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i ipe
ention relates to a magnetic recordi ng nedi um conprising a ©%

§e di sc having formed thereon a magnetic recording |ayer, and a
procgssffor producing the magnetic recording nmedium Mre particularly, it
rel atjeséto an i nprovenent in a nmagnetic recordi ng nmedi um conprising a
substiraf e di sc having forned thereon a_npgnetic recording |ayer, said
substr.fe disc having a nultiplicity of m croscopic bunps on the surface

t her eo f orned by texturing the substrate surface by focusing a | aser beam
and to an inprovenent in a process for producing the magnetic recording
medi um The magneti c recordi ng nedi um of the present invention

exhi bits good CSS (mtmma'trcswcbastmp)mﬂnmmcum IPROCES SaFdRaPREDUCEN head
noi se, and t hus, %% enhanced durability agai nst wear due to sliding
contact of a nagnetlc ard disc (hereinafter abbreviated to "HD') with a
magneti ¢ head. The recent progress of increasing the density of
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recording deq§k;%d®%%rhﬁéigﬁgf§8eiB?rgééﬁbfﬁg a laser beam; and to an

improvement in a process for producing the magnetic

recording medium.

The magnetic recording medium of the present
invention exhibits good CSS (contact start-stop)
characteristics and a reduced head noise, and thus, has an
enhanced durability against wear due to sliding contact of a
magnetic hard disc (hereinafter abbreviated to "HD") with a
magnetic head.

The recent progress of increasing the density of
magnetic recording medium is remarkable. It has heretofore
said that the rate of increase in the recording density of
hard disc drives (hereinafter abbreviated to "HDD") is about
10 times per 10 years, but now it may be said that the rate
of density increase is about 100 times per 10 years.

In HDD, there is adopted mainly a Winchester system,
i.e., CSS (contact start-stop) system involving a basic
operation of a sliding movement due to contact of HD with a
magnetic head, floating of the head above HD and then a
sliding movement due to contact of HD with the head. The
CSS system has contributed in no small measure to the
amazing progress in increase of recording densit§.

However, this system has invited an attractive problem of
tribology. More specifically, the amazing progress in

increase of recording density has invited an increase of



-2- ° revolving speed of the disc and a reduction of a flying height of
‘the magnetic head. Therefore, there is now an increasing demand for

i mproyi g head- and-di sc wear characteristics and stability in sliding
novenent;, and for enhanci ng snoot hness of the HD surface. The key to
t he i npriovenment of head-and-di sc-wear characteristics lies in an increase
of the tenacity of materials and a IomeLé?g of friction coefficient or an
enhancegent of lubrication. As regards  HD, "attenpts have been nade for

|l owering the friction coefficient by rendering rough the HD surface, and
for coating the HD with a protective coating material such as dianond-1i ke
carbon (DLC) or a coating lubricating agent. The surface treatnent for
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(DLC) or a coating lubricating agent. The surface treatment

for lowering the friction coefficient is referred to as
"texturing treatment" and is intended to effectively reduce
the contact area in the CSS system whereby the head-and-disc
wear characteristics are improved. The texturing treatment
comprises forming a multiplicity of bumps having peaks and
indentations or valleys with predetermined height and depth
on the textured HD surface, and now the texturing treatment
is an essential step for the HD production.

The texturing treatment greatly depends upon the
particular material of the substrate disc. For example, in
the case of an aluminum disc blank having a nickel-
phosphorus (NiP) coating, the surface roughening is
generally effected by mechanical polishing using an abrasive
grain, In the case of a glass substrate, an etching
technique utilizing lithography or a combination of
lithography with printing have been proposed and some of the
proposed techniques have been practically adopted.

In the texturing treatment, there are problems
inconsistent with each other, namely, it is difficult to
precisely control the surface roughness with an enhanced
production efficiency. For example, the mechanical abrasion
has technical problems of over-abrasion or burr occurrence,

and blurring of textured areas, and the lithographic etching



haé technlcal probl ens of over-abrasion or burr occurrence, and blurring of
textured areas, and the |ithographic etching

- 3- ‘has a problemthat the production steps are conpli cat ed. In
recent years a texturing treatnent utilizing | aser beam such as | aser

abl ation and | aser etching have attracted attention (see, for exanple, U.S.
Patent 5,062,021 and Japanese Unexam ned_Patent Publication (hereinafter
abbreviated to "JP-A") 62-209, 788, 3-272818 and 7-182655). The | aser beam
texturing is advantageous in that, first, the surface roughness of
substrate can be precisely controlled, nanely, the height, spacing and

| ocati on of m croscopic bunps created by | aser beam focusi ng can be
desirably conba®ld erfokimft Sedondiey profiuchiotttdren agregorplécabedi ed out
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constant, but natur osci | I"at1 on undesirably occurs between the magneti c
head and the BARPSOHMRAL Fithe ERPULFacFRGPERRFIHON iSteDs §6§eHaBF1Fﬁe
rotating di scoup ihea Cdf)ﬁbb"ﬁéﬂ’éaﬁiﬂt&budl usetopradhariepfid Bnd thagueney of
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working environment. For example, U.S. Patent 5,062,021
discloses creation of crater-like bumps each comprised of a
circular rim surrounding a pit and having a diameter of 2.5
to 100 ym and a spot spacing of 12.7 to 25.4 Um on an NiP-
coated aluminum substrate by using a Q-switched pulse
oscillating NA-YAG laser with a wavelength of 1,064 nm and
an oscillation frequency of 12 KHz.

But, the laser beam texturing has problems such that,
when the preset height and spacing of bumps are not
adequate, the adsorption of the magnetic head onto the disc
surface and the CSS characteristics are markedly
deteriorated.

The spacing between adjacent microscopic bumps in the
circumferential direction of the substrate disc is usually
constant, but natural oscillation undesirably occurs between
the magnetic head and the bumps due to the bump spacings and
.the linear speed of the rotating disc in the circumferential
direction thereof. The freguency of natural oscillation
equals to integral number times of the circumferential
speed/bump spacing ratio. Further, the magnetic head has a
frequency of natural oscillation, and, when the frequency of
natural oscillation of the magnetic head, is equal to

integral number times of the frequency of natural



speed/bunp spacing ratio. Further, the magnetic head has a frequency of
~natural oscillation, and, when the frequency of natural oscillation of the
magneti c head, is equal to integral number tines of the frequency of

nat ur al -4- oscillation, resonance
occurs. The occurrence of resonance |eads to reduction in flying
stability of a glide head for inspecting unacceptable bunps on the disc
surface with the result of increase of~a*head noise and failure of

i nspecting the normal glide height, and further, it |eads to deterioration
of CSS (contact start-sop) characteristics. When a | aser beamis
focused with a constant pul se repetition frequency, the spacing between
adj acent nicms&ﬁaphmlbunpSebbnhheecbécwméerentiaI direction of the
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a process for proauci ng a na netic recor
are larger than those in inner c1rcumferences thereof.

