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the anentlon relates to a nagnetic recording nﬁgg%
for a conpute Rﬁﬂﬂﬂﬁmﬁ%ﬂTs eretof ore, an al um num substrate h ee
cordi ng nedium such as a magnetic disk

w del Yy used & llagllct g vy
"has been gradually Treplaced by a gl ass

0

However, the- &l

substrate whi hti qﬁ@%@ﬁ@gb in strength-and flatness as conpared with
s'h°+r°*ﬂ ot her hand, a thin-film head has been

t he al um num
wi dely used a$ a nmagnetic hea . However, thd thin-film head tends to be
recently repl ace y_a nmagneto-resistive head, .4M head) and a gi ant
magnet o-resi stive head (GWR - head). Therefore, developnent woul d be
directed -to a magneti grhegOEHhethARI! MILIE £ KD NE%EB@?WM]H‘ the
magnet o-resi stive head. Such a magnet’i ¢ recordlng |un1 0 as a gl ass
substrate. However METERDOOHCHANUFAITURING Vel MICNETTEC RECOADING MEDTUM
reproducti on becones nore difficult as a flying height becones |ower when
t he magneto-resistive head runs along the nagnetic recording nmec jum of
the 93. so ant, REPLACEMENT SHEETS SG & Descripfon paged .|. to paged*.
ErC al n(s) paged ?. to.paged! R

Background.of the Invention:

This invention relates to a magnetic recording
wmedium used for a computer and the like.

Heretofore, an aluminum substrate has been widely
used fqr a magnetic recording medium, such as a magnetic
disk. However, the aluminum substrate has been gradually
replacgd by a glass substrate which is advantageousg in
strength and flatness ﬁs compared with the_alﬁminum
substrate. |

- On ‘the other hand, a thin-£ilm head has been
| 'widely used as a magnetic head. However, the thin-f£film
head tends to be recently replacedAby a magneto-resistive
head{MR head) and a giant magneto-resistive hLead (GMR.
57} - head). Therefore, development would be directed to a
magnetic recording medium which can be matched with the
magnetq-resisiive head. Such a magnetic recording medium
often has a glass substrate.
However, reproduction exrrors very oftén occur and
a reproduction becomes more difficult as a flying height
becomes lower when the magneto-resistive head runs along
the magnetic recording med
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i's an object of this invention to provide a nmag

whi ch"i s capabl e

of a magnetic head becones |ow. As nenti-oned, a
error often occurs when the flying heightgof th
cl ose investigation has been caryi‘edout—about=t he cause

| ow. Therefore,

A$ 97 816T 10 JAN 194% z Su

of reducing a reproduction erro éven T ar le'

of the reproduction error. According to the inventors' experinental

studies, it is

f ound outSurmatrypeftild goventlat ached on a princi pal

surface .of a glass substrate and projections are fornmed due to the

particles on the
t her mal asperlty
As a result,

adver se lnf'UenCeréﬁ%dﬂd&%lohoeﬁkSEtéﬁén gL

thermal asperity

test for checki nchead beedmesalbw. | n this case,
about the thermal asperity. For exanple, such particles may include a

magnet i &t d€oRBi ARIIRdPEnthis invemtdpactporsotkdag about a

It

ve h ug¢tion
nagnetlc ﬁ@g econes

Ao Y5558 R 5 A o 5,

is often generated for tﬁe magrieti c

k11 PRl 'LO & magHtlg .

after a gllde
vari ous partlcles bring

he

particle which gives an agveentiongd above.whhd rapreduchdonsenfdnmfieBuch a
partlcle COHDYIS%; an_an

ul a
curs en Lhe flying height of the magnetic head

- becomes low. Therefore, close investigation has been

)

carried out about the cause of the reproduction error.
According to the inventors' experimental studies, it is
found out that particles are attached on a principal
surface of a glass substrate and projections are fﬁrmed
due to the particles on the magnetic recording medium.

Such projections bring about a thermal asperity which
Lo

causes the magneto~resistive head to generate heat. As a

result, a resistivit& of the head is fluctuated and
thereby, an adverse influence is given to eledtro-

magnetic conversion.

w—-r Further, the thermal asperity is often generated

for the magnetic disk dfter a glide test for checkihg a

head crash. In this case, various particles bring about

the thermal asperity. For example, such particles may

include a particle which gives an adverse influence when

the head ls afloat. Such a particle comprises an angular

or' irregular configuration.
Subsequently, the cause that the particles are
attached to the conventional glass substrate has been

investigated. As a result of the investigation, it 1is



or, inregular configuration. Subsequently, the cause that the particles.are
attaﬁhed to the conventional glass substrate has been investigated. As a
result of the investigation, it is ,,I.V 3 found out that the particles
generated froma side end surface of the glass substrate are attached to
the principal surface of the glass substrate. This is because the end
side surface is rough as conpared with a principal surface of the glass
substrate. Specifically, when the glass substrate is got in and out of a
housifig of a material such as a polycarbonate, the side end surface of
the gl ass subst r sfaanids oudethabbihe qantdcles gendratad E£mwbmr aasidairdrake of

t he housing. Such contacts of the side end surface with _the housing give

rise to generat DS RE BBFWH%’S syRELEREe g%ﬁ?eraé‘ﬁ‘@&hﬁﬁrf-?c‘l—l!% are
attached on the ﬂqlg:liggl %ggg&‘é_hfq ?9%%6 sub rﬁatsﬁ %nventlonal ly,

an attention has "been enera y  pai Sl e onIy from
the viewpoi nt of paw@ehaRbCaha i Gukeabe t2 ﬂi@s §ua§% &4 With a
contrast, an attention is paid in O S. Patent No. 8 for avoiding
generati on of theracipaliesubface efrithrl fyaed dtlmag.ralt.epol spéeigiddiaysi de
end surface into a chem cal polished surface. It is known in the art that
such a cheni cal - pieprskbg gipsacahsirasaghs gt dohEpd ouh ofrsd Rawsidgl | )

[inished surface s Batearhl shdn 8% aPGSIoa Bl ISt chiohsdd % 9o N

surface of the glass substrate is inevitably contacted
ﬁi} with an interéal surface 6f the housing. Such contacts
b of the side end surface with the housing give rise to
generation of the particles and the generated particles
are attached on ﬁhe principal surface of the glass
substrate. ' ) .
Conventionally, an attention has been generally
1 " pald for the side end surface only from the viewpoint of
i a mechanical strength of the glass substraté. In
contrast, an attention is pajd in U.S5. Patent No.
5,569,518 for avoiding generation of the particles by
chemically etching or polishing the side end surface into
a chemical polished surface. It is known in the ﬁrt that
such a chemical -polished surface is rough and exhibits a
mat (or dull) finished surface. .As a result, it has been
confirmed that the side end surface must be precisely
polished by mechanical polishing to avoild generation of
the pérticles. Conventiconally, the side end surface ia

processed by chemical etching. However, the chemical

etching process 1is not encugh to suppress generation of

‘the particles.’ REPLACEMENT SHBET
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I

pnllshed by nechani cal polishing to avoid' generation of the particles.
Cbnwentlﬁnally the side end surface is processed by chem cal etching.
However, -the chem cal etching process is not enough to suppress generation
of the particles.. REPLACEMENT SHEET [_|0.JANI998]j" 4 Herein, it is
assunmed that a magnetic recordi-ng nedi umwhich is manufactured by the use
of the glass substrate is shaped in a disk which has an inner periphery
and an outer periphery. in this event, the inner and the outer peripheries
are irregularly etched, which mght result in deviation of an axis. On the
ot her hand, the present iﬂﬁﬁ@ﬁphohtptﬁrﬂﬁ?umsétthﬁbiagﬁﬂﬂaeﬂipoﬁ89¢r@kngi(ﬂ es

can be prevented b shin he side surface into a mrror

fini shed surface’ﬁ%q %gﬁé g %ﬁg?%ﬁF gngﬁx?ggi??%a°qn§ Ref1®8% ecor di ng

medi um  Speci ficgl ﬁ'st.x%f GeOohdi B E05t{H S Id%ﬁnﬁﬁﬂ?h ﬁggea h@sgsubstrate has
o

a pair of principa aces opposite to ea a perlpheral si de

area contiguous (fbrﬂﬁlﬁ:ﬁvr lane Bal oStéF HeRIphd PP, Per F%Jh&rsabvéhée &iea has a
side end wal | i nternedi ate regi ons between the side end wal | and the

princi pal surf acelsmelm and $heaovtentpetipheriescaxd irregulbelpeeictiei,s egi ons
and-the side end walla-:formed by a mirror finished surface which has a

sur f ace roughness“'“%&“*néi‘-t’-ﬁl@"-eéif‘&‘:l hih deviatier of Ay @adE- roughness Rmax
not greater 4 it in. E ngfﬂ%f hdnotﬂg ISR TG dELSL Alsthe PECAUSE

the side end surface of ass substrate |
out that generatiop of particles can be prevented by

mechanically polishing the side surface into a mirror

éﬁ} finished surface without any deviation of an axis in a
magnetic recording mediuam. “

' Specifically, according to this invention, the

glass substrate has a palr of principal surfaces opposite
to each other and a peripheral qide area contiguous to
the principal surfaces. The peripheral side area has a
eide end wall and intermediate regions between the sidé
.end wall and the principal surfaces. In this case, at
least one of the intermediate regions and the side end

) wall<is- formed by a mirror finished surface which has a .

{”} surface roughnes§ Ra not greater than 1 g m or a surface
roughnesg Rmax not greater 4 uz m.

In this invention, no particles are generated
because the side end surface of the glass substrate is
mirror finished. Consequently, reproducing function is
not reduced by the thermal asperity. Further, a head
crash can be sufficiently prevented since no projections

are formed due the particles on the magnetic recording

medium. * {REPLACEMENT SHEET
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m rrot. fipished. Consequently, reproducing function is not reduced by the
thergml asperity. Further, a head crash can be sufficiently prevented
since no projections are formed due the particles on the s S e—
recordi ng medi um REPLACEMENT SHEET 10 JAN 1998 REPLACE EACEMENT 10
1498 Brief Description of the Drawings: Fig. 1 shows a crjodS sectionar™
view of a part of a glass substrate; and Big. 2 shows a raphi?ghN.wgs
representation for use in illustrating results of glide yield [osses of
various sanples to specify the sangges according to this {i nvertiom:
Description of the preferfgeiEResariphion id. 1. description
wi ||l be-made about a gla§§ suhstrate 1 of this iyve tion. TEe %éass
substrate 1 has an end pdrid-olt PROVER 55 HECHMRY HE¥ o na Rt £E i n
Fig. 1, the glassy suhs! rAhtlalas d ncipal surfaces 3 opposite to each
other and a peripheral side area"2 contiguous to the principal surfaces 3.
The peripheral side arearighag ahofié A gaghwehl *e dnthei 8RB Ofaht QideL gl ONS
B and C between the side end wall A and each of the principal surfaces 3.
In the illustrateth eéhddmsiteatdnghrefults @fngliide eyieleljilossBsaotsl ¥arivus
intentionally chanfered into a chanfered portion by a chanfering process,
as will later beeURIEF 8] sPREHEY cthe ﬂ?é‘PEHFe?‘PﬁRﬂ tegtBk® B and C nay

be unintentional |y chanfered during a grinding or a

Description of the preferred Embodiment:

gﬁ} Referring to Fig. 1, dgscription will be made
" : about a glass substrate 1 of this invention.

The glass substrate 1 has an end portion in
section, as illustrated in Fig. 1. In ¥Fig. 1, the glass
substrate 1 has principal surfaces 3 opposite to each
other and a peripherallside areg'z contiguoﬁs to the

' principal surfaces 3: The peripheral side area 2 has a
side gnd wall A and iﬁtermediﬁte regions B and C between
the side end wall A and each of the érincipal-surfacés 3.

