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*159159* - 1 TITLE OF THE | NVENTI ON PATTERNED
SUBSTRATE HAVI NG PATTERNS OF PROTRUSI ONS AND
"IMMH OF MANUFACTURI NG THE SAME, MAGNETI C
A A, AND MAGNETI C RECORDI NG APPARATUS 5
BACKGRQNP OF THE | NVENTI ON The present invention
relates to a patterned substrate having patterns of
protrusions and recesses and used for discrete track

' hod of manufacturing the patterned
B@ ”W@ﬂﬂ@mﬁgnetic 10 recording nedia using the
Dl e g TLRSbEatepPLaGER?LAg type
, and” " a g

di screewe* track medi a netrc recordi ng

appaﬁﬁ%?@R#@b”@Ué@?Rﬁ@@”ﬁAVfN?rﬁ&ﬁfﬁkﬁ@ HBdbRoTRES€Bks AND
magnetic recording nedia are further 15 demanded to
havez Bk ¢ SiES gLty E8 NGt YAROHAGRUR IRE OYEE SAME, MAGNETIC
signal-to-noise ratio (SNR). To inprove the density

of nEEERDING eeoD A NGANBAAGNBT UC SREEORDIKACKPPARATUS
structure is effectively enployed in which adjacent

tracks are separ atBECHIRIHNacH dthier HENT &8par at i ng

20 groove or a nonmagnetic material. It is also known

that a prbeesBrefestbjierenhgon rshpserate BoPREXEUPFAg

is effective for inmproving the SNR The reason  is as
f ol | DYRSETHER %ﬁvhﬁgeP?59%FnFsOf proctrusions and recesses

and used for discrete track media, a method of

manufacturing the patterned substrate, magnetic
recording media using the patterned substrate
(substrate processing type discrete track media), and
a magnetic recording apparatus using the magnetic
recording media.

Recent magnetic recording media are further
demanded to have an increased density and an improved
signal-to-noise ratio (SNR). To improve the density
of magnetic recording media, a discrete track
structure is effectively employed in which adjacent
tracks are separated from each other by a separating
groove Or a nonmagnetic material.

It is also known that a process of subjecting a
substrate to texturing is effective for improving the
SNR. The reason is as follows. When an underlayer is
deposited on a flat substrate, the material of the
underlayer 1s randomly oriented and a magnetic
recording layer is deposited on the underlayer. Thus,

magnetic flux may be disturbed in an area where
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deposited on a flat substrate, the material of the 25
underl ayer is randomy oriented and a magnetic
recording layer is deposited on the underlayer. Thus,
magnetic flux may be disturbed in an area where
regions having different orientations are adjacent to
each other in the underlayer, which may cause
reproduci ng noise. In contrast,, when a texture
structure with orientation is provided on the 5
substrate, a soft magnetic underl| ayer deposited on the

substrat e cap, be. propeel Y. of 0t ed. . IDL 3. MBkeS b acent <o

posSsi sUppress nhof sé T hat™ nay occur

regigo V@Eﬁedpi fletg tuﬁﬁéﬁﬂsg%fe ONg i Ay MRgHeLhEse

recording nedia has hitherto n 10 known i n which a

t ext MOer SUELCA Y €01 Se f Or TRAcbQ: r& 8] O¥Eeh hg BB (den.
Pat . pl n. KCOKAI Publication No. 2003-109213).

Howesteructints whgnedt eresoi dhnfs pedvades ootthe

di screte track nmedia and thus the recording density
t heredfstamnot besofiproyedet 16 Endehbayerhdepagheeficon the
recording nedia requires texturing for each disk,

| ead$Wes t 2t AicEe@sed PHPSrly BRF EFNSEAMARYNOF Tefees 1t
I NVENTI ON According to an aspect of the present

i nvePRFDRoLe t her BUPRT F dVIEEES at Pat t BR KeBCShbsPPhYESD

df 20 ' di di a havi
i SCTEE Lot kel GORBTTEThgor paT LBI RE 8t pr of rusi ons
and reCesﬁeﬁaﬁgéggﬁs§ggo%ngg?ﬁed§gdh§stﬁé%HE?to been

structure for eac e recesses.
known in which a texture structure is formed to

improve the SNR (Jpn. Pat. Appln. KOKAI Publication
No. 2003-109213). However, this magnetic recording
media is not discrete track media and thus the
recording density thereof cannot be improved.
Further, the magnetic recording media requires
texturing for each disk, leading to increased costs.
BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention,
there is provided a patterned substrate used for a
magnetic recording media having discrete tracks,
comprising: patterns of protrusions and recesses
processed thereon, and a texture structure formed on
each of the recesses.

According to another aspect of the present
invention, there is provided a method of manufacturing
a patterned substrate having patterns of protrusions

and recesses, comprising: forming a texture structure
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According to another aspect of the present 25
invention, there is provided a nethod of manufacturing
a patterned substrate having patterns of protrusions
and recesses, conprising: formng a texture structure
on each of the protrusions on a stanper having
patterns of protrusions and recesses; pressing the
stanper against an inprint resist applied to a
substrate to transfer the patterns of protrusions and
5 recesses of the stanper and the texture structures
on the protrusi.ons to fhe [nprint_resist, hi n
t he o%u%%i}ll’ fj the gr?threusﬂ)r%o 1{] a 5&@ rﬁﬁeraﬁgvfr&? tog

at e Uusl Inprint resist as a mas

N\

whi %témdsoa%fo eép&mw&%& SIEUCLLE £S, NV e; REePhe

transterred, orma patterned substrate having the

10 patdggdrs Do DOt rusi onsr o Fesessesph DId@dONa a
surface thereof with the texture structure formed on
eachs st her ¢ ecessesns Aecotitk noptoe st | 6f apodhensions and
aspect of the present invention, there is provided a

met hoet e semnof acherrstgnpes anpatherpedteudstiagetures on
havi ng patterns of protrusions and recesses, ,
conpriSi PP Fes kphy O tielke LBt uck®s St onald seF ety the
of a master; applying a resist to the naster, dramﬁng .
pat tBINSL AL Priot HiSi OhS HMRF R eS3REST o t heMF B stO Which

Pavi WG° CHEL BT 7 L S Bt 7 otbeRee: £ s ERT S PRl

nBSt€¥aﬁ%#5¥&%@? %@Sféfmp LLEL D ASe & §¢§§tr£@ef9591ﬁg the

patterned master avi ng the patterns o protrusi ons

and gecesses SOrprethsersed Mhdhréb8sses formed on a
surface thereof with the texture structure formed on
each of the recesses.

According to still anofher aspect of the present

invention, there is provided a method of manufacturing
a patterned substrate having patterns of protrusions
and recesses, comprising: forming a texture structure
on a surface of a master; applying a resist to the
master, drawing patterns of protrusions and recesses
on the resist, and developing the resist to form a
resist pattern having the protrusions and recesses;
etching the master using the resist pattern as a mask
to form a patterned master having the patterns of
protrusions and recesses formed thereon with the
texture structure formed on each of the protrusions
and recesses; producing a first stamper from the

master having the protrusions and recesses and

producing a second stamper from the first stamper;
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texture structure formed on each of the protrusions 25
and recesses; producing a first stanper fromthe
mast er having the protrusions and recesses and
produci ng a second stanper fromthe first stanper;
pressing the second stanper against an inprint resist
applied to a substrate to transfer the patterns of
protrusions and recesses of the second stanper and the
texture structures on the protrusions and recesses to
5 the inprint resist; and etching the substrate using

the %éfﬂg és%e@én@ &g een ?Qkﬁg the gﬁb&?ﬁ Sresist

and ure’structures have ans erre orm

af“%ﬁﬁﬁf@@ §&b§t§@$§t9§¥éngot@Eaﬂ@fé?rﬂﬁeoﬁatterns of
protrusions and recesses forned on a surface thereof

10 whidr theidextame sécectdseof otnedseporachtamptheand the
protrusi ons and recesses. BRI EF DESCRI PTI ON OF THE
SEVERALt W EVE: ke TikEe HDRAW NG Pr& rilsisna pedspeckeges to
view schematically show ng magnetic recording nedia

(di sthetEnpriek 1Sshed: aémgc@*é@hl{lﬁ@ Fbeaﬁuéﬁﬁéér—ﬁeﬁﬁlng

of the present invention; FIG 2 is an, enlar
vi ewrRhotipgt Ak r%&aﬁ’m @Sof Wafk ahB ¥BiGH Fe% gtﬁﬁns
t he @netlc recor Fl G

a crod E%%FVB%aftEF%€g§ﬁ5m#ﬁ§e ReeaxaﬁﬁP§98Frsd 3tbSform
P Rg g kel 8L LAY 00, ROLLET e Obat DEPRE B ONS

esses accor O an e
presﬁpétf@¥§gﬁéogmd recesses formed on a surface thereof
with the texture structure formed on each of the
protrusions and recesses.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a perspective view schematically
showing magnetic recording media (discrete track
media) according to an embodiment of the present
invention;