However, the bump spacings in the same circumferences are
egual and thus, the above-mentioned problems occur.

In view of the foregoing, a primary object of the
present invention is to provide a magnetic recording medium
comprising a substrate disc having a multiplicity of
microscopic bumps on the surface thereof formed by texturing
the substrate surface by focusing a laser beam, which is
characterized by minimized occurrence of the undesirable
natural oscillation caused by the linear speed in the
circumferential direction and the bump spacing, and thus,
minimized occurrence of resonance between the magnetic
recording medium and a magnetic head, and, which exhibits
good CSS characteristics and a reduced head'noise, and thus,
has an enhanced durability against wear due to sliding
contact of the disc with the magnetic head.

Another object of the present invention is to provide
a process for producing a magnetic recording medium
including a step of laser-texturing a substrate surface to
form a multiplicity of microscopic bumps, by which
microscopic bumps having desired varied spacings between
adjacent bumps are formed on the substrate surface, and
thus, the magnetic recording medium having the above-

mentioned benefits can be produced.



including a step of laser-texturing a substrate surface to forma
multiplicity of m croscopic bunps, by which m croscopic bunps having
desired vari ed spaci ngs between adj acent bunps are forned on the substrate
surface, and thus, the nmagnetic recordi ng medi um having the above-
menti oned benefits can be produced.
-5- In one aspect of the presgnt invention, there is provided an-
i nprovenment in a magnetic recordi ng medi um conprising a substrate disc
havi ng formed thereon a nagnetic recording |ayer, said substrate disc
having a nultiplicity of mcroscopic bunps on the surface thereof fornmed by
texturing the substrate surface by focusing a | aser beam The i nprovenent
lies in that the spdei pge Bsbetween BHeasesdermi CirpReniion ,bitkpsei iist he
circunferenti isrection of th bsi r at i SC. are vard.ed n_extent
such that -t heteyLose hy  Rabrol 8RR P Sifa i eck¥diRl WaRlaT L
)/ D ] x 1Opr¥siper ] spPetrate d{gy having formed therggp a mappetigyg

wher ei n Dax,rdd¥-iaiagd 109¥e , ak81 BhguBBX: AN $PACIHIG 1 ¥ B MuTk3pasERgyand
aver age spaci ,,respectLvekg, anong, the s $CIH D b%%ﬁpen %S%acent

m croscopi c SERSCREIE PEURF ePBNETGI ST FAC] i BIFT6Ch e~ Yate di sc,
as det erm nedcdxtuerimgt hbe whbsératl. 56t Hice Hey tfoialsimgrizerl agers paamngs D,
havi ng the | i LONS; angd_2, 5% o t i D
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inprovenentiééfiA%iﬁf%grkgaapQQ?ggéPg%g.%fggflic recordi ng medi um

conprising a step of ’focusi ng Oor° texturing a substrate disc

to forma nmultiplicityqofg m groscopjc byupps on a gy fage ohglphe subsyrate
di sc. The i nprovenent IiesW?nmﬁhat t%énrgggﬁgﬂg S ? ) :

wherein D D . and D are the maximum spacing, minimum

max’ “min avg

spacing and average spacing, respectively, among the
spacings D between adjacent microscopic bumps in the
circumferential direction of the substrate disc, as
determined by a method wherein 2.5% of the total number of
spacings D, having the largest dimensions, and 2.5% of the
total number of spacings D, having the smallest dimensions,
max’ Dmin and Davg are measured on the
remaining 95% of the total number of spacings D.

are excluded, and D

In another aspect of the present invention, there is
provided an improvement in a process for producing a
magnetic recording medium comprising a step of focusing a
laser beam for texturing a substrate disc to form a
multiplicity of microscopic bumps on a surface of the
substrate disc. The improvement lies in that the focusing
of the laser beam is carried out in a manner such that the
spacings D between adjacent microscopic bumps in the
circumferential direction of the substrate disc are varied
to an extent such that the above-mentioned formula (1) is
satisfied.

The above-mentioned variation of the spacings D
between adjacent microscopic bumps in the circumferential
direction of the substrate disc, satisfying the formula (1),

is attained preferably by (i) a method wherein the pulse



of "'the | aser beamis carried out in a manner such that the spacings D

bet ween adj acent m croscopic bunps in the circunferential direction of the
substrate disc are varied to an extent such that the above-nenti oned
formula (1) is satisfied. The above-nentioned variation of the
spaci ngs D between adj acent m croscopic bunps in the circunferenti al
direction of the substrate disc, satisfying the formula (1), is attained
preferably by (i) a nethod wherein the pulse

- 6- repetition frequency F of |aser beamto be focused onto the disc
surface is nodul ated in a manner such that the following fornmula (2) is
sati sfi ed: 0.01 [err] [(F [err] - F[err] )/F [err]][err] 100

(2) wherein depethksohl QEéh@QHcﬂﬁréﬂ Pl el RafBXoMBR takugedt BAELET thaum
val ue and t he ,aver agg val ye, $ Petc%évely, of the %ug e gp%hltlon
frequency of H&SeFUbLARF oF PPIYIACTRiHbE WSS SEFR P58 Eamis
transmtted tilwldogting fraskuhavi 2y perdaridiieds, wherein spaci ngs between
adj acent perforations in the circunferential direction of the mask are
varied in a specific rlngé; sof (Fyij)- aF&gg*ﬁﬂ%g@Hefeﬂ@Othe | aser beé#lis
reflected by mrrors working at a_continuously varied reflectiop angle,
whil e the refbP&EionFaagleFaint 24 M &¥9rars sttt?omarxdmué‘d"é&u&s itg ®sati sfy
the formul a @nimum valuEhanaaghetaeefae@@r\chm /madispracefi vellg ,poés eneé

i nvention is racteriz by C h In th gs D
bet ween adj a(?gJ 2e 9" ?Jggégqf)g Brﬁéugﬁryt%e C|Srecr3:#g%rén{%l\£a H&ﬁ%ﬁbgf t he
substrate di wer\mhcﬁhS}pééﬁﬁgstﬁlares viErargiitd-esh tdooagh susaskhhaving
above- mntl%&@&&&%@ (Fhekainabpstings ddtddid RFAce R EaehBYokk
used herein gﬁ\ n the di st ance f iween fhe c ther of .a m CI‘OSCOQI [ burrp
and the centérn e iagraéenenhi et oSteRF B

specific range; or (iii) a method whereln the laser beam is

e mask are varie

reflected by mirrors working at a continuously varied
reflection angle, while the reflection angle of the mirrors
is controlled so as to satisfy the formula (1),

The magnetic recording medium of the present
invention is characterized by the microscopic bumps having
the spacings D between adjacent microscopic bumps in the
circumferential direction of the substrate disc, which
spacings D are varied to an extent such that the above-
mentioned formula (1) is satisfied. By the term "bump
spacing D" used herein we mean the distance between the
center of a microscopic bump and the center of an adjacent
microscopic bump.