In the illustrated example, each of intermediate
regions: B and C is intentionally chamfered into a
chamfered porp}on by a chamfering process, as will later
be discussed. _Howevef. the intermediate regions B and C
may be unintentionally chamfered during a grinding or a
polishing procesé, as will later be discussed also.
Herein, it is to be noted that the slde end wall A and
the intermediate regions B and C are all mirror finished

' by mechanical polishing and therefore have mechanical

polished surfaces specified by a surface roughness Ra

which is not greater than 1 2 m, where Ra is



pol i shing.process, as will later be discussed al so.
not ee that the side end wall A and the internediate r
all mrror finished by mechanical polishing and ther
pol i shed surfaces specified by a surface. roughness Ra
than 1 p m where Rais 10 JAW~qg 6 representative
mean roughness (defined in Japanese |Indusgérial Standhrd
mechani cal polished surfaces will also be called mrr
her ei nunder because they are subjected to a mirror fini .
However, such a nFeREsentatiiyreatstie Renterylbee frgare ronghaess cbdefined of

he" i-d d d the i ' ' B and.C. | hi .
he surface rougnistmiess EuaRp R shySuned, O8F £ B othe: (o 0%s p
m and nore pref efaklahidal pbhfs%%@gﬁ!.&facgsog}]di %1k det thléﬁtn?f:}[}.%&l vely,

the mrror finished surface may represented by a surface roughness
Rmax, where Rmax finisheld satfaces Wevdinunaaei pédadRprideynasti yebflcta
di fference between a hi ghest point and a | owest point, instead of Ra. In
this event, the st faasdrroggfiketshedinprocess. hcHowsva,csugh ahmirrbdt m

Preferably, the i mym_ hei ght Rmax falls within the range between 0.01
and 2 Am and %ﬁe?&ﬁfg?‘,’evﬂ“’tﬁ% EREmed R Medlfest BRB T dle - - A

in. Thus, the gl 3ag t hdi ¥ i ' he_nirror
fini shed surfaces eéez%ggf E“7\%)ri1'|i}c g’l%g(lsh%egﬁhégmdé{%ﬁitehe ﬁgr%gg% &g“fjﬁineé‘%‘ Ra
not greater thanthis event, the surface roughness Ra falls preferably in

p the range of 0.001 to 0.8 £ m, and more preferably, in

@“) the range of 0.001 to 0.5 g m.

Alternatively, the mirror finished surface m:—iy be
repfesented by a surface roughness Rmax, where Rmax is
defined as a maximum helght representative of a
difference between a highest ﬁoint and a lowest point,
instead of Ra. 1In this event, the surface roughness Rmax
may be not greater than 4 g m. Preferably, the maximum
ﬁeight Rmax falls within the range between 0.01 and -

2 g m, and more preferably, within the range between 0.01

and ' m.

\ .
g

Thus, the glass substrate 1 according to this

- invention has the mirror finished surfaces each of which
is specified by the surface roughness Ra not greater than
1 # m or the surface roughness Rmax not greater than
4 g m. Under the clrcumstances, 1t has been confirmed
that no projections are generated on the principal
surfaces 3, resulting-from the surface roughness of the
side end wall A an;i the intermediate regions B and C of

‘the glass substrate 1. Consequently, it has been found



L, p mor the surface roughness Rmax not greater than 4 p in. Under the

ci rcpnst @nces, it has been confirnmed that no projections_are.genecated-—-en
the principal surfaces 3, resulting-fromthe surface rod WSEEET
side end wall A and the i'nternedi ate regions B and C of grass

substrate 1. Consequently, it has been found Y REPLACEMENT SHE@EAN? ?Ep J AN
1998 out that no thermal asperity is generated. Further, {raoun su1? acesl 4
are formed between each of the principal surfaces 3 and jeaeh—of—tte -
internediate regions B and C. In addition, rounded surfgces 4 are forne
bet ween each of tRBY| Heal hRjithiearmalegspprity d5d9enaratede STde end wal | A

Each rounded surface 4 radi_us_between 0.2 and 10 preferably
between 0.2 and 2 mm an(kjﬁfn%t’?‘eer réfgg?‘g%‘* f%&?ﬁggngf’f a#ﬁr}”rgef F?ﬁ]i'“@’herat i on
of the particles gasncofplsd ?ﬁ.n@@ aP' S4ced BYah@'&A&H d1gneounded -
surfaces 4. Specifically, i anguFar surfaces 5 are fornmed between each

of the principal s$otéemstiseanstgianh Bfandhe. | Dhesd®iisdre weghdad B and C
or between each of the internmediate regions B and C and the side end wall

A, the angul ar sER¥ERess 4 wrghfogredrhatveencepeh 19| tde Windermpdiater e
contacted with the hpusing. Therefqr accordi t this ipvention, the
rounded surfaces ﬁe%f%m?‘f yr@(#]gyanﬁe%rﬁigﬁl F?Egﬁ?ﬁslﬁhgqaﬁ ﬁﬂbﬁé)eoﬂ
surfaces 5 to avoj r L. Li! &S I de 4 has
preferably the sué%%ﬁ?u&%ﬁggsgﬁﬁgﬁhegﬁ%gﬁ- '%1 %%nlf%eggggééﬁi%
roughness Ra of (péGdech [@.2NanA0PEmp) &Iy dblk¥, préfera1y Hetwbon 0P SHhaRmax

of 0.01-1 k mand the surface .
f%} 1 mm. Generation of the particles can completely be

prevented by forming the rounded surfaces 4.
Specifically, 1f angular surfaces 5 are formed between
each of the principal surfaées'3 and each of the
intermediate regions B and C or beiween each of the
;ntermediate regions B and C and the side end wall A, the
angula; surfaces 5 ﬁight génerate the particles when they
are contacted with the housing. Therefore, according to
this invention, the rounded sﬁrfaces 4 are formed by
mechanically poclishing thé angular surfaces 5 to avold
genexation of the particles. The rounded surfgce 4 has
f } ' _ preferébly the surface roughness Rmax of 0.01-2 # m and
‘the surface roughness Ra of 0.001-1 # m, more preferably,
the surface roughness Rmax of 0.01-1 £ m and the surface
roughness Ra of 0.001-0.8 £ m, and still more preferably,
the surface roughness Rmax of 0.01-1 # m and the surface
‘roughness Ra of 0.001-0.5 2 m. -

A mirror finish piocess is performed for the
perlipheral side areé 2 of the glass substrate 1 to obtain

the mirror finished surface as mentioned above.



roughness, Ra of 0.001-0.8 p in, and still nore preferably, the surface
roughness Rmax of 0.01-i ti mand the surface 2?%&%;,3.001-0.5 h
an. Amrror finish process is perforned for tfﬁﬁﬁggﬁﬁaﬁﬂ §iﬂe area 2 of
the glass substrate 1 to obtain the nmirror finighed surface fs} nentioned
above. REPLACEMENT Stiff 10JAN 1448 8 Specifiical lygyaNegm rtof finish
process is carried out by nechanical poli$hing, |such as brushi hg, buffing,

polishing by the use of a polishing pad, such gs @ soft ~polTsher and a

bard polisher, and a nglséd or a_liquid polishitng.substance,..such as | oose
abr asi ves, bondedSPEBFELTRAY . dihgy mirrenEinish precess Lmraraied owe by

mechani cal poli shj rfor,med by .conbinin nmechani,cal polishing of
di fferent types aiﬁgghng%ca#cpgﬁispépﬁéh?%ﬂ‘ &5 Fgﬁg{ﬂﬁ' &)‘afllyr’ré‘guse of
different polisheps1iisny v 1hieZ Gg@Ngr Ly 1kRiRRtH t LLror fini shed
surface having the above@rrer#i onedssﬂ'?? ac%%,riougﬁﬁgs%&"rr%%#emgha%i %é#@

pol i shing may be pelished dnd as hpkisp6PisheidQ! hfidi A%d¥id Wi ¢8ui@! i Shing.
For exanple, the.soft polisher may include a suede, a velour, or the |ike,

whil e the hard poPPkidiinggpubstangee $nabd agelloose dlmwddres;ebbaded pitch
i mpregnated suedg, -or, the Iilke. Further, the abrasives may include, for
exanpl e, cerium o TP Y8 FLUEFY i 308 (e AlbBg) At any Fat8e- thee203),
chrom um oxi de ( Gidddni ki’ ' i V4 I tani um oxide (TiO
2). In the illustrated ecéangpg,wﬁlgéi“g@erb%eégé%%mﬁy By bBAbIHLRY! O
mechanical polishing of different types and mechanical

f) polishing carried out by the use of Qifferent polishers
.Q‘- in grain size and types to cbtain the mirror finished
gurface having the above-mentioned surface roughness.
The mechanical polishing may be referred to as physical
polishing or dynamical polishing.

For example, thﬁ.soft poligher may include a
suede, a velour, 6: the like, whilg the hard polisher may
include hard velour, foamed urethahe, pitch impregnated
suede, -or the like. Further, the abr&sives may include,
for example, gefium oxide (Ceoz). alumina (7 ~A1203), red

B oxide~{Fe,0;), chromium oxide (Cr,0,;), zirconium oxide.
_ ﬁx} . (2r0,), and titanium oxide (T10,).

In the illustrated example, the intermediate
regions (chamfered'portions) B and C are formed on both
sides of the side end wall A. Thereafter, the mirror
finish process is performed for tﬁe intermediate regions
B and C. As a result, no particles are generated from
the side end wall A énd the intermediate regions B and C
even if the glass substrate 1 contacts with a housing at

.the peripheral side area 2 when the glass substrate 1 is




regl ons (chanfered portions) B and C are formed on both sides.of the side
end sal | "A. Thereafter, the mrror finish procerss...L.S,.QELlc_QL@g__for the

i'nt er medi ate regi ons Band C. As a result, no {l,@ﬁﬁ;‘ per at ed from
the side end wall A and the internediate regi Oniw?auu VH‘S:“ f the gl ass
substrate 1 contacts with a housing at the per p er, EHJENde areg 2 when the
gl ass substrate 1 is 1 REPLACE SHEET - --98----} JAN 1998

got in and out of the housing The mrror finish t he

mechani cal poli shi iy fo he peripheral side airja 2 may be carrnied out
after or before tH2t rﬁﬁ SutsBft shedhopsdpdr ne grass SUDbLIdL 1 are

I d l'i shed.
v ded I nto (1) & rough g Puarag SrE R3pRRsf aad I\ I uaERER e

polishing step, pedishisrcaod RAb dp@ﬂﬂ:eitaepsﬂékaf& thGagd B}éeg a8 fea

consi deration, the above-nentioned mrror finish process e perforned
after each of theowt gd.eflpr b2for¢ 3he patdciglyl furfaeanpl 6f the gliddsor

finish process ma%g) performed_after the rough grinding step.
Al ternatively, SHratSr 1f PﬁPsha@%é’éfsPﬁ'&irslb‘édpermbmrah ekhe he

Where The. mtror BYHEES; SEobaRPLR Hhocbn I RAGRH 1BYo1 20 1 &
Iogrl pheral side g?éf:‘ﬁi%g' srebl emapld 9.@9%)[1;? b@%by@a’&d%ﬁ!&@%éﬂéﬁ]ﬁg
pping step. .,ta.:In addition, 1t is pre hat the prTncipa
step, (4} a second polishing step. Taking the above into
- consideration, the above-mentioned mirror finish process
€;) may be performed after each of £he steps (1), (2), (3},
and (4). For example, the mirror finish process may be
performed after the rough grinding step. Alternatively,
the mirror finish process may be performed after the
_lapping step, the first polishing step, or the second
polishing step. Where the mirror finish process is
performed before the 1apbing step, the peripheral side
area 2 is often slightly rough by sands used in the
lapping step. '
5 " TR addit;on; it is preferable thatAthe principal.
'Ew} surface 3 of the glass substrate 1 has the surface
roughness Ra not.greater than 2 nm to prevent the thermal
asperity.
No limitation is imposed as to a kind, a size and
a thicknesa of the glass substrate 1 in this invention.
The glass substrate 1 may be formed by glass or glass
ceramics. In this case; the glass may be, for example,
aluminosilicate glass, soda-lime glass, socda alumino-

sillicate glass, aluminoborosilicate glass, borosilicate




surfate 3 of the gl ass substrate 1 has the surface ,roughness Ra not
greater than 2 nmto prevent the thermal asperity. o Jusidat onds
I‘nmposed as to a kind, a size'and a thickness of th¢ §lass substrateg 1 in -
this, invention. The glass substrate 1 may be formdiby @igRs998 pliass
ceramics. In this case; the glass may be,” for exanplje al um nosi || cpte

gl ass, soda-line glass, soda alum no- siliwate gl asg, *atum noborosil{cate
gl ass, borosilicate Y S -M 10 JAN 1998 10 gl ass! isilicate gl-ass—and
chain silicate glass, while the | ass ceramics may be, for exanpl e,
crystal lized gl as&lassmy E\Myicéﬁ—eeﬁgﬁ?ﬁ @nd: ghain ugd hiszAtg @dpssg| wtle dhexem
plified-and may contain, by.weight, 62-75 %of SiO2' 5- % of A12Q3,
4-10 % of L120, 43 B5t el 5e, TAY 1he 0 sfOF S3peples %sﬁ“&'if‘rﬁﬁ%eﬂaﬁs'i n.

