs: uttering Apparatus the pressure was

reduced t n%eg%éng%ot%ep a@%@r%e@p%%bnékiCOQQﬂé%nggﬁﬂffgés‘Eh%%mgﬂﬁﬂgp (Ar)

was i ntroduce the pressure was i'ncreasedto 0.4°Pa (3 X Torr)

Under theggngondivki-opsovadghass phakeryre heatird L0004 &9 a magnetic
groove layer provided in each groove of the substrate, and a
reinforcement portion provided between the magnetic land layer
and the magnetic groove layer. In this case, the magnetic land
layer which is repeatedly brought into direct contact with the
slave medium is reinforced at the circumferential edge portion
by the reinforcement portion. Therefore, the wear, abrasion,
separation, chipping, edge deformation, etc., of the magnetic
layer can be prevented, the durability of the master carrier
is enhanced, and the occurrence of poor transfer is prevented.
Stable magnetic transfer can be repeatedly performed, whereby
reliability can be enhanced.

Furthermore, the fourth master carrier of the present
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and a 3.5" disk-shaped nmagnetic recording medium (hard disk) with a CTi
| ayer of thickness 60 nm a CoCrPt |ayer of thickness 25 nm a flux density
Ms of 5. 7 T (4500 Gauss) , and a coercive field HCS of 199 kA/rn (2500 QCe)
was generated and used as the slave nmedium <Magnetic Transfer Test Mt hod>
Wth the ring head el ectromagnets arranged so that at the surface of the

I di 2 the peak I [ ield int ity. b 398 KA/ m (.5000 Ce
ooy TolATAZEERE BSMDIE bia St R TR GRS o TR0
magneti zati on wa rforned on th ave nedium 2.  Af.ter the .initial DC
Tagnet | >ath SV R Heg BETHARTR O BHE TP L AL E oA wer8 HIDhGRES nt o
di t tact. with h, ot her, th t th h th i head
el ot r oneB ABEL ARG bR CU L BAERERHE BEaE SRIGIRA TP o b Hedrert y
became 207 kA/nngGOO OCe) at the,surface of the slave nedium2 . A transfer
field wasChppfFelarh PRe2oPpEBrtécdrrELT ORI PEA-PRe dPFBERI BndEFirRE
initial DC magnetization. In this way, magnetic transfer wasperforned. Note

that the PAgPRELEAEOARRAL e ReFRBIRALTEN obFh faF ARG Vit SPHNE tédi um
was performed by clanping with alum num pl ates through rubber pl ates.

. P ! :
<Met hod ofeEREFHAY iginhnan fexmp b1 9B PRTE PR FRLIMATERGT 27 F 2N P& YHeE S| ave
medi um wer e eval uated by an el ectromagneti c,transformation characteristic
measur i ngCaPRE SR HAGFI TEPEFOISHICes: FREL 662 Al HaghBt R E £A38 WRETAWR)
head was used whi ch has a.read gag of 0.19 ~m aread width of 2.0 gym a
recor di ngthealin§apmatri6ngisch SERIC3I619E 1y eBGFHFAGY: Coc K AU DI, 6
Vim The read signal was separated into frequency conponents with a
spect rum SRBPYZEH: and a difference (C/N) between the peak intensity C of

th [ [ I d nej ghbor i ' ' N d. Due t

| arge. amount s of - ecconti AR AT T 10 THEE SPEARPNERT L when cet i n

th tus, it t ible to, I I'l, of t I

one whol & 1 ot at i on. THRGPEPBRBL QUSPUSL PBnU fr BopHPRGRIBES R her

uIiIizingda Iegd gg%e f¥nction. Intggdgti%n for, Cases i.n._whi gh Hpe track
wi dth wasORhPFOWEF SPhER T ERETFEal CWtifh 85F PRE ALY, THE AN VEIE s

corrected (standardpzed) f he. track w dth. a convent i onal_ et had,
signals were recordgég3%8 rﬂe\p %d]u(‘(i:ea Wi Jhaq%aemgzsn}%OW%gt}cﬁ s¥ps 3%

dw th A [ - ti
val o (G RpHe ERE G L R AR nen BReR e e A B IR R 1%,
e (0IR) T f1veVal i { 80°N)” Becories | greater in a
Caecs podr LT AREPer S Thararsr & pg Rnt Sle L Fe e Al e T s

eval uated as good (Q}gur@@iis”c\ #ﬁ]gn%%% Shok £8§ tthr_légg?féd?gpoggeiﬁaﬂt%r_n

eval uated as poor (x). The results are listed in <M ssi ng Signal

and | nti mebeneANbACE HEY alawaldNg Metilked> Magnetic transfer was repeated 1000
times by using the sane master carrier. Thereafter, a nagnetic

devel opi ngsol ution EShare Figh Ghertsakl vithGsNBLkRE (De ¥BsedithHigshA® 1/ 10
and dropped on the slave nedium The slave mediumwas dried and the
quantity gf $hiafsteaf chbeideveimpadidnakbcendingst &b debad emdrd inerer 31
of the present invention;
Figures 4A and 4B are sectional views showing how the
master carrier is generated;
Figures 5A to 5C are diagrams showing basic steps for
magnetic transfer;

Figure 6 is a sectional view showing a master carrier

and a magnetic recording medium; and
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of m ssing signals present on the slave nediumwas randomy observed w thin
a visual field of 100 at a 1:50 magnification ratio by a differenti al
interference mcroscope. |f the nunber of m ssing signals within the 100

visual fieldis 5 or less, it is evaluated as good (O . In the case of 6
to 9 mssing signals, it is evaluated as fair (D) . In the case of 10 or

nore m ssing signal t The are

i ndicated in Table @ig%%% S7Al¥§o?§e§der%§g%%%ﬁ\ﬁ/ g%gnapgl\ﬂln% 8?55 R
wi dth qu

d : .
Pl rst50. b (TEanE bReeEErRSEHE SRELRPACEE) 6%%??8&%6‘&1&8&%%&1% onFi 15120, 3
t I 4 (O 6.7 +0.

SO B ey *CREpBAT R R HREA RBARELS Bidpahnd® 4 (2,87
As b f Tabl he first ratiye | e nwhchthe
corner radius R s 3° %I%ﬁ/‘@vl 55587 6 Iésndé-",gﬁierahiﬁi%o@ HIGEOLIE o
great nunbper 11’ msstﬁg % nal s have occurred due to damage to the  lands in
the | and ?)Jé??ﬁ AT aPEERCHaY éf’gcat?‘ﬁﬁEFErCﬁﬁElSEeHOBEFFBF d 2666TCAiRgs . By

t t t f t to, the th di ficat wh th di R
To'5 to 30 4 FE (WSSt 1o A9 FRS AR Q0B 1P s APegRAERatrer i or
to the f t t I I I d
ange. t HEEFRABEF BF thPSsRRES oA GrA eI%Z?ésagaSESab 7 Fbiisean TG there is

d toth f the lands. . In th d tive exanple
wher o t heVELF gt T -ud 042 FURERERS A résrqui%%%ﬂfa%% SHF G Ao
m ssing signals i_.dered practi aII liqgi ble., Hwever, an increase
in record‘?‘ﬁg Iﬁgtlﬂag ?585&88 EF@WaF &ué‘%élt F?gm@&&slé’cﬁ’spoor transfer. As a
47 hm and the Fati o FPMRASEAL hEe ﬁgﬁgﬁrwwﬁs?a%elﬁ Tptaite EEdIng 1

will be outlined. As shown in Fig. 1A, an initializing field
Hip is first applied to a slave medium 2 in one direction along
the direction of a data track on a disk to perform initial
magnetization (DC demagnetization). Then, as shown in Fig. 1B,
the slave surface (magneticrecordingportion) of the slavemedium
2, and the top surface of the land pattern 32a of an information
carrying surface consisting of a soft magnetic layer 32 (magnetic
material) coated on a microscope land/groove pattern on the
substrate 31 of a master carrier 3, are brought physical contact
witheachother. 1Inthe state of the intimate contact, a transfer
field Hqy is applied in the opposite direction from the direction
of the initializing field Hip to perform magnetic transfer. The
transfer field Hgqy is passed through the land pattern 32a of the
soft magnetic layer 32, so that the magnetization of the land
pattern 32a is not reversed and the magnetization in each groove

is reversed. As shown inFig. 1C, amagnetization pattern, which
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A further nodification of the present invention is constructed so that in
the master carrier 3 shown in Fig. 1, a Young' s nodulus ratio E1/E2 of a
Young' s nodulus (E1) for the substrate 31 having a | and/ groove pattern to
a Young' s nodulus (E2) for the soft magnetic |layer 32 fornmed on the

| and/ groove pattern is in the range of 0.3 < (E1/E2) < 1.3. If the ratio
El /E2 of &BﬁrgggBH'd?. Fedyl ksétrt@trhofBEmteaeb§u%tthaftﬁe3laha bhateeh Bhe soft

nagnetlc Iayer he master carrier 3 is in the aforenentioned range,

there is peg §b?t'n;&% dé@fé 155}&0@ SENELd QH%OQInaw%ns&MﬁA(fst%%f%g@ sl ave

medi um 2 mnl e shi gr eat y fron1ea other even at d grea ef or ned

portion of -t c st a e glsave
medi um 2 éxeggg ea%géryéégggé .%@fqﬂ%$§%t céﬁ{§%$5§§§£§$§h3%€?%§sﬂre
during PRy f I ayer
32 can becpraeErt et ines ?fa‘%%%??s%%e SRR S
prevented, and the quality of transferred signals can be ensured.