It is possible that a very limited number of
microscopic bumps have extraordinarily large spacings D or
extraordinarily small spacings D. Even though extra-
ordinarily large and extraordinarily small spacings D are
present, the magnetic recording media are acceptable
provided that the number of such spacings are very few,
Therefore, the determination of the maximum spacing (D

max)’

the minimum spacing (D ) and the average spacing (Davg) in

min
the formula (1) is conducted by a method wherein 2,5% of the
total number of spacings D, having the largest dimensions,
and 2.5% of the total number of spacings D, having the

Y ad 1 1 -
smallest dimensions, are excluded; and Dmax' Dmin and Davg



It is possi bI e that a very limted nunber of m croscopic bunps have
extraordinarily large spacings D or extraordinarily small spacings D. Even
t hough extra- ordinarily large and extraordinarily small spacings D are
present, the magnetic recording nedia are acceptabl e provided that the
nunber of such spacings are very few Therefore, the determ nation of the
maxi mum spacing (D [err]), the m ninmm sgaci ng (D[err]) and the average
spacing (D [err]) in the formula (1) iS conducted by a nethod wherein 2.5%
of the total nunber of spacings D, having the |argest dinensions, and 2.5%
of the total nunber of spacings D, having the smallest dinensions, are
excluded; and Dierr], Derr]and Dierr]

-7- are a(métﬁieﬂ,urmm BnkieDr ,D[Jerr]axahd) %etalr}a acesheed |oreashe ed on

t he remalnln %af u 0 If the bunp
spacing vari a |on "EXpr eSs egjtfaltht(qhsaIg é%rr%?ﬁp% SSPQNBF é )/D [err] x 100
Y

(% is smaller than It%éﬂeo\hélrﬂpl SRRELQY. @anqt%orbfexpﬁgsrsgﬁg eltr essed by
the formul a (ddsmitie (l(rbt endedpl 1 rwmenemxovfodf&)cfi@r aRheLest t6sn Atk

reduction of head nojs. not I n contrast

spaci ng vari at?%%r g}?ﬂ'@%ds“t e ug ; Eg? 13nde expsge5eds {’Yhéh? aﬁ%’gpula
expressed by thg, fidramnilreented umgrpvehenbmﬁb Gysachagectreishicednd an
unduly |arge f&@&dwﬁ bﬁ sihle' denB ga[ef%?nw%eea&%%in]za)e bEHp SREFA D, o

vari ati on expresse or mu r] D[h
(% is preferddbfyoyme twcrlaﬁgéraeﬁiaie%t%xqma e uppeanélm%f bt adt e net hod
(i) of controkdinyg dme;rkwrmnsjpa@bcpgeyeéaamy athee forawdad (by, t hee f prone a

COerr]- Olgcgl Hlerclo, -oX 30,00 Lo WA N e 30 o0E ot ,200%

conprises no f*Se repetitron frequ 85ef beam to be
f ocused onto ‘!W%mla?@el@f inkseaghds r afke dﬁ'@tp Spacmg varigkiemse of a

cont i nuous V\Bé/ﬁp:(ééged 3L thet Iie.rfmdul mnon af g he )mml SEIrRPedot(on is
frequency F of €ser bearrr;mc% be effegtg‘&a ‘%/ %lgg aftv8xt ernal nodul at or
such as an elRtY Y dhddE A8BPS(REr F hatd Bbr eviated to "EOM')
One preferable method (i) of controlling the bump
spacing variation expressed by the formula "[(D - D Y/ -

ax min
] x 100 (%)" within the range of 1% to 200% comprises

v
mgdglatlng the pulse repetition frequency F of laser beam to
be focused onto the surface of the substrate disc.

In the case of a continuous wave {CW) laser, the
modulation of the pulse repetition frequency F of laser beam
can be effected by using an external modulator such as an
electro-optic modulator (hereinafter abbreviated to "“EOM")
and an acoustic-~optic modulator {(hereinafter abbreviated to
“AOM").

EOM has a function of continuously varying the output
of laser beam due to the fact that, when a voltage is
imposed to an optical crystal, the optical path of incident
laser beam is varied by the electro-optic effect of the
optical crystal. AOM has a function of continuously varying
the output of a rectilinearly propagated laser beam due to
the fact that, when an optical crystal is irradiated with an
ultrasonic wave, the diffraction angle of continuously
oscillating laser beam is varied by the photoelastic effect
of the optical crystal. Both EOM and AOM enable to modulate
the laser beam output at a frequency of the order of MHz by

a signal from the exterior such as the ultrasonic wave or



nd an acoustic-optic nodul ator (hereinafter abbreviated to " AQV').

EOM has a function of continuously varying the output of |aser beam due to
the fact that, when a voltage is inposed to an optical crystal, the optical
path of incident |aser beamis varied by the electro-optic effect of the
optical crystal. AOM has a function of continuously varying the output of a
rectilinearly propagated | aser beam due {o_the fact that, when an optical
crystal is irradiated with an ultrasonic wave, the diffraction angle of
continuously oscillating | aser beamis varied by the photoelastic éffect of
the optical crystal. Both EOM and AOM enable to nodul ate the | aser beam
output at a frequency of the order of MHz by a signal fromthe exterior
such as t he dihe sdeftrigpatlge, and the degree of modulation of the _g-

the el ectric judese b Jtpuedge fQEae'I?dBEalrﬁﬁﬂe@fwiﬁ}? dager beam out put
can freely be varied th ease., he podul ati on of the pu
"3?&%%8:‘?1 it

W n | se
repetition frequency ¥ &9 beppui e abrRe i i9e F rs @ entYaFnBhiner
such that follasdmddan md prieferablyaciaskied: out in a manrerOkuychr thak (F

[err]-  Flergdy J\ﬁ.r{ge{fk:]rnllll%r rda)y ijslogatitsﬁied: (2) wherein Flerr],

Flerr] and F[err] are e maxi mum val ue, e mni mum val ue and the average

val ue, respectively, ofgtde pylige repewi ti gprfrequencyp F of |aser hegam The
procedure of nodul ating the pul s&3%pet Pftflon f¥®quency F of | aser beam so
as to sati sf wltélﬁaifrormmal g (F2). | aan@otr Rar areutRe| wakimik ek ladd they

f in & . .
vave-form of @ 4il analid wiiF . 390dRg."0UTue2 SLOUSOL AL Yae (foPul se
wave and a random wave can be enpl oyed. The T cusi ng df Yaser beam
onto the di s®Pskad aapdts tdon ifaganencwhFl efalasensibeame dfhe rosgidyreat e

disc and a syst eBdula e HH0 guiheaedpldt €dohasfEqheddy 15 JOVIE 30 belat
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limited, and any wave-form of a triangular wave, a square
wave, a sinusoidal wave, a pulse wave and a random wave can
be employed.