FIG. 2 is an enlarged plan view showing an
example of data and servo regions in the magnetic
recording media in FIG. 1;

FIG. 3 is a cross-sectional view showing an
example of a patterned substrate having patterns of
protrusions and recesses according to an embodiment of
the present invention;

FIG. 4 is a cross-sectional view showing another
example of a patterned substrate having patterns of
protrusions and recesses according to an embodiment of

the present invention;
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FIG 4 is a cross-sectional view show ng another 25
exanpl e of a patterned substrate having patterns of
protrusions and recesses according to an enbodi ment of
the present invention; FIG 5 is a cross-sectiona

vi ew showi ng yet another exanple of a patterned
substrate having patterns of protrusions and recesses
according to an enbodi nent of the present invention;
5 FIG 6 is a cross-sectional ew showi ng an exanpl e
of magnetic recording nmedia according to an

enbodinené af éhe present anegtioni FIG 7.is.a t
per spect i ¥&°vi Bw EhdwFhgSancexanpratl §#°4 rRgH&rPcYe
recoy dj p cor di n [ ;o Of
{he Brosief PPEVERES 3F°F fePlshRe G Hat REY R eE
8G B +8l,sapd §JotAh8i6n958n8eeLERDBALsVEEWEr8NAYI 88 an
a method of manufacturing a patterned substrate

havi &g pathennsoof ther ptesshonsnasdtienesses in

Exanple 1; 15 FIGS. 9A, 9B, 9C, 9D, 9E, 9F, 9G 9H,

91, and 93IGaré t¢sosscsestiorakivhewsvshwwshgwangethod
of manufacturing a patterned substrate havin

pat texampbé oproeguetbdasrandrdesessedipnagganpleg2to an
and FIGS. 10A, 10B, 10C, and 10D are cross-sectiona

20 vEBRBASHBWF ngf athet REASBRL nARUERELBRF ng magnetic
recordi ng nedig accordin% to. _an enbodingnt.of t he 1
present ihveéntionS BEFAFERBCBEZERVPTIORIEEITHED example

INvﬁyglg»%agnetic recording apparatus according to an
embodiment of the present invention;

FIGS. 8A, 8B, 8C, 8D, 8E, 8F, 8G, 8H, 8I, and 8J
are cross-sectional views showing a method of
manufacturing a patterned substrate having patterns of
protrusions and recesses in Example 1;

FIGS. 9a, 9B, 9C, 9D, 9E, 9F, 9G, 9H, 9I, and 9J
are cross-sectional views showing a method of
manufacturing a patterned substrate having patterns of
protrusions and recesses in Example 2; and

FIGS. 10A, 10B, 10C, and 10D are cross-sectional
views showing a method of manufacturing magnetic
recording media according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a perspective view schematically
showing a magnetic recording media (discrete track
media) according to an embodiment of the present

invention. A surface of magnetic recording media 20
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FIG 1 is a perspective view schematically 25 show ng
a magnetic recording nedia (discrete track nedia)
according to an enbodi nent of the present invention.
A surface of magnetic recording nedia 20 has data
regions 21 to which user data is witten, and servo
regions 22 including preanbles, addresses, burst
signals, and the |ike used for %rapking or data access
control. Tracks are concentrically arranged in each 5
of the data regions 21. Each of the servo regions 22

(s Termed fadially, onyt e el gy ELG A.3GNedBLiGRLLY, and
g In a part oOf a

shows e ar rahgenent “of "these regi ons

di sksspg afggi%,git %2 iﬁcwdﬁgg%gsgmeh@g,vgawréeg%ogburst

an f% exanp e data and servo regions in the

magnet d:6a1 £ eCOREi fBe NBdka LBekl SorlerhkBxtiAhSoki @HES, access
only ©protrusions of a magnetic thin film are hatched.

In ¢hecpsesentradNenttONconceRgpetbtlyhaprkhhepdwihheach
patterns of protrusions and recesses such as those 15
shownf i ph&l ¢at2 regfonsedlby paehfofnihg shevpatreginss 22
of protrusions and recesses on the substrate and .
depok? t fagnen taderliyepnaheanfdgneti E16hi A FFPAMRICally
the patterns of protrusions_and recesses. In the da%a

regi ohewl FherpErangeneatkefaFBefsr hEEI8PSpaPt &r R8T OF 2

20 the netic thin filmdeposited on the protrusions
forn%hsgng%ﬁ%?%?entially on the substrate surface.

i SO B Rk
example of the data and servo regions in the magnetic
recording media in FIG. 1. 1In this figure, only
protrusions of a magnetic thin film are hatched. In
the present invention, a magnetic thin film with
patterns of protrusions and recesses such as those
shown in FIG. 2 is formed by pre-forming the patterns
of protrusions and recesses on the substrate and
depositing an underlayer and a magnetic thin film on
the patterns of protrusions and recesses. In the data
region 21 in FIG. 2, tracks are formed of patterns of
the magnetic thin film deposited on the protrusions
formed circumferentially on the substrate surface.

The tracks are separated from one another by magnetic
thin films (separating regions) deposited on recesses
formed along the circumferentially on the substrate
surface. 1In the servo region 22 in FIG. 2, servo
patterns are formed which consists of the patterns of

the magnetic thin film deposited on the protrusions of



formed along the circunferentially on the substrate 25
surface. In the servo region 22 in FIG 2, servo
patterns are fornmed which consists of the patterns of
the magnetic thin filmdeposited on the protrusions of
the substrate surface. The servo patterns are
separated from one another by the magnetic thin film
deposited on the recesses in the substrate surface.
The servo patterns in FIG 2 are simlar to those in 5
current magnetic recordi ng apparatuses. The patterned
subst.rate accordi ng t e di r nt
invé%??o%u %érég?ex%ﬁ?%ggétrgggu%g§?%r§éaE§?nPe§§§ on
t he t ugt,u c ' of ;i ;
grod%%gg?%gﬁ%d§%§m1%§§oﬁgﬁgﬁ%%ggghgﬁgu??ggggégi%gln Fiim

abr agiyss gf@hinsn 8RE Ac8598P oh trBl kGBStohttheurface.
groove structure which is nade using the above groove

Strurhalr @ert8Cha gt @0NE ihasIQLi enkati ehmiThe to those in
orientations of the grooves constituting the texture

5 structurentayapeetdoceatording appeadiabesHowever, the
grooves have only to extend in alnobst the sane
di recti onThadratearned BubphrakkeBccpsddng &RoBRer but

may cross,one another. Further, the grooves need not
haveePhed SHART cBhf FREr RFEBR N but "VRRY 1 RAvBaPaRdoRtUTe

i dths_and depths. Th 20 thus different
{1 onf LROSEE b5t &P RGBS 1 - CRGor Spny"Andc RATFAg ¢ RE-

ggnfkgsgggg’swﬁggburgngoHSEEPS ;@egg§§538698r&88e§23§

Xture structure 1s prerer tween a

10 0.5 apdyAlnhAYy fhe thtenval whehyegR rbBeve grains, and a
group of replicas of the groove structure which is
made using the above groove structure. Each groove
has orientation. The orientations of the grooves
constituting the texture structure may be concentric

15 or radial. However, the grooves have only to extend
in almost the same direction and need not be parallel
to one another but may cross one another. Further,
the grooves need not have the same configuration but
may have random widths and depths. The grooves are

20 thus different from those obtained by lithography and
having the same period, width, and depth. The depth
of recesses of the texture structure is preferably
between about 0.5 and 10 nm. The interval between the
adjacent grooves is preferably between about 5 and

25 100 nm. Ra (arithmetic average of roughness) 1is used
to define the depth of surface roughness of the

texture. Ra denotes the average value of absolute
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adj acent grooves is preferably between about 5 and 25
100 nm Ra (arithnetic average of roughness) is used
to define the depth of surface roughness of the
texture. Ra denotes the average val ue of absolute

devi ations froman average |line for the protrusions
and recesses in a cross section of an objective
surface. FIG 3 shows a cross-sgctional view of a 5
patterned substrate having patterns of protrusions and
recesses according to an enbodi nent of the present

i”VGQé%QQtiéhBa%%§ﬁBS$ %%QSEr%tﬁﬁ%% ?%%Zt%%oh&%%kggiﬁns

| 1a and recesses or ne n e surface théreo

textung SLEUCLULE:hSafOLBR] gaLyi8R bBeapeessses ikkh

10 and not on the protrusions |Ila. FIG 4 shows a
crossgsesteonal view of a patterned substrate having
patterns of protrusions and recesses according to

anot her erbadi seshoak theropkesent ionwantiiew. cfhe
patterned substrate 11 has a 15 texture structure

f or mpdthetned| yubattrhter begssgspbitberbst odl poosmushens and
protrusions | la. The texture structures on the
rece5SessEEp afdcprongusPoAs EMhcdimengf pécthgepirgsent

aligning the orientation of the underlayer even if |
di r etBV6R518Pe df'f PRFERENBEL REEAT2H N 1t BR¥Gr grotrusions

., Ho [ [ b h
orot Pl gnd ERicyacestet TATEedt RabTE POFCSRRKIRGIERS:
orieptaty Qg QQrEB%uEBdﬁé'?X?&egnéﬁl9”bR°EHE rEbGss8s 110
shows "a w of a

Cross-sectional vie
and not -on the protrusions 1lla.