addition, the gl | [ hall Nag L. C | |'s
Wi thin a range @fm‘}}edgﬁbgf%&gﬂglgfoagnglgh\%\g?gﬁ rag ?'1?%8%91;2%‘% r2 whi ch
falls within a rageiea waanmly dcéich iz, SbgOow@bgh®, e eabrysw%nfaon@e the
gl'ass substrate. Further, such chemcally reinforced gl ass pref®rably
contains, by nol %tof 31,04,% 010 S ORLiIQ02. 6-38 ¥ dnlia,03- 551580%f0fA1203,
7-16 * of LiO2, and 4-14 % of Na 20 so as_to renove projections on the
princi pal surface®% R BALRcSOMRQentsyy I safdidions fbeantass gnclides The
chemcally reinfgr | upi pOSiti as ' S bove- nti oned
conposition is exéc)e‘ﬁigﬁt% ?%L?ga%évﬁzrgzzgéad%%w %ﬂ% w&hﬁiﬁ‘ & Ieandge .
between 0.5 and 2.0 and a weight ratio of A1203/2r02

ﬁi) .which falls with{n a range between 0.4 and 2.5 s0 as to
h chemically reinforce the glass substrate. Further, such
chemically reinforced glass preferably contains, by mol
%, 57-74 % of 8102. 0-2.8 % of znoz, 3-15 % of A1203,
7-16 $_of Lioz, and 4-14 s of Na20 80 as to remove
projections on the principal surfaces 3 which resﬁlts
" from insoluble substances of Zroz. The chemically
i reinforced aluminosilicate glass which has the above-
mentioned composition is excellent in transverse bending
strength and Knoop hardhess. In addition, such a gless
has e—eompressive stress layer deep enough; |
3,}_ In this embodiment, the chemical reinforcement
can be made by performing an ion exchange method at a low
temperature for the glass substrate 1 to improve
properiies against impact and vibration. Instead, the
known chemical reinforcement can be used to chemically
reinforce the glass substrate 1. However, the jion
exchange method is preferable as compared with the latter
method from ﬁhe viewpoint of a glass transition point

~ because the former is carried out at a temperature less



strength and Knoop hardness. Tn addition, such a glass has s--conpressive
stress | aer deep enough. In this enbodi nent, the chem.cal--teinf.qrcenment

can be made by perfornming an i on exchange met hOdzi@}f’LALEﬁENTt ature for .

the glass substrate 1 to inprove properties agaj nst—Tmpact—ang Vi bration.
Instead, the known chemnical reinforcement can Si@h}éﬂl ?@ﬁ‘ranc Iy

rei nforce the gl ass substrate 1. However, )ﬂ g h¢d is
preferable as conpared with the latter met hod from—t—he—vi—ewpo-i—n of a

glass transition point because the fornmer is carried out at a ténperature
less ji , PL CEVENEh&M tHé) glAldsl 398nddtidhpoihbe Ok afissdd adk! ugea pednt . A
fused salt used for the chem cal reinforcenent includes a potassium
nitrate, a sodi ukhfiehemicaly neinfareemintednoiudes erpotiseigmanstrateyst r at e

1 according to thIS |t§#/ent|on IS aI so used not _only for a magnetic

recordi ng medi um® “J‘t;ﬂ%leo n’é’g‘rﬁ?ttle “‘EH‘%‘?( with dhed-ocThe-Phsgal
di sk, such as a Y trate i s fe tive
to the phot o- magnetlc dﬁg'iii alé% et'rdl &h‘tsi?y it uencé‘ %ﬁ%‘é‘? %9 ¢ g’s

attached thereto. oﬂabmuanhiaynedﬁa%édamﬂg%éch&e BRA@13804! pRotdIRgNEt i C
recording medi um nentioned above. Herein,- such a magnetic recording medi um

has at | east onemagngtdc dilakyendfm rni@c&mot—hptgialssnmld%hnahead aas well

known in the art. in this invention, gartl cles are generated fromthe
side end-wal | A RRPth&Lisknt eFﬁEG‘i”a&’e%e& BrElasqpretrasquie efkectiiyge end
wal | A

to the photo-magnetic disk which is seriously influenced
éﬁ) by particles attached thereto.
) Subsequently, description will be made about a
magnetic recording medium mentioned above.
Herein, such a magnetic recording medium has at
least one magnetic layer formed on the glass substrate 1
as well known in the artu In this invention, no
particles are generated from the side end wall A and the
intermediate regions B and C because the side end wall A
and the intermediate regions B and C are subjected to the
mlrrer finish process, as mentioned above. This shows
that=mo-projections are left on the magneﬁic layer due to
LR - generation of the particles, even when the magnetic layer
is formed on the glass substrate 1. Consequehtly, the
head crash can -be sufficiently prevented when the
reproduction 1s performed by the magneto~resistive (MR)
head. Further, no reproduction error ocours because no
defect due to the particle remains on the magnetic layer.
gpecifically, the magnetic recording medium is
formed by succegsively depositing an underlying layer, a

magnetic layer, a protection layer and a lubricating



and the intermediate regions B and C are subjected to the. mik+e{ finish
process, *as nentioned above. This shows that;-dgfngﬂEgﬂﬂﬁB@ﬁEETa | eft on
the magnetic |ayer due to generation of the partifctesT™8VeEn Wheh t he
magnetic layer is fornmed on the glass substrate , the

head crash can-be sufficiently prevented when tH S
perfornmed by the magneto-resistive (MR) khead. H éﬁuction
error occurs because no defect due to the partijcle r emai ns_on it lhe magneti c-

| ayer. Specifically, the magnetic recording nediumis formed by

successi vely depdamrngnahhenmswlsugstaw 1 arhilchghesl thé aleavired
protection layer and a lubricating -~ : ; =i La CLMEN1 SH 10
JAN 1948 12 | ay&la&neﬁﬁeagﬁa%‘kf%FPasbnqswsCnenaéow% ghove 884 f| at ness

and surface roug bj ected to

chem cal rei nfor@éﬁr’%ﬁt igT%Egije%'e‘r%Pyl nﬁi{?’& eﬁc’j‘l r\éqé'gf’ﬁﬁ?'g%“%n relation to

the magnetic |ayer. Al | ofstwifiFahg| 15@4@%@%&59% 191U R9RASES | Ng of
may

nonmagnetic netals, C, M, Ta, T, e used as a naterial
of the underlyi nghel a;gnetir@elarget:al £t Déadthone méthdyséXedqted Erahl ¥ used
as the material of the underlying |ayer to enhance a magnetic

characteri stic wiEPEPt fan 9ﬂ a9emagnﬁm{9!de‘9tﬂtb- A Meai r‘i-’aaoﬁponent

in addition, the_under]yi | a not al wa or.nmed i ngl e
| ayer but nay | bEe1 8 iRt B e e PRRGAR % GRSGERAL oP cHHR amderiyTng
identical or diffgrepl |&YEe Rt T0brCEBM S crGRLSY 10 breferably used

O

as the material of the underlying layer to enhance a
magnetic characteristic where the magnetic layer includes
Co as a main component. In addition, the underlying
layer may not always be formed by a single layer but may
be formed by a multi-layer composed of a plurality of
identical or different layers. For example, deposition
may be made as the underlyling layer formed by the multi-~
layer such as Cxr/Cr, Cr/CrMo, Cr/CrV, Crv/Crv,
Al/Cr/CrMo, Al/Cr/Cr, Al/Cr/CrV, and Al/Crv/Crv.
~In this invention, no limitations are imposed as
to tier-magnetic lﬁyer also.
The magnetic layer may be, for example, a layer
which containg Co as a main component and which has a
composition selected £rom CoPt, CoCr, CoNi, CoNicCr,
.CoCrTa, CoPtCr, CONiPt, CoONiCrPt, CoNiCrTa, CoCxrTaPt, and
CoCrPt810. In addition, the magnetig layer has a multi-
layer structure (for example, COPtCr/érMo/cOPtCr,
CoCrTaPt/CxMo/CoCrTaPt). Such a structure is obtained by
dividing a magnetic f£film by a nonmagnetic film (for

example, Cr, CrMo, CrV) to reduce a noise, as known in



nmay be nade as the underlying layer fornmed by the«m}FU- |a —such as
a/C, G¥aM, a/aV, aGVIaV, A/C/C M, ALRBEFGE £y, and
Al/CrV/CrV. in this invention, no limtations ate ‘Tﬁﬁbsea o
t bt magnetic | ayer also. The magnetic |ayer may ke f‘pﬁdgna‘me b | ayer

whi ch contains Co as a main conponent and:- whi ch{has a conpositipn sel ected
fromCoPt, CoCr, CoN, CoNNC, CoCrTa, CgiCr, NPt~ CONCTr CoNi Cr Ta,
CoCrTaPt, and CoCrPtSiO In addition, the magndtic Iaver has..a lti-

| ayer structure (for exanple, CoPtCr/CrM/ CoPtCr, CoCrTaPt/ Cr M/ CoCrTaPt).
Such a structure ke cﬂ?ﬁa-i néﬁhEbylagnlét/iajilmgea fagnete andgnietobyead swanreagnet i ¢
film(for exanplge, to reduce a noise, as known in MET 10

JAN 1998 13 the ‘éﬁﬁl‘i %hﬁéghe?rct%ﬁanf-omas%tquéﬁuweshgw VEEMRhead
MR head th t head t t
(VR head) of <1e fugHY JRGUShE" LGAHL SyRaRHed PG ectol krbd s Bl T 1

H, Ge, Sn and Zbnsstday 8k ¥hese, ImMLbhyer! SGnt s, "naddsd | ogh, tapat he
Co- based alloy. Further, the magnetlc layer may have a granular =~ structure

wherei n magnetic z;r.almslesuoh tisede  inparite Golenirt sCali BHas0i6n dicspdesed in
the nonmagnetic filmconprising a ferrite-based material, an iron-rare
earth- based rmt &9-%2sed 82lo¥ind BN. Further, the magnetic Iayer rmay have

a recording formof eithgr i n ane net|zat|on e or
per pendi cul ar nagnetizat? Eg éLe magnggf layer may nge a granular

structure wherein magnetic grains, such as Fe, Co, FeCo

and CoNiPt, are dispersed in the nonmagnetic film

£,

'} comprising a ferrite-based material, an iron-rare earth-
based material, 8102, and BN. Further, the magnetic
layer may have a recording form of either an in-plane
magnetization type or a perpendicular magnetization type.

No restrictions are imposed as to the protection
layer also according to this invention. Specifically,
the protection layer may be formed by a chromium £ilm, a

~ chromium alloy film, a carbon film, a zirconia £ilm and a
gilica film and mhy be successively deposited on the

. glase—eubstrate 1 together with the underlying layer and

i~} the magnetic layer by the use of the known in-line
sputtering apparatus. The protection layer may be formed

- by a single layer or a multi-layer including a plurality
of layers of an identical material or different
materials.