The focusing of laser beam onto the disc surface is
carried out while at least one of the substrate disc and a
system for focusing the modulated laser beam is moved so
that relative positions of the substrate disc and the laser-
focusing system vary correlatively in the radial direction
of the substrate disc. Further, the substrate disc is
usually rotated at a constant angular speed or, at a speed
such that the focusing spot on the disc surface is moved in
the circumferential direction of the substrate disc at a
constant linear speed relative to the revolving substrate
disc,

In the case where the substrate disc is rotated at a
speed such that the focusing spot on the disc surface is
moved in the circumferential direction of the substrate disc
at a constant linear speed relative to the revolving
substrate disc, when the pulse width and pulse intensity are
constant, the heights of microscopic bumps formed on the
disc surface can be uniform.

In the case where the substrate disc is rotated at a
constant angular speed, when the pulse width and the pulse

intensity are constant, the heights of microscopic bumps



focu5|ng systen1vary correlatively in the radial direction of the substrate
disc. Further, the substrate disc is usually rotated at a constant angul ar
speed or, at a speed such that the focusing spot on the disc surface is
nmoved in the circunferential direction of the substrate disc at a constant
| i near speed relative to the revolving substrate disc. In the case
where the substrate disc is rotated at speed such that the focusing spot
on the disc surface is noved in the circunferential direction of the
substrate disc at a constant |inear speed relative to the revolving
substrate disc, when the pulse width and pul se intensity are constant, the
hei ghts of m croscopi c bunps formed on the disc surface can be unlform
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AOM whi ch i srildikhl pri the paisé¢yinfendiecyaser. Thus, the pul se repetition
frequency F can be qugh tggséoo@s t§h§?ﬁ'l gérth%h%bg%gqu@gbgngg fornul a
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formula (2) by an external signal instead of the pulse-
controlling signal from the cavity of laser. In the case of
the Q-switched pulse laser, the upper limit of the pulse
repetition frequency is approximately 100 MHz, namely,
smaller than that of EOM or AOM, due to the Q-switch. But,
the pulse laser is advantageous in that the bump spacings
can be controlled by the cavity of laser without use of an
external modulator, although the bump density is small.

In another method (ii) of attaining the above-
mentioned variation of the spacings D between adjacent
microscopic bumps in the circumferential direction of the
substrate disc, which is represented by formula (1), a laser
beam is reflected by an optical system having mirrors
working at a continuously varied reflection angle and the
reflected laser beam is focused on a stationary substrate,
wherein the reflection angle of the mirrors is controlled so
that the bump spacings D satisfying the requirements
expressed by the formula (1) are formed. 1In this method, a
two-dimensional texturing is usually effected by using two
mirrors, one of which works in the X axial direction on the
disc. surface and the other of which works in the Y axial
direction. 1In other words, the bump spacings D can be

continuously varied by continuously varying the working rate



the pul se laser is advantageous in that the bunp spacings can be controlled
by the cavity of |aser w thout use of an external nodul ator, although the
bunp density is small. In another nethod (ii) of attaining the
above- nentioned variation of the spacings D between adjacent m croscopic
bunmps in the circunferential direction of the substrate disc, which is
represented by fornula (1), a laser beamis reflected by an optlcal system
having mrrors working at a contlnuou§1fcbar|ed reflection angle and the
reflected | aser beamis focused on a stationary substrate, wherein the
reflection angle of the mrrors is controlled so that the bunp spacings D
satisfying the requirenents expressed by the fornmula (1) are fornmed. In
this met hod, in the-¥i ardsYomalal extngdtignss usual |y effected by using two

mrrors, one of whigh wpiks ér‘i‘oﬁ}h@r %é’eﬂdﬁ Q'ﬂ)esk' QEtQ{‘n{KG dissapyd.ace
and the other of which works in the Y axial direction. |In other mords t he
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wherein D' and D' are the maximum spacing,

max’ D' min avg

minimum spacing and average spacing, respectively, among the
spacings D' between adjacent perforations in the
circumferential direction of the mask, as determined by a
method wherein 2.5% of the total number of spacings DY,
having the largest dimensions, and 2.5% of the total number
of spacings D', having the smallest dimensions, are
excluded, and D'max' D'min and D'avg are measured on the
remaining 95% of the total number of spacings D'.

Usually the laser beam transmitted through the mask
is focused through a converging lens, and therefore, the
perforation spacings D' on the mask surface should be
determined in consideration of the magnification of the
converging lens so as to obtain the intended bump spacing D
on the disc surface. .

The berforation spacing D' variation expressed by the
formula “[(D'max - mln)/D' ] x 100 (%)" is preferably in
the range of 10% to 150%.

In view of the magnetic recording properties of the
resulting magnetic recording disc, the microscopic bumps
formed on the substrate surface preferably have the
following dimensions. The average diameter is usually in

the range of 1 to 10 ym. If the average bump diameter is



spacings D between adj acent perforations in the circunferential direction
of the mask, as determ ned by a nethod wherein 2.5% of the total nunber of
spacings D, having the |largest dinensions, and 2.5% of the total nunber of
spacings D, having the snallest dinensions, are excluded, and D[err]' D
[err] and D [err] are neasured on the remaining 95% of the total nunber of
spacings D . Usual ly the |aser hegmtransmtted through the mask is
focused through a converging lens, and therefore, the perforation spacings
D on the mask surface should be determ ned in consideration of the