FIG. 4 shows a cross-sectional view of a
patterned substrate having patterns of protrusions and
recesses aécording to another embbdiment of the
present invention. The patterned substrate 11 has a
texture structure formed not only on the recesses 1lb
but also on the protrusions lla. The texture
structures on the recesses 1lb and protrusions 1lla are
effective in aligning the orientation of the
underlayer even i1f directions are different between
the texture structures. However, the same orientation
between the protrusions and recesses is preferable for
making the orientation of the underlayer more uniform.

FIG. 5 shows a cross-sectional view of a
patterned substrate having patterns of protrusions and
recesses according to yet another embodiment of the
present invention. The patterned substrate 11 also

has a texture structure formed on the recesses 1llb and



10

15

20

25

patterned substrate having patterns of protrusions and
25 recesses according to yet another enbodi nent of the
present invention. The patterned substrate 11 al so

has a texture structure formed on the recesses 11b and
protrusions Ila. However, the texture structure on

the recess Ila has a larger Ra than that on the
protrusion | lb. Wiile the magnefic recording nedia is
being 5 driven, a read/wite Head flies over the
medi a. Accordingly, the smaller Ra of the protrusions

Wl BokoCRPORILE LI, [ IpLEE BRad: Ledupesthectbybngn

hei e head from the hedia,

prefarable for j{eagdiwite, HoweyerynfQrehh€ on the

£
protrusions, an Ra nore 10 than zero is nore

gneﬁﬁgéﬂgﬁgiaﬁnlgg.Ra of zero in control of
orientation of the underlayer. Consequently, when the

t ext ure swKuCéutkechatheticeeessedihbambdsaaikabgénRa
than that of the protrusions Ilb, the flying height

of tduel vemd/aw i¢ad 16r headhead beieedoced bBewsefias

the orientation of the wunderlayer can be nmade, _
uni fRAreerH @ 1e sHoRsswa EkossRacef bhal PYPERFEECRA 1Ying

O L OISk QLG B2 (OLRET P8 b e

R R S TR IR

D LEEANIFL AT Aduetopontiec g Lhecpalighotsn o more

recessges sEPYNi s mELS pPeferable than an Ra of zero in
control of orientation of the underlayer.
Consequently, when the texture structure of the
recesses 1lla has a large Ra than that of the
protrusions 1llb, the flying height of the read/write
head can be reduced as well as the orientation cof the
underlayer can be made uniform.

FIG. 6 shows a cross-sectional view of an example
of a magnetic recording media (discrete track media)
according to an embodiment of the present invention.
The magnetic recording media has an underlayer 12, a
magnetic recording layer 13, and a protective layer 14
deposited on the patterned substrate 11 having
patterns of protrusions and recesses shown in FIG. 5.

FIG. 7 shows a perspective view of a magnetic
recording apparatus according to an embodiment of the
present invention. The magnetic recording apparatus

comprises magnetic recording media 20, a spindle motor
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FIG 7 shows a perspective view of a magnetic 25
recordi ng apparatus according to an enbodi nent of the
present invention. The magnetic recordi ng appar at us
conpri ses magnetic recordi ng nedia 20, a spindle notor
10 51 that rotates the magnetic recording nedia, a
head slider 55 including a read head using a giant
magnet oresi stive (GWR) el enent, .a head suspensi on
assenbly (suspension 54 and'ac%gatﬁr arm 53) that 5
supports the head slider 55, a voice coil nmotor (VCM

56, d ' it b d all . wWhi ch i,ded

o0, B0 ELLEHL Roatd ablol unoh g pTaNged o e
i d th i nd

|3, TRYsgS 00 Lhey,sepcle Douok gy apdfotaledey |

r ec%%ﬁgtgfgé@seﬂvéh?c;mﬁﬁsgﬁeﬁéne, psr Rendi sUkBEnSLon

| ongitudin magneti ¢ recording schene. A magnetic

head, & 860k POT ab€8pbAst B sheadashidgrtbl hemwWhal that
called a conposite head. As the wite head, a single

pol estiggdrts tBedhées 2diperpeddi auvaicengoeli motor (VCM)
recordi ng, whereas a ring head is used for

| ongb6udendl amagnetiit besoddahy. oA whitk aheagrovided
structure based on any other schene may be used. The

r eadiheaddermaychesaieMROel enent descri bed above, a TMR

el enent, or an el enent based,on anyé,otﬁgr.scheme.t 29
The read RB&d™RE8S5 Fal FCof CrBgnBErd 3shreftsmounted on the

ST EHATA HOECLed SLBTILL DR CDRLDEBI: d0scar aace
are recorded on the magnetic recording media on the
basis of a perpendicular or longitudinal magnetic
recording scheme. A magnetic head incorporated in the
head slider 55 is what is called a composite head. As
the write head, a single pole head is used for
perpendicular magnetic recording, whereas a ring head
is used for longitudinal magnetic recording. A write
head structure based on any other scheme may be used.
The read head may be a GMR element described above, a
TMR element, or an element based on any other scheme.
The read head has a pair of magnetic shields
sandwiching the read element therebetween.

The suspension 54 is held at one end of the
actuator arm 53 to support the head slider 55 opposite
a recording surface of the magnetic récording media
20. The actuator arm 53 is attached to a pivot 52.
The voice coil motor (VCM) 56 is provided at the other

end of the actuator arm 53 to serve as an actuator.
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actuator arm 53 to support the head slider 55 opposite
a recording surface of the magnetic recording nedia 25
20. The actuator arm S3 is attached to a pivot 52.
The voice coil nmotor (VCM 56 is provided at the other
end of the actuator arm53 to serve as an actuator. -
11 The voice coil nmotor (VCR) 56 actuates the head
suspensi on assenbly to positio 1th§ magneti ¢ head at
an arbitrary radial position oﬂ t he magnetic recording
medi a 20. The circuit board conprises a head ICto 5

generate signals for drivi he_voi 0|I t

(veMhe B Tl C {1 AP s©F of Gg%ztsglffﬁﬁareadtgﬁdgﬁfﬁte

operatlo f e c.pga hg
BRAATES 107 ol e A S Eh T Sher aagaotatriggs =

8A e%? a§£&t§g&Y8§éd§§l p§§it§5% 84, tBBUm8dnetic recordlng

description wll be given of an exanple of a method

of mmeafactori nghe patteivedoasdbsbmprésbavangead IC to

patterns of protrusions and recesses. 15 The nethod in

t he @éeeemteexagnheSiSodidtﬂedngntbe(ﬂpiCHaspeﬁ motor

preparation, (B) resist application, g drawi ng and

devel 6pent cohtpalt ek gnabs ﬁm-jt FOBk6AS1ARE reeéeeeéswrlte

(D) etching of the master, (E) father  stanp
eIec@P%f@Fh?ﬁg PeFfO5RRdsPENHaE QGQQPEéFraﬁégnlﬁﬁd cep

t ext ng, resist application to a substrate, (1)
or Fhk
i npriht¥ng, and (J) etching of the
EXAMPLES
(Example 1)

With reference to FIGS. B8A, 8B, éC, 8D, 8E, 8F,
8G, 8H, 8I, and 8J, description will be given of an
example of a method of manufacturing a patterned
substrate having patterns of protrusions and recesses.
The method in the present example is divided into (A)
master preparation, (B) resist application, (C)
drawing and development of patterns of protrusions and
recesses, (D) etching of the master, (E) father
stamper electroforming, (F) son stamper
electroforming, (G) texturing, (H) resist application
to a substrate, (I) imprinting, and (J) etching of the
substrate. These steps will be deecribed.

