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TI TLE OF THE | NVENTI ON TEXTURI NG APPARATUS FOR MAGNETI C RECORDI NG
MEDI UM AND MAGNETI C RECORDI NG MEDI UM PROCESS THEREBY ~ BACKGROUND
GF THE | NVENTI ON The present i Avéntion relates to a texturing

apparatus for applying a texturing to a magnetic tecordi ng medi um
(magnetic recording disc) and a nmagnetic recording nmedi um applied with the

texturing, and _myre specifically, it relates to a texturing apparatus
utilizing glgégeggb$§§+éﬂﬁﬁﬂﬁﬂainagnetic recordi ng. nedi um formed by -using
a substrate obtained by the texturing apparatus. In a magnetic
recordi ng disc (hSE&T@%m RRRARAI USo IF'OR; $RAGHETIGgRECABDENE MED IUMQ
operation with a magnetic head rising froma disc, for stably maintaining.
a mnute gap bet waABR MAGNETEGREJORDING ﬂE@dDMaPROCEaSIEHERDBYact start and
stop (CSS) systemis used in which the magnetic head stops stationary in
contact with the surface of the nagnetlc recording disc during stopping
(not readi BACHRGROUND QF af LNy e magneti c head takes off and flys
over the surface of the nagnetlc recording disc. ' In the CSS
system the textuFhegerssersudlnvenapphi edlébes to a texturing apparatus

for applying a texturing to amagnetic recording medium (magnetic
recording disc) and a maénetic recording medium applied with the
Fgg;uring, and more specifically, it relates to a texturing
apparatus utilizing a laser beam and to a magnetic recording
medium formed by using a substrate obtained by the texturing |

¥

apparatus.

In a magnetic,recording disc (hard disk) device for
conducting: reading/ writing op_eration Wiﬁh a magnetic head
rising from a disc, for étably'mainta'ining a.minut_e gap between
the head and the disc, a so-called contact start and stop (CSS)
system is used in which the magnetic head stops stationary in
contaqt with the surface of the magnetic recording disc during
stopping (not reading/writing state), while the magnetic head
takes off and flys over the surface of the magnetic recording
disc. |

In the CSS system, the texturing-is usually applied for
forming fine traces to a CSS zone to reduce the contacting area
between the head and the disc for preventing sticking abrasion

or damage of the head.
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formng fine traces to a CSS zone to reduce the contacting area between
the head and the disc for preventing sticking abrasion or damage of the
Head. A 2= 2- 5 For the texturing, a
mechani cal polishing of using a polishing tape coated with grinding
particles dispersed in a binder or using a slurry containing polishing
grains di spersed therein has been used generally. However, as the
magneti ¢ recordi nFodi shedeekearing, beeateciamiciluipaddhingr efenksiygaas, a
mot or used for the deviceialso tends to be mniaturized in the size and

the torque pElistdmptape ¢eatBE #itNi §ihGiA@URIRd Aesvlilspebiseweliara, no
sufficient reduction of the contacting area gan be obtained by the

G .
Sufti el éne B FELIGG s30rbhaboRtalAtiq %%igfﬁ‘iﬁg rdi¥6s kRaget-@ehihe

di sc surface during stopping becomes greater than thé Torque of the notor

to bring abhoidraanhall e@edl usblckbAgraey, hinders: startings. In
addition, for inproving a recording density, a flying height of the head

e “ao s e o PUBER, SRLIACSATRANLct e BEiCEA BhegT 1P
the CSS zongnjaturized in recent years, a motor used for the device also
tends to be minia;turized in the size and the f.orque of the motor
during driving is lowered as well. Therefore, no sufficient
réduction of the contac'ting area can be obta'i.ned by the existeﬁt
texturing method, so that attraction fo:_:ce of the head to f.he
disc surface dufing stopping becomes greater than the torque of
the motor to bring about a problem of stickin_g that hinders
startings.’ o
In addition, for improving a recording density, a flying
height of the head has tended to be lowered, and accompanying
therewith, the fabrication with lower and more uniform height
has been demanded fof texturing applied to the CSS zone.
' However, in the existent texturing by mechanical
polishihg, it becomes difficult to control the uniformity and
~ the fabrication hei-ght and can not cﬁpe with the recent demand.
In viewof the above, _the texturing ufilizing a Q switch YAG laser
beam of narrow pulse width and high power is proposed as an
alternative method in US Patent No. 5,062,021. The method

disclosed in the said US Patent No. 5, 062,021 comprises forming

crater-like unevenness projections composed of a hole formed by
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However, in the existent texturing by nmechanical polishing, it becones
difficult to control the uniformty and the fabrication height and can not
cbpe with the recent. demand. In view of3the above, the texturing utilizing
a Qswitch YAG |l aser beam of narrow pul se width and hi gh power is proposed
as an alternative nmethod in US Patent No. 5,062,021. The nethod discl osed
in the said US Patent No. 5,062,021 conprises formng crater-Ilike

unevenness meXyand iamb aceipeatdrofim fodreed awherealrpund by being raised

- 3- melting and a circular rimforned therearound by being raised wth
t he surfaceyiemsiid surFsd itdindion and solidiffbedtexturing using the |aser
beam all ows nore easy control for the absolute height and the uniformty

as conpared W th e ytHrany WBtAgNtEal 180ér Shediy £lkbwe morec@asiydered to
be a promising fabrication nethod in the future. However, no actual

fabrication.gevise #5S theCALSOTSE AN avliMmO uniifRdustli 85 dqumpdizeld on in
the said US Patent No. 5,062, 021. As a result of the present

nventors gaffcsle ehiidighe mblndRfclPRRIiaNidet 834 & TRUBGAS CAELEATY N

medi um obt al ned by. using a texturing apparatusS conprising: a substrate

rotating ngang MRy FUHiALS HNhEEnE8! HH Hhe? Rtz Al Bowdvd AS §lo Deam
actual fabrication device has been considered in view of
industrial production in the said US Patent No. 5,062,021.

As a result of the present inveniors' earnest studies,
it has been found that a magnetic recording medium obtainediby
using a texturing apparatus comprising: a substrate rotating
means t;which is rotatable while holding a substrate; a laser beam
source capable of continuously outputting a laser beam; a
modulation means for ON/OFF control of a laser beam fromthe laser
beam source by a puise frequency from 0.1 to 10 MHz; a focusing
means for irradiating a modified laser beam outputted from the
.modulation means at a épot diamet_er of 0.2 to 4 um to the surface
of the substrate héld by a substrate rotating means; and amoving
means for relatively moving the laser beam outputtéd from the
focusing means to the substréte rotating means, has a
satisfactory CSS (contact sﬁart and stop) characteristic, an
excellent sticking'prbperty of the magnetic head to the surface
of fhe magnetic recording medium, and is capable of lowering a
flying héight of the magnetic head. On thebasis of the finding,

the present invention has been attained.
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source capabl e of continuously outputting a | aser beam a nodul ation neans
for OV OFF control of a |laser beamfromthe |aser beam source by a pul se
friequency fromO0.1 to 10 MHz; a focusing4means for irradiating a nodified
| aser beam outputted fromthe nodulation nmeans at a spot dianmeter of 0.2
to 4 [errmto the surface of the substrate held by a substrate rotating
nmeans; and. a noving neans for relatively noving the | aser bean1outputted
fromthe focusing neans to the substrate rotating nmeans, has a
satisfactory CSS (contact start and stop) characteristic, an excellent

sticking pr GiIMMARYDIOF ITMENINMVENTTCORead to the surface of the magnetic

recording medium and is capable of lowering a flying height of the

magnetic head. On w@ne obdsics eff the preskemy, inddin jpredenttd prentidenahas been
att ai ned. -4- SUMVARY OF THE

| NVENTI ON textuﬁmq)lapgﬁtra@hst heiniesagt ai DyesH ivdan hdviny AHdietaial
texturing apparatus utilizing a | aser beam having industrial fabrication

producti Vit Yeabricatiom ctekliegt of the present invention is to provide
a texturing apparatus for offering a magnetic recording nedium

- Another object of the present invcntion is to provide a
texturing apparatus for offering a magnetic recording medium
(magnetic recording disc) having excellent CSS characteristics
and sticking characteristics.

A fﬁrther object of the present invention is to provide
a texturing apparatus for offering a magnetic recording medium
(magnetic recording disc) capable of'reducing the flying height
cf the magnetic head;

A still fﬁrther:object of the present invention is to
provide a magnetic recording medium (magnetic-recording disc)
having excellent CSS characteristics and sticking
characteristics, and with low flying height of a magnetic head.

' To accomplish the aims, in a first aspect of the present
invention, there is.provided a texturing apparatus for use in
a process for manufacturing a magnetic recording medium
(magnetic recording diSc),-the apparatus comprising:

a substrate rotating means which is rotatable while
holding a substrate,

a laserﬁbeam source capable of continuously outputtins

a laser bean,



(magnetic recordi ng disc) having excellent CSS characteristics and
sticking characteristics. A further object of the present invention
ig to provide a texturing apparatus for3offering a magnetic recording

medi um (magnetic recording disc) capable of reducing the flying height of
t he magneti c head. A still further object of the present invention
is to provide a magnetic recording nmedi um (magnetic recordi ng disc)

havi ng excel | ent C8Snefutatien instdnss fandOR{OEK icogt roRapfictlee ilstseasbeamd
with low flying height of a magnetic head. To acconplish the ains,
in a first éypacthef labker (emegouricevanta puldeh€requenpyofrared 4 ttex10ri ng
apparatus for use in a process for manufacturing a magnetic recording

medi um (magad,i ¢ recording disc), the apparatus conprising: S a
substrate rotating neans which is rotatable while holding a substrate,

a | aser beam sourca ¢apabifgoheg&@aticruaushyiadipgt & medifidddeseRebdam

- 5- a nodul ati on neans for OV OFF control of the |aser beam from
the laser bepmgutitetr rromit Y| Beal IR Wedns08t0a lspor diameter of 0.2
to 4 pm to the sﬁrface of the substrate held by the substrate
rotating means, and

a moving means for relatively moving the laser beam
outpufted from the_focusing means and the substrate rotating
means.