Furt her nore, durability of the master carrier 3 is enhanced. Now, a

d i pti il f di f. [ 1/ f th
Ygﬁﬁ;!pglﬁgdn1us raFggvgnsf en§5%§% @%62$§o%ﬁ%§h%§ﬂ%%ggﬁ%g é?og §§§?Poft ©
e st eLafLAL &y e BT OF SIRIL: ARl ML FAL QS AR figpR Changed. 1

addi tion, ptron~w e givén' o e resu ment's
di cat Le;th I th
i cat i ngabbah, b cho Prstorale t ?En&iQ?gX%%%?Peét%‘&?“. it %n%?nsf;nere

vl vt 25%%29%%%?%’%5‘2%?%% ffcéi Begt (ol AhdUBIE lorfBeil 162,008 .8 1as
third mody gl Csﬁ#e%%eoa:p%% SYRSLL 3R m@aka%ﬁlek é\grr% e mRgRatl 1é%%

consists O a er (a co ron 1s In atOHIC percent)

t he voungb%%%#ﬁer&gtoa;%ggngs(,qo@%h a8y Lhe Y BLuALLeM ol Hi93N

S|gnals IS master carrier In a nodi tionis € sane as

that of t@@n{:é{:ﬁéa ”lﬂ'g'ti'x'ec§ié\9é‘meh A8l erI'natghé’fm %tﬁl&b’@féﬁ’é et $ t%ré@cr@ed to

a constantan Young's nodulus ratio E1l/E The nhast er

carrier igradiddieodidd %@trllgm t Sl e SaRBwAS A h@&; qf aﬁa@owl%t—smed
nodi fication, the material of the substrate is changed to tungsten carbi de,

and the YQ&'HG;ﬁaH@@\A'sU%ﬂa@ltéf‘érEl/ el §1Q?§8 ~sThedmBsteh1CakEhekeN i@ SiXth
nodi fication is the same as that of the first nodification, the materi al of

the substpateoifetNEIBd RS rGRRRE cadfierathridiRyhOURd0 &1 Pl gzt 0
E1/E2 is 1 . 53. The nmster carrier
with one side of the slave medium 2. The double-sided
simultaneous transfer is performed with two master carriers 3
brought into direct contact with both sides of the slave medium
2.

As shown in Fig. 2, each land in the land/groove pattern
32a is rectangular in shape, the corners being chambered into
acirculararc. 1Itisprescribedthat the radiusRof thecircular
arc of each corner is from 1% through 47% (preferably 45% or
less) of the data track width W. In the case of a servo signal,

the data track width Wis on the oxrder of£ 0.1 to 2 um. Therefore,

in the case of the data track width W being 0.1 um the radius
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in a seventh nodification is the sane as that of the first nodification,

the material of the substrate is changed to pol ycarbonate, and the Young's

nodulus ratio E1/E2 is 0.19. As indicated in Table 2, the eval uation of

m ssing signals for the fourth and fifth enbodi mrents whose Young' s nodul us

ratio is within the aforenmentioned range is good. In the sixth and seventh

embodi mery Be\@g&%% f@ufmvhﬁm@g%&k pralalice | £ i g Yaiolt $hee fe LhBius

af orenenti oned range, the nunber of m ssing signals 1s increased and

thereforeyt tj | Sy f & e TAPlEn 2 UG ST o 45 . If
Hing A i ési%,%Z? o a5 55 o AR

of nodul usm ssi'ngra sourth nodi'fication

gﬁﬂéﬁ%c‘é‘%‘%&?’%ﬁ%%%@ f’;&?ﬂ%&hﬁ?‘% LVﬁn Ton W TR At e o bed i n
Fabr cat G SR8 ARG 1 o The 8 SRoma neormint - ErBons SRt Row PnS rast er

 cat ‘to {he Sesond 1 Sh5 ne ‘st er
ubj oot 61 Tha T badit SAReRCRGn TELE Tl Hede TBRd Ut (T el o oREE M6 g.

5. This g?@nple %ﬁ iH-pIane recording. Initially, a 35 sl ave nedi um 22
and a master %a? ef™23 are prepared. The slave nedium 22 has a magnetic

ding | ich ' ' f LAgh 9-
55, the master carrhrhoudh b derle a0 o7 S Easeare s L fetd Lafla” ¢
i i c. land/ t1 ] ' ' . 5gnd h
2 | and orBOCES Pt FBF RLPOY REHTT B PRC AR erEan Her 095n RERt T E%ABn 1n-
Fio. A TOLLLALTRgnet T zatdan I qenanethzal vh0), d SPEChOIdPd 50 high the
magneti c S1'ave ﬁ%%?%nn%ﬁZ?Q? nagnetlzeg in one glrecﬁlon al'ong "a data track
direct!on: RYnal 1 d Lakiel o d peLdcbh Bea e sahL & 11;2}3@3%9}@@&@@3%&.581

t he magnejfl C recor g surtace e Slave nedl um e lan oove

e . . . .
pattern of the mgnglig {ayer; 25 0f Lhe MSLE & nikely 23308 Ragudly, Into

direct contact wit er, and a transfer t opposite

direction,fr tQSbgLEQEEi?@ gl EP@ Rt e@! aRg o 8l d Hian Heyy 8RR €d i

the data track direction of the slave nedium 22, whereby magnetic transfer

i's perforﬂ&ﬁd/gﬁso%@ég %ﬁfahgé]ﬁowﬂei&@%%%iw glaglfa/tgfiﬁ)&v@gag%wn of

t he magnetic | ayer the magnetization in the land pattern is

not 1 eversgeyn e MRINSH Zati Xk hAgREEN2 St 06M Pait h@NAASBE t rAn sFeir@edl t, as
shown in Fig. 5C, a magnetization pattern corresponding to the |and/groove

pattern ofn4he-nBoREkLI £yl a¥eh v2RgOkhkhe nTRIbLan AAaly ifle128 H;§ bhansherred
and recorded on the data trac%s of the slave nmedium 22. Note that in the

case of perpgodbeul ALl d egQrit Bddi FEERES h b itfet ot B opekatiRAcon a
sl ave nmedi um by using approximately the same nmaster carrier as that of the

af or ementdbnedtiionpl ane recordi ng.

In the case where the substrate 31 consists of a
ferromagnetic material such as nickel (Ni), magnetic transfer
can be performed without coating the substrate 31 with the soft
magnetic layer 32. However, satisfactory magnetic transfer can
beperformedbyprovidingthesoftmagneticlayer32whosetransfer
characteristic is good. In the case where the substrate 31
consists of a nonmagnetic material, it is necessary to provide
the soft magnetic layer 32.