(A) As a master 1, a silicon wafer with a
diameter of 6 inches and a thickness of 1.0 mm was
prepared. (B) A resist sensitive to an electron beam
was spin-coated on the master 1 to a thickness of

70 nm. (C) Using an electron beam drawing apparatus,
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substrate. These steps will be described. (A As a
master 1, a silicon wafer wwth a dianmeter of 6 inches
and a thickness of 1.0 nmwas 25 prepared. (B) A
resist sensitive to an electron beam was spin-coated
on the master 1 to a thickness of 70 nm (C) Using an
el ectron beam draw ng apparatus, 12 the resist 2 was
subj ected to pattern exposure., The patterns included
tracks and servo nmarks. The naster 1 was immersed in
a devel oper to develop the resist 2. The master 1 was

imersed and rinsed in.a rinse .5 |iqui T '

vvats ;(]Pﬁ EEBY it "Bty 56 efqg rm paaq:r%eeg% nstglgoa%eﬁ'r The

W recesses. 7. T,

AT I T e D A st
mﬂStﬁh wgketj[]r@r@éﬂcpgirf esi sdvdaspe ASE N d Topxygence her 2.

dep he recess on the 10 master was 70 nm (E) An

N copducid o fi lwa i thner ddd chissiroded 2(h nim miasse
deposited on a surface of the resultant master having
protiriugiiahs aftte mecesses] espitietilmg.air blowing to form
El ectrof ormi ng was subsequently carried out to form an

15 N = sictt cfartdrmg it veees 23 hi ekhedeP? of 6/ fmm-

on the Ni conductive film The NI electroformn [

t ogetMerThg tThe SRS N %ﬁo%"c@?% Y1 Was 4351 ppe E)#gllén
(oM Ae St elet SHLS 8 ALNEL SLOIREL, Lol e
20 op_the fALher, SLATPers3t §8,00 8t N SPRcSEATBE  che
master was 70 nm.
(E) An Ni conductive film with a thickness of
20 nm was deposited on a surface of the resultant
master having protrusions and recesses by sputtering.
Electroforming was subsequently carried out to form an
Ni electroforming film with a thickness of 0.6 mm on
the Ni conductive film. The Ni electroforming film
together with the Ni conductive film was stripped off
from the master to obtain a father stamper 31. (F) A
process similar to that described above was executed
on the father stamper 31 to obtain a son stamper 32.
The depth of the recess on the son stamper was 70 nm.
(G) Texturing was performed on the protrusions of
the son stamper 32 with a tape texturing machine.
Tapes were placed so as to sandwich the son stamper 32
along the radius thereof. While the tapes moving in

the radial direction were supplied with an abrasive

containing diamond grains with an average size of
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The depth of the recess on the son stanper was 70 nm
(G Texturing was perfornmed on the protrusions of the
son stanper 32 with a tape texturing machine. Tapes
were placed so as to sandw ch the son stanmper 32 25
along the radius thereof. Wiile the tapes noving in
the radial direction were supplied with an abrasive
contai ning di anond grains wth an average size of - 13
100 nm the sun stanper 32 was rotated to cause
friction. A texture structure was thus forned on the

protrusions qof the s t.ampes J%{{taé;ﬁ
obsé'Tqu:\tr]an D the 558°n 1 tearrper v%%s Wi t d an atioorrci:%usfeor ce

5 mﬁ'ocg%%{.c (ARM, shawed: fhaty @ texd WienStidiehiald on the

forme each of the protrusions of the son stanper

32 Qyrdextidifdd.ofThend exdrure sigactis e adr grooves

aligned in the cross-track direction. The protrusions

had dRssofval dommf Nhd estrurst et er iR waist obeeraeemipp force
10 the recesses. (H On the other hand, an inprint
resimtc3savpic AENM ckrmessd ofhaADE nire ¥iEs appt ¥ et 6 a

gl ass substrate 11 for magnetic recordjng nedia. I%

The Sormed arpe?aClB20 Hiash §riesleet Sy st t ei?ﬁ’ﬁliﬁ{a ber

resist 33 b - 15 j '
ot 6 Y FEHT DTS ot Bt e SRt T P § g G 06Fes

t extures f.th t 32. ' j ' :
LSk SRR L0, A L0 1y TP DL p RS ons

gas #ﬂ%% pg%:é‘ﬁ 1 PRULRT NSy Of ¢ P OL F HIShOPSe ARG E ECEE568vO8 on

the recesses.

(H) On the other hand, an imprint resist 33 with
a thickness of 100 nm was applied to a glass substrate
11 for magnetic recording media. (I) The son stamper
32 was pressed against the imprint resist 33 by nano-
imprint process to transfer the patterns of
protrusions and recesses (including textures) of the
son pattern 32 to the imprint resist 33. (J) The
glass substrate 11 was etched with CF4 gas using the
patterns of protrusions and recesses on the imprint
resist 22 as a mask to which the patterns had been
transferred. The remaining resist was then ashed with
oxygen. A glass substrate 12 was thus obtained which
had patterns of protrusions and recesses on the
surface thereof with the texture structure on each of
the recesses. The depth of the recess on the
substrate was 20 nm. The texture structure on the

recess had Ra of 0.9 nm. On the other hand, no



20 resist 22 as a mask to which the patterns had been
transferred. The remaining resist was then ashed wth
oxygen. A glass substrate 12 was thus obtai ned which
had patterns of protrusions and recesses on the
surface thereof with the texture structure on each of
25 the recesses. The depth of the recess on the
substrate was 20 nm The texturg structure on t he
recess had Ra of 0.9 nm On the other hand, no - 14
texture structures were observed on the protrusions,

which were thus flat. (Exanpl ythr I ;

A S S e (RIS gl U relerneg fgron,

des&&ygzlg%gglgh e gimen of another exanple of a

net Hod manufacturing a patterned substrate having

patterns gf,Qyotd usj ons and recesses. The method in

the present exanple is divided into (A) naster

pr epar at iy h (B fdwxias i ng, FIGE ( QA r e3B 5t 9GppPPcalfon?

(D) drawing and devel opment of patterns of

protaaysiahs Hnd aret ésbesle (@it iyt ¥ Le HE vt et

(F) father stanper electroformng, (G son stanper

el ecnafrrmispngl dest Jtedmst i o f%ctaurlng a

substrate, (1) inprinting, and (J) etching of th

bR AP TS W 1O RS o d Daren Sy agns and

As a master 1, silicon wafer w [ of . 6

i NChESiitF % thi’ e?(ﬁ%%éh%? Y ot hn P%ge%‘?e%g%é%ie(%

Text uring vas perfor ned, o0 the. oBsi€fod, (B) texturing,
(C) resist application, (D) drawing and development of
patterns of protrusions and recesses, (E) etching of
the master, (F) father stamper electroforming, (G) son
stamper electroforming, (H) resist application to a
substrate, (I) imprinting, and (J) etching of the
substrate. These steps will be described below.

(A) As a master 1, a silicon wafer with a
diameter of 6 inches and a thickness of 1.0 mm was
prepared. (B) Texturing was performed on the master 1
with a tape texturing machine. Tapes were placed so
as to sandwich the son stamper 32 along the radius
thereof. While the tapes moving in the radial
direction were supplied with an abrasive containing
diamond grains with an average size of 100 nm; the
master 1 was rotated to cause friction. A texture
structure was thus formed on the surface of the master

1. After washing with water, surface observation of

the master 1 with AFM showed a texture structure
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with a tape texturing machi ne. Tapes were placed so 20
as to sandwi ch the son stanper 32 along the radius
thereof. Wile the tapes noving in the radia

direction were supplied with an abrasive containing

di anond grains with an average size of 100 nm the
master 1 was rotated to cause friction. A texture 25
structure was thus formed on the surface of the master
1. After washing with water, surface observation of
the master 1 with AFM showed a texture structure 15

havi ng .qr ooves aligned._in, t:he ddack. g it .
;I'ge q’olgl \?ef %Oé)&];g%%g]fldgf{egj nl% t((HS) S%O}rs{esi stéjis}gﬁ:glilt%telon'
n e _ I | t ed con drast eferls 10
a tﬁ%&r?grgsor\%g 70 nrgyfbgplug (r:lrg@an (eclqecp% :%n beame5 yeve

dr ayi NG, ARPA At A Bdifn nesd Sdpih vesaisdbj@ctigtk tester 1 to
pattern exposure. The pattern included tracks and

ser v drrKseshe MEsl atm.l Was) i Uavers exh | 9l ec teve | paih

to develop the resist 2. The master 1 was inmersed

and diansedy iapperdmse |tihgices e hreddersUPIRE R | &

10 by air blowing to forma resist pattern with

ngﬂa@f;@@ermhe@@@m% of TIT® B LR EN viRCLHIRT r ek t#nd
that the texture structure was, exposed from

exposV O JiRFhaTe o?h?H%a%%%¥e{ T3S t HE" %%%gs%% %fégﬁ%lOPer

Egzi%tésd \2‘% cggg ntil'l)éslf E'sThf. naflllgrmr}si‘.’\@f' ?tﬁg‘gﬂieﬁ%éf‘sed

ISt pattern as a mask. T

{ggg%ﬁ%ggi%gééﬁ%n yas; ashed; i1 h, oOXy¥QeNmaJher surfasedried
by air blowing to form a resist pattern with recesses
at a depth of 70 nm. It was confirmed with AFM that
the texture structure was exposed from the exposed
surface of the master in the recesses of the resist
pattern.