In a second aspect of the present invention, there is
provided a texturing appara;us used in a process for
manufacturing a magnetic recording medium (magnetic recording
disc), comprising:

a plurality of substrate rotating means for rotating a
substrate and capable of rotating at a number of rotation of not
less than 1800 rpm,

" a laser beam source having a power on the irradiated

surface of from 50 mW to 2000 mW and capable of continuously

" outputting a laser beam at a wavelength A,

a modulation means for controlling the léser beam.from
- the laser beam source to ON/OFF at 0.1 to 10 MHz,
| ~ a beam splitting means for splitting a modulated laser
beam outputted from the modulation means into at least two

splitted laser beams,
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VHz, a focusing neans for irradiating a nodified | aser beam
outputted fromthe nodul ati on neans at a spot dianeter of 0.2 to 4 [err]m
to the surface of the substrate held by-é-he substrate rotating neans, and
a noving nmeans for relatively noving the l'aser beam outputted fromthe
focusi ng neans and the substrate rotating neans. In-a second
aspect of the present invention, there is provided a texturing appar at us

used in a process & PlurEARElAGEUEDEEs SndEEsRtd Codaeiphnea nggdi um (magnet i ¢

recording disc), conprising: - a plurality of substrate rotating
means for rodgdddtdivelsuly Isatia andraaped! 8f0§pIPt§L€Ed Mt S BHHE @ndof
rotation of not |ess than 1800 rpm a | aser beam source having a

pover on  heridd Al e dachld 206o! d10ARLER A9 2OU0MWnere SRATRIE Of

conti nuously outputtlng a | aser am at a wavel engt h

modul &t on LAl [ AUIPhldb0y8ak Ao bEPEL B gy s, D Sour ce

eam spl 1 tting nears for spllttlng a

| haoel | oA B AP LR EoMELISE IO PR ™A 1 Bean®ast W0

splitted | aser beans

outputted from said plurality of focusing means and sald
substrate rotating means.

In a third aspect of the present invention, there is

“‘Provided a texturing apparatus used in a process for

manufacturing a magnetic recording medium (magnetic recdrding
disc), comprising:

a substrate rotating means which is rotatable while
holding a substrate and

an optical system for generating a pulse laser beamhaving
a risiﬁg time of not more than 50 ns,.a-pulse width including
the rising time and falling time of from 50 ns to 10 Us and a
pulse frequency of from 0.1 to 10 MHz, |

' a focusing means for irradiating the laser beam outputted

from an optical system to the surface of the substrate held by
said substrate rotating means, and

a moving means for relatively moving the 1;§¢r beam
outputted from the focusing means and the substrate rotating
means rélatively.

In a fourth aspect of the present invention, there is

provided a magnetic recording medium (magnetic recording disc)
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-6- a plurality of focusing neans corresponding, respectively, to

said plurality of splitted | aser beans and irradiating each at a spot
di aneter of 0.2 to 4 [errlmto the surfdCe of the substrate held by said

substrate rotating neans, and a noving neans for relatively noving
the | aser beam outputted fromsaid plurality of focusing nmeans and said
substrate rotating neans. In a third aspect of the present

i nvention, hakdhg 18 tPLO®i NiathZB of axinuten@ragpot bons atsadpont bomroicene f or
manuf acturi ng a magneti c recordi ng nedi um (magnetic recording disc),

conpri si ngisurface tharébbyt bBtL&iAEE Aby NEs ITRAtheMtieilt uirSngObppabheuwhi | e
hol ding a substrate and . an optical systemfor generating a pul se

| aser beamdapine@d ia Ehgi@grgingsﬁgc@pt more than 50 ns, a pulse width
including the rising tine and falling time of from50 ns to 10 [err]s and

a pulse frequency of from0.1 to 10 Mz, a focusing neans for
irradiating the | aser beamoutputted froman optical systemto the surface
of the subsig73h Qe h- Sk . ot ati ng neans, and a
noving neans 1or_reratlve HVT NQ e 1 aser beam

Fig. 1 is a constitutional view for a main portion of a
first embodiment of a texturing apparatus according to the
present invention; |

Fig. 2 is a view showing another embodiment having the
-same constitution as shown in Fig. 1;

Fig. 3 is a constitutional view for a main portion of a
second embodiment of the texturing apparatus acéording to thé
present invention;

Fig. 4 is a constitutional view for a main portion of a
third embodiment.of the texturing apparatus according to the
present invention;

Fig. 5 is a view showing examples of textured patterns
obtained by.the constitution shown in Fig. 4; and

Fig. 6 is a view for the arrangement of a substrate and
an objective lens in a focusing mechanism upon applying texturing

by using the texturing apparatus according to the present

invention.
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outputted fromthe focusing neans and the substrate rotating mneans

rel atively. In a fourth aspect of the present invention, there is
provi ded a magnetic recordi ng medi um (magnetfc recordi ng di sc)

-7- having 10 to 10[err] N mjerr] of mnute projections at a portion of
the surface thereof, obtained by using the texturing apparatus defined in
the first aspect. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
constitutional DREZAL P 30l ; e gPNenbodi nent of a
texturing apparatus accor d| ng to the pr esent ‘i hventi on; Fi 2 1s
a vi ew show ng anot her Teetrufisest invennipon He todir e8phainedtinAoxe Sn
Fig. .1; Fig. 3 is a constitutional view for a main portion of a
second enbodi nemtitbf refierenge utd rthepEErARANYAOgoCERHENES - t HElg priesiéntd

i nvention; Fig. 4 is a constitutional view for a main portion of a

third embodi menconstibatienalirviey fppad atain porvio mf tofiist gmbeslanent of
i nvention;

the texturing apparatus according to the present invention.

The texturing apparétus according to the éresent
invention is an apparatus for forming minute projections as a
texture pattern on the surface of a magneﬁic recording disc
substrate, and in a preferred embodiment, the minute projections
are forméd_ each at an equal distance iﬁ a. CSS zone. As the
substrate, there can be mentioned, for example, a subétrate
formed-by conducting an nonelectrolytic plating treatment on the
surface of a substrate such as made of an Al alloy, for example,
an Al-Mg alloy, to obtain a nonelectrolytic plated Ni-P
underlayer and applying mirror finishing (polishing) to the Ni-P
underlayer, a glass substrate or a silicon substrate. A
substrate made of a metal sﬁch as copper or titanium, a carbon
substrate, a éeramié substrate or a resin substrate may also be
used.

In the following descriptions, such substratesare simply
referred as a substrate for the sake of easy explanation.
However, the texturing apparatus according to the present
invention can be used not only to the substrates described above,

but also to substrates during or after disposing an underlying

layer, amagnetic layer, a protective layer and a lubricant layér
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Fig. 5 is a view showing exanples of textured patterns obtained by the
constitution shown in Fig. 4; and Fig. 6 is a viewfor the
arrangement of a substrate and an object3ve lens in a focusing mechani sm
upon applying texturing by using the texturing apparatus according to the
present invention. - 8- DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present I nvention is to be

expl ai ned | nomptke detl$t satey tdnd afher embstrateheeﬁezne@amlm@rejrra\meajs

Fig. 1is a constitutional view for a main portion of a first enbodi ment
of the textpubsgrapesr it lnypadralichy statelse present invention. The
texturing apparatus according to the present invention is an apparatus for

formi ng mnute projmed it aSny appairdetspabinptses $lssttafaamtalt ing
magnetic recording disc substrate, and in a preferred enbodinent, the

T nute b o eRbbAGS SRS gy Mo pach ata ansequalaflissianeein 3 (SREZA

the substrate ere can He renti onéda exanpl e, a substrate JTormed by

d
Cone: o £ ool oEEh 45 VLR QA T AR ool B el BT,
obtain a none&ect rgogué c_?l at gnlz\."sm (5) for irradiating the laser beam from

the modulator td the surface of a substrate' rotatably supported
by the substrate rotating mechanism (10), (10), --- and a moving

mechanism (6) for moving the substrate mechanisms (10), (10), ---.
Although two sets of substrate rotating ;nechanisms (10) are
illustrated in the drawing, any optional number of the mechanisms
may be used. From a industrial point of view, it is preferred
to use a ;;iurality of the substrate rotating mechanisms in
parallel. 1In this ease, a plurality of -subs'trate rotating
mechanisms can be moved by one moving mechanism.

The substrate r_otating mechanism (10) usually comprises
with a spindle motor, and the substrate (11), is supported on
a rote.tional shaftl of the spindle motor and rotated at a
predetermined number of rotation or linear velocity. The number
of rotation,'etc. of the substrate is determiﬁed in view of
productivity, and the number of rotation of the substrate is
preferably not less than 900 rpm, more preferably not less than
1800 rpm, still more preferably 3600 to 10000 rpm.

If the rotational shaft of the spindle metor deflects,

deflection of plane may be increased making it difficult to focu:»
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underl ayer and applying mrror finishing (polishing) to the N -P
under |l ayer, a glass substrate or a silicon substrate. A substrate nade of
a metal such as copper or titanium a cat®en substrate, a ceramc
Substrate or a resin substrate may al so be used. - In the follow ng
descriptions, such substrates are sinply referred as a substrate for the
sake of easy explanation. However, the texturing apparatus according to

the present theseain| aihexdbydtatperly kdle Sdpe b phejsithivnsabag stareinbed
above, but also to substrates during or after disposing an underlying

layer, a magngéing lidyehpodsPbDé &l b¥eaiAYL8IdediGed kHBPpECANprofeitions.
-9- on the substrate, and the substrate referred to herei n neans

substrates ifbcdpaiHgIYChne! dePection of THE FERdtdriyl AMaRAlgS conprises
substrate rotating "mechanisnms (10), (10), [err] a |aser beam source (1),

a nodul at or pfLdedM1y RE tB¥NOEF280pkrol of a laser beam fromthe beam
source (1), a focusing nechainism(5) for irradiating the | aser beam from

the modul ator to thg §ﬁéfl%%éer?t§%§}? %ggg%gafﬁ § AUSAPL Y FURRANEE 2 BouERe

substrate rotating nechanism err] and a novi ng I'sm (6)

Formovi ngt he, Sebsty e PP, 300 fkh?) pré&tQlably 50 to 1,000 mW, more

preferably 50 to 400 mW on the irradiated surface is used. If
the power is less than 50 ﬁW, the formation of projections is
difficult. On the other hand, if it exceeds 2,000 mW, it is
difficult to apply the texturing that provides excellent CSS
characteristics. Further, it is preferred to use a laser
capable of. being ottputted continuously. Referring to the kind
of the lasers, a gas laser is preferred. Among all, use of a
gas CO2 gas laser, an Ar gas laser or a YAG laser'cépable of
continuous oscillation is preferred, and specifically, an Ar gas
laser is used suitably. Sincethe gas' laser has an alignéd phase
and can easily focus the beam spot as compared with a Q switch
YAG laser or an excimer laser, it is advantageous in view of
forming a sharp projeétion shape. |

For the laser wavélength, a wave length in a visible
region can easily provide higher power. The Ar gas laser beam
typically has a wavelength at 488 nm or 514.5 nm. In a case of
direct irradiation to a glass substrate, there can be mentioned
a laser beam in a UV region of a relatively small power, fqr

example, an argon laser beam at 350 nm or a YAG laser beam at
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Al t hough two sets of substrate rotating nmechanisns (10) are illustrated in
the draw ng, any optional nunber of the nmechanisns nmay be used. Froma
itndustrial point of view, it is preferréd~ to use a plurality of the
substrate rotating nmechanisns in parallel. |In this case, a plurality of
substrate rotating nechanisns can be noved by one noving nmechani sm