It is preferable that the soft magnetic layer 32 be
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36 As shown in Fig. 3, a master carrier 40 for magnetic transfer is

equi pped with a substrate 41, which has a m croscopic | and/ groove pattern
consisting of |ands 4l1a, grooves 41b, and reinforcenent portions 41c . The
surface portion of the substrate 91 is provided with a magnetic |ayer 42
formed into the shape of a pattern corresponding to information to be

t f . That..i j i . ic. |
| yer s 4o Sroractiatn bl RANRY oo aY BondE SN O & BhoMBITTHLE 4 Al
i ded i 41b. ,Bet h tic.land 42 d th
Paonett ¢ dPae Pror hotdy nE TRl B frb R nt Y e ef an BR 44, The
| and 41 f t bstrate .41, | .th d enbodi t i
Fro 5t R BRRsherD o P BNt S 1er S eC kY ARt B ROt A T A he

Iand 41a of the S b%trg e 41 and a%ébforned into th%sht1 e of a narrow
wi dth pr ofPEE 6 g_o Phat PRe§"Beto %b‘f)?%'ha Borth tHEYaEd Y. B ithe
or 00ve. 1 olFah HRoRRS SIrc R [ AR - g e MR Y | T S IS bned

above, the hstrate 41 with a .nicroscopic | and/ qr oo attern,consistin

of | ands FPRSIotoapes BHIEOm P e REGr oo TRt TR pae Py Faraver |
enerated_as sho in Fig. 4A. The | and/ groove ttern with different

gepths caﬁ%béngbr ,PHQﬁ%Q£&¥ﬁn%93%w gu&?ﬁ§ﬁ§65%eiﬂﬁgﬁﬁ SafPTEReHi g The
bstrate 41 can he generated a master ring enpl oyi t he | and/ gr oove

atror o e e aoeh 58 o B Btndd B STBR2L 8! S s AEYE

t he substrat.e 41 to a predeterm.ned._thi ckne jth a soft netic terial
ISt b R S SR e Rk A b L el
lating, etc. IL.n the ma tig layer 42, in addition to the. netic | and
e " oa Taned o hAuCh L aha VIR Shava e i O ook it R R

gr oove 41%“ N unpecessary magnetic | ayer 42c is fornmed on the

rei nf or ceRgrt 53*?16) C. Thereafter, the surface of the substrate 41 with

the magnetic |ayer 4% gLued-LOer son¢ Lnoliaied Lo Leugvs Lhe ynopessary

magnetic | ayer 42c e Teinfor cement i on C,

reontor cernt parLionratet) P SS9t kel FARTCD £ Pk e

rei nf or cenment "'porfion y, the master carri or'med as

shown 1 Egrend ACCOLILNG L0, tSPeRAT;LBOdI SR e, ey DRENANI & Land

| ayer 42a e ‘master Ctarrier IS rern y the reinforcenent

portion 4%kg Qfs tdhe Py al & il R d fhd W,y : Ltion between the

magnetic | and | ayer 42a and the magnetic groov ayer 42b. This renders it

possible to prevent yeghe SPLRSLLYerRBRA A f&thd PRI B0t 64881 d6f o1 TRLI on,
etc., even when the substrate 41 i's repeatedly brought into direct contact

with the slsave iRdidgaced G4 ivhe HBRERH Gir@nsd i dhei L abided y(&F 4he
master carrier 40 is enhanced, so the long life is achieved. At the sane

time, theqratier p1has)neydafiainbid ehedglastabl etangnetdrc, &r aaskerl tqme be
repeatedly perfornmed. The occurrence of dust particles due to wear 1s also
reduced am@ahhesefn elkhe roachesene il el atcarsfieyg €amn berpbeyigi£ul.
is irradiated while the glass plate is being rotated. On the
entire photoresist film, a predetermined pattern, for example,
a pattern extending in the radial direction from the center of
rotation and corresponding to a servo signal, is exposed at the
portions corresponding tothe frames of data tracks. Thereafter,

the photoresist film is developed to remove the exposed portions,

and an original disk with a land/groove shape consisting of the
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38 Note that the height of the reinforcement portion 41c of the substrate
41 may be Il ower than the thickness of the magnetic |and | ayer 42a. The
master carrier 40 of the present invention perfornms magnetic transfer in
simlar steps to those shown in Fig. 5. That is, the master carrier 40 is
brought into direct contact with the slave medium 22 nagnetized in one

di r ecti onohbEacksdbEeel ian; o7 opes prad] culdtt didaeld a) e 1 SIAIIRL ©
contact state, a transfer freld i's applied i'n approxinately the “opposite

di rect i onpheREyhg, Sho aahl @k Obe i bP1G1 AL Hing MAL dubr 2. | eld arpl vi ng
device su as el ectronmagnets, etc. In i'STmanneér,  a magnetization pattern
correspondi.ng rQQve _p r.a i_nf or i 0 af, .t he

mast er caSP?e?i§6£?§pi$g%é?éfﬁg§aaﬁ%égégoéﬁgdg§%%%ﬁ8t§Ig%egﬁ% P&ﬁ?ize'The
substrate 41d%% the master carrier 40 e al um_nu

I i ckel il :
al Voys, et EMHHEPIRA Oy GOVE patTE T <0 POPEaP by o SEARPer Gorerdeitn
t hod, etg. .| t ion et h hat ist film.s first
eI et I ST LS L U
i nni th | Late. Th I | i gh | ect .
odul 2t SdCACEDF T TR & SR A T gh AN FBe| PYRBPALER UAY | E° (1P (TONE G af o
is bei t d th tt t ti.c | I 2a, f
exanpl o, 8 Bart 0T Sasn A8 6 B SRUS G gdr PR BELRle TR er.
t he photoreskst fil m.is devel oped to renove the exposed portions, and the
gl ass plapgslgréfeﬁgdefd form groove regions in which 39 t he magnetic
| and | 42 burj ed.. Aft t toresigt f.il.m.i :
photor oai St 11 m i S RO S50 17 BECRE S bf BB EAIHEr F LSS T34t  er n
ol o he SE80uERaHLRe! 3 TXRARET ovsThELAALhEL,  BRPRE! ULSHS gl W, 4

devel oped To~°remnove t expose n and t Fass te
I A R e R s P S R S
or i g1 hal B RN PR o B RS St e MR
ot cd (o Tal Bet TaT ) Bad)- Cand e Guhery e e AR g & Eover e <

gener at eda?%‘i 1 SPay @1%@@&69@&:*1%1%&19} thigh%iglitnallspm@é eLafle dialy t he

groove dep (or the height of the Iand 41a) inthe land/ groove pattern of

the subst pabetdd 98+ INQimANgaigk B9 J1a&R0 GRerERS &adass ©f 240G, g 600
nmis further preferable. 1 n addition, the aforenentioned original disk is

pl ated toagppeialived 13@Q0RE Redipiditdtiiy Rd ffresd Ng the second
original disk, plating is perforned, whereby a substrate with a reversed

| and/ gr oove patter nopayhdetgrnehand]. a phdtherd®ist day tedrai 1RO bhreganond
original disk or hardening a resin solution applied to the second original,

a third otheg rdlaspl atletes gerdrialieds @rd fiditdditod forngigrdoviskin sthd at ed,
whereby a substrate with a | and/ groove pattern nmay be forned. As nentioned
previ ousl ylatskke pflateat the photbecsignelscrémyesd 420 i cbtpeth aaimedr dyi fa0r m ng
a thin layer of magnetic nmateri al

disk; and thereafter, a substrate may be formed in the

aforementioned manner.

The metal material for the substrate 31 can use Ni or
aNialloy. Theplatingmethod for generatingthemetal substrate
31 can employ various metal-film forming methods such as

electroless plating, electroplating, sputtering, ion plating,

etc. It is preferable that the groove depth (or land height)
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40 with vacuumfilmform ng nmeans, such as vacuum evaporati on,
sputtering, ion plating, etc., a plating nethod, etc. The nagnetic nateri al
of the magnetic layer 42 is able to enploy cobalt (Co) , alloys with Co
(CoNi, CoNi Zr, CoNbTazr, etc. ) , iron (Fe) , alloys with Fe (FeCo, FeCoN ,
FeNi Mo, FeAl Si, FeAl, FeTaN, etc. ) , Ni, and alloys with Ni (N Fe, etc. )

Particukartde F258/8P8oTeGIN t&F € JF eftRr @kt daltd S1Phef £f alle o t he
t hi ckness of the nagnetic |ayer 42 be in the range of 50 to 500 nm "The

range of 18034 @ 4980 AM.i STherthefe BEafRS £6%00 nABANEL ket b 318 il d1RtN0d
according to a third enbodi nent "of the present invention w'll hereinafter
be described in det bl ed il A ¥r A UGS hBLRAR: Willdyd1e3 91 KL, Lo ddipSt ef

carrier, which is enploye magneti c tran a magneti c recordi ng

medi um iL,ch LS. aye: i t ' j . .

i nf or mat }Nglr’{i gtorkglr%gﬁi%rg lggg%g%cgﬂmyéﬁ%%?ﬁgé%ﬁ%?q%ﬁl} ivear?uﬂg? gf.llén shows
th N f ti ' | A ; [ 54
| € Crossf%%&hg”m%an% MRGNE! .G LEGRLM NG, netﬁ‘ioﬁf,gié‘;ﬁ;ﬁt% { f@frrer