magni fication of the converging lens so as to obtain the intended bunp
spacing D on the disc surface. The perforation spacing D wvariation
expressed by $Trl¥ex nihan "1 M dihe] CSH FBRFIGHerigtdiqs axe100t (9" is
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10 [err]m If the amgl affe yd Hliaikt 6% tRe microscopic bumps is
- 11 - smaller than 1 [err]m the CSS_characterjistics are no%
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possi bl e t hat If hehdunpsraie ouipodieight tibheshmabhet i tharedd nandthhe gl i de
noi se i ncreases The aver.age .hei he 1 Gro s unpsci s
usually in th%nF%ﬁ%ﬁgcﬁ“ 17 éﬁ%rlagegg%g {yéﬂip¥%q§b%%%glﬁﬁgfhefgverage
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cannot be at t@&edend faidle YA BUER Qeier@ltl_é;’%é&f,dQ:kx%obﬁﬂibsi bni ghe
possi ble that, when the disc .is rotated_at a hj speed, the b s,on the
di sc i npi nge SHEE HERERER Y ta‘epl}’@&%eﬁf@f ahB’éﬂbg?'%\# gﬁaéie§.’:a5ﬂngrlsefﬁe
aver age bunp spaci ngri2 iavdrdmyecibumpnseanenhgab ih riget idrcuinfeltentist i s
usuall'y in th&ifé%@%%ﬁﬁoé'Eﬁéfgagéeﬁg]ggually in the range of 1 to 50 um,
preferably 10 to 50 um. If the average bump spacing is
smaller than 1 um, a portion of the microscopic bumps are
undesirably placed in contact with adjacent microscopic
bumps. If the average bump spacing is larger than 50 um,
the glide noise tends to increase.

The areal percent of microscopic bumps on the
substrate surface is not particularly limited, and can be
varied usually in the range of 0.1 to 99.9% of the entire
area of the substrate surface. A preferable areal percent
of the bumps is in the range of 1 to 20%.

The substrate disc for a magnetic recording medium to
be textured in the process of the present invention is not
particularly limited provided that it is capable of being
textured with a laser beam. As specific examples of the
substrate disc, there can be mentioned a disc blank made of
aluminum or an aluminum alloy such as an aluminum magnesium
alloy, which has been plated with nickel-phosphorus (NiP},
nickel-copper (NiCu) or cobalt-phosphorus {(CoP), or which
has been subjected to anodic oxidation; and a disc blank
made of silicon or glass.

The surface-textured substrate disc may be washed
with a solvent. On the surface-textured substrate disc, an

undercoat such as a chromium layer, a magnetic coating,



preferably 10 to 50 [err]m If the average bunp spacing is smaller than 1
[err]m a portion of the m croscopic bunps are undesirably placed in
contact with adjacent mcroscopic bunps. If the average bunp spacing is

| arger than 50 [err]m the glide noise tends to increase. The areal
percent of m croscopic bunps on the substrate surface is not particularly
limted, and can be varied usually in tpg range of 0,1 to 99.9% of the
entire area of the substrate surface. A preferable areal percent of the
bunmps is in the range of 1 to 20% The substrate disc for a magnetic
recording mediumto be textured in the process of the present invention is
not particularly limted provided that it is capable of being textured with
a | aser 368.@._955, Eef)&nj'kdxj'ltad@ﬂarmrlf l&&y@:fr,t hepsobsttave distc:il,ncj hateh ean abe
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t he inventi omaeimg be reppieteids tapatdmgoflormeds thereaneodi acswps e disc
magnet| ¢ Codptniias Bl RS AR P lruritteraksndasthetégh e disc having

a magnet ic coatl ng ereon or a SUbSt rate I SC .
The present invention will now be described by the

following examples that by no means limit the scope of the
claims of the invention,.

Examples 1 to 5 and Comparative Examples 1 to 4

Laser Texturing Treatment

As a continuous wave (CW) laser source, a laser
diode-pumped continuous wave YAG laser having an output of 5
watt, and a double wave mode with a wavelength of 532 nm was
used. As an external laser-beam modulator, EOM having a
maximum signal conversion of 85%, a rise-time of 15 n-sec,
and an I___/I

max’ “min

amplitude of pulse oscillating laser beam output and Imin is

ratio of 80 (wherein Imax is the maximum.

the minimum amplitude of pulse oscillating laser beam
output) was used. A wave-form generator as an external
signal input device was connected to the EOM. The input
wave-form to the EOM was a pulse wave-form having a pulse
width of 150 n-sec. The pulse repetition frequency F of the
pulse wave-form was set as shown in Table 1, by utilizing
the frequency modulation function of the wave-form
generator. The modulation of the frequency was effected by
using a triangular wave of 1 kHz.

The laser beam was focused through a lens into a spot
diameter of 5 ym on an NiP-plated aluminum substrate disc

with a diameter of 95 mm, rotating at a constant spced



haV| ng a protective coating further formed thereon. The present

invention will now be described by the followi ng exanpl es that by no neans
limt the scope of the clainms of the invention. Exanples 1 to 5 and
Conparative Exanples 1 to 4 Laser Texturing Treatnment As a

continuous wave (CW | aser source, a |laser diode-punped continuous wave YAG
| aser having an output of 5 watt, and g gouble wave node with a wavel ength
of 532 nmwas used. As an external |aser-beam nodul ator, EOM having a

maxi mum si gnal conversion of 85% a rise-tinme of 15 n-sec, and an I[err]
[1[err] ratio of 80 (wherein I[err] is the maxi mum anplitude of pulse
oscillating | aser beam out put and I[err] is the mnimum anplitude of pulse
osci |l ating (5h$en Beafpdepl?) iNashesehr cumigreatiadnfdenerarbrobsthn
external si gmistlrrarwt adevi aad\/\asm@pme@dm;;t toiagEDM aThagiaput wave-form
to the EOM +R pul se, wave-form a1vin/a ulse wwdth of 150 n-sec. The

pul se repeti |c?rcf P8q3&ney SRe8E Phe pTﬁc‘Jssee ve-formwas set as shown in
Table 1, by utiliziThg thasf-teqtuenee} swuh il imttieod ifsen disisomiokoshepiave- f orm
generat or . mlj@ﬂgb@hggan%v&bsgér&m\&Ssefufmect 9feby HELEg @

triangul ar wave | aser beam was focused thr ough a |lens
into a spot }tﬁlﬁlli%t andopverpge faRdht v P i thie miCE @ SErRICH BHMES bR P4t BB sc
with a dlanﬁﬂﬂmlab595 petweehahifgecatt upistiantthepeddcumferential

“13 - 5&1‘}@&&%@9' €nd) ah 0 thﬁ%céﬁ&}hm?{%tb&%' 1di regtl 90.Qf the

substrate disc and 8i mil taneous y Iinara “di rection at a speed
of 1 mm sec.texturingTwest hapdnekedrad %lmer atidl td Q(f- Rds tei éPoBBepi Theunps

having an a\ﬁ%ra%@%e%aﬁ%%r taé Buh$' £p40 inkte @w&g%f&%&ah 8pduayRgagr
density of th mcrog nd the aggam gs D bet ween adgacent bunps

in the circ@¥&r&dtf éE’f‘ngnabg eI SEORS i{FYPELI BS2T The
| aser texturzamg',\/vas;:p@mddcbgdcaﬁom getlel MK dfapin)t.o 20 nm The

For comparison, the above-mentioned laser-texturing
procedures were repeated wherein the modulation of the pulse
repetition frequency F was not conducted (Comparative
Examples 1 to 4). The constant speed in the circumferential
direction of the rotating substrate disc, the frequency of
laser pulse, and the dimensions of microscopic bumps are
shown in Table 1.