(E) The master 1 was etched with CFy4 gas using
the resist pattern as a mask. The remaining resist
was ashed with oxygen. The surface roughness of the
texture structure on each recess of the master 1
decreased during etching, by which Ra decreased to
0.5 nm. The surface roughness of the texture
structure on each protrusion of the master 1 did not
decrease, with Ra remained at 1.0 nm. The depth of
the recess on the master was 70 nm.

(F) An Ni conductive film with a thickness of
20 nm was deposited on a surface of the resultant
master having protrusions and recesses by sputtering.

Electroforming was subseguently carried out to form an



texture structure on each recess of the master 1
decreased during etching, by which Ra decreased to 20
0.5 nm The surface roughness of the texture

structure on each protrusion of the master 1 did not
decrease, wth Ra remained at 1.0 nm The depth of

the recess on the master was 70 nm (F) An N
conductive filmwth a thickn 53 of 25 20 nm was
deposited on a surface of fhe%resultant mast er havi ng
protrusions and recesses by sputterlng

El ect r of b

26 RSUEE P%ﬂ%”ﬁéﬁ?q”entﬁ ATl § G B on
e N duct T

fiI%h% efﬁ@P IﬁﬁY%l (%ﬁ'conéh?ﬁi§Q%§§¥Hfd¥ﬂ¥ﬂgrﬁhlm

St r 'tpogq,eq?%fg é)trhomﬂéqqql”%%rﬁfuétqﬁabtﬁ 1 vdatdheripped off

A 5 process simlar to that descri bed

abovﬁd&\@%@%&i Qn dthe ifrathefa tteanperaddet B3 bbt al®) A
a son stanper 32. As to the son stanper 32, the

5 textdidredd usinirieofto egedt raxcsssi bedl Feod MBS ewgcuted
while the texture structure of each protrusion had Ra
of lor0 tha fREtEhak0 depigenf3l Heo r@@@lsn oh 1%ie StamRRF 3
was 70 nm (H) On the other hand, inmprint resist 3
Wi t FRS &@ Hilekrieays FameRr ﬁﬁmfsheap&ﬁ% & Y ELs® ©

oo T AL ST T
o PGk L PIE R S Y e oo one
10 teXtéEpéﬁ &% Eﬁ§ recess on the stamper was 70 nm.
(H) On the other hand, an imprint resist 33 with
a thickness of 100 nm was applied to a glass substrate
11 for magnetic recording media. (I) The son stamper
32 was pressed against the imprint resist 33 by nano-
15 imprint process to transfer the patterns of
protrusions and recesses (including textures) of the
son pattern 32 to the imprint resist 33. (J) The
glass substrate 11 was etched with CF4 gas using the
patterns of protrusions and recesses on the imprint
20 resist 22 as a mask to which the patterns had been
transferred. The remaining resist was then ashed with
oxygen. A glass substrate 12 was thus obtained which
had patterns of protrusions and recesses on the
surface thereof with the texture structure on each of
25 the recesses. The depth of the recess on the
substrate was 20 nm. The texture structure on the

recess had Ra of 0.9 nm. The texture structure on the
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son pattern 32 to the inprint resist 33. (J) The

gl ass substrate 11 was etched with CF4 gas using the
patterns of protrusions and recesses on the inprint 20
resist 22 as a mask to which the patterns had been
transferred. The remaining resist was then ashed with
oxygen. A glass substrate 12 was thus obtai ned which
had patterns of protrusions a recesses on the
surface thereof with the té&tﬂ%e structure on each of
25 the recesses. The depth of the recess on the

substrate was 20 nm The tezf(ture structure on the
rec @SOS HIFIRE SRV EF Mh Orife Wexture structure on the

- 17 protrusio ad of 0.4 n d.f :
Manuf act uMenta" ?\7&9&0& i@a%gcaocrt | rnlgr{B %ﬁ%lc% o%jcl %rgd%%g
Exanpl £s) W ef er RIGS. 10A, 10B, 10C, and
1OD?E§S6%§¥$%%F%§%F®§fﬁsﬁgﬁﬁiJgﬁ of an exanple of a

met hod ofy; dRnu BCtdH d d10: ragnes | C1e2C o1k NgL oedi #nd 10D,
according to an enbodi ment of the present invention.

I n these i Fdig a8, 11 hee patter ned substangtle 1df is method of
obtai ned according to Exanple 2. However, it is

POS St uef ot Ul s enagree tpiat t e greet Substedita® AACHFi R 0 an
obtained according to Exanple 1. A magnetic recording
medi enbweti U@k it P 15E e 1Y ebafe gt the pat t el
substrate 11 (A), depositing the underlayer, 12 E%,
depdsiFUIRF t H'FrERfietF 9% TRV A NY }g)ﬂe%/ a%tij(ée, and
depositing, the Cpr teCtié/ez

according t Xamp However, 1t is possible to

use the patterned substrate 11 which is obtained
according to Example 1.

A magnetic recording media was manufactured by
preparing the patterned subsﬁrate 11 (A), depositing
the underlayer 12 (B), depositing the magnetic
recording layer 13 (C), and depositing the protective
film 14 (D).

In the present example, the following three types
of magnetic recording media were produced.

(a) CoZrNb soft magnetic underlayer 100 nm/CoB
5 nm/Ta 5 nm/Pd 5 nm/Ru 10 nm/CoCrPt-SiOp recording
layer 15 nm/C protective layer 4 nm. In this media,
the soft magnetic underlayer had a structure in which
two CoZrNb layers were antiferromagnetically coupled.

(b) FeTaN soft underlayer 80 nm/Ti 5 nm/Pd
10 nm/[Co 0.3 nm/Pd 0.9 nm]log recording layer/C
protective layer 4 nm. In this media, the recording

layer was a so-called magnetic artificial lattice film
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film1l4 (D). In the present exanple, the follow ng
three types of magnetic recording nedia were
produced. (a) CoZrNb soft magnetic underl ayer 100
nm CoB 20 5 nmTa 5 nnPd 5 nm Ru 10 nm CoCr Pt - Si 02
recording layer 15 nm C protective layer 4 nm In
this nedia, the soft magnetic underlayer had a
structure in which two CoZrNgg ayers were
antiferromagnetically coupled. (b) FeTaN soft
underlayer 80 nmTi 5 nmPd 25 10 nm[Co 0.3 nnf Pd

0'90%%%§geﬁe?&r%hQ%r% ¥%ﬁ@cst%%QH%%th% Idy )t £M8nd N
ia, e 'l ed

t hi sme recording” layer was a so-ca

magnpety ¢ Akt foiCirdlenkdt tiigR Sf.i I m 18  obt ai ned by
alternately stacking 0.3 nmof Co and 0.9 nm of Pd

twenty times.Ni(c) & Am/AG M0 Gm /Mo 20y CoCrPtTa
20nm CoCrPt Ta recording |ayer 15 nm C protective

| ay efecb riingd 1By medi an(/d) rard e(dx)i var € qyspenditeul ar
magnetic recording nedia with the easy axis of

magnet i zdtticomedira eletlechbr N UIRGTRET G G ¥ | T3gnetic
pl ane. The nedia (c) is a |ongitudinal neti.c. .
r ecorediais iredime ddia il Hhé "Ea S ki ot Hadird 1S 1% on
or! S0 PR S Sl 10 A0 e, 1) A o MU, mecss
oA G AP L oo
Exanple oL £XG8PLs O ddhd@ddiidif.oriented parallel to

the film surface.

(Magnetic Recording Media in Comparative Example)

As a comparative example, a perpendicular
discrete media (a) was produced by a method similar to
that in Example 1 except for the texturing.

The magnetic recording media were evaluated for
electromagnetic conversion characteristics and
overwrite (OW) characteristics. The evaluations were
carried out as follows.