The magneti ¢ recor di g “medi um I's a m udi nal

recordin ; | orgding-r i I - a
R e AR S S R
one side t : I .Ng=r i a V-

provi ded g%eb%§ﬁpgﬁﬁggggvbgh %ELE%J§§%5§§s%%é%ﬁ5e %O%%gg ¥§éf’¥ﬁ€ig§§e 52
rnay be a_hard~su t F ] exd st . r per. B4 is
formed i ntwcl)%ga1 aﬁsﬁééﬁgbggﬁlﬂié’qﬁﬁﬁg W 't %t%t'?db:s[??g?g?ég’ a%%[%ﬂlgov%]?c
mgnet| ¢ kayqheel, FeoR 8RN [ ReasubItEake Spobas dotan, ngt! ehil
correspondi ng i to inférmation’ (e g., & servo signal) that'is to be
transferr t resng-r oduci of g LGs T rdi ng
£ anst "4 gl o haper HG | 8REOTLICPO-| AL 4Ry 0l ddc mORBEL G Taher ol
SUbStrateﬁ§éfer%%dﬁ resubt, ptReTBBHEN +tHARN k@le 2 ilckrRGY RREGHY thy@
pattern that consists of a plurality of lands 57 having magnetic |ayers on
the I and ﬁﬁ?ﬁq@%@% 1ML habet he MRSt @hnedr bire5 0540l §000hm, | ME&d-4,05d he
structure of the third enbodi nent. The soft magnetic |ayer nmay be forned on

only the band®oofcd h@d and iRAtdBithe Orpiild b1, only the grooves. In
addition, in the case where the substrate is conposed of a ferromagnetic

material such as N Thet mgoesr rQir ralavays ynee & oiréneleb ¢ Q- aM ity @ S&din
magnetic material. The land pattern provided on the substrate surface is

equi val enkube tirag e' patitrey tHalf e sl Sortdd copldi@hl tylofe) aigle Higamh Ng

magnetic | ayers on the land surfaces.” Furthernore, |ands consisting of

soft magnetrowilcdyey & saytheadoeted iayeatdrerthd eubsaragefl barfaubst reie. | n

addition, if the uppernost |ayer of the master carrier is coated with a

pr ot ect i veebillnmmeutar izsl & ditdronokdirkeswesthoat € DLC)alfle mo ivse saqurelfir abl e

because contact reliability is enhanced by the protective film and

t her ef or e remgmet suchran gfodry ceanb dye feer Podydded hyrlemethanbgilabe) ¢ i ees. .

Furthernore, a Si filmmy be fornmed under the DZC protective film by

sputteri ngingtlc.chloride resin, such as poly(vinyl chloride), a vinyl
chloride coploymer, etc., epoxy resin, amorphous polyolefin,
polyester, etc. Polycarbonate is preferable because it has
moisture resistance and dimension stability and is low in cost.
In the case where there are burrs in molded products, they are
removed by varnishing or polishing. 1In addition, the original
disc may be provided with a spin coat or bar coat by using

ultraviolet-ray hardened resin, electron-beam hardened resin,
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The pattern consisting of a plurality of |ands having nagnetic |ayers on
the |l and surfaces, which is determned fromthe |land pattern of the
substrate and the thickness of the magnetic layer, is determned in
consideration of the influence of a 42 demagnetizing field during
magnetic transfer, with respect to a nagnetization pattern which is

transferrggeto tﬂtq srr%eré&felr%l@/%aef thBel sB@nedi $h eiGOHd afRYigtd
magnetic transfer. That is, the land pattern is determ ned so that the

magnet i zat4 OPe PAL L €T PhReERERS @ug%§k%%@ B@tﬁﬁrﬂheNQ%%g%P%%'%Kﬁ%klﬂoo@he
| and pattern on the master carrier is formed so that it is not 1:1 with

respect tQq ?ﬂ% F{n&@%‘?ﬂ@é‘%&nsﬁé‘tﬁﬁrﬂstPé&thértb%%&%b@@ to the

magneti c Iaye magneti ¢ recordi ng medium NMbre specrfrcally, a

magneti ¢ recording F}SQ'HE&r?ﬁ‘@&S ikS Qt@%?x‘(eom&rgﬁnpfa\’%%‘f
e e

transfer is perfor conp ne a nmaster carrier, and a pattern to

pe Lransign)efyopbe; deLBaiLACh: (ANEN 5otk aRabRb ALY @ Gryead f RRfrduced

signal) is confirmed by a combination o ase on the transfer

qual i tynp,bggtgétéaqﬂ%lﬂat T Q{%g%n%ﬁgu%qgé tgygﬁsldggro%r 8! 57 depoRaric

For exa suppose at as s srre lzatl o

pattern to Q@ltzaﬁg%frﬁaéﬁgtig hilEe FRONELY Ctﬂé""yreéslﬁ?’ Afpd tf@@iﬂ?tvia%uum

recordlng nEdIUﬁ] attern 1n which magnet 1 zat1 on |rect|ons ar e

rever Sed 2 %Pnte%r h: HCW%] JIRGAG! éG?géﬁgﬁﬂghofégtﬁt?{éPI d.;i h

transfer the magnetic yer tic

recordrnq?fggng}Sétgnd gh Rgn h%t%%%erei@ of the master carrier 54 held

in direct: contaéf wmth’ eac othe in ¢lose proximty, as described

later. A small regien dn tase@@g rggnbaxﬁna@rtﬂéorandgaa A nRG1d) N9

medi um 51 corresponding to the r n between t of 43 t he

nast er CaElEéesranﬁeﬁml%%‘%%rieéaﬁrﬁégr@%‘széﬁéQ%ﬁEﬁe%féz%}né&lgi@x@edmﬁfp@c&{@ in
the pattern on the nagnetic recording nmediumb51 after transfer, i'f the

width B ofetbeqtggi 08 fed Ne THRENEL] C3 NOGRI /Y NbvEGatPerh ¢arf&shoading to
the groove between the | ands on the naster carrier 59 becones narrower than

the wi dt htReobubberaitaore ,byna deragret istirtadd @lfd tthe inghERRdietd gp of a
transfer field, then the master carrier 54 is equi pped with a pattern in

whi ch t hei § anskriéa Figad S6ft hadgidel wirdlle rA (begermsgme €t nidtaridig w dth
B. The demagnetizing field needs to be determ ned by the
32. Each land in the land pattern 32a is rectangular in shape,
the corners being chambered intoacirculararc. Itisprescribed
that the radius R of the circular arc of each corner is from
% through 47% of the data track width W.

In the case of the aforementioned perpendicular
recording, initial DC magnetization is performed so that the
slave medium 2 is magnetized in one direction perpendicular to
the slave medium plane. With the slave medium 2 and the master
carrier 3 held in direct contact with each other, a transfer
field is applied in the opposite direction from the direction

of the initial magnetization direction to perform magnetic

transfer. Since the transfer field is passed through the soft
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aforenmenti oned recursive nethod, because it relates to all el enents, which
are enployed in performng magnetic transfer, such as the slave nedi um
(particularly, the thickness and nmagnetic characteristic of the nagnetic

| ayer) , the pattern shape on the nmaster carrier, the mninmm di nension of
the land, etc. The magnetic transfer is perfornmed with the

recor di ngnd &REOO0HCI N\ apeh £58h Of1 e pARGREY 82Re6PTIH I GaRREUBL R 18Rd the
soft magnetic layer 6 of the master carrier 54 held in direct contact with

each otheg ofhd gaé%_lﬁ?e?ﬁiiﬁf% It &t i%a th SHIOWS ot Ber aghccét:?egﬁgad&h@
magnetic transter. "Fig. 7A shows the step of initializing the gnetic
recordin iu (o Y ; i Ng4 : st L t he
gt | 0 F S B e e R PGt SCant abt Gt BREIT BTACF ARa"Ehon

appl yi ng [?a{tg fc%rrrfeija%{?%d;l‘g{g + 81 eg%?n?7ﬁggggem\%f%?5h%%cBQﬁe

. d
magneti1 ¢ Tecordl ng nedi al ne e gnetic transfter e in the

fi t hat i c.,44 di dium51, only th
ooor i ng Y e QUTLT i TRYEFISA 's shown. As shown in Flg. 7 the

ding- querng | | o the
frerd Hn i none di 1o ERaneadiyh 8 deRar AT He R sAe bt o By btk 12

| . | ! Fa
magnet I ¢ feear ﬂbgge@%' P&gééinggﬁc{ﬁ@léﬁgg\agﬁuet Fiavey | Bo el B éd?gaemadi um

initialized recording-reproduci ayer etic recor

51, d . i of .on. 1S, St | _ f he |
55" cont eck i £ DRt pat oy r hith A L ARG ARk 4 IR AR ey TREREPAE, 7T
56 co: @ frafe o1 of 2 mster X 4, @
wth each orherC andiy MASREES P GoRdt RoPEn ol APy S iohoer e °¢