Table 1

Example Circumfe- TLaser pulse Bump spacings D Average Average

No. rential frequency Davg Dmin - Dmax bump bump
speed (kHz) density height

(m/sec) (m)  (um)  (um) (No./mm2) (nm)

Ex 1 8 200 50 40 32 - 53 1,250 18
Ex 2 8 200 25 40 35 - 46 1,250 18
Ex 3 8 200 50 40 32 - 53 1,250 14
Ex 4 4 200 50 20 16 - 27 2,500 18
Ex 5 8 100 50 80 53 -160 625 18
Co Ex 1 200 40 - - 1,250 18
Co Ex 2 8 200 40 - - 1,250 14
Co Ex 3 4 200 20 - - 2,500 18
Co, Ex 4 8 100 80 = - 625 18

Preparation of Magnetic Recording Medium




neasurenent of the bunp spacings D were effected by using an auto- XY stage
with a differential mcroscope (type "MS- 200", supplied by Chuou Sei ki

K. K., Japan). For conparison, the above- ment i oned | aser-texturing
procedures were repeated wherein the nodul ation of the pul se repetition
frequency F was not conducted (Conparative Exanples 1 to 4). The constant
speed in the circunferential direction f the rotating substrate disc, the
frequency of |aser pulse, and the dinmensions of m croscopic bunps are shown

in Table 1. Table 1 Exanpl e Circunfe- Laser
pul se Bunp spacings D Average Average No. rential frequency Davg
Dm n - Dmax bunp bum density
hei ght (i &b)each of the’ 1e[serr]:ﬁft'e{e<? rqlrﬁmn(uw\eﬁe]sﬁ) blpgkemmierr])

(nm Ex 1.obtaﬁhed in amAks 14Qo 5 3A3d-OemparatidR0 Examp8es EXtd 4, 8

200 25 35-, 46 1, 250 . 8 00 _ 50 0 32
. 53 1, 2§b hremfu qu coq} hav1n§06 tébckneﬁf of f§%-“?7 a Caégsa

18 Ex 5 allBy magrnkdQic 5pati®@ haviBg- 46BhicknesggPof 2018m, a@d Ex 8
200 40 then, & carﬁbﬁﬁg}oteéyive gBaE%ng ha&&ng a thick®@ss 0#020 -

- 1, 250 14 200 2,500 18

Co Ex 4 g nm werqiﬁprmeqM}n thls order at a dB%% temgg;ature of’ 200 C

Prepar ati on ®f d\ﬁg:rwﬁimﬁecmﬁam;yl\/edpemfluoro-polyether (PFPE)
each exLur ed | urg num | %%etgl
C

obt a| ned in B(br%cfa@”ig aogegl Cn'SaFatl grﬁ?(n ?&Wf to
under coat mwquﬂanrmqﬁ@umﬁ of 100 nm a CbCrTa

Oscillation output of a magnetic head at a constant

romum

gain of amplifier was evaluated on the prepared magnetic
recording mediums. The oscillation output of magnetic head
was measured by using a glide tester (type "DS-4100"
supplied by Sony-Tektronix Co.) with a 11 mil catamaran
head. The measurement of the oscillation output of magnetic
head was conducted at the natural frequency determined by
the speed in the circumferential direction and the bump
spacings, and also at the resonance frequency. The results
are shown in Table 2.

Table 2

Oscillation output of head {(mv)

Natural frequency Resonance fregquency

Circumferential 8 m/sec 6.4 m/sec

speed

Fregquency 200 kHz 400 kHz 200 - 800 kHz
Example 1 75 70 530
Example 2 70 65 570
Example 3 65 55 430
Example 4 95 85 760
Example 5 70 60 470
Com. BEx. 1 160 150 1,270
Com. Ex. 2 135 130 1,050
Com, Ex. 3 205 190 1,530
Com, Fx., 4 140 1.30 1,120




all oy magnetic coating having a thickness of 20 nm and then, a carbon
protective coating having a thickness of 20 nmwere forned in this order at
a disc tenperature of 200[err]C by sputtering. Finally a

per fl uoro-pol yether (PFPE) |ubricating agent was coated thereon to give a
magnetic recording medi um GCscill ation output of a magnetic head at
a constant gain of anplifier was evaluated on the prepared magnetic
recording mediuns. The oscillation output of magnetic head was nmeasured by
using a glide tester (type "DS-4100" supplied by Sony-Tektronix Co.) with a
11 m| catamaran head. The neasurenent of the oscillation output of
magnetic head was conducted at the natural frequency deternlned by the
speed in the circunfeediSSacharpsterdftans YoRe BUMRT e858¢ RYsthand al so at
thgl r e;onancefzflrcﬁgtwnwlume a@eﬁ\dhbﬁraﬁeaﬁh@ﬂ\m;O’DOTa:mn%sZof contact

Tabl e

Nat ural frequEiftyF 138 ?@ng’ﬁcé‘sflf‘gqﬁeﬁgé ngkgncfg’gfﬁﬁlﬁ 7t ﬁgﬁsgmi?ﬁis%%

6.4 nisec Koy sedgakusho Rr.&quedepan). TP kise-t40@ Wiz 4260c, 89 kHz
Exanmpl e 1 fall;@ime was7Q gec, ang5§§9 revolué@ﬁﬁngﬁiéé was 5 46@ rpm. 65

570 Exanpl e
95 Pl § resuige are ShEX'&mbPeTBble . 70 60 470
Com Ex. 1 160 150 1,270 Com Ex. 2 135 130
1, 050 Com Ex. 3 205 1 1, 530 Com Ex. 4
’ b ’
140 1 30 1,120 Havle 3 - 15 -
Friction value after 5000 times CSS

_Example 1 0.38

Example 2 0.45

Example 3 0.52

Example 4 0.50

Example S 0.54

Co. Ex, 1 1.02

Co. Ex., 2 1.08

Co. Ex, 3 1.25

Co. Ex. 4 1.33

As seen from Table 2 and Table 3, in examples of the
present invention, the natural frequency occurring due to
the speed in the circumferential direction and the bump
spacings was minimized. The natural frequency of magnetic
head was 640 kHz, and thus, resonance frequency was observed
to a considerable extent at 6.4 m/sec in the comparative
examples. 1In contrast, the resonance frequency was
minimized in examples of the present invention. Therefore,
the magnetic recording medium of the present invention is
beneficial in that the flying stability of a magnetic head
is enhanced, the CSS characteristics are improved and the
head noise is reduced. Further, the durability against wear
due to a sliding contact of HD with a magnetic head is

enhdnced.