In ad&ition, the other protection layer, such as
a 8102 f%lm, may be used instead of the above protection
layer. Such a 3102 film may be for@ed on the chromium

film by dispersing colloidal silica fine grains in



No restrictions are Inposed as to the protection layer also according to
this invéntion. Specifically, the protection |ayer may be formed by a

chromumfilm a chromumalloy film a carb | @Mm HBE‘[\ a filmand a
silica filmand.nmay be successively deposited ["ﬁv g!%§oo npstrate 1

together with the underlying |ayer and t-he ghetic lﬂxﬁ by I he use of
the known in-line sputtering apparatus. TFhe r ot L899 -Q@e ey be forned
by a single layer or a multi-layer including pl urality . —.efd| hyers of an
identical material or different nmaterials. in addition, the other
protection | ayer,tesusalidoxyaiSabk 2afivdued wByh ben ' geddosolvntabove
protection layer. Such a Si02 filmmay be forned on the chromum film by
di spersing col | oi#hil tiqneafternby goitisng AnRHERNCRIVENE SMBEPErsdd 1 O JAN
1998t etraal koxysil ane diluted with an al cohol -bas ed solvent and
thereafter by codi%d'®ind baki ng the di spersed grains. Mreover, the

| ubricating | ayer is not Lot t aEQr SEX le.  ,the

| ubricating layer is fo%&ggfﬁﬁq‘lﬁ il%kgg?ﬁt%?gﬁ&%éfhggg(%qcvt\ﬁef]h a
sol vent, such as g adie- BRS9E. SOFyE Hxarpld, 205 Viukt1icat20g 18FefBE UM
surface by a dipping nethod, a spin coating nethod, or a spraying nethod,
and firing the nethmed by @ilétimt derfipbeopdlydtdehi(RFPE) epitly &gri ndi ng

and polishing First, a sheet glass of alumnosilicate is forned
solvent, such &s freon-based solvent, and applying it on

the medium surface by a dipping method, a spin coating
_ method, or a spraying method, and firing the medium.
Flrast Exaﬁéle
(1) Roughing step by grinding and polishing
"First, a sheet glass of aluminosilicate is.formed
by -a down draw method and is cut by a grinding wheel into
a disc-shaped glass sub%trate which has a diameter of
96 mm and a thickness of 3 mm. The glass substrate is
| lapped or polished to a:diameter of 96 mm and a thickness
' of 1.5 mm by a relatively rough diamond grindstone. In
this caée, the disq-shapeé glaés substrate may be formed
by dtrectly pressing a melting glass with a cope, a drag
and a drum instead of the down draw method.
In this event, the above-mentioned glags which is
chemically reinforced contains, by mol%, 57-74 % of Sioz,
-0*?.8 % of ZnOz, 3-15 % of A1203, 7?16 % of L102, and
4-14 % of Nao2 as maln components. - Further, the
.chemically reinforced gliass contains, by welghi, 63 % of

§10., 14 % of Al.,0.,, 6 & of L1,0, and 10 % of Na,0 as

2 273’
main components. The above-mentioned composition can be

expressed in terms of a mol representation and comprises,



by-a. down draw nethod and is out by a grinding wheel

into a disc-

shaped

gl ass subistrate which has a dianeter of 96 -nmm and_a_thi ckness of 3 mm The

gl ass substrate is |apped or polished to a di amelggp

LALEHENT S

thickness of 1.5. mmby a relatively rough di anond
case, the disc-shaped gl ass substrate nay be for
nmelting glass with a cope, a drag and a digim i ngt
method. In this event, the above-nentioned gl ass

d I
d b msggjﬂ

h_is._..che

reinforced contains, by nolt, 57-74 % of Si Q2,. -2:8
Al 203, 7-16 t of b¥QORrolahd 674-4Ybft 560, NaDD &sofas
the chemcally relnforcedzglass cont ai ns, by wei ght,

of A1203, 6 % of Lf2B * 0,200 \Rod HeE RaPp- conp

t of ZnO21

63 % of St
onents The

a
this
ressing a

draw

ft her,
0% 14 t

above-nmenti oned conpositi expnre in,te
representation and corrpn%%ésce PE %@Eﬁﬂoﬁg gf-lkﬁ‘{gsls %ﬂﬂefgé)g’%y nol

67 8 of Si021 1 Otfle Of1dbls Zutiattat 12 Dea@bubdO aﬂg? Ny
Subsequently, the both principal sﬁrfaces%% g# gﬂ assQ?ﬁBstrate are

ground or | apped dyimdsienoithvigyi Gesin)enadYeoLgiR t1oseTolEl €he t dlsdvd hose
of the above grindstone. in this case, a |l oad was set to the extent of
100Kg. Thereby, t%ilpﬂquq:ral Ipythie ccapepf at hea@m satulict thecextants

ground into a sur ugh X (JIS B, 0601) 0o about 10 o m Next, an
openi ng was for ne%flalteoép%enagﬂe E{(na Yie eginciraly agey 3 Pit the FAASRI ng

the cylindrical gypgtrate 1 was ground into a surface roughness Rmax {JIS

B 0601)of about 10 sz m.

.
@;)
..

of the glass substrate 1 by using the cylindrical

grindstone. Furiher, the outer side end surface is

Next, an opening was formed at a center portion

ground to a diameter of 95 mm. Thereafier, the outer and

- inner side end surfaces were chamfered.

In this case,

the side end wall A of the glass substrate 1 had a

surface roughness Rmax of about 14 # m.

(2} Mirror finishing'step of the side end

surface

= The internal and outer side walls of the glass -

substrate 1 were polished by the use of a brush and loose

abrasives by rotating the glass substrate 1 so that the

; " both gide end wallsz had the surface roughness Rmax of

about 1 # m and the surface roughness Ra of about 0.3

#£ m. Next, the glass substrate 1 was washed with water

after the mirror finish process of the side end walls.

i o (3) Lapping step

The lapping step was performed for the glass

substrate 1 to improve dimension and sh

ape accuracy.

The



grindstone. Further, the outer side end surface is ground to a dianeter of
95 nm Thereafter, the outer and inner side end surfaces were chanfered.
In this case, the side end wall A of the glass substrate 1 had a surface
roughness Rmax of about 14 p in. (2) Mrror finishing step of the side end
surface =---=The internal and outer side walls of the glass substrate i
were polished by the use of a brush and |opge abrasives by rotating the
gl ass substrate 1 so that the both side end walls had the surface
roughness Rmax of about 1 A mand the surface roughness Ra of about 0.3 p
in. Next, the gl atappiibgtstde 1k vasrvashad byt ishhded 1aidinh hppafhiud)
finish process of the side end walls. (3) Lapping step The | apping step
was per for med forIPh’ehbﬁa%%Be:sm Lapping tsgepnps ovendiiotmisityn hbxes Hape

accuracy. The T 1 pISC ried t by using a la
apparatus. In thf a’é%g‘g‘? gﬁHFﬁﬁs §8§ohﬁﬂ%ptmﬁpfaf’ﬁ£§°%yly ‘
changing grain d 400 p f I I
performed for the elflagpéﬁ{r?m pgl Esagjrﬁacesfog @é ‘gagl arsisncsggzsltgg?ﬂl%
that the principat efirfmicefiask BaBstrsty 1966 SRAUMAY piindipall aﬁﬁﬂﬁhéehe
surface roughness Rrax of about 6 u an. In this event, the |apping was

carried out by ro?ardh@ anifiscer agearagmefaf- 1outleralghatrhebyutﬁecelse of

al um na.grains having a grain degree of #400 on the condition that the
load L was kept ’é?“%ﬁlﬁ??s FHGXKGE 2kt & W™t apht fdriss syePrter HRY by

lapping was carxried out by rotating an inner gear and an
outer gear by the use of alumina graing having a grain
degree of #400 on the condition that the lcad L. was kept
at about 100 Kg. Next, the lapping is performed by
¢hanging the grain degree of the alumina grain into
#1000. As a result, the surface roughness Rmax becomes
about 2 # m. Subsequently, the_giass substrate 1 was
immersed in washing uniis by using natural detergent and
water to be washed.
(4) First polishihg step
Next, first polishing was performed by a
. polishing apparatus to remove a defect and a distortion
i“} . remaining in the above lapping process. Specifically, a
hard polisher (which may be a cerium impregnated foamed .
S o urethane pa&, such es MHC15 made by Speedfam) ﬁas used as
.a polisher and the first polishing was performed the
following polishing condition.
Polishing liquid: oxide cerium + water

Load: 300g/cm® (L = 238kg)

Polishing time: 15 minutes REPLACEME&H‘&HHET

: o Removing amount: 30 £ m | 10JAN 998




the surfdce roughness Rmax beconmes about 2 u m SubBEBUACH E ass
substrate 1 was imersed in washing units by usingindttural deterg and
water to be washed. (4) First polishing step Next, fii st1@gthpgpg AS
performed by a polishing apparatus to renove a defdcf{ and a distoft}on
remaining in the above | apping process. Spggifically, ==—tmard po||§££;
(which nmay be a ceriuminpregnated foaned. urethanq pad, such.as 15
made by Speedfan) was used as a polisher and the first polishing was
performed the follow ng Petolitiinn ofnibvwdwizurPabeShiag: | iaQuirgin Oxi de
cerium+ water Load: 300g/cnR2 (L - 238kg) nno~nni ennccqq~7 Poli shing
time: 15 mnutes ADLI +t ~4gﬂmmtinn RE e surfane . pBitd:t 25 £emJAN 1998

"ff- SBMI 10 JAN 1998 17, _Revol utiop of |ower surface plate: 40 rpm
Revol ution of upper surfd%%¥§}€;£QP Eg iﬁﬂﬁr @895F ult FPHf i nner gear: 14 rpm

Revol ution of outer gear:g I h trate i was washed by being
successi vely dipped in vvas{vi%r}g‘;ﬂ?ﬁ?;tgf%&ﬁe% %Fu‘g? g%t?r“bent, pure water, |PA

(i sopropyl al cohol), |PATHe aneksdswbéatdl tehak hPadidd byPBkiali Ng. (5)
Second polishing step Next, second polishing was conductéd by Changi ng
successively dipped in washing units of natural )

changfng the grain degree of the alumna grain 1nto ,#L000- A%Iﬁ gult,
2N
W

detergent, pure watgr, IPA (isopropyl alcohol), IPA
(vapor drying) after the first polishing.

(5) Second polishing step

Next, second polishing was conducted by changing
the above hard polisher into a soft polisher (which may
be a polishing pad of a suede type, such as Polylﬁx made
by Speedfam} by using the polishing apparatus used in the
first polishing process.i The polishing condition is
sim;lar to the first polishing step except for the load
of 100 g/cmz, the polisﬁing timé of 5 minutes and the
removing amount of 5 gzm. The gla#s gsubstrate 1 was
immersed in washing units of the natural detergent, the
pure-water, the IPA (isopropyl alcohol), the IPA (vapor
drying) to be washed therein after the second polishing
‘step. In this case, a supersonic wave was applied to
each of the washing units.

| {6) Chemical reinforcing step

Next, a chemical reinforcing step was performed
for the glass substrate 1 after the polishing step was
qompleted. First, a chemical reinforcing solution was
prepared by mixing potassiuy nitrate (60%) with sodium

nitrate (40%). The chemical reinforcing solution was



t'he above hard pol i sher into a soft polisher (which -..ne a .plishing pad
of a,suede type, such as Polylax nade by Speedfan) b Rﬁ?—j_ﬁgﬁmﬁ‘r 'T I ng
dpparatus used in the first polishing process. The pql ifstn op is-

i

simlar to the first polishing step except for the | ogd o{p?\]ﬁﬂ@@c , {the
polishing time of 5 mnutes and the renoving amount gf }5 gl aps
substrate 1 was immersed in washing unitggof the natyr ~ t he
pure water, the I PA (isopropyl alcohol), the IPA (vapgr drying) to be
washed therein after the second polishing step. In this case, a SUpé&rsonic
wave was applied heatedaup v 4@ ‘Gashithg ylids .sub@Etr&ient omidreiwakor ci ng
step Next, a chem cal reinforcing step was perforned for the glass
substrate 1 afteMashedpandsprekpatash tpadd0 cEnmast ddpppir in  the chemical

rei nforcing sol utiqQn._was repared by m xin otassiumnitrate (60% wth
sodium nitrate (rfg%ff’rﬁ'é c ﬂqtciaﬂn ¥8Fn$ol?‘81’prfg soPEt FReMigRL 4 20 1 zvT
SHEET 10 JAN 74981%80rd e gl spbstrat.e 1 whi ch was
washed and preheat ed ?S gg%egt@%‘}sa%dléggg%? r?-[{{hggcﬁg%tcg!?é é;ng.'lj'(r;ﬁgorci ng
solution for 3 heurfacdhef CliTiglalss EabSLAItE NI wakephu@EcLBYy | ed out so
that the entire surface of the glass substrate 1 was chem cally

reinforced with xepnfented widlh @l pduralibsy rft @laset subetrates Hetadned

surface in a holder. Under the circunstances, lithiumions and sodi umi ons
on a surface | ay@i B’f‘et surface in a holder. Under the circumstances,