i th e dat’ i i FS"appr Ped i the”op

mgneti ¢ EPARr BT CBAGqLent s AR Ret 1 Sari o FeverSal taked ‘BTaCPRl the

sl | 1 eghoise of L B8 o aaatidN L ePaaduEidi d AYRE 531 SOLAIROBAL g ka1t he

groove regl ons between t in the d pattern”of master carrier

54 . As ShOWR tiphdh8gnet o A& ANy MBLLON { 8bleto emp@o$EdPa Bt qRal),
carried by the fmaster carrier 54 is magnetically transfefred and recorded

on the regpleyHriePEQIIFIE ¥, A¥E8Er p T SHtdi RGP THRLTRG S NG, R YM S1.
Note that it 1s necessary that the initializing field Hn and the transfer

field Hduegsp) PY_iiz‘@hU‘?PeSjﬁt g1 mbPedyiohceasicgecal i eepef, Fheonasr eirve)fiel d
of the slave nediumand the relative magnetic perneabilities of the master

carrier and, t4red d1avs, SRdittNiONiFef se@net | crid ansfRdts Peskeriadsi n t he

af orenenti oned
are preferable, because they have a great flux density and also
have magnetic anisotropy in the same direction as the direction
of an applied magnetic field (track direction in the case of
in-plane recording or perpendicular direction in the case of
perpendicular recording) and therefore distinct transfer can
be performed. It is preferable to provide a base layer of
nonmagnetic base under the magnetic material (i.e., on the side
of the substrate) to obtain the required magnetic anisotropy.
It is necessary that the crystal structure and lattice constant

of the base layer be matched with those of the magnetic layer.

For this reason, the base layer employs Cr, CrTi, CoCr, CrTa,
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manner by utilizing the master carrier of the present invention having a
pattern formed in consideration of denmagnetizing-field correction, a
desired magneti zation pattern can be accurately transferred to a magnetic
recording medium Particularly, in the case where this information is a
servo signal, tracking servo performance is enhanced. Finally, while the

presentidyﬁgniNgh?aququugpscribed with reference to the preferred
enbodi ment's t’heréct’, ‘the Tnvention is not to be linited to the details

gi ven herein, but DEnTPAdIAT Yo 1 B S0 SGORS 81 LOE e Ay

herei nafter cl ai ned. 46 at al ned master carrier

magneti o BANISor SOTRNSl 9° A WONS A b B lddbdLopKe pALLELD,

formed from a nagneti c nateila corresponds I nformation

transfer roeP;re ?e\éfﬁé‘htgtgecpmfér@@gérﬁgf% oeézyu%%e(gﬁ@n%ﬂsé% ﬁ 1?1%%0211%% {}%r ough

| and/ gr oove ‘pa our-Tou rners ose ta
47% of the, i G Ol 3,09 300Ky Renas BBELERCETLLET, 220 98Lcd OL8R TN
demands.

In the case of in-plane recording, the magnetic~field
generation means, for applying an initializing field and a
transfer field, is constructed of vertically spaced ring
electromagnets that have a coil wound on a core having a gap
which extends in the radial direction of the slave medium 2.
With the vertically spaced ring electromagnets, a transfer field
generated in the same direction is applied parallel to the data
track direction. During application of a magnetic field, the
magnetic field generation means applies a transfer field, while
the contact body of the slave medium 2 and master carrier 3 is
being rotated. The magnetic field generation means may be
provided so that it is rotatable. The magnetic field generation
means may be disposed only on one side. The magnetic field
generation means may be constructed of a single permanent magnet
arranged on one side or two permanent magnets arranged on both
sides.

The magnetic field generation means in the case of
perpendicular recording is constructed of electromagnets or

permanent magnets of opposite polarities, which are disposed

above and below a contact body consisting of the slave medium
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said substrate has nickel as its main conponent. 3. The nmaster carrier as
set forth in claiml or 2, wherein said nagnetic nmaterial covering the
surface of the |and/ groove pattern of said substrate is a soft magnetic
mat eri al whose coercive field is 48 kAAm (L 600 Ce) or less. 4. A magnetic
transfer nethod conprising the steps of: applying an initializing field to

a master gajrid @heCRIPEESIdH 1 eUBST rBde maighl ta ol aNell §igeeNa adtdremBanwhi ch
is formed froma nmagnetic naterial and corresponds to Infornmation to be

transferr@éne@ﬁdebnawﬂb@he%@ehf@élap@hOélﬁ@mﬁbMdaeaua@guh@éckaaasah@ said
| and/ groove pattern has four round corners ose radius is from 1%t hrough

47% of ths?ﬁﬁﬁéa ok @odgha EBQ%Ectbbbﬂglngwﬁ@ﬁdtﬂ@5&§én§@{é'?ielato direct
contact w a slave nedium having a magnetic recordi hg portion; and

tra”Sferrb@ﬂe?a%&%ﬂeﬁééﬁé'9§$P§é£eérhééﬂéﬁ%%“EEEIEJ663a4£ort%%'d olfaRgLgr oove
pattern to said slave nedi um by applying a

slave medium 2, magnetic transfer is performed on the entire
surface by moving either the contact body or the magnetic field.

Now, with respect to modifications and comparative
examples of the master carrier in the first embodiment, a
descriptionwillbegivenof the resultsof experiments indicating
that it is preferable that the radius R of the round corner of
each land in the land pattern on the master carrier be in the
aforementioned range.

<Generation of Master Carriers>

Aphotoresist (electronbeamdrawingresist) was coated
on a glass plate with a flat surface by a spin coat method. An
electron beam was irradiated thereon while the glass plate was
rotated, thereby performing exposure thereof. Next, the
photoresist was developed and the exposed portions were removed,
to form an original disk. Then, a Ni substrate was produced by
plating the original disk with Ni and peeling it off from the
original disk. In the land/groove pattern of the Ni substrate,
radial lines with a width of 0.3 um, a line pitch of 2.5 um,
and a groove depth of 0.3 pm are arranged from the disk center
up to a radial position of 20 to 40 mm, and the pitch between
lines is 0.5 um at the radially innermost position 20 mm away

from the disk center.
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transfer field to said nmaster carrier being held in direct contact with
said slave nedium 5. A master carrier for magnetic transfer, conprising: a
substrate with a | and/ groove pattern; and a soft nagnetic |ayer forned on
said | and/ groove pattern; wherein the ratio (E1/E2) of a Young's nodul us
(El) for said substrate to a Young' s nodulus (E2 ) for said soft nagnetic

layer is in the rangetpt Qi JubdEHE2) aFdecd308¢ . £ B8 RlageRthicelalOF
magnetic transfer, conprising: a substrate with a | and/ groove pattern

Car 0 subet Ay L B R S R TP G SR 28T ch
tranSferwasformed. The Ar sputterpressurewas 1.5 X 10—1Pa(1.08mTorr)
and the applied electric power was 2.80 W/cmz.

The data track width W and the radius R of the circular
arc of the corner in the aforementioned pattern were modified.
In a first modification, a master carrier with W= 0.3 um and
R=5nm (R/W=1.7%) was generated. 1In a second modification,
a master carrier with W=0.3 pumand R = 20 nm (R/W= 6.7%) was
generated. In a third modification, a master carrier with W =
0.1 um and R = 45 nm (R/W = 45%) was generated. In a first
comparative example, a master carrier with W= 0.3 um and R =
2nm (R/W=0.67%) was generated. Inasecondcomparativeexample,
a master carrier with W= 0.1 um and R = 48 nm (R/W = 48%) was
generated.

In the method of measuring the radius R of the round
corner, the surfaces of the master carriers after generation
were observed based on SEM, and the pattern shapes were observed.
Based on the results of observation, the radius R of each round
corner in each land pattern was calculated.