The substrate rotating nmechani sm (10) usually conprises wth a spindle

nmot or, and 26 mulpRssEe thibughi FHSUffonred barmeniotganenatiordhaft of " the
spindle notor and rotated at a predeterm ned nunber of rotation or |inear
vel ocity. The nunifire moidulatati ¢2) eapabbé ofichibythsdpesde mcsludeatdom ded in
view of productivity, and the nunber of rotation of the substrate is

preferably peéféesed ! hanrlher; pirighhg Pimé efathey pidisel £ ndthaore 13@0 r pm

still nore preferably 3600 to 10000 rpm If the rotational shaft
of the spinslh qygqhanodetbrss s.a plekkasidih igklpbang try rieingct e ahdraki ng
it difficult to focus - 10- t he beam

thereby varyifg 1#igy thaeeisfpRii Al Fsoangd0seseld Tegs midigddond) .

i npossible to obtain a desired shape of projections. Accordingly, the

deflection pf {e Jidlsd! WeBth $Hafdsd Ehahr §O&iabltheMorBHBctidhs [Riy Indt
‘be formed or projections of a desired shape can not be formed
easily. On the othef hand, if it exceeds 2 us, the area at thé

~*"rép end of the projection is enlarged tending to lower the CSS

characteristics. In addition, it is preferred that the
modulator can be put to ON/OFF control upon rising. Since the
rising time of the modulato; exerts an influence upon the
sharpness of the projection, if aﬁlodulator of a long rising time
is used, projections of a large contacting area with the head
are formed.

As a modulation device used in such a modulator (2), an
electro-optic modulation device (EOM) is preferred. The
electro-optic modulation device enables high speed modulation
(ON/OFF) up to several hundreds Mbps. Further, it can also
conduct analog modulation during the ON state.

" The modulation frequency is preferably from0.1 to 10 MHz,
more preferably 0.1 to 5 MHz. If the modulétion frequency is
less than 0.1 MHz,.the contacting area between the projection
and the head may be increased. Further, if the frequency exceeds

10 MHz, adjacent projections may interference to each other
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As the | aser beam source (1), a beam source having a power wusually at 50
to 2,000 MmN preferably 50 to 1,000 mW nore preferably 50 to 400 mVon
thée irradiated surface is used. If the-d@wer is |less than 50 mW the
formation of projections is difficult. On the other hand, if it exceeds
2,000 MV it is difficult to apply the texturing that provides excellent
CSS characteristics. Further, it is preferred to use a |aser capable of

bei ng out put hadiagnit MiFFEIcnltRed Qﬁféfﬁa&et prbheckions idfddpendensess eathyas
| aser is preferred. Anong all, use of a gas CJerr] gas |aser, an Ar gas

laser or a Ygtnbaserriapalke widtit nrad0asi 65 TineaheOds d&rprokefdmtingnd
specifically, an Ar gas |aser is used suitably. Sincethe gas |aserhas an-

aligned phasgneatih feft i@ast (¥162AYT 11RG PIRINERRIr iny QPIRAEEA 11 #4113 g
switch YAG laser or an exciner laser, it is advantageous in view of

form ng a shag 0j | ' r I : ve
length in a SI&QFB? eigﬁéa%%rf%gg%egggﬁnlsyo p?rsogigdéb | g'h%o&gzé?éf}ﬁgigrf%gﬂ
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the head.

The focusing mechanism (5) comprises a combination at
least of a total reflector and an objective lens. Also, it is -
preferred for forming a sharp spot to extet_!d a beam diameter to
an effective diameter of the objective lens by providing a beam
expand between the total reflector and the objective lens.
Generally, the effective diameter of the objective lens is about
50 % to about 80 % of the objective lens diameter.

Since the purpose of the texturing apparatus according |
to the present invention is to produce the minﬁte projections
uniformly, the absolute value of diameter, the uniformity and
the sharpness of the laser beam irradiated to the substrate are
importaﬁt factofs. The spot diameter is preferably from 0.2 to

4 um, more preferably from 0.2 to 2 um. The spot diameter

represents the diameter of a circle in which the intensity of

light is reduced to "el/2" of the maximum intensity at the centrai

portion of the beam. 1In addition, it is preferred that NA is
from 0.3t0 0.8 and A/NA is from 0.16 to 3.3 assuming the numerical

aperture of the objective lens as NA and the wavelength of the
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266 nm passes through FHG (fourth harnonic generator). The

nodul at or (2) capable of high speed nodulation is preferred. Further, a
rising tinme of the pulse is not nore t fa?~ 50 ns (nanosecond), a pul se
width including the rising tinme and a falling tine is preferably from 50
ns to 2 [err]s (mcrosecond). If the pulse width is less than 50 ns, the
projections may not be formed or projections of a desired shape can not be
formed easlhyer Qeameamther hand, if it exceeds 2 [err]s, the area af the
top end of the projection is enlarged tending to | ower the CSS

O S ot TP R S EPRER0E Sel Bt e SR ek b
t i ntl . th h f. 1h jecti j dul at

of & Tong P& PECTTRECT e dant sropeerrerRlpidl Merse tBan, 2l Fhg M wi t

the head are forrrng A%a dul atjon devi ce used i,n su%&ea

modul at or ( BFSLGRAPLY RPY AR i Ao QU oFf (34 & (BSY i¥ 5% red. The

el ectro-optic_nodul ati on devi ce .enabl es hi gh speed nodul ati on O\ CFF) up

to several RuYRaEEAte MR theypbhieetive leas arsslisRaratclansis R 4t i on

during the ON state. . The nodul ation frequency is preferably from
0.1 to 10 M#th aafl PERe®R ol \i® neqessaryHEhakf thay havel SR fFhaRfency

is less than 0.1 Mz, the contacting area between the projection :
enough to enable stable attaching/detaching and rotation, as

well as high speed rotation of the substrate, and not to hinder
.the moving motion of the objective lens. That is, as shown in
Fig. 6, it is preferred that the top end of the rotational shaft
of the_ spindle (20) extends from the surface of the substrate
such that the ratio of the distance (23) between the upper surface
of the subétrate and the top end of the rotational shaft relative
to the distance (22) (working distance) between the upper surface
of the substrate and the objective lens (21) is not more than
_0.8, more preferably not more than 0.6. The working distance
is usually not more than 10 mm, preferably 200 pm to 10 mm.

| In addition, it is preferred to provide a small diameter
portion (recess) (24) to the rotational shaft of the spindle in
the vicinity of the rear face of the substrate for compensating
the stable movement of the objective lens. |

Use of an aspherical objective lens is preferred since

this reduces the weight of the lens, improves the light

transmittance and extends the working distance.



and the head may be increased. Further, if the frequency exceeds 10 N+t,
adj acent projections may interference to each ot her

-12- making it difficult to prepare ptdjections |ndependent of each
other. The pulse width [irradiation tinme necessary for form ng one
projection= (rising time) + (time during ON state) + (falling tine)] is
preferably from50 ns to 10 [err]s, nore preferably from 50 ns to 2
[err]s. As the pul Sénmedthei diseases,bgirarrtihenobgeet ivenienaedndi theeach
other to increase the contacting area with the head. The focusing

mechani sm ( Substinaties #ard esodbperding, alor lexamplef on tttealundefllaedoar ofind an
objective lens. Also, it Is preferred for formng a sharp spot to extend a

beam di amet ejhd Gubdt retkeoki thediarpéetion dheckmdjsiinale lshagthyipr oyi ding,
a beam expand between the.total reflector and the objective |ens.

General |y, pherefdeCthue BhaMiceisial hdehaiin Tirtterenssis abebihat5 %t o
about 80 % of the objective | ens dianeter. Si nce the purpose of the

texturing apRahaiy m?r%@aanaemt BSr PheSRFd 1A e HHOBpot @ aRkeduCce the
m nute projections niformy, the absolute value of dianeter the

;p;f ormty adhstdif Sh%p{‘é?&%rgfpéé‘i%ﬂ&%%hg‘éadﬂé B0RGESLES AP mBRaRBR At €
has a response frequency of not less than 90 Hz. If the response
frequency is lowered, the size of the beam spot varies making
the size and the height of the projection not uhiform. In
addition, it is preférred to provide the AF mechanism with a
learning function for deflection of plane, that is, to utilize
actual results in the past of the AF control at the laser
irradiated portion to AF control by synchrbnizing with the
rotation of the disc, for example, in a feed forward manner,
thereby improving the cqntfol efficiency.

As the moving mechanism (6), a linear slider or the like
can be used suitably. BAn example of moving the substrate
rotating mechanism (10) is illustrated in Fig. 1 as a method of

moving the focusing mechanism (5) and.the'substrate rotating
mechanism (10) relatively. That is, "a plurality of substrate
rotating mechanism (10), (10), ---, are mounted on one iinear
slider (6). The plurality of the substrate rotating mechanism
(10), (10), --- reciprocate beiow the focusing'mechanism (5) a=
.a conétant speed. The felative'movihg velocity between the

focusing mechanism and the substrate is determined within su~n



{
I nportant factors. The spot dianeter is preferably fromO0.2 to 4 [err]m
nore preferably from0.2 to 2 [err]m The spot dianmeter represents the
dicaneter of a circle in which the intensi%y of Ilight is reduced to "el/2"
of the maximumintensity at the central portion of the beam In addition,
it is preferred that NAis from0.3 to 0.8 and [err]/NAis fromO. 16
t 03. 3assum ngt he nunerical aperture of the objective |lens as NA and the

wavel engt h of pte€erred range that the CSS characteristics dBe satils€aetobeam as
[err] In view of the sharpness of the spot, the focal distance of

the objecti veid®niti bs prEFeEabt L NehpfBvE tHROSEENERacked stiEef 1 ahky not
nore than 5 mMm In such a case, since the substrate and the objective |ens

are di sposedypdasalne aH13%90e mdviRge3pBeqt DETtod tsidw NGERTBALY theat they
have such a shape enough to enabl e stabl e attaching/ det achi ng and

rotation, assoM@ddt iy Bkl SPSREA Eh@%fd‘jé&{tiﬁ?ﬁaéﬁ;ﬁtﬁé gESd f‘é‘%n'l@&:gb@

hi nder the noving notion of the objective |ens. , as shown in Fig.