The CSS characteristics were expressed by the friction values as neasured
after 5,000 tines of contact start-stop by using a CSS tester (type "KT
501" supplied by Koyo Sei sakusho K. K., Japan). The rise-tine was 4 sec, the
fall-time was 4 sec, and the revol ution speed was 5,400 rpm The results

are shown in Table 3. Table 3

Friction value after 5000 times CSS _ 14 _ Exanple 1 0. 38
Exanpl e 2 0. 45 Exanmpl e 3 0.52

Exanpl e 4 0. 50 Exampl e 5 0.54

Co. Ex. 1 1.02 Co. Ex. 2 1.08

Co. Ex. 3 1.25 Co. Ex. 4 1.33

As seen from Table 2 and Table 3, in exggmises of the present invention, the
natural frequency occurring due to the speed in the circunferential
direction and the bunp spacings was m nimzed. The natural frequency of
nmagnetic head was1640 kkmagaﬂuichus¢or®$mmanﬁﬁimreqmendyiwasaobgbstedteo a

consi der abl € g%keRhv@hgb£8-AEaCEREFodCa GRITHUEAI R XITRIETayk?  coBiAAST,
t he resonance frequency was mnimzed jn exanpl es of the present ‘i nventi on.

Therefore, tF¥PF&gAEEI BiFECBRYULAG %EmﬁkﬁﬁQﬁIQ%ﬁ¥ e HGEOSHPRAC BHMPE on
beneficial irnthehaturfheef kiiengost abihed Yopftextagmsy itheheabsitraerhanced, the

CSS charact erdgid.ca g€ LAREPNGT af'zgsé eo Sttt ; GednByr t her,
8 g fo |nd<§ﬁﬁ %%

t he durablllty agai nst wear act of wth a nagnetlc
head i s enhaf®d¢lings D between the adjacent microscopic bpgps in the

circumferential direction of the substrate disc are varied
to an extent such that the following formula (1)} is

satisfied:
1 g (D - Dmin)/Davg] x 100 (%) < 200 (1)
wherein D , D . and D are the maximum spacing, minimum
max min avg

spacing and average spacing, respectively, among the
spacings D between adjacent microscopic bumps in the
circumferential direction of the substrate disc, as
determined by a method wherein 2.5% of the total number of
spacings D, having the largest dimensions, and 2.5% of the
total number of spacings D, having the smallest dimendions,
are excluded, and Dmax' Dmin and Davg are measured on the
remaining 95% of the total number of spacings D.

2. The magnetic recording medium as claimed in claim
1, wherein said microscopic bumps have an averag diameter of
1 to 10 ym, an average height of 1 to 30 nm and an average
spacing Davg of 1 to 50 ym between the adjacent microscopic
bumps in the circumferential di;ection of the substrate
disc, and occupy 0.1 to 99.9% of the entire area of the
substrate disc surface.

3. The magnetic recording medium as claimed in claim
1 or claim 2, wherein said spacings D between the adjacent
microscopic bumps in the circumferential direction of the
substrate disc are varied to an extent such that the

following formula (3) is satisfied:

10 < [(Dm ax Do i )/D vg] x 100 (%) s 150 (3)
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CLAI M5 1. A magnetic recordi ng nmedi um conprising a substrate disc
havi ng fornmed thereon a nagnetic recording |ayer, said substrate disc
having a nultiplicity of mcroscopic bunps on the surface thereof fornmed by
texturing the substrate surface by focusing a | aser beam characterized in
t hat spacings D between the adjacent m croscopic bunps in the
circunferential direction of the substrate_disc are varied to an extent
such that the following fornmula (1) is satisfied: 1 [err] [(D
[err]- Dlerr] )/DJerr] x 100 (% [err] 200 (1) wherein Derr],

Derr] and Derr] are the maxi mum spaci ng, m ni mum spaci ng and aver age
spaci ng, respectively, anong the spacings D between adj acent m_croscopic
bunps in t he¥RETehf a0t D1 i3 Paeg BFCt AR @E&ﬁﬂ%@u%?<ﬁi§&? ds det er i ned
by a net hod wherein 2.5%micdde float plrodunbry &f msgret ingselBoriddwigng t he

| ar gest di mepsi , 506 Qf t r_ of | QS havi ng the
smal | est di n@%%?‘gﬁsc relzselxg %desg:g%a%g gECGg{%? %glda %qa%e%?‘e f?\%ﬁasur ed on

t he texturing a gupfaceriof a subghgatendise i IBFOR t he tot al

nunber of spagiegsifdity of %icroER@piedBehps &€COH&l iGRAirsacas cl aimed in
Ferrlm an avBPRRRe A T B At B8 MAPARGoSH abr e S5arng BREPFF of 1
to 50 [err] nsbeh vigent tdmrcidjgc dntbettiveros adpacebiunpiscigsadyd cc ibuagst énent i al
direction of tﬁé‘ecgzll@ﬁ{f@ﬁ%@ﬂaiﬁdi%@%%ﬁ#ﬁg @nré& LA 0% %‘;il_stch%r%”“ re area

of the substrate disc surface. gnetic recordi_ng medi um as
claimed in crared & at f¥hent wveheithasathe shatl oD fsativdén ('he 18dj acent
m croscopi ¢ baepsfiedihe circunferential direction of the substrate disc
are varied to an extent such that the following formula (3) is satisfied:

10[ err] [(D[err] D erir(pf L &5 LD /mag.gﬂ) x 10@r¢g) 4500 3

wherein D and Davg are the maximum spacing, minimum

max’ Dhin
spacing and average spacing, respectively, among the
spacings D between adjacent microscopic bumps in the
circumferential direction of the substrate disc, as
determined by a method wherein 2.5% of the total number of
spacings D, having the largest dimensions, and 2.5% of the
total number of spacings D, having the smallest dimendions,
max’ Dmin and Davg are measured on the
remaining 95% of the total number of spacings D.

are excluded, and D

5. The process for producing the magnetic recording
medium as claimed in claim 4, wherein said focusing of the
laser beam onto the surface of the substrate disc is carried
out while the pulse repetition frequency F of the laser beam
is modulated in a manner such that the following formula (2)
is satisfied:

0.01 s F . )/F ] s 100 (2)

[(F ., -
ax min avg

wherein F and F are the maximum value, the

max’ Fmin avg
minimum value and the average value, respectively, of
the pulse repetition frequency F of the laser beam.