lithium ions and sodium ions on a surface layer of the
gi) glass suhstraie 1 were replaced by sodium ions and
~ potassium ions in the chemical reinforcing sclution.by
dipping each glass substrate 1 in the the chemi&al
reinforcing solution. Thus, the glass substrate 1 is
chemically reinforced. A compressive stress layer formed
in the surface layer of the glass substrate 1 had a
thickness of about 100-200 # m. Next, the chemically
reinforced glass substrate 1 was dipped in a water tank
of 20 C, quickly cooled and retained for 10 minutes.
Subsequently, the cooled glass substrate 1 was dipped in
a suIfuric acid heated up to 40 °C, and was washed by -
- the supersonic wave. The surface rpuéhness (Ra, Rmax)
of the peripheral side area 2 of the glass substrate 1
at the intermedlate region {chamfered portion) B (length:
0.15mm), the intermediate region (chamfered portion)
C (length: 0.15mm) and the side end wall A (lengih:
0.35mm) are shown in Table 1. 1In fable i, the gsurface
roughness Ra of the lfitermediate region B is 0.2 am,
while the surfacezroughness Rmax of the iﬁtermediate

region B is 1.9 # m. Further, the surface roughness Ra



glkass substrate 1 were replaced by sodi umions and potassiumions in the
chemical reinforcing solution by dipping each gl ass—substrate.l.in.the the
chenical reinforcing solution. Thus, the gl ass subiFarEissHs SHIY cal |y
reinforced. A conpressive stress layer forned in the rfof the
gl ass substrate 1 had a thickness of about 100-200 A h
H@%ﬁ&@%ak of 20
£ la

chemcally reinforced glass, substrate 1 di ppe
C, quickly cooled and retained for 10 m nutes. Subsegtent+y—+he ¢ool ed
gl ass substrate 1 was dipped in a stirnric acid hgated up to 40 "C}, and
was washed by theofupbesontermeisatel Regson faae pQughpess wile Rhax) of the
peri pheral side area’2 of the glass substrate 1 at the internediate region
(chanf ered porti ofifrBagecroeghness REan) of tile iimternediate regionnc( ¢bant er ed
portion) C (Iengtg: 0.15mm)_and. the side end wall A (length: 0.35m) are
shown in Table I.%rR ¥aBte 12 39%EtdaRs the SUFEsRRTQUFANGSE (Rfc OfntBPNedi at e
region Bis 0.2 u k| rfa g x of.the internedi ate
region Bis 1.9 psﬂﬁeﬁ%@?H@?%Pﬁkggshf?gcéqﬁoﬁggzésgﬁgéfsﬁ%ﬁﬁf-Epfggness
LLiliYJe. de~ f 1JminkdYof €k MAMe1208 wdP of ih8.isnkenredials kagion Cis
0.15 /i in, while the surface roughness Rrax of the internediate region C
is 2.9 um In apdin¢ipnl tdwrfacef Acef rtheylgless Babstrate 1 hadethad wal | A
is 0.35 um while the surface roughness Rmax of the side end wall Ais

3.4 um Aso, thBRIHAPIREES BEePS biS-dhamg| o8 adiiddomrethehas the
surface rothnesss&?fége(%filkengiagg é%ggéfa g’ltgg precisely tested.

f) ) As a result of the test, no particles which are the

.

cause of the thermal aspefity exist on the principal

surface 3.

Table 1
Ra (¢ m) Rmax (£ m)
Side End Wall A | 0.35 3.4
- Intermediate Region B 0.2 1.9
Intermediate Region.C 0.15 2.9

Measuring Length: 0.8mm

In addition, itlis to be noted that the side end

wall=srig 0.45mm thick when the glass substrate has a -
%~ diameter of 3.5 inches. In this case, similar result has
been confirmed. - '
| (7) Magnetic disc manufacturing step

A texture layer, a CrN underlying layer, a CrMo
underlying layer; a CoPtCrTa magnetic layer and a C
protection layer were succegsively deposited on the both
prineipal surfaces 3 of the glass substrate 1 By using
the known in-line sputtéring apparatus to obtain a

magnetic disk. Next, a glide test was performed in



surface of the glass substrate 1 is precisely tested. As a result of the
test, no’particles which are the r.. cause of the thermal asperity exist
on the principal surface 3. Table 1 Ra (unm Rmax (unm Side End Wall A
0.35 3.4 Internmediate Region B 0.2 1.9 Internediate Region'C 0.15 2.9
Measuring Length:"0..8mmIn addition, itis to be noted that the side end
wal | -is.0.45mm t hi ck-when the glass substygpate has a dianeter of 3.5
inches. In this case, simlar result has been confirned. (7) Mgnetic disc
manuf acturing step A texture layer, a O N underlying |ayer, a C M

under | yi ng | ayer ,conn@stionTwithghiee iabtladped waghatie dlsét echs om dempdit were
successi vely depos't?P on the both principal surfaces 3 of the gl ass

substrate 1 by ustmdhe kESknofif Fht |3adecEpak 1209y afPathiascase.obiin a
bt ned mgnet | & Hesie Hat cBhe IRGHBEILONIRE dohcliog, PORNEELHE Y cur ¢

obt ai ned magnetic a result
In this case, thaneisur#aaBSckhtie WdgnERIBCH Sk NGl LAYCHESP IAE! | ONS on

the surface of the magnetic disk, and the crash neans that the nagnetic
head col | i des wi tthatheéhpr mpgnétbnchead cobbidew fwlith ther pbeject fonss on
confirmed that no defects due to the particles are.generated on the
magnetic | ayer. the surface. Further, it is confirmed that no defects
due to thé particles are generated on the magnetic layer.
Alsc, the glide test was performed fof the first
example wherein the peripheral side area 2 of the glass
substrate 1 was mirror finished, a first comparative
exanple wherein the peripheral side area end 2 was
etched, and a second pomparative example wherein neither
polishing nor etching was performed. The test result is
shown in Table 2 as a result oﬁ_the glide test.
Concretely, the yield of the first example was 95 % or
more. _In contrast, the yleld 6f each of the f£irst and
second comparative examples was 85 %. From Table 2, it
is‘underétood the first example 1s superior to the first
and ‘the-gecond examples. Thus, the conventional method

of etching the peripheral side area of the glass

substrate can not accomplish the object of this

invention.
Table 2
1st 2nd
lst Example | Comparative | Comparative
Example Example
Yield of 90% or more | 87% or less | 87% ox less
REPLACEMENT SHEEjg1ide Test |

10 JAN 1998




Al so, 'the glide test was performed for the first exanple wherein the
peri pherdl side area 2 of the glass substrate 1 was mirror finished, a

first conparative exanple wherein the peripheral si GW‘
etched, and a second conparative exanple wherein neit | 'SHEE' r
etching was performed. The.test result is shown in 'I'a%le 2 as arepujt of

the glide test. Concretely, the yield of zihe first gxanpl@JIARSYSHO r

nore. In contrast,-the yield of each of the first and |second conp ive
exanples was 85 % From Table 2, it is understood t
superior to the first arfdh afddtienoral repanghetionhid
nmet hod - of etching th eri pheral _side area of the glass substrate can not

acconpl i sh the obf®ttt netic disk iadterThhe cobidgtenty Asia zaswite

Conpar ati ve Conp ty\e anpl e le Yield o 0% or nore 87%.0r |ess
S7onor | eas  REPCEMEHEE Bohds HB° pdhFlindd giirtro, RBRfRRSe en 1
10 JAN 1998 In adshid:Naue k8PLRAEUd 901 abREfPly e PhacaREREt i C di sk
after the glide test. As a result of the test, 1t has been confirnmed that
no' reproducti on cmmEctidnewioht tiee tdamplel (SEErsdmplicdlc apboc®ing to

connection with the sanples (500 sanpl es) according to
this 12?%enm(m. P ) d "

S8econd and Third Examples

Second and third examples are similar to the
first example except that soda-lime glass (the second
example) and soda aluminosilicate glass {(the third
example) are replaced by the aluminosilicate glass of the
firast example. As a result, the outer and inner side end
surfaces of the glass substrate 1 have the surface
roughness Rmax of 1.5 gz m in case of soda-lime glass (the
second example). Although the soda-lime glass substrate
had a slightly rough surface as compafed with the
aluminosilicate glaag, no practical pfoblem accrued in
such a glass substrate.

- = Pourth Example

‘ ) . _An underlying layer of Al (50 A )/Cx (1000 &)/
CrMo (100 A ), a magnetic layer of CoPiCr (120 A )/CrMo
{50 A )/CoPtCr (120-4 ) and a Cxr (50 A ) protection layer
are successively déposited on the both principal surfaces
3 of the glass substrate 1 ocbtained in the first example
by the known in-line sputtering apparatus. The above
subgstrate 1s dipped in an organosilicon compound solution
(mixed liquid wiih water, IPA and tetraethoxy silane)

wherein silica‘fine grains (grain diameter of 100 & ) are



thi s. Pnvention. Second and Third Exanpl es Second and third exanples are

simlar to the first exanple except that soda-lin
exanpl e) and soda alum nosilicate glass (the third
by the aluminosilicate glass of the first exanple
and inner side end surfaces of the glass substrat
roughness Rmax of 1.5 u min case of sodazkine gla
exanpl e). Although the soda-line glass substrate

surface as conpared with the alumnosilicate gl ass;

P AgE L Teargnd
mh[@{lﬁiﬁe pl aced

h

”

5 S

SR AT

L o
a result, fthe outer
sur flace

had a slightly ;cugh

mo-practitar probl em

accrued in such %ispexseds p¥exthy che P@QF@W%M@IARfUﬁ&% | yaxtgredyer of
0

v (50 h §7 8 Bokeach il " burBeSh i Srob
. | d . . . . . .
Cubstrate 1 obt o edor s e rr i, BFatehs Sickdp

nown I n-

CoPtCr (120 A

BroteFbion ayeier ape
eg 1&9{#&%%%??‘75“ ng

I ne-s

apparatus. The ak®veer§UastopsEydthedi PRCSbidLARLY GaBASLLE COLIC FEROYAE
solution (mxed liquid with water, |IPA and tetraethoxy silane):- wherein

silica fine grai M® hgrdin di aneter of 100 A) are LACSNW 1QIAN 8 22
di spersed. Next,. the protectjon |layer of 5102 textured was formed by

baking. Further, the protRet9Hife Apst ¥Rs caxnled.cud forthn smhtadngdocess
wthin a | ubri calgaepgenisel! B b HOEPROIOELIS' (58 OPhEl R0 ! | ©

di sk for the

crash occur. Further, it has been confirmed that no

defect was formed on the magnetic layer. 1In addition, no

O

reproduction errors due to the thermal asperity were

generated as a result of reproduction test.

Fifth Example

A fifth example is similar to the fourth éxample

except that Al/Cr/Cr was used as the underlying layer and

CoNiCxTa is used as the magnetic layex.

It has been

confirmed that a magnetic disk like in the fourth example

was cbtained in the fifth example also.

Referring to Fig. 2, the glide test has been

performed in éonnection with first through twelfth

L) samples 1 to 12 with flying 5eights kept within a range

between 1.1 and 1.3 (microinches). Herein, one hundred

through the twelfth samples 1 to 12.

: glass substrates have been prepared as each of the first

It is to be noted

that the first, the second, the fifth, the eighth, the

ninth, the tenth, the eleventh, and the twelfth samples

i, 2, 5, 8, 9, 10, 11, and 12 had the surface roughnesses

Ra and Rmax defined by this invention while the third,

the fourth, the sixth, and the seventh samples 3, 4, 6,




MR bead. The glide test was carried out for the obtal THg] AR gk, As
a result *of the test, neither hit nor crash occur. HirgHer= Sy
confirmed that no defect was formed on.the magnetic § gyer. In addi
reproduction errors due to the thermal asperity were | dendPlAG1RR
of reproduction test. Fifth Exanple A fifth exanple ijs tsiia
fourth exanple except that AI/Cr/Cr was 3ed as the junderlying |ayeriand
CONi CrTa is used as the magnetic layer. It-has. been Tonfiroed—that—a
magnetic disk like in the fourth exanple was obtained in the fifth exanple
al so. Referring 88eFf ghad the,suzfpge reughnesseseBna apdrBnax fadding

connectton with f] t hy.o twel fth anples. 1 to 12 with flying heights
kept wWithin a ra%gééi%%Fﬂgggqfw'"ﬁ%ﬂnﬂ“éiﬁﬁﬁqEFBiﬂ%hﬁ@?.sq¥§qgﬁn, one hundred
gl ass substrates SESL e ISt t he

twel fth sanpl es fhﬁ%ﬁﬁz. ItBFggﬁg ggéﬁéﬁggﬂm?%gén?ﬁél&?ﬁ?&%ﬁ%%gggecond, t he

fifth, the eighthalides ity lonet handped yralsheseboveaids. amdrbhe twel fth
sanples 1, 2, 5, 8, 9, 10,-11, and 12 had the surface roughnesses Ra and

Rmax defined by skesifimaddni,onhehfirvet hdhehisedond; hehd diifith, the si xth, and
t he seventh sanples 3, 4, 6, LS LACEMENT SHEET 1 O0.JAN 9998 23 and 7 had
the surface rougfit@ddss the 2ipthnakhe fanthy thetelerenth s apdythei on, when

each of the Surffﬁéﬁfﬁﬂ”&ﬁﬂ@iﬁﬁeﬁ,Qi,%ﬂdasnﬁﬁ,ifrfﬁﬁkfﬁﬁpggg Qxean aver age

surface roughnesses Ra and Rmax which are equal to 0.03

i dn, no
esul t

and 0.44; 0.18 and 1.80; 0.06 and 3.25; 0.53 and 2.50;
0.71 and 3.56; 0.09 and 0.98; 0.06 and 0.85; and 0.05 and
0.50 g m, respectively. On the other hand, the third,

‘ the fourth, the sixth, and the seventh samples had the
surface rougﬁnesses Ra and Rmax which are equal to 1.88
and 10.05; 1.53 and 7.45; 1.72 and 8.23; and 2.01 and
11.75 g m, respectively, and mat finished surfaces.