6, it is pre{x?réféje iidrd Raet %fls'tegvefs Beqar o4 atdOn@lstShabkuaiy| henspi ndl e

(20) extends tTromthe surface o e substrate such that the ratio of the

distance (23) Dl RERANG 1 HBPELeSHId R ERe Blak 313k RRCsBPEaL D 4 QBEeNd

of the rotatio aft
to not less than 2 m/s, preferably 2 to 50 m/s.

Alternatively, as other constitution for relatively
moviﬁg the substrate rotating mechanism (10) and the focusing
mechanism (5), a. constitution for moving the focusing mechanism
(5) shown in Fig. 2 may be used or a combination of the
afore-mentioned constitutions may be uéed.

Referring to Fig. '1, the moving mechapism (6) can be moved-
at 'a necessary low speed over the entire proééﬁs for applying .
texturing. to each of the plurality of substrates (11), (11), ---
but usually, the mechanism is moved at ah increased speed upon
moving from one subétrate (11)_to a next substrate (11). Then,
such épeed control.can also be conducted by mounting another
moving mechanism oh the moving mechanism (6), and the movement
between the subétratés can be conducted. by one of the mechanisms
and the movement for texturing can be conducted by the other of

.them. In a case of utilizing the moving mechanism (6) only for
moving from one substrate (11) to the next substrate (11), it
is necessary to use other moving mechani.sm (6a) that carriés the

focusing mechanism (5) thereon and to apply texturing to one



to the distance (22) (working distance) between the upper surface of the
substrate and the objective lens (21) is not nore than 0.8, nore
preferably not nmore than 0.6. The workin§édistance is usually not nore
than 10 nm preferably 200 [err]mto 10 mm In addition, it is
preferred to provide a small dianmeter portion (recess) (24) to the
rotational shaft of the spindle in the vicinity of the rear face of the
substrate foulsimatiesdllhdy thensvebent ofverenecbanise (6)ect The livasr
Use of an aspherical objective lens is preferred since this reduces the
wei ght of t heliders mentponedsakidue lcaghbe dseansnitabhy ealawd foxt el movhng
wor ki ng di st ance. - 14- Si nce

t he di st ancemdiarsiesm t¢6a)abj ective | ens and the substrate varies
dependi ng, for exanple, on.the undulation of the substrate or the

defl ection of the gpiendlextairahly, apbarstudra&dcordithg hat thie presaatng
mechani sm further has an automatic focusing (AF) nmechani smfor maintaining

the spot di apméaiticiPBehpPises b t EnifYy BoRE £6 Bgeed ibha(3)t Ber atneirelushgy
nmechani sm has a response frequency of not less than 90 Hz. If the response

frequency ischoWSRAatlite Sifen§fof mebgaghﬁnséaxwa;sl 8SmaBks Nebr remshge and
the height of the projection not uniform
minute projections on the surface of the substrate in a
predetermined pattern of identical or different pitch. For
““example, when minute projections are formed each at an identical
pitch as usually used, in case where the substrate (11) is moved
at a constant number of rotation and a constant speed by the
constant speed operation of the moving mechanism (6) and the
substfate —rotati_ng mechanism (10), the pitch of the minute
projections formed on the surface of the substrate is made wider
toward the outer circumference. Then, the position for the
substrate is confirmed bylthe timing control section (3) and the
modulation timing for the lasér beam (irradiation time) is
contfdlled by the signal, thereby making the pitch of the minute
particles formed on the surface of the substrate constant.
The timing control section (3)- c_omprises, for example,
a computer, a éosition detection mechanism, a necessary
linterface, gtc. As the position detection mechanism, a laser
displaceinenﬁ gauge, an encoder or the like can be used. Instead
of controlling the modulation timing of the laser beam, the speed

of the moving mechanism (6) and the substrate rotating mechanism



addition, it is preferred to provide the AF nmechanismw th a |[|earning
function for deflection of plane, that i's, to utilize actual results in
‘the past of the AF control at the |aser-17+radi ated portion to AF control
by synchronizing with the rotation of the disc, for exanple, in a feed
“forward manner, thereby inproving the control efficiency. As the
novi ng mechanism (6), a linear slider or the like can be used suitably. An
exanpl e of n@)ngalyhdescbatiraleedt ot ati ng mechanism (10) is illustrated in
Fig. 1 as a nethod of noving the focusing mechanism (5) and the substrate

rotating mechani sEofl@drnth@ttinesuni fébat shépe afpkheapid jecfiongstitaie
rotati ng nechanism (10), (10), [err] are nounted on one |inear slider

(6). The pl yradfidntedf thae %_HESEﬁééﬁiﬁ@t@iéﬁ%d@(ﬂﬁfﬂh‘éﬂla@é@ spbt0), [err]
reci procate bel ow the focusing nechanism (5) at a constant speed. The

rel ative noVidbmtRIngAingy wR€hWBRE F8Eat {GE UrdNhdC AN itHd #Bdukhiggsubstrate
is determi ned within such - -15- a

preferred rangsdfiam bha S8e A it nd ﬁeéﬁéﬁﬁxﬁ‘%&fo\fne tdl BEg, it is
difficult to inprove the CSS characteristics in case where the relative

g‘r)‘(;} ggt ;5gﬁegir{géﬁﬁg%riggﬁisﬂggpgf%ae&di% of YA dWpRE EBnOEY ‘éﬁé”tﬁé‘@uter
periphery of the disc substrate, that is, varying a certain
position at; the rédius di_re_c.tion . Insuchacase, it ispreferred -
to change the pulse width or a number of rotation of the substrate
in proportion of the irradiation position.

Example of the main construction of the texturing
apparatus is set forth below.

In the apparatus having a fixed number of rotation 6f the
spindle, the apparatus comprises an instrument means for
measuring the position of the laser spot at the ra_dius direction,

a pulse width arithmetic means for fixing the sweep distance of
the laser spot relative to eaéh position at the radius direction
measured by the instrument means, and a modulation means of the
laser beam on the basis of the arithmetic results. Also, in the
appara'tus having a fixed plus width, the apparatus comprises an
instrument means for measuring the position at the radius
direction, a rotation number arithmetic means for fixing the
sweep distance of the laser spot relative to each position,at
the radius direction measured by the instrument meahs, and a

varying means of the rotation number on the basis of the
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in case where the relative speed is too fast. Usually, the relative
scanni ng speed on the beamirradi ation surface is set to not |less than 2
m*s, preferably 2 to 50 nis. Al t¥8matively, as other constitution
for relatively noving the substrate rotating nmechanism (10) and the
focusing nechanism (5), a constitution for noving the.focusing nmechani sm
(5) shown in Fig. 2 may be used or a conbination of the afore-nentioned
constituti onsrithmditd disedults. Referring to Fig. 1, the noving
mechani sm (6) can be noved at a necessary | ow speed over the entire

process for applyi mdg.t 8xiigr angohst ceabieial heigw ol iat madh polestioat es
(11), (11), [err] but usually, the nmechanismis noved at an increased

speed upon {DMiAATING A@erhdl bAbBdihdt  AcdoR®ilg WP HHAPTelskhL. Then, -
such speed control can al so be conducted by nDuntlng anot her  novi ng

mechani sm oni Afent¥d N9 1EBAREBA S r@oé@utae%haf dE‘R\\,b%HSHEs Aetneed iha g,
substrates can be conducted by one of the nechanisns and the nnvenent for

texturing cap ¥ tyhen@! Behe OforéReie Al S, OfnUthis2i ng
t he novi ng nmechani s only for noving fromone substrate (11) to the

next subS.trgé@%é&ﬂ@enﬂt 3, h8OEEESI AAAORLRR BRI Y EBEnE SRR CAR)

that carrie anlsn1 ereo to apply texturing to
one means (2) is spllt by a beam sﬁgitter (4 or 7), and split beams

are individually supplied to separate focusing mechanisms
respectively, thereby making it possible for simultaneous
texturing to a plurality of regions of the substraﬁes (11). In
Fig. 3, moving means for the lower focusing means.(Q) is not
illustrated. Further, in this embodiment, a plurality of
focusing nieans (5) ére provided and a beam splitter (4) is used
at the inside of each of the focusing means (5) instead of the
total reflector in Fig. 1.

That is, in this embodiment, the laser beam .from one
optical source cah be supplied to a plurality of focusing me_ans
respectively by using the beam splitter (4) at the inside of the
focusing means (5). Accordingly, the texturing can be applied
simultaneously to a plurality of substrates.

Further, it is also possible to apply the texturing
simultaneously on both surfaces of the substrate by the
combination of the beam splitter (7) and.a total reflector (8).
It is, of couise, possible to constitutes the lower focusing

means (9) identical with that in other focusing means (5), so
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substrate (11) bythe novenent of the nechanism (6a). The linear slider
nmentioned above can be used suitably also for the noving = mechanism (6a).
The texturing apparatus according to thelpresent invention conprises a
timng control section (3) for controlling the nodul ation tinming of the
| aser beam as a neans for formng mnute projections on the surface of the
substrate in a predeterm ned pattern of identical or different pitch. For
exanpl e, whethat reutpdyradjiest iodndoaee focaeihgandarsd e ipdervtiidesl. pitch as
usual |y used, in case where the substrate (11) is noved at a constant

nunber of rotati onandne teamt eplitpeed(dy Thein aMis anboeentopar ab+on of
t he novi ng nechani sm (6) and the substrate-rotating nechanism (10), the

pitch of thecdnlTed Seddt @p2etLERSchE Bsh B LRedSHhl eecRitddorenbgbhate is
made wider toward the outer circunference. Then, the position for the

substrate isyfohY ahgRd g d8ré iyEakQRhe 'aﬁ@%bhﬁ@d(a’i-) oﬁﬁgséa%bllque

nodul ation timng for the | aser beam (irradiation tinme) control l'ed by

the signal, %] £ BeNghag @iéﬁm (genﬁh-%r%h@?éﬁeneafiirﬁ|kﬁﬁir¢g‘)E%Qe3n ;he

surface of the substrate constant I mng cont section (3

conpri ses, fgg BBl the oﬁligﬂ?'"gﬂes a Rﬂéht b debeRE! tﬁgcfé‘é‘é ﬁbser

necessary I nter ace etc osition Hetection mechani sm

di spl acenentjf%gék?% ar 5L IeEf.q{het Pﬁ?##?t&é‘%ag%é'%%ﬁ 1£E§L§§‘i’:on%ftant

controlling mng o aser beam
by using a plurality of laser beam splitters of different

splitting ratios.

Further, in this embodiment, one timing control section
(3) is provided for fabricating both sﬁrfaces of the substrate
{11) at an identical radial position, but the regions and the'
substrates can be fabricated independently of each other by
providing a plurality of timing control sections (3).