Electromagnetic conversion characteristics

Read/write (R/W) tests were conducted on the
magnetic recording media using a single pole head to
write signals to the media and using a GMR head to
read signals from the media. Measurements were made
at the fixed position of radius of 20 nm with the disk
rotated at 4,200 rpm. High-frequency signals at
552 kFCI and low-frequency signals at 92 kFCI were

measured, with the respective outputs shown. The
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15 The magnetic recording nmedia were eval uated for

el ectromagneti c conversion characteristics and
overwite (ON characteristics. The eval uati ons were
carried out as follows. Electromagnetic conversion
characteristics 20 Read/wite (RRW tests were
conducted on the nmagnetic recording nedia using a
single pole head to wite si s to the media and
using a GWVR head to read signals fromthe nedia.
Measurenents were nmade at the fixed position of

radi us,.of i t.h 1 he di.sk rgom
Hi g ﬂ‘-efjl’l & q & é(r%c;}@s/ :Mén r% al's réate"%la!SSLél 2 %%IE{CI%EQE%Q] nE)btv(/- ?ar% (%he nggy

si gpahs.at (92 kEGls Wer e Jypasuned, (widde ddited espagddvecre
out puts shown. The 19 nedia SNR (S/Nm was eval uat ed

by HsiRehund$ol t3 vevalnie nddra ikal fvadfuess)ppirval ue
(difference between the maximum positive and negative

val geghdti zat iragnetviezatd lo i éverlsglebfwadwfatedt 10 kFCI
waveform at 10 KFCl 5 and, as an Nmvalue, the rns
(roemcrears squakte)valaleue thef Mol s&ant 4oRIKFRguare) value
Overwite (ON characteristics The overwite (ON
charodctexisst iads 4 &Fdet ermi ned by overwriting the

signals at 400 kFCl th_ 10 the si ngls at 92 kFCT
and conpatisig et tss gt A C'obt 4l hied® bef or e

e il A SR Sl Slce st gpel o et oo

1 SQ&W%rmined by overwriting the signals at 400 kFCI with
the signals at 92 kFCI and comparing a signal output
obtained before overwrite with a signal output of
signals not erased after overwrite.

Table 1 shows the evaluations. Table 1 shows
that more excellenz SNR and OW characteristics are
provided by the magnetic recording media in Examples
manufactured using patterned substrates having
patterns of protrusions and recesses with a texture

structure formed at least on each recess, than by the

magnetic recording media in Comparative Example.

Table 1

High-frequency|Low-frequency|S/Nm| OW

output (mV) output (mV) | (dB)| (dB)

Example 1(a) 1.07 3.05 24.4147.9
Example 1 (b) 1.08 3.11 24.9148.7
Example 1(c) 1.06 3.03 23.6{47.0
Example 2(a) 1.08 3.10 24.8(48.2
Example 2 (b) 1.10 3.17 25.4149.0
Example 2(c) 1.07 3.02 24.0147.3
Comparative 0.95 2.89 21.9]44.5

Example




10

15

20

25

that nore excellent SNR and OWNcharacteristics are 15
provi ded by the nmagnetic recording nedia in Exanpl es
manuf act ured usi ng patterned substrates having
patterns of protrusions and recesses with a texture
structure forned at | east on each recess, than by the
magneti c recording nedia in Conparative Exanple. 20
Table 1 Hi gh-frequency Lowfregyency S/ Nm ON out put
(mV) out put (nmV) (dB) (dB) Exanpl e 1(a)1 073.0524.447.9
Exanpl e 1(b) 1. 083.1124.948. 7 Exanp

(O e S 0 B ot e o
2( C) 07%01%%4 %{51&3 SOMRAl Al &8 %%%%r@é%ﬁ

al so been found that flying

St a%ﬂdﬂ%é&foné hen$ | ded s S0l L ber dehd g vedl themedia, and
patterns of protrusions and recesses are fornmed on

the iedirs @k heidea case: whers: aud extelr s stoucedren

is formed on
each recess, whereas no texture structure is formed on
each protrusion, or in the case where the texture
structure on the protrusion is set to have a lower
surface roughness Ra than the texture structure on the
recess.

Description will be given of materials used for
the layers in a magnetic recording media acccrding to
an embodiment of the present invention as well as the
stacked struéture of each layer.

The substrate may be, for example, a glass
substrate, an Al-based alloy substrate, a ceramic
substrate, a carbon substrate, or a Si monocrystalline
substrate. The glass substrate may be composed of
amorphous glass or crystallized glass. The amorphous
glass may be soda lime glass, alumino silicate glass,
or the like. The crystallized glass may be lithium-
based crystallized glass or the like. The ceramic
substrate may be composed of a sintered body
coﬁsisting mainly of aluminum oxide, aluminum nitride,
silicon nitride, or the like or may be obtained by
reinforcing these sintered bodies with fibers. The S5i
monocrystalline substrate, what is called a silicon

wafer may have an oxide film on the surface thereof.
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5 each recess, whereas no texture structure is forned
on each protrusion, or in the case where the texture
structure on the protrusion is set to have a | ower
surface roughness Ra than the texture structure on the
recess. 10 Description will be given of materials

used for the layers in a magnetic recordi ng nedi a
according to an enbodi ment_of, 1 he_present invention

as well as the stacked structlre of each |layer. The
subzfrate naylFe, for exanple, a glass 15 substrate,

an - ed all oy suhstrate ceram c r -
car bbﬂhq\gffbgﬁ'yaetre,ma r tbae |Orrrr%enogcorr§/s a IslLﬁlzﬂs)(g({ib('gjtE re%ktl%me“al
The hass SUDSIT A&y, Do aorposed ©f o ARrRAoYS

glass or crystallized d?ass. The anorphous gl ass nmay
be dd gl ass, alumino silicate glass, 20 or the

‘like.” The crystallized glass may be |ithium based

crystal | izes ghasslyet hes|pkevidee teraoshtrosubkerate
may be conposed of a sintered body consisting mainly
of  admne e roixi ylesnal wing ngmra in t$1 e, andi 1o cONPHPYEI de,
or the like or may be obtained by 25 reinforcing these
si ntattess bodi @6 We Madgpersc THeOSIingphdteyst af Pfne

substrate, what is called a siljcon wafer ngg have an

oxi dENGF TR R tTPRY SRF fARe $HeT et . 2 29°™ARY NFEET Ay er

Ty B AR P LAS, AL LUE TRRL oauDsheatesces o
plurality of layers in order to efficiently accomplish
the above objects. The underlayer may be metal,
dielectric, or their mixture. The surface of the
layer constituting the underlayer may be modified by
ion irradiation, gas exposure, or the like.

The underlayer may also be a magnetic layer. In
particular, if the magnetic recording layer is a
perpendicular magnetization film used in a
perpendicular magnetic recording apparatus, a soft
underlayer (SUL) with a high permeability may be
provided to construct what is called a perpendicular
double-layer media having the perpendicular magnetic
recording layer on the soft underlayer. In the
perpendicular double-layer media, the soft underlayer
shares a pért of the functibn of the magnetic head
(single-pole head) to pass the recording fields from
the magnetic head magnetizing the perpendicular
magnetic recording layer in a horizontal direction and

to return the fields toward the magnetic head side.
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The underl ayer is provided to control the 5
crystalinity and the grain size and to i nprove
adhesi on of the nagnetic recording |ayer. The
under | ayer nay be one used in a comon magnetic
recordi ng nmedi a. The underlayer may be conposed of a
plurality of layers in order to efficiently acconplish
10 the above objects. The upde%%aygr may be netal,
dielectric, or their mxture. e surface of the
| ayer constituting the underlayer may be nodified by
ion irradhgtion as exposurfn3 or the like. T

't

undstichyer i SR HE B hgreet >4 ST HpP I oteer:
parﬁ&ﬁ# fg“eﬂgdég éﬁﬁggﬁiéfrfﬁéﬁ&%rﬁb!@wgrméén@tic

per pendi-cul ar etization filmused in a

per p%’kdd'fcﬁr?c? TRANLi & 1BEASE N APPAF BE HiSe £ 81 SDEfCy .
underlayer (SUL)" with alﬁfgh perneability may be
provi ded tige coOpst rucde nhayet smeal bedcampespendt cal meterial
20 doubl e-1ayer nedi a having the perpendi cul ar
magneditainecprioe ngil ayer ©m. t hduchfa materiayenaylpe an
the perpendicul ar doubl e-layer nedia, the soft

underd Gydrasshar bbow, phet ofampkef uhetP opr of etpe, an
magnetic head (single-pole head) to pass_the ,

r ecorell FPased 3l k9 vm 28T t kP RRbhet F 8N healiciiiRet FShgt
t he perpendi cul ar etic.recording_l| r in_.a

hor i 2% %Nl%ﬂre%?i%%gg%%as?% ?£?%¥h %ﬁe§¥$élg%s?%m%%%oy’
t he netic head_side. - . T un an
thusgggr%%aT% %bp?%Agtegﬁégg§Uf€|%?§%§rbe€%é%§¥§ﬁ gf or
fielgsnig the PBERELLCed alloy, for example, FeTa, FeTaC,

or FeTaN, or an FeZr-based alloy, for example, FeZrN.