6. The process for producing the magnetic recording
medium as claimed in claim 5, wherein said focusing of the
laser beam onto the disc surface is carried out while the

substrate disc and a system for focusing the modulated laser

TN O ﬁl!ll




- 17 - mhereln Db D and D are as defined in claim 1.
. max' mn avg 4. A process for producing a magnetic recordi ng nmedi um
conptisiing a step of focusing a | aser beam for texturing a surface of a
substratie disc to forma multiplicity of mcroscopic bunps on the disc
surface,” characterized in that the |aser beamis focused in a manner such
that spaci ngs D between adjacent mcrosggoic bunps in the circunferential
direction of the substrate disc are varied to an extent such that the
following formula (1) is satisfied: 1 J[err] [(Derr] - Derr]
)/D [erf]] x 100 (% [err] 200 (1) wherein Derr] , Dlerr] and Derr]
are the maxi acin ni nu acing and_average. spaci ng, res ectlvely
anong t he spggﬁﬂg 5] BgYﬁgLﬁoﬁﬁ? o %fé?b§@8pFé%gﬁﬁp LEC Pt
ci rcunf er ent isabstirptet ddacpf amdllewlsilbsstm&t esubisseatasddst et s etk tyd atet hod
wherein 2. 5% t h g
di nensi ons, E%&s%gggbgﬁéhhgyygﬁé?Q g?%gggd'%ﬁgﬂDFﬁggvéﬁg éus Sl | est
di mendi ons, &P@te?EIGBéddlaﬁdSEfﬁﬁ?? {IeﬂQWeQaﬁ@ DPérF}rQP%f¢%§EﬁHQ%j on the
remai ni ng 95%1@Ecth6nt 6fathaUsBE t PAtSRAENIGE B constaht 1idéer pigcass for
produci ng the netlg8 g ordln nedi um.a clalgﬁd in claim4, wherein said
e

f ocusi ng of {ﬁe oﬁ?% R (FREE 0 & substrate disc is
carried out mhlle7bhe Bhesereoepess i féonrofodpiayc\the phghhbi¢ asecoiand i s

modul at ed 'nm@dﬁﬁﬂnﬁé éMShméBaintgﬁhiﬁﬂi(“MHH%JﬁN’%Hkalégér'§eéﬁii§f'ed
0.01 [err] F lerr

err [err] wher ei n
Flerr] F[err]ré ﬁmF%E?P] BF%L?% %%ﬁé?é#ﬁ &, atﬁésﬁlﬁPﬁuﬁ?%%Jéﬁg%ﬁﬁﬁw:he
aver age val uentpeshectuvehye of the Mmaﬂﬁapelﬂsfd onphbmqenny bettdedhe

| aser beam  ine giacellCpBERGERE LOL BE LN LR TRAELS Cal SEOLLLNG

nmedi um as clalne erein Sai ocusin | GseF ean1onto
the disc surPécéhesméakrbeunﬁuvamhedeUPH@lsu68¥ﬁaﬁ30bl§baanuha system for

focusing therandulabhgdrbasfia (4) is satisfied:

TS LD - D i) /D' o) X 100 (8) 5 200 (4)

wherein D'max' D'min and D'avg are the maximum spacing,
minimum spacing and average spacing, respectively, among the
spacings D' between adjacent perforations in the
circumferential direction of the mask, as determined by a
method wherein 2.5% of the total number of spacings D',
having the largest dimensions, and 2.5% of the total number
of spacings D', having the smallest dimensions, are
excluded, and D'max’ D'min and D'avg are measured on the
remaining 95% of the total number of spacings D'.

8. The process for producing the magnetic recording
medium as claimed in claim 4 wherein the laser beam is
reflected by an optical system having mirrors working at a
continuously varied reflection angle, and the reflected
laser beam is focused onto the surface of the substrate disc
wherein the reflection angle of the mirrors is controlled so
that the bump spacing requirements expressed by the formula
(1) are satisfied.
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18 - beantare noved correlatively in the radial direction of the

. substr te disc, and while the substrate disc is rotated at a constant
ang%la speed, or at a speed such that the focusing spot on the disc

surgacel is noved in the circunferential direction of the substrate disc at
a constant | i near speed relative to the revol ving substrate disc. 7.
The, process for producing the magnetic_ refordrng mediumas clained in claim
4, erlein the |aser beamis transnitted through perforations of a mask and
thegwmf _cused MACNETEC SRECORIEING MEDE UM PND SROQHESSC ;FOR PRODYSIRG baureen

t hed adjijacent perforations in the circunferential direction of the mask
being varied to an extent such that the following formula (4) is satisfied:
1 [err] [(D [err]- D[err]/D [&BBTRACTI00 (% [err] 200 (4) wherein
D [err]" D [err] and D [err] are the maxi num spaci ng, nininuntspacing and
average spacing, respectivel anong, the spacings.D bet ent
perforations in the® cW?gﬁﬁ¥e¥e5??%ﬁ g Madiyy SEVERE AnSR sﬁggﬁgt H ned by
a met hod whemdith RibYostophe bwips fumieey bof ﬂqmmsungsatnas@avbmguthe

| ar gest di ne 0 t e t he
LIEL, S Sl (g s B0y D |
measur ed on FH@CP@ﬁﬁFﬁPhQaDS@Gtﬂct#RﬁtQﬁzﬂhenﬁﬁﬁéraé? §E§é?ﬁg%°[¥hat

The process E@&mgngdu¢lmg[tbe nagnetlc;ﬂfcoqdungoned%unkagoataiged in clalm
4 wherein the |as ? 5 | ect %y o tlcal enthaV| mrrors
worki ng at aSE&AfERG UsprE%}Te%maﬁt ghq 5ﬁd ﬁem?ﬁﬁm ted | aser
beamis focumedlmnmoanﬂeaseré@eespﬂciﬂgsgnnmﬂgewteveﬂsc ahedetermined by
reflection agghgrRbat gﬁgm.&% 554 o UHd Aldiad $AnbRR! okNEpRUIRySAAC NG

requi rements_expresse e Tornu 1) are satisfied,
having the largest dlmen51ons, and 2.5% of the total number

of spacings D, having the smallest dimensions, are excluded;

and D , D . and D are measured on the remaining 95% of
max min avg

the total number of spacings D. The bump spacing variation

is attained, for example, by modulating the pulse repetition

frequency F of laser beam so that the ratio of "(F -

max
)/F " is maintained in the range of 0.01 to 100,
mln avg
wherein F , F . and F are the maximum, minimum and
max min avg

average values, respectively, of the F of laser bean,