Fig. 4 is a constitutional view for a main portion
illustrating a third embodiment accqrding to the.present
invention. Identical consﬁiﬁptional components with those in
Figs.'l and 2 are represented by the. same referencé numerals.
This embodiment has a constitution in which a deflector (12) is
disposed just before the beam splitter (7) in the constitution
shown in Fig. 3.

When a laser beam is.deflected by the deflector (12) in
this co,n-stitutiOn, the beam can be caused to scan on the substrate

(11) without moving the focusing means (5).



of the nmoving nmechani sm (6) and the substrate rotati ng nmechani sm

-17- (10) may be controll ed. For form ng the uniform shape of
the projections, it is preferred that tBeé-sweepi ng di stance of the | aser
spot acconpanying with the relative novenent of the focusing nechanism
and the substrate rotating nechani sm become to fix, in case of varying the
radi us of the inner periphery and the outer periphery of the disc

substrate, that is,THArsdduBidgCRERAEN (SPAsdS idNaaget hieviadi per dreainien. I n
such a case, it is preferred to change the pulse width or a nunber of

rotation of ¢hgesakstittis pgdbdiblROkbl ARi®k Ehfussidsll B ithe psfldcting
Exanpl e of the main construction of the texturing apparatus is set forth

bel ow. meahd iNeRPPHAES NIFWRToa.f | Xedsuenerce,r aicatiisoniab the
spi ndl e, the apparatus conprises an instrunment neans for neasuring the

position of bBEsi?%?r%QSQQévé‘E%ttﬂ% AEH 1Sy dieT 66 2B ecRiBHs W ¥helldius

arithnetic neans I XI ng the sweep di'stance of “the |aser spot relative

ot s Sioeloh skl P g Rasyt S A BRI
results. Also, in tﬂeg 5a and Fig. 5b show examples of texture patterns
which can be formed by using the deflector (12).

As the deflector (12) in this embodiment, an acoustic
optié deflector, electro-optic deflector (AOD, EOD) is suitably
used, for instance.

Fig. 4 shows an example in which the deflector (12) is
added to the constitution shown in Fig. 3 and it is also possible
‘for such a constitution in which the deflector (12) is added to
the constitution shown in Fig. 1. |

Operation of the texturing apparatus described above is.

to be explained .with reference to Fig. 1. The operation can of
cdﬁrse be automated by a control device not illustrated.
At first, substrates (11), (11), --- are set,

respectively, to a plurality of substrate rotating mechanisms
(10), (10), --+, andthe substrates (11) are rotated at a constant
speed. Then, a laser beam from the laser beam source (1) is
converted intc;w a 1$u1se béam by the modulator (2), passed through
the focusing mechanism (5), and then irradiated through the

focusing mechanism (5) to the surfaces of the substrates (11),

(11), --- onthe plurality of substrate rotating mechanisms (10),



.

apparatus having a fixed plus width, the apparatus conprises an instrunent
means for nmeasuring the position at the radius direction, a rotation
nunber arithnetic nmeans for fixing the-23weep distance of the |aser spot
relative to each position at the radius direction neasured by the

I nstrument neans, and a varying neans of the rotation nunber on the basis
of the -18- arithmetic results.

erbod ment 4E8Df o ng THAh s Seiia 33 ReREkahe apond 15} s M AAFONA

conponents as those in Fig. 1 are represented by the sa ref erence
numeral s. | MeeRaR1SBn{fdi %ﬂ?ﬁi igs rRRRN &tfeHhPa§%?¥tb‘@$rﬁsodgg&tt égh toma

nmodul ation nmeans (2) is split by a beamsplitter (4 or 7),_ and split_ beans
are i ndi vi diial moved pePnitnuenslah Froatcontysts LRELHEERANFANd PIeshleklhy R v,
thereby making it possible for sinmultaneous texturing to a plurality of
regi ons of shbstudtesacentimigusin Fig. 3, noving means for the | ower
focusing neans (9) is not illustrated. Further, in this enbodinment, a
plurality of focusteerdinmsq Sheatexpusindedrnatatupcain Ui innagentd) is
used at the inside of each of the focusing means (5) instead of the

invention, minute projections each at a height of 1 to 100 nm

and of a shape comprising a convex and a concave in the vicinity

~ of and contiguous with the convex can be formed by the number
of 10 to 108 N/mm2 (Numbers/ mm?). Among all, relatively sharp

projections each having an averége value of not more than 1 um2
for an area of_a graphical shape surrounded with a contour line
at a height 1 mm below the top end of each of the projections
can be obtained. As a result, a magnetic recording disc
substrate can be octained having satisfactory CSS
characteristics and sticking characteristics, and capable of

' reducing the flying height of the magnetic head as well.

EXAMPLES
The CSS characteristics of magnetic recording discs
obtained by the texturing apparatus according to the invention

are to be shown.

Example 1
In the texturing apparatus compfising the constitution

shown in Fig. 1, texturing was applied on one surface of a



total reflector in Fig. 1. That is, in this enbodi ment, the |aser
beam from one optical source can be supplied to a plurality of focusing
means respectively by using the beam spkptter (4) at the inside of the
focusi ng neans (5). Accordingly, the texturing can be applied
sinmultaneously to a plurality of substrates. ~ Further, it is also
possible to apply the texturing sinmultaneously on both surfaces of the

substrate byshhgt r&@bhidd: AhofrdiNOiedMesRkiti6As(7) and a total
reflector (8). It is, of course, possible to constitutes the |ower

focusing  Meadset Hedflfhhrd]: Wi lhddabskl BLORT caBE AL [BAR{5) . SO

-19- that a plurality o ower ‘focusing neans are provi

the beamsplitter (4, 7) in thiggqetohod net ... Calked beam splitter
cube can be -used in which two é??hggéngggg%Pgﬁ?égﬁﬁlgﬁaé%sn1are used and

sem - tr antporaa Eps PEPRERLATL HT.c HLARLAk0: TRIBRREE Midhfhoy: o 1o

seni -t ransparen m bel ng coa on one o que s

anount of the |aser be Lrradi ated t.0 ea f .the substrates can be
o W LA e T3 B

conditioned constant by usihg ser beamsplitters of

different splitting rali®s.. 100 mw |

Pulse width : 0.156 nsec
Beam spot diameter: 1 um
Autofocus reéponse frequency: 180 Hz
Number of rotation of substrate: 3600 rpm
Moving speed of linear élider (relative speed) : 0.9 mm/sec
Relative beam scanning speed on the irradiated
surface: 7.2 m/s
Substrate: Nonelectolytic Ni-P plating layer was formed to a
thickness of 15 um on the surface of a disc-shaped
Al alioy substrate of 95 mm in diameter and then
surface polished so as to provide a surface rbughness
(Ra) of not more than 1 nm.

Deflection of the rotational shaft: +5 um

As a result of observing the shape of the subst.rate after
texturing by a sufface shape measuring device utilizing
ihterfefence ("2YGO", manufactured bQ 2ygo Co. in U.S.A) ., it was
confirmed that minute projections each of a shape comprising a

convex and a concave in adjacent with and contiguous with the



Further, in this enbodinent, one timng control section (3) is provided
for fabricating both surfaces of the substrate (11) at an identical radial
position, but the regions and the substeates can be fabricated

i ndependently of each other by providing a plurality of timng control
sections (3). Fig. 4 is a constitutional view for a nmain portion
illustrating a third enbodi nent according to the present invention.

| dentical copshvéxtWadNfbriedPONRItheH, thd ket age pld fsct ibraféngiey was
represented by the sane reference nunerals. This enbodi nent has a

o ter (90280 hil 2 HE Sieklloel hebakSr i ShoROESHE IWRd 2FIH,° i g™
e caused (o LEEREETANE ShbutHeAret 41 thh 9%51'35 iRy PHESPaRtet T hane
5

§5§ has a | a?g%o%?ﬁﬁd‘l&ﬁ' ahnd hedht ¢ Hﬂzké?ﬂuo"f thes tﬁBs?Pgl {J‘Oe?r(u?s’ltﬂr‘!’i g

sinusoidally the deflecting means in the radius direction. In such a case,
it is.also peferbed t® as dAtaxeatd deasi 0yldfindhe projections at the
radius direction without raising the nunber of rotation of the spindle.

A Cr intermediate layer (100 nm in thickness), a Co-Cr-Ta
alloy magnetic layer (50 nm in thickness) and a carbon protective
layer (20 nm in thickness) were formed successively on the
surface of the substrate as described above by a sputtering
method, and a fluro-type liquid lubricant ("DOL-2000",
manufactured by Montedison S.p.A) was dipcoated to the surface
of the carbon protective layer, to obtain a magnetic recording
disc. —

For the magnetic recording disc described above,
stationary friction coefficient before a CSS test (initial
sﬁicktion) and_frictional force after 20,000 eycles of CSS were
measured. The CSS test was conducted by using a thin film head
of 6 gf load gram (slider made of A1203TiC) and under the condition
ofna head flying height of 2 pinch. Further, a stable flying
height of the head upon seeking between the data zone and the
CSS zone was evaluated by using a giide tester. The initial
sticktien was 0.18, the frictional force after 20,000 cycles of
CSS was 3 gf, end the stable flying height of the head was 1.5

pinch.
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Fig. 5a and Fig. 5b show exanples of texture patterns which can be forned

by using the deflector (12). As the deflector (12) in this
enmbodi ment, an acoustic optic defl ector24el ectro-optic deflector (ACD,
EOQD) is suitably wused, for instance. Fi.g. 4 shows an exanple in

whi ch the deflector (12) is added to the constitution showm in Fig. 3 and
it is also possible for such a constitution in which the -deflector (12) is
added to thexgmwbéi2uti on shown in Fig. 1. ' Operation of the
texturing apparatus described above is to be explained with reference to

Fig. 1. The operatiTektiain wasUPHa dEbaUisiiRf eHe ordtGRRitien §RYWSE Ennot
I 1l ustrated. At first, substrates (11), (11), [err] are set,

respectivel ypi§0 2 iRl whel shie ObrSeiired sl Ohasd Nth RGeS TBexédh) .£orl0) |

[err], andthe Substrates (11) -are rotatedat aconstant speed. Then, a | aser

beam from t hgsi A§efndepin BRHTRE dohditiongonverted into a pul se beam by the
nmodul ator (2), passed through ™ the focusing nechanism (5), and then C

irradiated through the, . f [ 'eqegha@¢§qk 5) to the surfaces of the
substrates (11), (11), ierrf on the plurality of substrate rotating
mechani sns (10), Pulse width : 0.312 usec - 21-

Beam spot diameter: llum

Autofocus response frequency: 180 Hz

Number of rotation of substrate: 1800 rpm

Moving speed of linear slider: 0.3 mm/sec

Relative beam scanning speed: 3.6 m/s

As a result of'observiné the shape of the substrate after
texturing by a surface shape measuring device utilizing
interference ("ZYGO", manufactured by Zygo Co. in U.S.A), it was
confirmed that minute projections each of a shape comprising a
convex and a concavé in adjacent with énd contiguous with the
convex were formed.. Further, the average prdjection density was
9260 N/mm2, the average pfojection height was 29 nm and the "A
area" was 0.2 um2.