<Generation of a Slave Medium>

Inavacuumfilmformingdevice (ShibauraMechatronics:
S-50S Sputtering Apparatus), the pressure was reduced to 1.33
ped 10_5 Pa (10_7 Torr) at room temperature. Then, argon (Ar) was

introduced and the pressure was increased to 0.4 Pa (3 X 10_3

Torr). Under these conditions, a glass plate was heated to 200C
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I's perforned; wherein said patterned magnetic |ayer conprises a nmagnetic

| and | ayer provided on each |land of said substrate, a nagnetic groove |ayer
provi ded in each groove of said substrate, and a reinforcenent portion
provi ded between said nmagnetic |and |ayer and said nagnetic groove | ayer.
7. A master carrier for magnetic transfer, conprising: a substrate with a

land pat tegg, o coMRyi 409 anALULARLLYAT o 1QLhands Waali Ve A-dRanal) ¢

| ayer on a surface of eac formed for nsferring I ntornmation to

a magnetig; | Yaebrg'fiflfaeggg%? kﬁ'E%ﬁ%Egié‘@nﬁgﬂ%%qx‘t’ﬁ;g‘é%rﬁ%gg}% L based

on a demagnéti zin I'S rmade on said pa esired

fzggffj: ﬁaﬁkoﬁngaétﬁ&ic?e&sfﬁ{?fﬂ% 519 kN4 BBENELSs) VETa Y RLipgnetic
g nmedi um

field Hqg of 199 kA/m (2500 Oe) was generated and used as the
slave medium,

<Magnetic Transfer Test Method>

With the ring head electromagnets arranged so that at
the surface of the slavemedium 2 the peakmagnetic field intensity
became 398 KA/m (5000 Oe) equal to twice the coercive field Heg
of the slave medium 2, initial DC magnetization was performed
on the slave medium 2. After the initial DC magnetization, the
slave medium 2 and a master carrier were brought into direct
contact with each other, and the current through the ring head
electromagnets was controlled so that the peak magnetic field
intensity became 207 kA/m (2600 Oe) at the surface of the slave
medium 2. A transfer fieldwas applied in the opposite direction
fromthe direction of the initial DC magnetization. In this way,
magnetic transfer was performed. Note that the intimate contact
between the master carrier and the slave medium was performed
by clamping with aluminum plates through rubber plates.

<Method of Evaluating Signal Quality>

The signals transferred to the slave medium were
evaluated by an electromagnetic transformation characteristic
measuring apparatus (Kyodo Electronics: SS-60). A magneto

resistive (MR) head was used which has a read gap of 0.19 u

m, a read width of 2.0 um, a recording head gap of 0.4 um, and
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L" 10%H&" ( Acv/¥3 0% (Dhre £ DYER € Db CA QY& ¢ A 8 &l t HiMH (greater
in a negative direction than) - 3.0 dB, the signal intensity
becomes smaller and causes poor transfer. Therefore, inthe case
of - 3.0 dB or greater it is evaluated as good (O), and in the
case of less than - 3.0 dB it is evaluated as poor (X). The
results are listed in Table 1.
<Missing Signal and Intimate-Contact Evaluating
Method>
Magnetic transfer was repeated 1000 times by using the
same master carrier. Thereafter, amagneticdevelopingsolution
(Sigma High Chemical: SIGMarker Q) wasdilutedto 1/10 and dropped

on the slave medium. The slave medium was dried and the quantity

of shift of the developed signal end was evaluated. The number
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observed within a visual field of 100 at a 1:50 magnification

ratio by a differential interference microscope. If the number

of missing signals within the 100 visual field is 5 or less,

it isevaluatedasgood (O). Inthecaseof 6to9missingsignals,
it is evaluated as fair (A). 1In the case of 10 or more missing
signals, it is evaluated as poor (X). The results are indicated
in Table 1.
Table 1
Corner Track R/W Signal Number of
radius R width quality missing
(nm) (um) (%) (dB) signals
First 5 0.3 1.7 =0.2(0) 4 (O)
modification
Second 20 0.3 6.7 +0.1(O) 4(O)
modification
Third 45 0.1 45 -1.6(0O) 3(0)
modification
First 2 0.3 0.67 +0.5(0) 43(X)
comparative
example
Second 48 0.1 48 -3.6(X) 2(0)
comparative
example

As can be seen from Table 1, in the first comparative
example in which the corner radius Ris 2 nm (R/W=0.67%), signal
qualityisgood, but agreat numberofmissingsignalshaveoccurred
due to damage to the lands in the land pattern after magnetic
transfer hasbeenperformed 1000 times. Bycontrast, inthe first

to the third modifications where the corner radius R is 5 to

32



"1000& ()- 10-u 10-u 10- us<s10% u& ()-/3"10% u& ()--Z10% u& () -

"10% u& ()-s\R< > ? aB7C 10T<10%0& ()-+ "1090& ()-)Fl0%& ()-9" 109%0& () -
SF 1099& ()-! s "10%T& ()-? @A !! %h&j &K&JE: ~ 1

10-u" <t 10% u& ()-!S"10% u- u& ()-$S"'10% u& ()-$!L! 109& ()-!L!10% u- u& () -
10T 10TK& &M&D(W @ W**, *, m <10967& ()-) "10967& ()-' Z1094& () -

107<e1008% (1 LA 0 (1 3 oodapts e B Bel o PRI P15 i o
to the first comparative example. However, signal quality is
in a good range, the number of missing signals is considerably
reduced, and there is no damage to the corners of the lands.
In the second comparative example where the corner radius R is
further greater (48 nm), the problem of missing signals 1is
considered practically negligible. However, an increase in
recording loss has reduced signal qualityandcausedpoor transfer.
As a result, it is preferable that the corner radius R be in
the range of 5 to 47 nm and the ratio R/W be in the range of
1 to 47%.

A further modification of the present invention is
constructed so that in the master carrier 3 shown in Fig. 1,
a Young’s modulus ratio E1/E2 of a Young’s modulus (El1) for the
substrate 31 having a land/groove pattern to a Young’s modulus
(E2) for the soft magnetic layer 32 formed on the land/groove
pattern is in the range of 0.3 < (E1/E2) < 1.3.

If the ratio E1/E2 of the Young’ s modulus ratio of the
substrate 31 to that of the soft magnetic layer 32 of the master
carrier 3is in the aforementioned range, there is no possibility
that the deformations of the substrate 31 and slave medium 2
will be shifted greatly from each other even at a greatly deformed
portion of the master carrier 3, when the master carrier 3 and
the slave medium 2 are repeatedly brought into direct contact
by strong pressure during magnetic transfer. Therefore,

separation of the soft magnetic layer 32 can be prevented, the
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of transferred signals can be ensured. Furthermore, durability
of the master carrier 3 is enhanced.

Now, a description will be given of modifications in
whichthe ratioE1/E2 of the Young’ smodulus ratio of the substrate
to that of the magnetic layer of the master carrier in the
aforementioned modifications has been changed. In addition, a
descriptionwillbegivenof theresultsof experiments indicating
that it is preferable that the Young’s modulus ratio be in the
aforementioned range. The experiments were carried out in the
same manner as the aforementioned modifications, and the number
of missing signals was evaluated. The results are indicated in
Table 2.

In the first through the third modifications, the
substrate consists of Ni, the magnetic layer consists of a
FeCo30at.% layer (a composition is given in atomic percent),
the Young’s modulus ratio E1/E2 is 1.02, and the evaluation of
missing signals is good. The master carrier in a fourth
modification is the same as that of the first modification, the
material of the substrate is changed to a constantan, and the
Young’s modulus ratio E1/E2 is 1.25. The master carrier in a
fifthmodification is the same as that of the first modification,
the material of the substrate is changed to tungsten carbide,
and the Young’ s modulus ratio E1/E2 is 0.38. The master carrier
in a sixth modification is the same as that of the first

modification, thematerial of the substrate is changed to copper,
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modification, the material of the substrate is changed to
polycarbonate, and the Young’s modulus ratio E1/E2 is 0.19., As
indicated in Table 2, the evaluation of missing signals for the
fourthand fifthembodiments whose Young’ smodulus ratioiswithin
the aforementioned range is good. In the sixth and seventh
embodiments whose Young’s modulus ratio is slightly outside of
the aforementioned range, the number of missing signals is

increased and therefore the evaluation is fair.

Table 2
Young'’s Number of
modulus missing
ratio (e) signals
Fourth modification 1.25 3(0)
Fifth modification 0.38 2(0)
Sixth modification 1.53 6 (A)
Sixth modification 0.19 8 (A)

A second embodiment of the present invention will
hereinafter be described in detail. Fig. 3 schematically shows
the essential part of a master carrier fabricated according to
the second embodiment. Fig. 4 shows how the master carrier is
generated.