Under the circumstancesi glide vield losses were
measured durihg the glide test mentioned above by
counting defects on each of the first through the twelfth

samples-~1 to 12 and were représented by (%), as shown by

“;&_ﬂ,’

histograms in Fig. 2. The first, the second, the £ifth,
the eighth, the ninth, the tenth, the eleventh, and the
twelfth samples 1, 2, 5, 8, 10, 11, and 12 according to
this invention exhibited the glide yleld losses of 1.625;
5,75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1.825 %,
respectively, while ihe third, the fourth, the sixth, and
the seventh samples 3, 4, 6, and 7 exhibited the glide
field losses of 14.625, 13.875, 14.375, and 15.125 %,

regpectively. At any rate, the samples according to this




ecifically,"the first,

PACRRLY; sLigyp! event h,

val ue-of the one hundred glass substrates. Mor
the second, the fifth, the weighth,. the ninth,
and the twelfth sanples 1, 2, 5, 8, 10, 11, a +A-hrad-the-—sur f ace
roughnesses Ra and Rmai which are equal to 0.0 anﬂ%gAéﬁggg:l8 and 1. 80;
0.06 and 3.25; 0.53 and 2.50; 0.71 and 3.56; @.99 : D.6 and 0. 85;
and 0.05 and 0.50 1t in, respectively. Oa4thejother—haha.-th hird, the
fourth, the sixth, and the seventh sanples had{the surface roughnesses Ra
and Rmax which are equal to 1.88 and 10.05; 1.53and 7.45; I.72 and 8. 23;
and 2.01 and 11.%7yertdon exhébited|the ghtidemyididiloseessanibbeas thdnder t he
ci rcunst ances; gl'd%'yield | osses were neasured during the glide test
ment i oned above 59) counting defects on each of the first through the

twelfth sanples--1to 1%na8?2¥Frfﬁ#ﬁ%&%ﬁ%&g&éﬁ%é?%:%%t%Smghﬁ%Qggéhth t he

hi stograms in Fig. 2. The fi e secon |

ninth, the tenth rddseaehgvaetium Ardribas {¥8ld Have 2 BRbESuduatiy %3&1«:;&0’

11, and 12 according to this invention exhibited the glide yield | osses of
1.625, 5.75, 8.®ut7pgobheduslnf h MagielsS rewibtivd?IMR) hédpapt wel ¥,
while the third, the fourth, the sixth, and the seventh sanples 3, 4, 6,
and 7 exhi bited tH¥1yeiBelobt 0% 50 s5c3ndia mptaddon) gpeed, of 47 IEecand

REPLAN ot e Y g Yoty e PRl B e RER SO e i o1 0

| osses smaller tRAaRually, the certification test includes a positive

)
L

modulation test, a negative modulation test, a migsing
test, an extra test, and a spike test, all of which are
known in the art. Such tests also serve to evaluate the
thermal asperity of each magnetic recording medium.
Herein, each of the miesing test, the spike test, and the
extra test is helpful to classify the defects into a
‘correctable defeét, an uncorrectable defect, and a long
defect. |
Prior to eaqh ;est, provision has been made about
twenty-five of the magnetic recording media which have
been=polished in the above-mentioned manner, together
with twenty-five unpoliéhed magnetic reéordiﬁg media.
Results of the above-mentioned tests have been averaged
and summed up about ihe polished and the unpolished
magnetic recording media. Under the circumstances, it
has been found out that an average sum value of defects
~on each surface of the polished magnetic recording medila
' has been equal in number to 9.56 while the average sun
value of defects on each surface of the unpolished

magnetic recording media has been equal in number to



10"% In order to nmeasure defects on a magnetic recording nedium various
tests +frave been usually carried out by the use of a magneto-resistive (MR
head kept at a flying.height of 50 nmand a rotation speed of 7 msec and
may be collectively called a certification test. Actually, the
certification test includes a positive nodulation test, a negative

modul ation test, a mssing test, an extrgtest, and a spike test, all of
which are known in the art. Such tests also serve to evaluate the thernal
asperity of each magnetic recording nedium Herein, each of the m ssing
test, the spi ke 1€s4, oIl ddmpardadmawitdsboith hiképivdrdge cudsvalyes heit
defects into a correctable defect, an uncorrectable defect, and a | ong

defect. Prior toPdadirensteadidypaderstioed phah aptedudiden rehenef-¥hee of
t he magnetic recgrdi di,a whi have beep-polished in the
above- ?rent: oned ‘ﬁ%ﬁ%ée}% rT’te"ol hglf’frﬁ%r\g 'Wﬁ?g‘-’?f‘%‘lég{ﬂ?dﬁl i"?ﬂ’gﬁ hag rkest

di di a. | t - i t b d
recording nedi a. gqi¥esWd 21070t R aﬁgl‘ﬁe 2ok Q?&ghitélﬁé po11d%ea ﬁg@'&%ﬁ[ ﬁge

and sumred up about the polished and the unpoli magnetic r

medi a. Under theredcdiimi medts, atdéordiag kocthiountvantidnhakean average sum
val ue of defects on each surface of the polished magnetic recording nedia
has been equal i¥emanksdrlyt dmprodedidin dhemyalvaspept tgumasy gompavéd defftdct s on

each surface of thhe unp(_)lliihed magneti ¢ recordi ng. medi a has been equal in
nunber to | i 25-0€&APOLig Eﬂn‘B%W%Sﬁ_ FPEATRHRS H¥larver age sum val ues, it

While this invention has thus far been described

in conjunction with geveral examples thereof, it will

£
&”} readily be possible for those skilled in the art t6 put
this invention into practice in variocus other manners.
For example, the mechanical polished surface, namely, the
mirror finigshed surface may be formed on at least one of
the inner and the outer peripheral surfaces of the

magnetic recording medium.

-~ | REZLACEMENT SHEET
10 JAN 1998




has been readily understood that a reduction rate of the defects in the
pol i shed hagnetic recordi ng nedia has been equal to 41.70 % This shows
that the polished magnetic recording nedia according to this jnvention are
remar kably inproved in thernmal asperity, as conpared with the unpolished
magneti c recording nedia. Wiile this invention has mﬂmmlmﬂgﬁﬁﬂscrl bed
in conjunction with several exanples therend, it wil BMossi bl e
for those skilled in the art to put this invention i"ntd ﬁragtice-in
various other manners. For exanple, the nechanical polished surface,
namely, the mrror finished surface may be formed on at |east one of the

I nner and the out |, pher.al surfaces of the magnetic recording nmedi um
z ,: REFLAC I Sﬁ&"?‘e{é_&:}uﬁﬁyAﬁsw% T :111121211ANF1 1121211217121(1111

2 6 WHAT IS CLAIMED 1S: 1; Ayl S%Bﬁﬁr in_a I.C
recordi ng nmedium said glla'ssasggééﬁa e aﬁ%’%’%gg‘g{'p&agef ’J'o!f 2 6‘%&%%& surfaces’

opposite to each sédexamif riediBAl | HEY Y)adsdSuBsLPat® Hdvihgus pR1SabE
princi pal surfaces, said peripheral side area having a side end wall and

i nt er nedi at e r egi prndipalcsnrfacds sopposdne wal éacl/ aitkrsaind pri nci pal
surfaces, at |least one of said intermedi ate regions and said side end wall
bei ng formed by PeEiRhard] §ieofirep datdgnresltpraisharisgipate and a

mrror finished Séﬁ;fgé%s, said peripheral side area having a side end

wall and intermediate regions between said side end wall
and sald principal.surfaces,
' at least one of said intermediate regions and
said side end wall being formed by a selected one of a
mechanical polished surface and a mirror finished surface
which has a surface roughness Ra not greater than 1 gm
where Ra 1s representative of }he center-line mean
| roughness.
2. A glass substrate as claimed in claim 1,
whereln:
the surface roughness Ra falls within a range
between '0.001 and 0.8 2 n.
N ' 3. A glass substrate as claimed in claim 1;
wherein:
the surface roughness Ra falls within a range
between 0.001 and 0.5 g m.
| 4. A glass substrate as claimed in claim 1,
wherein:

the surface roughness Ra falls within a range

between 0.0dl and 0.1 g m. REPiACEMENT SHEET

1QJAN 8%




mhlch has, a surface roughness Ra not greater than 1 /t m where Ra is
represéntatlve of the center-line nean roughness. 2. A glass substrate as
cl ai med |n claiml, wherein: the surface roughnegss Ra falls within a.range
betvieen '0.001 and 0.8 it m 3. A glass substrate laim1,
wherein: the surface roughness Ra falls within a riﬂﬂmﬂwmwom and
0.5 hm 4. A glass substrate as cl ai ned igz claim 1* ®hérefn;®tHe surface
roughness Ra falls within a range between 0.001 and 0.1 p m i A SHE10
JAN19J 5. A glass substrate as clained in claim1, wherein: at |east one
of said principal surfaced hds 9ings %ﬂhﬁﬁ%&éeréﬁgﬂhﬁkmﬁd%inM¢ﬁahmlS,not
greater "than 2 n wth f\ gl ass substrate as clainmed in claim1l, wherein
said internediate reg Fohs are chanfered so that rounded surfaces are
formed between each of S kN @ﬁ% ga

I nt ermedi ate regions, sgﬁtg 1r‘%undg qur étggﬁﬁfn ara &S biég?/\etél}\eo 2

and 10 nm 7. A gémwaddgmmsasnslvmirmdihnn@tayfaa]ber \Mﬂahennnms%ach of

the side end wall and the rounded
6. A glass substrate as ¢laimed in claim 1,

wherein:
sald intermediate regions are chamfered so that
rounded surfaces are formed@ between each of said

principal surfaces and each of said intermediate regions,

'/3512.1 }

said rounded surfaces having a radius between 0.2 and
10 mm.
7. A glass substrate as claimed in claim I,

wherein:

L H 4
L T PR
vy G f\é‘jr'a ) ;__’w‘,.&,“!

each of the side end wall and the rounded —~> W
surfaces has the surface roughness Ra is not greater than
1 # m.