A magnetié recording disc was produced in the same
procedures as those in Example 1, and stationary friction
coefficient before CSS test (initial sticktion) and frictional
force after 20,000 cycles of CSS were measured. The CSS test

was conducted by using a thin film head of 6 gf load gram (slider



(10), [err] which are noved at a constant speed by the noving nechani sm

(6). That .is, each of the substrates (11), (11), [err] is noved
continuously to conduct texturing to a pkgrality of substrates :
conti nuously. According to the texturing apparatus of the present

invention, mnute projections each at a height of 1 to 100 nm and of a
shape conprising a convex and a concave in the vicinity of and contiguous

W th the conygde GINADSOIBIATEANEYindee: fdR¥hdiehohbft @ HEHEEL Y i NG AE iyhit]

(Nunbers/ mrerr]).  Anong all, relatively sharp projections each having an
Surr ounded vt ne oL FukEReT Y die P AEhETCR, BrOAE NG JRRC

Substr at o careBE BecE e S0P oR e R e ke R BB e TRRE SRy ' =
sti cki ng chargg}é&\rl\igls%ifgé lan% ca.;ég%g %it:r.ae E‘%‘n tigq%‘aiw;%si[ rbg_lhleig t of the

nmagnetic head . . . . eristi epf

Tt e R Aot Cond e g B L S A R et 0 1

e oML Tor By SRR W The n2lA a1 b uuden! Xt uring ves
Example 3

In the constitution shown in Fig. 3, the beam splitter
7 was not used. Two focusing mechanisms 5 were used, one of the
focusing mechanisms (on the side of the light source) composed

~ of a combination 6f a beam splitter cube and an objective lens,
and ﬁhe other focusing mechanism comprised a combination of the
total reflector and)the-objective lens as in Example 1. As the.
béam splitter 4, a beam splitter cube was.used.

Then, texturing was-conduéted in the same manner as in
Example 1 except for changing the moving speed of the linear
slider (relative speed) to 0.6 mm/sec, ﬁhe relative scanning
speed of the beam to 4.8 m/s and the number of rotation of the
substrate to 2400 rpm.

As a_result of observing the surface shape of the
substrate after texturing by a surface shape measuring dévice
utilizing interference ("ZYGO", manufactufed by 2ygo'Co. in
U.S.3), it was confirmed that minute projections each of a shape

comprising a convex and a concave in adjacent with and contiguous



-22- substrate under the following conditions. Laser beam source:

gas | aser beam tube (wavel engt h:

2*W Modul ator: Electro-optic nodul at or2€response frequency:

MHz, rising tinme: 15 ns) Laser beam power: 400 mw  Pulse width : 0.156
Beam spot dianeter: 1 [err]m  Autofocus response frequency:
180 Hz Nunber of rotation of substrate: 3600 rpm Moving speed of |inear
slider (rel atitle thecedhvefl. Serel Bexmediel Fuirthebgavhes caredaysy ppegdcohotrhe
surface: 1.2 ms Substrate: Nonelectolytic Ni-P plating |ayer

[err]sec

i rradi at ed

was formed t@iity was 920 gf’{?énﬁ,krt?%sa\‘?éréée %‘i’ggke‘c%ntﬁ?ig%‘tr 8§ SPhm?

di sc- shaped

surface polished, so as to praqvide
not nore théﬁ“ﬁ ﬁg

oy substrate o

a
ol he rotational shaft: 5 [err]m

Am2r<get Ma&t Yo

For the magnetic recording disc obtained by disposing the
magnetic layer or the like as in Example 1, stationary friction
coefficient before CSS test (initial sticktion) and frictional

force after 20,00_0 cycles of CSS were measured. The CSS test

was conducted by using a thin film head of 6 gf load gram (slider

made of Al203TiC) and under the condition of a head flying height

of 2 pinch. Further, a stable flying height of the head upon
seeking between the data zbne and the CSS zone was evaluated by
using a glide tester. The initial sticktion was 0.18, the

frictionai force after 20,000 cycles'of'CSS was 3 gf, and the

stable flying height of the head was 1.5 pinch.

Example 4

The same cons_titution as in Example 3 was used except for
disposing a deflector between the modulator and the first
focusing'mechanism. AQD was used as the deflectdr.. Texturing
was applied in the same manner as in Example l'except for using

the following conditions.

Pulse width:' 0.234 pusec
Deflection speed: 64 mm/sec

Number of rotation of substrate: 3600 rpm

Ar

nm i n di aneter and then
surface roughness (Ra) of

488 nm nmaxi mum power :

2



i

As a result of observing the shape of the substrate after texturing by a
surface shape neasuring device utilizing interference ("ZYGO',
.menufactured by Zygo Co. in U S A, it wd8- confirned that mnute

proj ections each of a shape conprising a convex and a concave in adjacent
wi th and contiguous with the - - 23-

convex was forned. Further, the average projection density was 9260

Nmierr], the avenageirgy Gpeeld of léhght wasdS8: nn 6 amtfdde  aver age val ue
for the area of the graphic shape surrounded with a contour line at a

hei ght 1 nm below the top end (hereinafter referred to as "A area") was
0.12 [err] s @ rethanmed sbeekeyny (A€0surface tdhapgeness)hea
Co-Cr-Ta alloy nmagnetic layer (50 nmin thickness) and a carbon protective

layer (20 nngiBst bae&nestdr WRix ur@hgeBy Sal ChRsfdoeeishaps Wdgsubiid aferidle t he
substrate as described above by a sputtering nethod, and a fluro-type

liquid I ubri ﬁ@'ﬂliﬁxﬂl?lir?tpél.%'ererf&nlJ(f"fZGZb@"'?deMuiV’QBi:@ﬁéé0155( S RyPcavasn

di pcoated to the surface of the carbon protective layer, to obtain a

rrggnet ic recgrding, @i 48s confirmedrhat REnRENGE fedtBicRibaon HSe IR | bed
above, : _
comprising a convex and a concave in adjacent with and contiguous

with the convex were formed. .Further, the ayerage projection
density was 9260 N/mm2, the average projection height was 40 nm,
and the "A area" was 0.1 um2.

A magnetic recording disc was obtained by using the
resultant substrate in the same manner as in Example 1. For the
magnetic recording diSC described above, stationary friciion
coeffiéient before CSS tesf. (initial stick't'..ion) and frictional
force after 20,000 cycles of CSS were measured. The CSS test
was co_ndu_cted by us.ing a thin film head of 6 gf load gram (slider
made of A1203TiC) and under the conditidn of a head flying height
of 2 uinch. Further, 'ai stable flying height of the head upon
seeking between the data zone and the CSS zone was evaiuated by
using a glide t'estér. The initial sticktion was 0.19, the

" frictional force after 20,000 cycles of the CSS test was 3 gf,

and the stable flying he'ight of the head was 1.5 Minch.

Example 5
Texturing was applied in the same manner as in Example

1 except for using the following conditions:



stationary friction coefficient before a CSS test (initial sticktion) and
frictional force after-20, 000 cycles of CSS were neasured. The CSS test
wa's conducted by using a thin filmhead28%f 6 gf |oad gram (slider nade of
Alferr]O[err]TiC) and under the condition of a head flying height of 2
[err]inch. Further, a stable flying height of the head upon seeking

bet ween the data zone and the CSS zone was evaluated by using a glide
tester. The initialLaseti bkamopowess: 0.3D8, mwhe frictional force after 20,000
cycles of CSS was 3 gf, and the stable flying height of the head was 1.5
[err]inch. Pulse width: 0.1 psec - 24- Exanpl e 2

Texturing was applied by using the constitution shown in Fig. 2 in the
sanme procedures as those in Exanple 1 except for using the follow ng

condi ti ons: AslLaseesbremnopoybservidy) th¥ surface BHbpe vfdife: 0.312
[err]sec Beam spot dianeter: 1 [err]m Aut of ocus response
frequency: Iffpddzate afterl\ls@ia@lﬁrﬂ{g at 6aProke SSHd AeRsullAg &8Wlce
Movi ng speed of linear slider: 0.3 sec

utilizing interference ("2YGO", manufactured by Zygo Co. in
U.S.A), it was confirmed that minute projections each of a shape
comprising a convex and a concave in adjacent with and contiguous

with the convex ﬁere formed. Further, the average projection
density was 10000 N/mm2, the average projection height was 31 °

nm, and_thé “"A area"™ was 0.12 um2.

"A magnetic recording disc_was obtained by using the
resultant substrate in the same manner.as in Example 1. For the
magnetic recording disc described above, stationary friction
coefficient before CSS test (initial stickﬁion) and frictional
force after 20,000 cycles of CSS were measured. The CSS test
was conducted by using a thin film head of 6 gf load gram (slider
méde of Al203TiC) and under the condition of a head flying height
of 2 pinch. Further, a stable flying height of the head upon
seeking between the data zone and the CSS zone was evaluated by
‘using a glide tester. The initial sticktion was 0.3, the
frictional force after 20,000 cycles of CSS Qas 8 gf, and the

' stable flying height of the head was 1.5 Minch.



Rel ati ve beam scanni ng speed: 3.6 m's As a result of observing the
shape of the substrate after texturing by a surface shape neasuring device
utilizing interference ("ZYGD', nmanufac2red by Zygo Co. in U S A, it was
confirmed that mnute projections each of a shape conprising a convex and
+a concave in adjacent wth and contiguous with the convex were forned.
Further, the average projection density was 9260 NNmmierr], the average

proj ection I@%@ rapdge’@xafpaadithe "A area” was 0.2 [err] A
magneti c recording disc was produced in the sane procedures as those in
Exanpl e 1, and statrk@BakYn§l waki &bl eblin ¢hentaheimirmezS3s dsit Ekampleal
sticktion) and frictional "“force after 20,000 cycles of CSS were neasured.