The soft underlayer may also be composed of a
material having a microcrystalline structure such as
FeAlO, FeMgO, FeTaN, or FeZrN which contains at least
60 at% of Fe or a granular structure with fine crystal
grains dispersed in a matrix.

The soft underlayer may also be composed of a Co
alloy containing Co and at least one of Zr, Hf, Nb,
Ta, Ti, and Y. The Cc alloy preferably contains at
least 80 at% of Co. If such a Co alloy is
deposited by sputtering, an amorphous layer is easily
formed. The amorphous soft magnetic material is free
from magnetocrystalline anisotropy, crystal defects,
and grain boundaries and thus exhibits a very
excellent soft magnetism. The amorphous soft
magnetic material enables to reduce media noise.

Examples of preferable amorphous soft magnetic
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recording |layer to inprove read/wite efficiency. The
soft underlayer nmay be conposed of a material 5
containing Fe, Ni, or Co. Such a material nay be an
FeCo- based al |l oy, for exanple, FeCo or FeCoV, an

FeNi - based al l oy, for exanple, FeN, FeN M, FeN Cr,

or FeNi Si, an FeAl -based all oy, an FeSi -based all oy,
for exanple, FeAl, FeAlSi, FeAlSi G, FeAlSiTiRu, or 10
FeAl O an FeTa-based al l oy, for exanple, FeTa, FeTaC,
or FeTaN, or an FeZr-based alloy, for exanple, FeZrN

The soft .underl| ayer, may. al s oerqszqﬂ_ ofc & ateriglg
havi'f eglrﬁqs lmylutd ' raljmgstlfjér’e Stch ‘as”

crocrystal’l ine st ‘as’ FeAl §

Fel\/%%zi[ea'l'_%\ld,seq{ aﬁeﬂﬁ)\é whi ch contains at |east 15 60

at% o e or a granular structure with fine crystal

grai ns digpersgd 14y & My i Xarther 99 tprodedéayendenySuL
al so be conposed of" a Co alloy containing Co and at

| eastn o1 & ,inffroND,cryiallijniand of Slie Crd addlioysion
preferably contains at 20 | east 80 at% of Co. If such

a Cofmlduly tic wepositsdrdye spli treat gyl aanf @hotphous

| ayer is easily forned. The anorphous soft magnetic

mat erdgriaydr geay fhom wagiet dbr ystal T nefam ot + oy,
crystal defects, and grain boundaries and thus

exhi B R A5 e Ente ST nagndt | ST Th*tde of

anmor phous  soft nmagnetic material enables to reduce
medi & ot &2 Exanpl es of preferabl e anorphous soft

gg%?ﬁé[? %ﬁdiﬁ@éfﬁé§i§ténféygf’c&ﬁéi@%?ﬂ@l§f §04bnmagnetic
material may be provided between SUL and the recording
layer as one of the plurel layers constituting the
underlayer. The intermediate layer plays two roles of
isolating the exchange coupling interaction between
SUL and the recording layer and controlling the
crystallinity of the recording layer. A material for
the intermediate layer may be Ru, Pt, Pd, W, Ti, Ta,
Cr, Si, or an alloy containing any of these elements,
or their oxide or nitride.

To prevert spike noise, SUL may be divided into
plural layers with Ru of thickness 0.5 to 1.5 nm
inserted between the layers for antiferromagnetic
coupling. The soft magnetic layer may be exchange-
coupled to a pinning layer consisting of a hard
magnetic film such as CoCrPt, SmCo and FePt with in-
plane anisotropy or an antiferromagnetic material such

as IrMn and PtMn. In this case, to control exchange

coupling force, magnetic films (for example, Co) or
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CoZr Ta- based al | oys. An underlayer may further be
provi ded under SUL in order to inprove crystallinity
of SUL and adhesion 5 of SUL to the substrate. A
material for the underlayer may be Ti, Ta, W C, Pt,
or an alloy containing any of these el enents, or
their oxide or nitride. An internediate |ayer

consi sting of a nonmagnetic %ginagerial may be

provi ded between SUL and the recording |ayer as one
of the plural layers constituting the underlayer. The

i nternedi ate .l ayer. plays. t r ol.es i '

excHATGE 00 g T ekt i betear &0 and Tre ¢ ©n
recqrding Jayer é;ael}d SOHL R I drhe ALS 1Gryest al Linity

of the recordlﬁ layer. A material for the

| nt er nediafe Ayt Moo Rindtla R Wy The da, O,
Si, or an alloy containing any of these elements, or

t heige reirde carl ay tdgieet ik tpreev efitlis pidken ndisesaBulaxis of
may be divided into 20 plural layers with Ru of

t hi cleeses 0.8 ity 15gmmd insierihedi ihetivieehl tdet 1afyer s

for antiferromagnetic coupling. The soft nmagnetic

| ay gre nrepn e wBhechdrye-h & difst il R Rt NPT &yerdinal
consisting of a hard magnetic filmsuch as_CoCrPt,. .
SCH S PPt 1T 510 255 1 drie® o $6t30py of Eonetization

oD LR IR erlal il 25 LA, Adfer |

”ag%¥éféﬁéﬂf9555661&&§@H§hif¥éaﬁﬂ 3%Esotropy when
constituted by an alloy mainly composed of Co, for
example, a CoPT alloy. The magnetic recording layer
may be of a material containing an oxide. The oxide
is preferably Co oxide, silicon oxide, titanium oxide,
or an oxide of metal constituting the magnetic
recording layer.

The magnetic recording layer may also be a so-
called granular media in which magnetic grains
(magnetic crystal grains) are dispersed. 1In
particular, the linear recording density of the
discrete track media is expected to be determined by a
mechanism similar to that in the conventional media.
Accordingly, the granular media is preferable, which
is known to increase the linear recording density of
the conventional media. For patterned media in a
narrow sense, the linear recording density is
determined by process accuracy. Consequently, a

magnetic thin film of a microstructure that is not
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nonmagnetic filnms (for exanple, Pt) may be stacked on
| ower and upper surfaces of the Ru |layer. The nagnetic
recordi ng layer may be a perpendicul ar magneti zati on
filmw th the easy axis of 5 nmgnetization aligned
mainly in the direction perpendicular to the nedia

pl ane or a longitudinal nmagnetization filmwth the
easy axis of magnetization _aligneg i n-plane. The
magnetic recording |ayer preférably provides
significant anisotropy when 10 constituted by an all oy
mainly ¢ osed of, Co,, far_._exanple, a CoPT alloy. The
nagr‘?e%/ﬁr%u%rrgércon}aﬁ i Tayet VY be of a materi al

cont ai ni ng, an, oxi de; - The- oxi fey i§%€£e$§§agéﬂtgpn Co, Cr,

oxi de, silicon ©Oxide, titanium oxi , or an oxi de of

net 3¢ Cofstdstid Noarddies Iragnedd Cordd ¢ peRel ngeleyesd from a
The magnetic recording |ayer may al so be a so called

gr angit @rp nech @i $ i wdi ¢h Braghet iNo gr@ nsNd ( gt i cSm, Tb,
crystal grains) are dispersed. In particular, the

| i near, ravdrRl ng Teest tel ofente Qi scredectiaekin

media is expected to be determ ned by a nechanism .

si ninagnetle araim $iee cConvemiomINeHedta, crystallinity or
Accordingly, the granular nedia is preferable, which

i s KOVt D1 Mer easiet § e T ¥ heart e’&%?‘g{‘ﬁﬁlﬁ%nsi ty of

(he sorventierel fed g, For pol e fedlg, in @ 25

narr i Ny denS|%y IS

det ot Ned. DY B DCES0NBE CLEAT o r COUSLANEINL | Yor Pnigh-

magneti C In frImof a mcrostructure that 1s no
density recording. The magnetic recording layer may
also be a so-called magnetic artificial lattice in
which a large number of layers of Co and rare metal
such as Pt or Pd are stacked. An ordered alloy formed
of Fe or Co and Pt or Pd may also be used.