8. A glass substrate for use in a magnetic . f@
recording medium, said glass substrate having a pair of
principal surfaces opposite to each other and a
peripheral side area contiguous to said principal
surfaces, said peripheral side area having a side end
wall and intermedlate regions between sald side end wall
‘and sald principal surfaces, whereln:

at least one of said intermediate regions and
gald side end wall ig formed by‘a mirror finished surface

" .which has a surface roughness” Rmax nol greater than 4 i m

where Rmax is representative of a difanepqa.heixﬁ&Pnawm

maximum height and a minimum height.
10 JAN 1998




surfaces has the surface roughness Ra is not greater than i M 8. A glass
substraté for use in a magnetic recording nmedium said g_l_g_s,g,subslé—lﬂ-ate

having a pair of principal surfaces opposite to egch ot her and a
peripheral side area contiguous to said principal mm‘m? “L

peri pheral side area having a side end wall and |mts\3“

between said side end wall and said pringgpal surfaces,*® wher'ei n: at | east
one of said internediate regions and said side end wal | is forned by a

mrror finished surface which has a surface roughness-Rmax not greater
than 4 u m where Rmax i8.rebrekaam substrajfe asjicifimed iwm-+gladm 8,maxi num

hei ght and a m ni gum height. | I D JAN 1998 28 9. A glass substrate as
claimed in clai m*% éreln t he surface roughness Rmax faIIs within a
range between 0.01 and r med_i.n claim9,
wherein: the surface roug ness %%E? C%Pgéxﬁxfe%s P’E‘ Ak % 'gl We&f8%01 and

1 /i m 11. A dl @‘éiw&é@SMoﬁi R Clakired in claim 8 V\/nerel n: said
i nternmedi ate regions are chanfered so that rounded surfaces are forned

between each of said pridci palglassf aglestmne eacblaimedith iglladmnedi at e
regi ons, said rgﬂggggn‘surfaces havi ng a radi us between 0.2 and

the surface roughness Rmax falls within a range
between 0.01 and 1 z m.

i1l. A glass substrate as claimed in claim 8,
wherein: . .

sald intermedlate regions are chamfered so that
rounded surfaces are formed between each of gaid
principal surfaces and each of sald intermediate regions,
sald rounded surfaces having a radius between 0.2 and
10 mm.

12. A glass substrate as claimed in claim B8,
wherein:

each of the side end wall and the rounded ¥ ﬁe
surfaceg has the surface roughness Rmax iz not greater -
than 1 £ m.

| 13. A glass substrate as claimed in claim 8,

'wherein.: @
at 1eas£ one of said intermediate regions and
said side end wall also has a surface roughness Ra not
greater than 1 4 m where Ra 1is repres_ent.at.ive of the

center-line mean roughness.

14. A glass substrate as clalmed in claim 13,

wherein: REPLACEMENT SHEET
10JAN ?993.




10T 12 A gl ass substrate as clained in claim8, wherein: each of the

si de,
Rnmax

end*wal |l and the rounded "1 lo surfaces has the surface roughness

X is not greater than 1 m 13. A glass substrate as cl ai H oclaim -
8, wherein: at |east one of said internediate r: and sald si de end

wal |
‘repre

clainmed in claim13, wherein: REPLACEMENT SHEET; 1

t Al
range
13,

and 0.

sentative of the center-line nmean rQ@ghness strate as
N 4944 i1111111111111
I 1 1"12 211 I t 1 29 the surface roughness Ra falls within a
bet ween 0. 001. and tBe8svrfiacd roughgeas SR fadilsatwd thincharamgk i N cl ai m
wherein: the surface roughness Ra falls within a range between 0.001
5 g m 16. %tgﬂ%sosﬂﬁétﬁﬁ‘!é’& kmaimed in claim13, wherein: O the

al so has a surface roughness Ra not - greater &!m Ra is

surface roughness Ra fall ara et wee 1l.,and 0,1 n1 17. A
substrate as clai md g c?ih?ﬁi?uggﬁﬁ@€ |§Ft g@ﬁ dBeC %Bﬂb ss Rmax

gl ass
falls

O

within a rq&gﬁﬂigtheen 0.01 and 1 u mwhile the surface roughness Ra

the surface roughness Ra falls within a range
between 0.001 and 0.5 g m. | -

16. A glass substrate as claimed in claim 13,
wherein:

the surface roughness Ra fallsg within a range
between 0.001 and 0.1 2 m.

17. A glass subatrate as claimed in claim 8,
wherein the surface roughness Rmax falls within a range
between 0.01 and 1 2 m while the surface roughness Ra
falls within a range between‘o.qol and 0.1 ¢ m.

18. A glass substrate as claimed in claim 8,
wherein: .

each of the principal surfaces has the surface
roughness Ra nét greater than 2 nm.

==+ 19, A magnetic recdrding medium having the glass
substrate claimed in claim 1, comprising at least
magnetic layer formed on the §1ass substrpte. _

20. A magnetic recording medium as claimed in
claim 19, said magnetic recording medium being oper&ble
in cooperation with either one of a magneto-resistive
-(MR) head and a giant magneto-resistive (GMRS head.

2. A ﬁagnetic recording medium as claimed in

REPLACENE%ﬂéSﬁBETigf wherein said magnetic layer includes Co and Pt.

10JAN 1998




falls-within a range between 0.001 and 0.1 u in. 18. A glass substrate as
claiged*in claim8, wherein: each of the principal cface )

surface roughness Ra not greater than 2 rim 19. A
medium havi ng the glass substrate claimed in claim1,
magnetic | ayer forned on the glass substrate. 20. A ng
mediumas clainmed in claim19, said nagnegpc recordi g}
operable in cooperation with either one of a magnetofreé
and a giant magneto-resistive (GVR) head. 21. A magnetig
as claimed in REPLACEMVEN#E- 1' Aguethindr of nmamifhotagrhoni 8 hagwetidicl Ude
and Pt.- =JAN F " R:JAg AN1 S EE %ggﬁ-é' A net hod of manufacturing a nagnet
¢ recording nedi FRCCAEHHE; AL ueing 14 flasHa FrhRgtEate having g nci pal

surfaces and a si ggs-CBd pHIAGGG) SidERELS'AHE W1848L°BRaLurd T N0 @ ST de

end wall and internedi ate regions on said side end sUrface, sai'd

i nternmedi ate regi eampeiBgng PO tdtpRdobet ween said side end wall and said
princi pal surfaces, polishing the glass substrate to provide a mrror
finished surface on at. |festimghe afldgaend iwaldr apdi dhbtermsifians ragdosai d

side end wall and t-o thereby avoid a_ thernal asperitz. .
on sald side end surface, said intermediate region beéing

pésitioned between-said gide end wall and said principal
surfaces,

polishing the glass substrate to provide a mirror
finished surxface oﬁ at least one of gaid intermediate
regions and said side end wall and to thereby avoid a
thermal asperity.

23. A method as claimed in claim 22, wherein:

the mirror finished surface is formed by
mechanical polishing.

24. A method as ciaimed in claim 23, further
comprising the step of: '

chamfering the intermediate regions to provide
rod@ded'portions between salid principal surface and said .
intermediate reglon.

25, A method as claimed in claim 24, wherein
sald rounded portions have a radius of 0.2~10 mm.

26. A glass substrate for use in a magnetic
recording medium, said glass substrate having a pair of

- principal surfaces opposite to each other ;nd a

peripheral side area contiguous to sald principal
surfaces, said peripheral side area having a side end

- wall and intermediate regions between gaid side end wall

LA )R |

|




237 A nethod as claimed in claim22, wherein. the mrror finished surface
is foenmed by nechanical polishing. 24. A nethod as clainmed in claim 23,
further conprising the step oft chanfering the internediate regions to
provi de rounded portions between said principal surface and sai d. !
intermediate region. 25. A nethod as clai-med in cI u‘l}‘ﬂmmgm&lﬂﬂ sai d
rounded portions have a radius of 0.2-10 mp 26. for use
in a magnetic recording nedium said glass substrat aving a pair
princi pal surfaces opposite to each other and a peripheral side area
conti guous to sai@hdpraaid Paﬂncgnale&nﬁfacsahd peri pheral side area having a
side end wall and |nter ate regions between said side end wall_ilill |

[
LI i 1 Til Hil i ' ETBE e of sald jotexppdiate; FegianaBag || vi] v
ft and said pri I r e t ! 2 ORE, e te reglons
and said side e%i\%lsljﬁ% %ﬁﬁ éaa]""?nhralrvgl?@f| nﬁsﬂxoocf surg 8& é%
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3 as
a pal ., 0f principal surfaces (3) opposite to each other and a peripheral
si de” ar ea (2) contiguous to the principal surfaces (3). The peripheral
side area (2) has a side end wall (A). and internediate regions (B, O
bet ween the side end wall (A) and the principal surfaces (3). At |ease one
of the internediate regions (B, C) and the side end wall (A) is forned by a
mrror finished surface which has a surface roughness Ra not greater than 1
pinor a surface roughness Rmax not gre3er than 4pm Wth this
structure, no PHLIASS AIBIARA r ea_(2)
because the side end surfacg‘%?@fﬁgggﬁja%e%gg?m RW@%W@PSF

fini shed. Consequent IMANUSACKURINGTHE MAGKETIQRECORDINGMEDEPIodUCt | on

errors because of no _generation of a thermal asperity and a head crash can

be sufficient I%B% d because of no projections which night result from
the particles. g. 1 10 JAN 1996 a 1 G.ASS SUBSTRATE, MOST= RECORDI NG-
MEDTUM AM  METHOD OFF WRNUPACHGHE RS HliE Redipsm slesvsebsiese (D hosppeiviof

Cecording  moRl i SRt (5 opell B abi Gl i bFABRST o e P B in o o
substrate has tisgsrincipaliifices (3)e OTHe Periphe iR SiA€ hnef (2) BG4 SO ehd Bl d{fg]alnﬁuch as a

magneti c di sk. However, the al um num substrate has been gra

repl aced by an@mglamw@e%etwhen the sidivendtveatic(@) and ﬁepﬁmﬂ.@ﬂ@ﬂa&@(‘?’)
fl atness as cgnﬁ)@red with the alum num substrate. On the other band, a
thin-fi I m headf£38 ¢e S the iptgamediateregions (Ba Charshibe side pecdhmall (e fasmed biia

i 11 ek S VARS Hhd ¥ sl A e DR BMIRL Gk S5 e s
surface roughness Rmax not greater than 4 ##m. With this steucture, no particles are
generated from the peripheral side area (2) because the side end surface of the glass
substrate (1) is mirror finished. Consequently, reproduction is performed without
reproduction errors because 6f no generation of a thermal asperity and a head crash can
be sufficiently avoided because of no prqlecnons which mlght result from the particles.
F1g 1




fi. head (MR head)..and_a _giant nagnetocresistive bead ((Nk head).

YTher ef ore, devel opnent would be directed to a nagnetic recordi ng-nedi um
whi ch, gan.be hatched with the nagneto- resi.stive head. Bacg magneti c '
recording nedium often has a gl ass substrate. However, Adb%rHon errors
very often occur and a reproductlon becones nore - dlffICU|t Zf e f1yisng
hei ght ~ becorres | ower When the magnet o- resi $tive head runs. ﬁ m?
magneti c recordi ng medi um of the glass substrate. REPLACED SHEETS SG Thi s

Sheet Has Been Rl aced Description : paged .. ..... to paged ."1...... I

~'~l1~ 13Ol ~Il ~~) . dain(s) :“paged ... to paged .++}}?" ~~r.

Drawi ng(s) : paged . to paged N I I ?‘ Abstract page$ ~y to paged
r... a This Sheet Has Been Refll!la ed. Z 1221220 LT ITLrTrner.

8nmmry of .the invention: It is an .object of this invention to provide a
magneti c recordi ng nocUua-which is capabl e of reducing a reproductlon
error even if a,flying height of. . A magnetic bead becones |ow As-
ment i oned above, the reproduction error often occurs when the flying
hei ght of the nagnetic HEAGS BURGTRASE! GNGNETRYS: BRCORDINGAMEDIUM 1AMt | gat i on

"~ has been carried o ﬁg@eh %G the re roductlon error- _Accordi ng
to the inventors' L%% Fﬁ&ﬁ%ﬁ@ BEA BECORDING MERIW | es are
attached on a principal surface of a gl ass substrate and-projections are
Loused

Back mnd af the Inventlion:

- - This invention :e!l.utas to a nmaghetic recording
medium used for a computer amd the like. |

Reretofore, an aluminon substrate has been widely
. used for a magnetic recording medium,  such as a magnetie
digk. BSowever, the aluminum substrate has bgen gradually
xeplaced by a glass swbstyate which is advantageous in
gtrength and flathess as compared with the aluminum
subst.rate. |

on the other hand, a thin-film head bas been
videly nsed as a magnetic head. However, the thin-film
head tends to be recently replaced by a magnatu-resistive
head (MR head) and a glant magneto-resistive head (oM °
head). Therefore, development would be directed to a
magnetic recording medius which can be matched with the
magneto-resistive head. Soch a magnetic recording medium
often has a glasp gubstrate.