The CSS test; MASHOMMCILRAnBYnYSERE Gohditiddd mdread of 6 gf load gram
(slider 5 etept dnBingoLhl “55-  made of Al[er]O[err]TiQ)
and under the condition of -a head flying height of 2 [err]inch. Further,

a stable flying hei Phlggggg%m&dmi&%mwkwgmé kemdatzoease and
y

the CSS zone was eval uate using a glide tester. The initial sticktion

was 0.17, the frigtj:Qnal,:fopcenakt 0, 000 cycles of CSS was 4 gf, and .
the stable flyi ng%ﬁ‘%%%hk’ug?ﬁf hg'%e'g%e%vas 1.5 [err]inch. '

As a result of observing the shape of the surface of the
substrate after texturing by a surface shape measuring device

utilizing laser interference ("2ZYGO", manufactured by Zygo Co.
in U.S.3A), the average projection density was 10,000 N/mm2, the

average projection height was 10 nm and the A area was 1.1 pm2,
A magnetic recording disc was obtéined by using the'

" resultant ’sﬁbstfate in the same manner as in Example 1. For the
magnetic recording disc, static friction coefficient before CSS
test (initial sticktion) and friction force after 20,000 cycles
of CSS were measured. The CSS test was conducted by using a thin
£ilm head of 6 gf load gram (slider material: Al203TiC) and under
the céndition of a head flying height of 2 Hinch. Fur;her, the
stable flying height of the head during séeking between the data
zone and the CSS zorié was evaluated by using a glide tester. The
initial sticktion was 1.8 and absorption occurred after 12,000

cycles of CSS.

Comparative Ex m e 2

Texturing was applied in the same manner as in Example



Exampl e 3 In the constitution shown in Fig. 3, the beamsplitter 7
was not used. Two focusing nechanisns 5 were used, one of the focusing
mechani sms (on the side of the |ight sous@¢e) conposed of a combination of
a beamsplitter cube and an objective lens, and the other focusing
mechani sm conpri sed a conbination of the total reflector and the objective
lens as in Exanple 1. As the beamsplitter 4, a beamsplitter cube was

used. 1 eré?t fopxd HeAGithy \Ble %Bﬁéﬁ%é(Eﬂégu@heymhéﬁl&ﬁ%r—faﬁubﬂng
Exanpl e 1 except for changing the noving speed of the |inear slider

(relative spefhadiamd t@ By §@C, the relative scanning speed of the beamto
4.8 ms and the nunber of rotation of the substrate to 2400 rpm

As a result of obsesvihngedims: %lfréssén'ﬁhgg)ecr&f sha e StR%Er 8hpratd ¥t the
texturing by a surface shape neasuring device | lizing interference

("ZYCO', manyipat el B¢ o4 98xE0rihg by aSséchab& ffp&q@agm%gt hat; ginut e

prOJectlons each of a shape conpriSirng a convex and a concave i n adj acent

with and CO'\,? o%%%‘%gplasﬁérm’ﬁ rference ("ZYGO", manufactu%@d by Z‘@?gtohcghe

convex were urt e average proj ett

in U.S.A), the average projection height was 10,000 N)mnz, the
average projeétio’n height was 23 nm and the A area was from 0.12
to 1.1 pm2, and the projection height varied between 10 to 35
nm.

A maghetic recording disc was obtained by using the
resultant substrate in the same manner as in Example 1. For the
magnet.ic reéording disc_, static Ifrictio.n coefficient before the
CSS test iinitial sticktion) and friction force after 20,000
cycles of CSS were meésured. The CSS test was conduc‘ted by usirig
a thin £ilm head of 6 gf load gram (slider material: Alz03TiC)
and under the condition of a head flying height of 2 pinch.
Furthgr, the stabie_flying height of the head during seeking
between the daté zone and the CSS zone was evaluated by using
a giide tester. The initial sticktion was 0.9, the frictional
force after 20,000 cycles of CSS was 25 gf and.the stable flying

height of the head was 1.5 pinch.

Comparative Example 3
Texturing was applied in the same manner as in Example

5 except for changing the response frequency of the auto-focusing



A)

density was 9260 NNmjerr], the average projection height was 33 nm and
"A area" was 0.12 [err] For the magnetic recordi ng di sc obtai ned by
di'sposing the magnetic layer or the likgias in Exanple 1, stationary
friction coefficient before CSS test (initial sticktion) and frictional
force after 20,000 cycles of CSS were neasured. The CSS test was conducted
by using a thin filmhead of 6 gf |oad gram (slider made of

Al [err] O er iebinahiatde § ML lz! uC RRYL Ehghkne Nead hl-yhBgabebAid Rbt2
[err]inch. Further, a stable flying helght” of the head upon seeking
between the datg apn IM% ' '

tester. The 1 niti a%,ﬁ g{liéc t%%ﬁcevxcg? ER§SS t e&@r_?gﬁ%]a;?e?ﬂﬁiyzﬁ%r hgg 000
cycl es of C%%ngs gf, and the stable flying height of the head was 1.5
[err]inch.- anpl e 4 ; The sane constitution as in Exanple 3 was
used except for disposing a deflector between the nodul ator and the first
focusi ng nmechanism AOD was used as the deflector. Texturing was applied
in the same manner as in Exanple 1 except for using the follow ng

condi ti ons. Pul se wdth: 0.234 [err]sec: Def |l ecti on speed:
64 m sec Nunber of rotation of substrate: 3600 rpm



-27- Movi ng speed of linear slider: 0.6 mi sec As a
result of observing the surface shape of the substrate after texturing by
a surface shape neasuring device utiliZ3ng interference ("ZYGQO',

manuf actured by Zygo Co. in U S A), it was confirnmed that mnute

proj ections each of a shape conprising a convex—and-a concave i n adjacent

with and contiguous wth the convex were for average
proj ection wignsitsy ciagMeB6@sN nmierr] the avgm ﬂ i‘&iﬁ& I(LHHI ei ght was 40
nm and the "A area” was 0.1 [err] kNg di sC was

obtai ned by using the resultant substrate in the sane manner as in Exanple

1. For the magneth¢ heeekeiringi sspstanaid hadahave, F&baésgnew friction
coefficient before CSS test (|n|t|aI sticktion) ‘and frictional force after

20,000, €Y1 airhleaCEarRGeaTRAGHEE e JEoLBEhd Gias s oRRAYStAg:DY. usi ng a

thin filmhead of 6 gf Noad gram (slider nade of i err O[err I C) and

under the conditiog gngtﬁgeﬁ tovatthdeh h%rEBtEEleeFHﬁiﬂér

stable flying height o ead upon” see |ng etmeen the data zone and

t he CSS zon ¥ﬁ$ using a glide tester. The initial sticktion
was 0. 19, tﬁ% fﬁ%%i%%%?qu¥8é after 20,000 cycles of the CSS test was 3

gf, and the stablg flLylno,0gh Whue HaBaB8% ¥ ork thldtd1ly BGPputting

‘a laser beam,

a modulation means for ON/OFF control of a lasar beam from
the laser beam source by a pulsé frequency from 0.1 to 10 MHz,

a'focusing.means for irradiating a modified laser beam
outputted frpm the modulation means at a spot diameter of 0.2
to 4 pum to the surface of the substrate held by a substrate
rotating means, and |

a movin§ means for relatively mdving the laser beam
outputted from the focusing means and the substrate rotating

means.

2. A texturing'apparatus according to claim 1, wherein
said substrate rotating means rotate the substrate at a number

of rotation of not less than 1800 rpm.

3. A texturing apparatus according to claim 1, wherein
the power of said laser beam source at the irradiated surface

is from 50 mW to 2000 mW.

“4. A texturing apparatus according to claim 1, wherein



Exanpl e 5 Texturing was applied in the same manner as in Exanple 1
except for using the follow ng conditions:

- 28- Laser beam power: 300 mw33- Pul se width: 0.1 [err]sec
As a result of observing the surface shape of the substrate after
texturing by a surface shape neasuring device utilizing interference
("2ZY&0', manufactured by Zygo Co. in US. A), it was confirnmed that mnute
pr oj ect i onssadd modukatsimpanearsrs @inn@lactepvept hodnadebatcore mearesl) acent
with and contiguous w th the convex were fornmed. Further, the average
projection density was 10000 N mierr], the average projection height was
31 nm and the "/ arkaesparitigldpperatus accordihgmagnelaimr ecostibregrdi sc
was obtai ned by using the resultant substrate in the same nanner as in’

Exanpl e 1. Baidt Becustghaidans G@er dhngutlh Sechlenny imathsahQyR, a Stedponsy ¥
friction coefficient before CSS test (initial sticktion) and frictional

force after £28qQ8RAcg Y6t e5ot0f 1455 tiire gmeazyred. The CSS test was conducted
by using a thin filmhead of 6 gf |oad gram (slider _

6. A texturing apparatus according to claim 5, wherein

said autofocusing means has a learning function.

7. A texturing apparatus according to claim 1, wherein
said focusing means has an objective lens and satisfies the

following formula:

0.16 < A/NA £ 3.30
wherein NA represents a numerical aperture.
8. A texturing apparatus according to claim 1, wherein

said focusing means have an objective lens, and the focal

distance of said objective lens is not more than 20 mm.

9. A texturing apparatus according to claim 1, wherein
said moving means move said laser beam and said substrate
rotatihg means at a relative speed within a range from 0.03 to

60 mm/sec.

10. A texturing apparatus according to claim 1, wherein

the wavelength A of said laser beam is within a visible range.

11. A texturing apparatus according to c¢laim 1, wherein

* [ L M s %




made of Al[err]O[err]TiC) and under the condition of a head flying height
of 2 [err]inch. Further, a stable flying height of the head upon seeking
bet ween the data zone and the CSS zone w@4-eval uated by wusing a glide

tester. The initial sticktion was 0.3, the frictional force after 20,000
cycles of CSS was 8 gf, and the stable flying height of the head was 1.5

[err]inch. . - - 29- Conpar ati ve Exanpl e
1 Tesdid isubstaatappbt £Eing ridm S AEE ABPIRId1RS mbBoEXfom Ietab iaycept
for changing the conditions as: Mbdul at or: ‘acoust o- opti c nodul at or

(rising ti mghlMubrate and thRel gerredt honOob 4 eFsdftSional axis ofSthe
result of observing the shape of the surface of the substrate after

texturing bysgisdiid a6t cxhaRe JIRRIUN kDY dRvice utilizing laser interference
("ZYQO', manufactured by Zygo Co. in US A, the average projection

density was 10,000 NNmmijerr], the average projection height was 10 nm and

the A area was 1. 1][29rﬁ-\]textur1ng %Wh'scaéééﬁaﬂhd‘&odbiﬁﬂﬁfaf Rereiad by
using the resultant substrate in the sane manner as in arrple 1. For the

magneti c recoral it it mehAk! L 'HrthbPNafasddéd R WeBR! 94 £d MeAulation

means, and said focusing means for deflecting the modulation

laser beam and supplying the same to the focusing means.

13. A texturing apparatus according to claim_ 1, wherein
a timing control signal generation means is further provided for
controlling at least one of the modulation timing for the
modulation means, the rotational speéd for the substrate
rotating mechanism and the moving speed of the moving means, and
supplying a control signal for controlling the pitch of the

projections on the substrate.