Now, the basic steps of magnetic transfer that is the
subject of the present inventionwill be described with reference

to Fig. 5. This example is in-plane recording. 1Initially, a
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slave medium 22 and a master carrier 23 are prepared. The slave
medium22 has amagneticrecordinglayeronwhichmagnetictransfer
is performed. As shown in Fig. 5B, the master carrier 23 is
constructed of a substrate 24 whose microscopic land/groove
pattern is coated with a magnetic layer 25, and has a land/groove
pattern formed from the magnetic layer 25. Next, as shown in
Fig. 5A, initial magnetization (DC demagnetization) is performed
so that themagnetic slave medium22 ismagnetizedinonedirection
along a data track direction by an initializing field Hjp.
Thereafter, as shown in Fig. 5B, the magnetic recording surface
of the slavemedium 22 and the land/groove pattern of the magnetic
layer 25 of the master carrier 23 are brought into direct contact
witheachother, andatransfer field Hgy in the opposite direction
from the direction of the initializing field Hip is applied in

the data track direction of the slave medium 22, whereby magnetic

transfer is performed. The transfer field Hgy is passed through

the land pattern of the magnetic layer 25. Although the
magnetization in the land pattern is not reversed, the
magnetization in each groove is reversed. As a result, as shown
in Fig. 5C, a magnetization pattern corresponding to the
land/groove pattern of the magnetic layer 25 of the master carrier
23 is transferred and recorded on the data tracks of the slave
medium 22. Note that in the case of perpendicular recording,
magnetic transfer can be performed on a slave medium by using
approximately the same master carrier as that of the

aforementioned in-plane recording.
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As shown in Fig. 3, a master carrier 40 for magnetic
transfer is equipped with a substrate 41, which has amicroscopic
land/groove pattern consisting of lands 4la, grooves 41b, and
reinforcement portions4lc. Thesurfaceportionof thesubstrate
41 is provided with a magnetic layer 42 formed into the shape
of a pattern corresponding to information to be transferred.
That is, the magnetic layer 42 consists of magnetic land layers
42a provided in the lands 4la, and magnetic groove layers 42b
provided in the grooves 4lb. Between the magnetic land layer
42a and the magnetic groove layer 42b, the reinforcement portion
41c is erected in the land 4la of the substrate 41.

In the case of the second embodiment shown in Fig. 3,
the reinforcement portions 41lc are arranged on both sides of
the land 41la of the substrate 41 and are formed into the shape
of a narrow width protrusion so that they become coplanar with
the land 41la. By the reinforcement portions 41c¢, the magnetic
land layer 42a is buried in the groove region formed in the land
4la.

Forthemastercarrier40mentionedabove, thesubstrate
41 with a microscopic land/groove pattern consisting of lands
4la, grooves 4lb, and reinforcement portions 41lc is first
generated as shown in Fig. 4A. The land/groove pattern with
different depths can be formed, for example, by multistage
exposure and etching. The substrate 41 can be generated by a

master ring employing the land/groove pattern.

Next, as shown in Fig. 4B, the magnetic layer 42 is
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formed on the substrate 41 to a predetermined thickness with
a soft magnetic material by vacuum film forming means such as
vacuum evaporation, sputtering, ion plating, etc. In the
magnetic layer 42, in addition to the magnetic land layer 42a
on the land 4la and the magnetic groove layer 42b within the
groove 41b, an unnecessary magnetic layer 42c is formed on the
reinforcement portion 4lc.

Thereafter, the surface of the substrate 41 with the
magnetic layer 42 formed thereon is polished to remove the
unnecessary magnetic layer 42c¢ formed on the reinforcement
portion 41c¢c, and the magnetic land layer 42a is polished so that
it becomes coplanar with the reinforcement portion 41c. In this
way, the master carrier 40 is formed as shown in Fig. 3.

According to the second embodiment, the magnetic land
layer 42a on the master carrier 40 is reinforced by the
reinforcement portion 41lc of the substrate 41 formed in the
boundary portion between the magnetic land layer 42a and the
magnetic groove layer 42b. This renders it possible to prevent
wear, abrasion, separation, chipping, edge deformation, etc.,
even when the substrate 41 is repeatedly brought into direct
contact with the slave medium 22 during magnetic transfer. The
durability of the master carrier 40 is enhanced, so the long
life isachieved. At thesametime, thepatternhasnodeformation
and stable magnetic transfer can be repeatedly performed. The

occurrence of dust particles due to wear is also reduced and

therefore the occurrence of poor transfer can be prevented.
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of the substrate 41 may be lower than the thickness of themagnetic

land layer 42a.

The master carrier 40 of the present inventionperforms
magnetic transfer in similar steps to those shown in Fig. 5.
That is, the master carrier 40 is brought into direct contact
with the slave medium 22 magnetized in one direction (track
direction or perpendiculardirection). Inthisintimate contact
state, a transfer field is applied in approximately the opposite
direction from the direction of the initializing field by a field
applying device such as electromagnets, etc. In this manner,
amagnetization pattern corresponding to the land/groove pattern
(transfer information) of the master carrier 40 is transferred
and recorded on the slave medium 22.

The substrate 41 of themaster carrier 40 employs nickel,
silicon, aluminum, alloys, etc. The land/groove pattern is
formed by a stamper generation method, etc.

In the stamper generation method, a photoresist film
is first coated on the smooth surface of a glass plate (or a
quartz plate) by spinning the glass plate. Then, a laser light
beam (or an electron beam) modulated according to a servo signal
is irradiated while the glass plate is being rotated, and the
pattern on the magnetic land layers 42a, for example, a pattern
corresponding to a servo signal is exposed. Thereafter, the
photoresist film is developed to remove the exposed portions,

and the glass plate is etched to form groove regions in which
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the magnetic land layers 42a are buried. After the photoresist
film is removed, a photoresist film is formed again in the
aforementionedmanner. Thepatternforthegrooves4lbisexposed.
Thereafter, the photoresist film is developed to remove the
exposed portions, and the glass plate is etched to form groove
regions corresponding to the grooves 41b. Note that the etching
time is changed to change the depth of the groove. In addition,
the order of exposure may be reversed. After the photoresist
film is removed, an original disk with a land/groove pattern
is obtained. Next, based on the land/groove pattern on the
surface of the original disk, the surface is plated (or
electrotyped), and a substrate with a land/groove pattern is
generated and separated from the original disk. It ispreferable
that the groove depth (or the height of the land 4la) in the
land/groove pattern of the substrate 41 be in the range of 80
to 800 nm. The range of 100 to 600 nm is further preferable.

Inaddition, theaforementionedoriginal diskisplated
to generate a second original plate, and by using the second
original disk, plating is performed, whereby a substrate with
a reversed land/groove pattern may be generated. Furthermore,
by plating the second original disk or hardening a resin solution
appliedtothe secondoriginal, athirdoriginal plateisgenerated,
and the third original disk is plated, whereby a substrate with
a land/groove pattern may be formed.

As mentioned previously, the formation of the magnetic

layer 42 is performed by forming a thin layer of magneticmaterial
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with vacuum film forming means, such as vacuum evaporation,
sputtering, ion plating, etc., a plating method, etc. The
magnetic material of the magnetic layer 42 is able to employ
cobalt (Co), alloys with Co (CoNi, CoNiZr, CoNbTaZr, etc.), iron
(Fe), alloys with Fe (FeCo, FeCoNi, FeNiMo, FeAlSi, FeAl, FeTaN,
etc.), Ni, and alloys with Ni (NiFe, etc.). Particularly, FeCo
and FeCoNi are preferable. It is preferable that the thickness
of the magnetic layer 42 be in the range of 50 to 500 nm. The
range of 100 to 400 nm is further preferred.

A magnetic transfer method according to a third
embodiment of the present inventionwill hereinafter be described
in detail. Initially, a description will be given of a master
carrier, which is employed for magnetic transfer, and a magnetic
recording medium, which is a slave medium to which predetermined
information is transferredmagnetically fromthemaster carrier.

Fig. 6 shows the cross section of a magnetic recording
medium 51 and a master carrier 54. The magnetic recording medium
51 is amagneticdisk for longitudinal recording andhas amagnetic
layer (recording-reproducing layer) 53 on a base 52. In Fig.
6, the recording-reproducing layer 53 is provided on only one
side of the base 52. However, recording-reproducing layers may
be provided on both sides of the base 52, respectively. Note
that the base 52 may be a hard substrate or flexible substrate.

The master carrier 54 is formed into a disk shape and
equipped with a substrate 55 and a soft magnetic layer 56. The

surface of the substrate 55 has a land pattern corresponding
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to information (e.g., a servo signal) that is to be transferred
to the recording-reproducing layer 53 of the magnetic recording
medium51. Thesoftmagneticlayer56isformedonthe landpattern
of the substrate55. Asaresult, themastercarrier54isequipped
with a pattern that consists of a plurality of lands 57 having
magnetic layers on the land surfaces. Note that the master
carrier 54 isnot limited to the structure of the third embodiment.
The soft magnetic layer may be formed on only the lands of the
land pattern, or buried in only the grooves. In addition, in
the case where the substrate is composed of a ferromagnetic
material such as Ni, it does not always need to be coated with
a soft magnetic material. The land pattern provided on the
substrate surface is equivalent to the “pattern that consists
of a plurality of lands having magnetic layers on the land
surfaces.” Furthermore, lands consisting of soft magnetic
layers may be formed in pattern form on a flat substrate.