The magnetic recording layer may have a
multilayer structure. High-density recording can be
accomplished by a magnetic recording layer composed of
a stacked film of two or more magnetic layers having
different magnetic characteristics. The magnetic
recording layer may also be the entire stacked film
composed of plural magnetic recording layers and
plural nonmagnetic layers. For example, for
longitudinal media, it is known that insertion of an
Ru layer between plural magnetic layers makes it
possible to induce ferromagnetic coupling to improve

the linear recording density. This technique may thus

be used.
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25 granular may al so be used. The magnetic recording
| ayer may contain Co, C, Pt, an oxide, and at | east
one el enent selected froma group consisting of B,
Ta, Mo, Cu, Nd, W Nb, Sm Tb, 5 Ru, and Re. These

el ements enabl e reduction in magnetic grain size or

i nprovenent in crystallinity or orientation. This
results in read/wite charactggistics and thernal
fluctuation characteristics that are nore suitable
for high 10 density recording. The magnetic recording

ayer may., 280 be g sospalled Imanets o 8l bl fh@aver 15

lattice i arge nunber ayers o

rar gy;%g&b&aggwe& (;;rar@' &d et arked. p AD oF der gd

al | e or and Pt or Pd may al so be

used,et el e JFRINEE 110 I €Of fd NGad QY Bfia HBY 8y em@gnetic
mul tilayer structure. Hi gh-density recording can be

accorgy d sdiatly bye B SER@AEE ¢ Cabieeed thh e1gnd ey es u Coaipbs efo of

a stacked filmof two or nore magnetic |ayers having

di f frefgmtderegitey i ve odved freg er i Biéwsthaheh halmes § copothe

recording layer may also be the entire stacked film

conpusee ofc pfesaldpgnelyer reeotes gt hayef shAndthe level

pl ural nonmagnetic | ayers. For exanpie, for

| ongR ¥ UeR R T HRRA LU TRUT MR TRAL PRSP bAYEF HhaD

Ru | ayer between plural nmagnetic |aye it .2

possibie ¢ ?%ﬂﬂ%éc?%E?%%%gﬁéti@h%%u%$$ngﬁ %E?%%?ogg the

the Jinear; £ecording.gensity- s IhS-Lechniage ARy thesSievel
of reproduced output may be tco high and distort
waveforms.

The coersivity of the magnetic recording layer is
preferably at least 237000 A/m (3000 OCe). A
coersivity of less than 237000 A/m (3000 Oe) may
degrade the thermal fluctuation characteristics.

The protective layer 1s provided in order to
prevent corrosion of the magnetic recording layer and
to prevent the media surface from being damaged when
the magnetic head comes into contact with the media.
A material for the protective layer may be a hard
material, for example, C, Si-O, Zr-0, or Si-N. The
thickness of the protective layer is preferably
between 0.5 and 10 nm. This enables reduction in the
distance between the head and the media and is thus
suitable for high-density recording.

A lubricant layer may be provided on the

protective layer. A lubricant used for the lukbricant



be used. 26 The thickness of the magnetic recording

| ayer is preferably between 2 and 60 nm nore
preferably between 5 and 30 nm This range nakes the
magneti ¢ recordi ng/ reproduci ng apparatus nore
suitable for 5 high-density recording. Wen the

t hi ckness of the nagnetic recording layer is |ess
than 2 nm the |evel of rqprquced out put nmay be too
| ow and [ower than that of noise conponents. Wien the
t hi ckness of the nagnetlc recordi ng Iayer |s nor e

than 60 nm_ the |evel oduced @e
t 00 VST IRY Hstorte by orrrvsteorl%1 loerS|V|)iy of 't he

t t
ggg%%&%uo%%%ﬁgg%gearye lc%h&r efl@fcﬁbld/e aty 4 e@ﬁiorlnated

‘A“coersivity of l'ess than
237Q%qbggpﬁ;gxgg§;) may 15 degrade the therma
fluctuation characteristics. The protective layer is
provided in order to prevent corrosion of the
magnetic recording layer and to prevent the nedia
surface from bei ng damaged when the magnetic head
cones into contact with the media. 20 A material for
the protective |ayer nmay be a hard material, for
exanple, C, Si-O Zr-O or Si-N The thickness of the
protective layer is preferably between 0.5 and 10 nm
Thi s enabl es reduction in the distance between the
head and the nedia and is thus 25 suitable for
hi gh-density recording.
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A lubricant |ayer nmay be provided on the protective
| ayer. A lubricant used for the lubricant 27 |ayer
may be a well-known material, for exanple,
per fl uoropol yet her, al cohol fluoride, or fluorinated
carboxylic acid. 28 WHAT IS CLAIMED IS: 1. A
patterned substrate used for a magnetic recording
nmedi a having discrete tracks, ggnprising: patterns of
protrusions and recesses processed 5 thereon, and a
%ﬁxturg structure forned on each of the recesses. 2.
e substrate accordi I gherein a texture
structure is further A &%O?Q£%:E the 10

protr usi ofs. ﬁt%JP@e§HQ§t§@$§tPg§9rgg@a kerclaafng?f%etlc

wherein a "texture structure 1s forned on each

pr ot sl Qpsn %Meﬁﬁm? hei § exd i er BAEKST UEEmPRi Eheg:
recess has the same orientation as that of the texture

15 StrUCtyéﬁt@ﬁnéh@fp@ﬁbtﬂﬁsﬂﬁns4anJhEesabséBapeocessed
according to claim2, wherein the texture structure

on ttleerecessamds a hi gher surface roughness Ra than
that of the texture structure on the protru5|on 20

5. A magnet texteterdt AgchearafesRpRi snngach of the

recesses.

2. The substrate according to claim 1, wherein a
texture structure is further formed on each of the
protrusions.

3. The substrate according to claim 1, wherein a
texture structure is formed on each of the
protrusions, and wherein the texture structure on the
recess has the same orientation as that of the texture
structure on the protrusion.

4. The substfate according to claim 2, wherein
the texture structure on the recess has a higher
surface roughness Ra than that of the texture
structure on the protrusion.

5. A magnetic recording media comprising:

the patterned substrate according to claim 1; and

a magnetic film deposited on the patterned
substrate.

6. A magnetic recording apparatus comprising the
magnetic recording media according to claim 5.

7. A method of manufacturing a patterned

substrate, comprising:



10

15

20

25

the patterned substrate according to claiml; and a
magnetic fil mdeposited on the patterned substrate.

6. A nmagnetic recordi ng apparatus conprising the 25
magneti c recording nmedia according to claim5. 7. A
nmet hod of manufacturing a patterned substrate,
conprising: 29 formng a texture structure on each of
the protrusions on a stanper having patterns of
protrusi ons and recesses; pressing the stanper against
an inprint resist 5 applied to a substrate to
transfer thempayt ar nexeirepcdiriudiudRs cane AeC TS e Oof
the stanper and the texture structures on the
protpustbusionst b Bnptenperr bsvihy aadtetalki ng t he
substrate using the inprint resist as 10 a nmask, to
whi chreREUPHPREr ABdaKECEEREEFe Sstructures have been
transferred, to forma patterned substrate having the
patt erns BFSProfPusPEnStaRBCredesdastf ghneaPrdptaresist

f_w h f d
cachigr the Tecaetadst 18e8 ™ a FeeRaa tr thanarabeareng®

S PIRESERRGoR B AL Eochom Ly 0 LOLILAS srlerhire
to thextmpéestrdeaWk 8y BAtEBENSrotrusions to the imprint

resist; and

etching the substrate using the imprint resist as
a mask, to which the patterns and texture structures
have been transferred, to form a patterned substrate
having the patterns of protrusions and recesses formed
on a surface thereof with the texture structure formed
on each of the recesses.

8. A method of manufacturing a patterned
substrate, comprising:

forming a texture structure on a surface of a
master;

applying a resist to the master, drawing patterns
of protrusions and recesses on the resist, and
developing the resist to form a resist pattern having
the protrusions and recesses;

etching the master using the resist pattern as a
mask to form a patterned master having the patterns of
protrusions and recesses formed thereon with the
texture structure formed on each of the protrusions

and recesses;
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20 of protrusions and recesses on the resist, and

devel oping the resist to forma resist pattern having
the protrusions and recesses; etching the master using
the resist pattern as a mask to forma patterned
master having the patterns of 25 protrusions and
recesses fornmed thereon with the texture structure
formed on each of the protrusigns - and recesses; 30
producing a first stanper fromthe nmaster having the
protrusi ons and recesses and producing a second

stanper fromidedid stisf@mpempdy essom idemseconcthaving
stanper dgalnst an inprint 5 resist applied to a
substfats $ta ddidrsf end he qaider mnd qfr gt imus i o ree eont
recesses of the second stanper and the texture

St r uadaes drdrhehpr otinusi ontsargrek r ecesses  to the
inmprint resist; and etching the substrate using the |
inprint reststing the seerrk, StIWRHT 303 HeShatt efRRTINT
and texture structures have been transfer

i ] fed’tﬁg fé%{%rns
a patasrife RIS &1 2 FRAHY e Pattet'his’ of b
IR R ST U F e 10Tt BIE Cherns Thaeer and
proﬂﬁﬂgiéggkéggjgé%ﬁ%%&?%s on the protrusions and recesses
to the imprint resist; and
etching the substrate using the imprint resist as
a mask, to which the patterns and texture structures
have been transferred, to form a patterned substrate
having the patterns of protrusions and recesses formed

on a surface thereof with the texture structure formed

on each of the protrusions and recesses.