14. A texturing apparatus according to claim 1, in which

a plurality of said substraté rotating means are provided.

15. A texturing apparatus used in a process for
manufacturing a maénetic recording medium, comprising:

a plurality of substrate rotating means for rotating a
substrate and capable of rotating at a numbér of rotation of not
less than 1800 rpm, -

a laser beam source having a power on the irradiated

surface of from 50 mW to 2000 mW and capable of continucus y

RO MO
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test (initial sticktion) and friction force after 20, 000 cycles of CSS

were nmeasured. The CSS test was conducted by using a thin

filmhead of 6

gf* load gram (slider material: Al[err] &3] Ti C and under ‘the condition
of a head flying height of 2 [err]inch. Further, the stable flying height

of the head during seeking between the data

evaluated by using a glide tester. The initial sticktion was 1.8 and

absorption eaegﬁtegngfaeiaé&fw&m e £wafe 1689t h Afonparative Exanple 2
Texturing was applie

- 30-

devi ce
U S A,

in the sane manner as in Exanple

@t OmdnradPuMBa, by zygo Co.

proj ection hei ght aabeas sodididnchaeansr Sar werl it toind a modudated lasey
the projection height varied between 10 to 35 nm

beam outputted from the modulatiqn means into at least two
splitted laser beams,

a plurality of focusing means corresponding,
respectively, to said plurality of splitted laser beams and
irradiating them eaéh at a spot diameter of 0.2 to 4 um to the
surface of the substrate_ held by said substrate rotati'f\g means,
and . |

a moving means for relatively moving the laser beam

outputted from said plurality of fdcusing means and said

substrate rotating means.

16. A magnetic recording mediuni,“vihich has 10 to 108 N/mm2
of projections at a portion of the surface thereof, and is

obtained by using said texturing apparatus as defined in the

claim 1.

17. A magnetic recording medium according to claim 16,

wherein the height of said projections is from 1 to 100 nm.

18. A texturing appératus used in a process for
manufacturing a magnetic recording medium, comprising:

a substrate rotating means which is rotatable while

A T

zone and the CSS zone was

1 except for changi ng the response frequency of the auto-focusing
mechani smto 50 Hz2 modulation meanssfPr ePnERE}IANFNdaskEpReaR FHRM
surface of the _substrate after texturing by a surface shape neasuring
“uti [thei AgspEsEpannserres e#&@N/OE%

t he average ‘proj ection height was 10,000 NNmferr], the average

in

and



A magnetic recording disc was obtained by using the resultant substrate in
the sane manner as in Exanple 1. For the nmagnetic recording dissc, static
friction coefficient before the CSS tesig{initial sticktion) and friction
force after 20,000 cycles of CSS were neasured. The CSS test was

. conducted by using a thin filmhead of 6 gf |load gram (slider material:
Al[err]O[err]TiC) and under the condition of a head flying height of 2

[err]inch. HauuiRer a tshgsggg{géeaﬁayl ng hei ght of the head during seeki-ng
bet ween the data zone and the CSS zone was eval uated by using a glide

tester. The initia 08 ¥@Sm qerids t f 000
cycl es of CSS was %gséé‘ﬁg]ddlt e stgg?g ylaflrl;'glr@élB %tg e(}fa%{eﬁgoé?%%géxggg .

h. Text I
s manner ST LHE 6 M hoke chan 50 B8, WL AR SESAME LEELALATT
the auto- fo%.gﬁ :1%.951619 Hime and falh é:tlme ogi grom 50 nsglto 10 CE\EE' mto-

50 Hz, but e laser "1rra I on not ~ ~ occur e surface
of the substr % %I}Cequ 3e(ctclfo %or‘t’t‘%elnt(.)é 16 %I-{TzE,d'

a focusing means for irr;adiating the laser beam outputted
from an optical system t.o the surface of the substrate held by
said substrate rotating means, and

a moving means for relafiveiy moving t1;1e laser beam
outputted from the focusing means and the substrate rotating

means relatively.

19. A texturing apparatus according to claim 18, wherein
said laser beam source is a laser beam source capable of
continuously outputting power, and focusing means has capability

focusing the spot diameter from 0.2 to 4 ym on the substrate.

20. A texturing apparatus according to claim 19, wherein

said modulation means is an electro-optic modulation means.

* C L M 0§ %



-32- \WHAT IS CLAIMED I S 1. A texturing apparatu THé%%’é%E&*égSDBEEN
process for manufacturing a nmagneti.c recording nmedium conpr

a>substrate rotating means which is rotatable while holding a substrate,

a | aser beam source capable of continuously outputting a |aser beam

. a nodul ati on nmeans for ONVOFF control of a |laser beamfrom the |aser beam
source by a pulse frequency fromO0.1 to 10 Mz, a focusi ng neans
for irradiating a nodified | aser beam outputted fromthe nodul ati on nmeans
at a spot dianeter of 0.2 to 4 [err]mto the surface of the substrate held
by a substrate rotating neans, and - a noving neans for relatively
novi ng the | aser beam outputted fro fgcusi ng neans and the substrate
rotating nmneans. 2. A textuFFlcghﬁiaratus according to claim1l
wherein said substrate rotating neans rotate the substrate at a nunber of

rotation of not |ess than 1800 rpm 3. A texturing apparatus
according to claiml1, wherein :

1 2 5

A b e
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the power of said |aser heam source at the irradiated surfa Wﬂ&ﬁﬁ&wmmﬁ@BEEN

mAVto 2000 nVV 4. A texturing apparatus according tlo C|aaEPﬂACtD
wher ei n - -33- sai d nodu

an el ectro-optic nodul ati on neans. 5. A texturing apparatus
according to claim1l1, wherein said focusing neans has an aut of ocusi ng
nmeans with a response frequency of not |ess than 90 Hz. 6. A
texturing apparatus according to claimb5, wherein said autofocusing means
has a | earning function. 7. A texturing apparatus according to
claim1l1, wherein said focusing neans has an objective |lens and satisfies
the follow ng formula: 0.16 [err] [err]/NA [err] 3.30
wherein NA represents a nunerical aperture. 8. A-texturing

apparatus according to claim1, wherein said focusing neans have an

objective lens, and the focal distance of sald ecthb Iens IS not. nore
than 20 mm - l
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9. A texturing apparatus according to claim1l1, wherein
nove said | aser beam and sai d substrate

within a range from0.03 to 60 nm sec.

sailldTH&S ﬁﬁ#&hBEEN
rotating means at {ja_r el BEPLACEBeed

10. A texturing apparatus

according to claim1, wherein the wavelength [err] of said |aser beamis

wi thin a visible range.

, 11. A texturing apparatus according to
claim1l1, wherein - 34- said substrate
rotating neans has a spindle notor for rotating the substrate and the
deflection of a rotational axis of the spindle notor is within [err]25

[err]m 12. A texturing apparatus according to claim1, wherein
defl ection neans is further disposed between said nodul ation neans, and
sai d focusing neans for deflecting the nodul ation |aser beam and suppl yi ng

the sane to the focusing neans. 13. A texturlép appar at us
according to claim1, wherein a timng contret: gnalvgenerati on neans is
further provided for controlling at
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. _
nodul ati on neans, the rotational speed for the substrate radf aHIS\GHEET HAS BEEN
mechani sm and the novi ng speed of the noving neans, and supgplyi n(REPLACED

control signal for controlling the pitch of the projection
substrate. 14. A texturing apparatus according to claim1, in
which a plurality of said substrate rotating neans are provided.

15. A texturing apparatus used in a process for nmanufacturing a magnetic

recordi ng medi um conpri sing: a plurality of substrate rotating
means for rotating a substrate and capable of rotating at a nunber of
rotation of not |ess than 1800 rpm a | aser beam source having a
power on the irradiated surface of from50 mMNWto 2000 nW and capabl e of
conti nuously - 35- outputting a | aser
beam at. a wavel ength [err], a nodul ati on neans for controlling the

| aser beam from the |aser beam source to ONVOFF at 0.1 to 10 Mz,
a beam-splitting nmeans for splitting a nodul ated | aser beam outputted.from

t he nodul ati on neans into at |east tFIGplst(é | aser beans,
. -l a :

FIG.5(b)'
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plurality of splitted |aser beans and irradiating them eaclf at aREPIACED

a plurality of focusing neans correspondi ng, respectively,ﬂrﬁﬂ&ﬁHEETHASBEHV

di aneter of 0.2 to 4 [errlmto the surface of the substrat Foy-sard
substrate rotating neans, and - a noving neans for relatively noving
the | aser beam outputted fromsaid plurality of -focusing neans and said

- substrate rotating neans. 16. A magnetic recording nmedi um which

has 10 to 10[err] N nmjerr] of projections at a portiaon of the surface
thereof, and is obtained by using said texturing apparatus as defined in
. the claiml. 17. A magnetic recording mediumaccording to claim
| 16, wherein the height of said projections is from1 to 100 nm

| 18. A texturing apparatus used in a process for manufacturing a nagnetic

| recordi ng nedium conprising: a substrate rotating neans which is

| rotatable while : - 36- hol ding a

. substrate and an optical systemfor generating apul se | aser beam
havi ng

FIG.6
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arising time of not nore than 50 ns, a pulse width incl udln mtsasm&wmssem
time and falling time of from50 ns to 10 [err]s and a pul s¢ freqRERCLACED
from0.1 to 10 MHz, a focusing nmeans  for |rrad|at|ng ' -

outputted from an TppfigIfk R MPARETUS! FOR RAGRETIEAREOREINCAE YUt .t e hel d by

said substrate rotatin means for relatively

novi ng the | aser beaf¥ MGWW&EQORWQ H@ch&qcﬁﬁgrﬁﬁﬁ%gyand the substrate

rotating ﬁgg@ﬂ@fg@pvﬁ;g DIS%LQSURE 19. A texturing apparatus according to

claim 18, ereln sal aser beam source is a | aser beam source capabl e of
continuously outputting power, and focusing neans has capability focusing

the spot dianeter AFr@RtlrsnglagpdRitddmedd lihca p¥BetEaior manufacturthg A
texturing apparatus according to clai'm 19, wherein said nodul ation rreans

is an el ect ponQRhbei AOHNESLH Oy TR¥m, which comprises:

a substrate rotating means which is rotatable while
holding a substrate,

a laser beam source capable of continuously outputting
a laser beam,

a modulation means for ON/OFF control of a las;ar beam from
the laser beam source by a pulse frequency from 0.1 to 10 MH'z',

a focusing means for irradiating a modified laser beam.
outputted from the modulation means at a spot diameter of 0.2
to 4 um to the surface of the substrate held by a substrate
rotating means, and ’

a moving means for relatively moving the laser béam
outpuﬁted from the focusing means and the substrate rotating

means.
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