In addition, if the uppermost layer of the master
carrier is coated with a protective film such as a diamond-like
carbon (DLC) film, it is preferable because contact reliability
is enhancedby theprotective filmand thereforemagnetictransfer
can be performed a great number of times. Furthermore, a Si film
may be formed under the DLC protective film by sputtering, etc.

The pattern consisting of a plurality of lands having
magnetic layers on the land surfaces, which is determined from
the landpattern of the substrate and the thickness of themagnetic

layer, is determined in consideration of the influence of a
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demagnetizing field during magnetic transfer, with respect to
a magnetization pattern which is transferred to the magnetic
layer of the magnetic recording medium by magnetic transfer.
That is, the land pattern is determined so that the magnetization
pattern becomes a desired pattern. More specifically, the land
pattern on the master carrier is formed so that it is not 1:1
with respect to a desired magnetization pattern that is
transferred to the magnetic layer of the magnetic recording
medium.

More specifically, a magnetic recording medium, which
is a slave medium to which magnetic transfer is performed, the
components of a master carrier, and a pattern to be transferred,
are determined. Then, transfer quality (e.g., a reproduced
signal) is confirmed by a combination of these. Based on the
transfer quality, the pattern that is provided on the master
carrier is corrected.

For example, suppose that as shown in Fig. 6, a desired
magnetization pattern to be transferred to the magnetic layer
53 of the magnetic recording medium 51 is a pattern in which
magnetization directions are reversed at regular intervals.
When magnetic transfer is performed, a transfer field is applied
with the magnetic layer 53 of the magnetic recording medium 51
and the magnetic layer 56 of the master carrier 54 held in direct
contact with eachotheror inclose proximity, as described later.
A small region in the magnetic layer 53 of the magnetic recording

medium 51 corresponding to the region between the lands 57 of
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Therefore, in the pattern on the magnetic recording medium 51
after transfer, if the width B of the region of the magnetic
recording medium 51 corresponding to the groove between the lands
on the master carrier 54 becomes narrower than the width A of
the groove by a demagnetizing field during application of a
transfer field, then the master carrier 54 is equipped with a
pattern in which the land is narrowed so that the width A becomes
wider than the width B.

The demagnetizing field needs to be determined hy the
aforementioned recursive method, because it relates to all
elements, which are employed in performing magnetic transfer,
such as the slavemedium (particularly, the thickness andmagnetic
characteristic of the magnetic layer), the pattern shape on the
master carrier, the minimum dimension of the land, etc.

The magnetic transfer is performed with the
recording-reproducing layer 53 of the magnetic recording medium
51 and the soft magnetic layer 6 of the master carrier 54 held
in direct contact with each other or in close proximity.

Fig. 7 shows the basic steps of the magnetic transfer.
Fig. 7A shows the step of initializing the magnetic recording
medium, Fig. 7B the step of bringing the master carrier and the
magnetic recording medium into direct contact with each other
and then applying a transfer field Hgy, and Fig. 7C the

magnetization of the magnetic recording medium obtained after

magnetic transfer. Note in the figures that for the magnetic
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53 is initialized by applying an initializing field Hip in one
direction (longitudinal direction of a data track on the magnetic
recording medium 51).

Thereafter, as shown in Fig. 7B, the initialized
recording-reproducing layer 53 of the magnetic recording medium
51, and an information carrying surface consisting of a soft
magnetic layer 56 coated on a land pattern on the substrate 51
of a master carrier 54, are held in close proximity to each other
(inthe figure, inintimatecontactwitheachother), andatransfer
field Hgy is applied in the opposite direction from the direction
of the initializing field Hip to perform magnetic transfer.
Consequently, magnetization reversal takes place at the small
regions of the recording~reproducing layer 53 corresponding to
the groove regions between the lands in the land pattern,of the
master carrier 54. As shown in Fig. 7C, the information (e.g.,
a servo signal) carried by the master carrier 54 is magnetically
transferred and recorded on the recording-reproducing layer 53
of the magnetic recording medium S51.

Note that it is necessary that the initializing field
Hin and the transfer field Hgy employ values determined in
consideration of the coercive field of the slave medium and the
relative magnetic permeabilities of the master carrier and the

slave medium.
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Ifmagnetictransferisperformedintheaforementioned
manner by utilizing the master carrier of the present invention
having a pattern formed in consideration of demagnetizing-field
correction, a desired magnetization pattern can be accurately
transferred to a magnetic recording medium. Particularly, in
the case where this information is a servo signal, tracking servo
performance is enhanced.

Finally, whilethepresent inventionhasbeendescribed
with reference to the preferred embodiments thereof, the
invention is not to be limited to the details given herein, but
may be modified within the scope of the invention hereinafter

claimed.
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"k>Ff10% & ()- bgl MmeD+Hf 108 & () ,!'10%B & ()- s*10WB & ()-f10% & () -
"k>F-f10W & ()- F10W & ()- g|[:-10! fs< 10%B & ()- 810U & ()- 6! 109 & () -
0109 & ()- 01109 & ()- .'10%W & ()- ! cdefvil;! LI'10% & ()-10!'!10!10!
9<10%W & ()- Y1 "10%W & ()- 9 "10%B & ()-)10'10!'>}EHI | [:-1\10! SL< 109 & () -
|7 108 & ()- +110%B & ()- ) 108 & ()- '10%B & ()-Y
S10% & ( Phadk: iGrubleiedd! 1y8<108 & ()- "10%W & ()-t 1109 & ()- , 10% & ()-
& 10% & ()-10! 10! UVW JbA41010! s'ml0%!' & ()- 6y3"10%!'& ()-M
y3"10% ! & ()-M d 111.098&mapter! 1eMrIed (Horl et J=@\BCratvdBdD, ' m' 109 & () -
WI10W & ()- F'10% & ()-"10"!"10"!'"10"!" Ss< 10%!' & ()-
) 3"10% ! '®npriveing KvU410 #Z10%8 & ()- 9 "10%8 & ()- L "10% & ()-10!10! 10!
<10 & ()- "nm10% & ()-K?|obW10 "10% & ()-10!'10!'10! "< 10 & () -
f53"10% & ()- s310% &upst <ot @ 1ahd/odbdvel pat@¥r&,( forhedl @%oik () -
1Z10%8 & ()- " "10%B & ()- %d0%B & ()- "109% & ()-ZBbA410! ' "109% & () -
W10% & @ maddndoA&' idtérial, which corresponds to information to be
transferred;

whereineachof approximatelyrectangularlandsinsaid
land/groove pattern has four round corners whose radius is from
1% through 47% of the width of a data track.

2. Themaster carrier as set forth inclaiml, wherein
said substrate has nickel as its main component.

3. The master carrier as set forth in claim 1 or 2, wherein
said magnetic material covering the surface of the land/groove
pattern of said substrate is a soft magnetic material whose
coercive field is 48 kA/m (= 600 Oe) or less.

4. A magnetic transfer method comprising the steps
of:

applying an initializing field to a master carrier
comprisingasubstratewitha land/groovepattern, whichis formed
from a magnetic material and corresponds to information to be
transferred, andinwhicheachof approximately rectangular lands
in said land/groove pattern has four round corners whose radius
is from 1% through 47% of the width of a data track;

bringing said master carrier into direct contact with

a slave medium having a magnetic recording portion; and

transferring amagnetization pattern corresponding to
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L! 109 & ( - ymlo% & 109 & 5/ [: NA41010 ' GLO% & () -
%10%&'(%0”‘5 ]f%g“% - |10%&'(§) GlO%&'(§) E&%oc%l[&'() SgMK| [ : - 410! 0

IO () Toio L S U SOOI
S!loqa&f()'10!10!!bA4%%ft %a%gé¥§c(hayeklg%&%e@)on said land/groove

pattern;

wherein the ratio (E1/E2) of a Young’s modulus (E1l)
for saidsubstrate to a Young’ smodulus (E2) for said soft magnetic
layer is in the range of 0.3 < (E1/E2) < 1.3.

6. A master carrier for magnetic transfer,
comprising:

asubstratewitha land/groovepatterncomprising lands
and grooves; and

a patterned magnetic layer, formed on said substrate,
for transferring information to a slave medium to which transfer
is performed;

wherein said patterned magnetic layer comprises a
magnetic land layer provided on each land of said substrate,
amagnetic groove layer provided in each groove of said substrate,
and a reinforcement portion provided between said magnetic land
layer and said magnetic groove layer.

7. A master carrier for magnetic transfer,
comprising:

asubstratewitha landpattern, comprisingaplurality
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a magnetic recording medium;
wherein a correction based on a demagnetizing field
is made on saild land pattern so that a desired magnetization
pattern is transferred to the magnetic layer of said magnetic

recording medium.
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