Howevar, reproduction errors very oft.én ocour and
a reproducticn bacomas more difficult as a flying height

becomes lower when the magneto-resistive head runs along

"~ the magnetic recording medium of the glass subatrata.
: REPLACED SHEETS 8G

- This Sheet Has Been [", \B{Description t pagec. ..\.... to paged 35
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LT Drawing(s) : paged to paged
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due to the particles on the magnetic recording nedium Snoh projections
sbrimng—about a Thernal asperity whi ch causes the magneto-resistive head to
generate heat. As a result, a resistivity of the head is fluctuated and
t her eby, "an adverse influence is given t:o el#ctro- magnetic conversion.
Further, - the thernmal asperity is often generated for the magnetic disk
after a glide test for checking,a head crash. in this—ease—various

particles bring about - the thernmal asperity. For exarqunllisegh ME Beh Ripicked! €S
may  include a particle which gives an adverse influen ; ead is
aflroat. Such a particle conprises an angular or irr‘eggu" m&“ﬂm tion.
‘Subsequently, the cause that the particl&s are’ attach Th L ‘
conventional glass substrate has been investigated.®As a result of the

i nvestigation, it is Thisggégggtoﬁgg ﬁ%&gi%%'-pl aced 3 found. out that the
particles generated fro ~of the glass substrate are
attached to the princimal 18usd abgect ofhehiy AnGertiton! talgravilbsai s because

the sad side surface ,is rough as conpared with a principal surface of the
gl ass substr at e- PAPEGL carpyding mediumhubinha 48 cagsbipe 0% Nedugbes i and out

Ut face of |The (FRiSEiAGY GGl BFed 400 MOLNE T Bpy A A pRGAEKG .
surface of the hhesd mecomwsment acts . of the side end swrface with the

housing give Visa to generation of the Particles and the generated
particles are attachedAemattdopad fliovel ther Fepmduictitn eyirarsoften

p . occurs when the flying height of the magnetic head
"i) . becomas low. %Therxefore, cibee Anvestigation bas been

carried out about the cauge of the reproduction exryor.
According to the inventors' experimental studies, it is
found out that particles are attached on a principal
. surface of a glase gubstrate and projections are formed
fze to the particles on the magnetic recording mediun.
Such projections bring about a thermal asparity whieh
cauges the magueto-resistive head to generate heat. Aas &
Tesnlt, & resistivity of the head is finctuated and
thaxeby, an adverse inflnence is given to electro-
magnetic conversion.

' Further, the thermal 'aspar:.t-y 33 often generatad °
for the magnetic disk aFter a glide tegt Fox éhecking a
head crash, In this case, variovs particles bring about
the thermal asperity. For example, such paxticles may
include a particle which gives an adverse influence whan
the head is afloat. Such a particle comprises an angular
or irregular configuration. | _

Subsequently, the cause that the particles are
attached to the conventional glass eubstrate has been
investigated. As a result of the invegtigation, it 1s



substrate. Conventionallyv, an atteption has been generally paid for the
'side end surface only fromthe viewpoint of a mechanical strength of the
gl ass substrate. In contrast, an attention is paid in O S. Patent No-
5,569. 518 :for avoiding generation of the particles by Chenically etching
or polishing the side and surface into a chem cal polished surface

known ikn,the,art that such a chenical ‘poli%hed surfaﬂ&ﬁmamw

exhibits a mat (or dull) finished surface: As at resul

confirned that the side end surface nust be precisely

mechani cal polishing to avoid" generation of the partlc es
Conveentionally, the side and surface is3 processed by chem cal etching.

However, the chem cal etchi ng process is not enough to suppress generation

of the partlcles! Herein I s assuned that a nagnetic.

recording medi um™ i c??“l Hﬂﬁn’cﬂ"a@?ﬁ?’e‘if’ﬂygﬂ?@aﬁsé Hrom pestife,epd spstrate .
I's shaped in a dlgilefmgy kRa snﬂﬂstrgﬁé'a‘%ewt@éﬂda RaOtifr Periphery.
p

In this event, the inner and e outer peripheries are |rregularly et ched,
whi ch ni ght r esuBEinelandy aurfare arf the Plags sAbatherat hetitband, "t he present
tion of partiicles can be prevented by

i nvent | on poi nt s, _out t?ﬁt@ 8e€er
mechani cal Iy pol Pgﬁ?‘ﬁf B r $U%EACE s rough 35 comp maghsar f ace
w t hout an deV| cor dj di

‘ 1 gﬂflsmvnlon eﬁt!ulbgt{'&e hg&ﬂidﬂ

-Speci fically, accor ding t
when the glass substrate is got in and out of a housing

_ ‘(j af a2 matarial such &s a polycarhonata, the aide eng

A surftace of the glasg -#uhcuiate ig inevitahly contacted .
with an internal gurface of the housing. Such contacts
of the side end surface with the hoqa.l.ng give riag to
generation of the particles and the generated particles

. BXe attached on the priacipal surface of the glass
su?st.rat.e. '

. Conventionally, an attention has been gemerally
paid for tha side end gsurface only from the viewpoint of
a mechanical gtrength of the glass substrate. In

7 contrast, an attention is psid in U.S. Patent No.

' ) 5,569,518 for avoiling generation of the paft.:lcles by
chamically etching or polishing the side end gurface into
a chemical pol:.lshed surface. It is known in the art that

- puch a chemfgal polished surface is rough and exbibits a
mat. {or dull) £inished surface. As @ rewult, 4t haz been
confirmed that the side end surface must be precisely
polishad by mechanical polishing tu avoid generation of
the particlea. Conventionally, the side end suxface is
_pro«sseﬁ by chemical etching. nowevaz.;, the chamical
etching process is not encugh to suppress ganerat.mn of

" the particles, -



gl ass substrate has a pair of principal surfaces opposite to each other
‘and a peri pheral side area contiguous to the principal surf.aces. The

peripheral side’‘area has a ° si de end wall and internediate regions between

the side end wall and the principal suffaces. In this cane, at |east one

of the internediate regions and the side end wall is formed by a mrror
fini shed surfiace which has a surface roughness Re not greater than | A =
.or a surface roughness. Amax not greater 4 k m n"this invention, no

particles are generated because the side end surface of the glass
substrate is mrror finished. Consequently, reproducing function is not
reduced by the thermal asperity. Surthur4 a bead crash can be sufficiently
prevented si'nce no projections are formed due the particles an the
magneti c recording nedi m Th| s Sheet Has: Been Re |laced 1111111 111 .77
5 Brief Descriptian of Mifs Aspmed that, g, magnetdgs recorddngnal vi ew

f f 4 88,
of a part of a M&W akemmdc&&d By i g 3"@%{’%‘5 L osses of

repxesenta5|on for use in illustrating resu ts o
various sanpl es substpats iy shapesthiipl @ Alakcwhidhnbas carnt Ensernvent i on.
neseriptton of tle preferred Enbodi nents Referring to riag. |f descri ption

wi Il be made abo@ETAPRPTE 20d AR QuUiST Rexiphery.c In, s gyeut, th
innexr and the outer peripheries axe 1rxegular1y etched, .

which might result in deviation of an axis.

On the other hand, the preseant invention points
out that generation of paxfjlelec can he prevented by
mechanically polishing the side surface into a mirror
finished suxface without any deviation of an axis in a
magnetic tecording mediom. '

| Specifically, according to this inventién, the
glass substrate has a palr of principal surfaces cpposite
to aach other amd & peripheral &ide area contiguous to
the prinaipsl gurfaces. The pevipheral side area hae a
gide end wall and intermediate regions between the side
end wall and the principal surfaces.  In this case, at
Leazt one of the intermediate regions and the side end
wall ts formed by u mirvor £inighed gurface which bas a *©
surface roughness Ra not greater than 1 4 m or a aurface
roughness Bmax not greater 4 g m. - '

In 'Lh:l.s invention, no particles are generated
becanae the nide end surface of the glass substrate is
mirrox £inighed. Consequently, reproducing function is
not. reduced by the thermal asperity. PFurther, a head
crash can be sufficiently prevented since ne projections

are formed due the particles on the magnetic recording

medium,
' _ This Sheet Hag

B
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The_glass substrate i has _an _end portion in_ sections as illustrated in

'Pig. 1. Zs Wg. 1, the-glass "substrate 1 has princ

l.pal s,

urfaces 3. opposite

to each - other and a peri pheral side area *2 contiguous to the principal
surfaces 3, The peripheral side area 2 has a aide end Mal | A and

I nter d‘l ate regions a and C between the side end
princitpa pal surfaces 3. Zn the illustrated exanple, e
regi ons a and Cis intentionally chanfered into a s
chanféring process, as will later be discussed. Ho

wal |k
ach of

and each of the
i nt er nedi at e

chanfered portion by a

wever,

the internedi ate

regions 8 and C stay be unintentionally chanfered during a grinding or a

polishing process, as will later be discusged al so.

Her ei

in, it is to be

noted that the side and wall A and the internediate-regions a and c are

all mrror finished by nmeghanj
pol i shed surfaces speC|f| Sy

than 1 a a. where 8a is 'Iﬂgs h Wllcgojaglﬂcél,&

representative of the center-line mean roughness

cal
Aog

oI | sh| ng and ther ef ore have mechani cal
: e .

ich is not greater

1@@9@1: Cpazt of

ef1 ned

I n Japanese

Xndastrial St andarcallgiaaamy.raﬁue andechani cal polished surfaces will also

be called nmirror finished surfaces berei nunder because they are subjected
to a mirror finished procds¥- izloﬁk-ﬁ)'ér‘ Fiaphical rﬁ"PFﬁ?‘“‘f‘iﬁ#%hﬁéﬁ"Qarface

may be fornmed on atyy Q f&sﬁ‘lﬁ %113' gﬁﬂ?‘ gﬁéh

regions 3 and C. In |s even e sur

? ‘ﬂhgwedl ate

preferably in themgaafoﬂpéﬂﬂtﬁthﬂﬁmbﬁﬁi ﬁ&d:mg?twmiably, in the

tangs of 0001t005am

vention.

Dascxiption of L\le prxeferred Embodiment.:

Referring to Fig. 1, description will he made
ahout a glass substrate 1 of this invention.
The glass substrate 1 haas an end portion in

‘mectiom, as iilustrated in ¥ig. 1. In ¥ig. 1, the glass

substrate 1 has principal gurfaces 3 opposite to each

other and a pe:;ipherai side axea 2 contiguous to the

principal surfaces 3. The peripheral side ares 2 has a
flde end wall A and intermediate regions B amd C between
the side end wall A and each of the principal sarfaces 3.
S o In the illustrated example, each of intermediate
reqionc B and € 18 intenticnally chamfersd into a *

chamfered portion by a chamfering procese, as will later

be discugssed. BHowaver, the intermediate regions 8 and c

may be unintenticnally ahamfe:.;ed during a grinding or a

bul.!.sh:l.ng pxuces;:, as will later be digcugsed also.

, Bezeln, it is to he noted that the gide and wall A and

the intermediate reqions B and C are all mirzror finished

by mechanical policghing and therefore have mechanical

polished suxfaces specified by a surface roughness Ra

which is not greater than 1 z m, where Ra is

nmiil‘l'iiiu“ﬁi’ﬂi‘fin



Alternatively, the mrror_finished surface nmay be represented by a surface
Toughness umax, where Amax is defined as a maxi mum hei ght representative
or a jlifference between a highest point and a | owest point. instead of
Ra. In this event, the surface roughness PAN= nmaybe not greater than 4 am
Prsf.erabl g, the maxi mum height- Urax falls within the range between 0.01
and 2 p m and sore preferably, within the range between 0.01 and 1, R
Thus, the glass substrate | according to this invention has the mrror
finished surfaces each of which 1is specified by the surface roughness Ra
not greater than | p mor the surface.rou%fhness umax not greater than 4
m Under the circunstances, it has been coiffirned that no projections a
generated an the principal surfaces 3, resulting fromthe surface
roughness of the steieresrdtatlive Arakk ChoudrDl ORI BEaR!l Soudtiicals (haHlaC Of
the gl ass substrate 1. Consequently, it has been found | &Shek Has Been
1Replaced i i 7 oul®tipRenere dndpabrisdsflandayd| 2tsy8n86dtled. THart her,

rounded surfaces 4 gL&a.f @ﬂa& of 4 he _princingl .surfaces 3 and
each of the inter ned‘%aat'g re ingggs‘nggﬁﬁg%%;i Hha%cﬂifgoiﬁf q"@%ﬁaeﬁ[’%faces 4
are fornmed between Sadlahed durdaises HeRUmfidRr FEGivaRStiey MbeCatlifbdiha Si de
end.wail A Each rounded surface 4 has.aéradi us between+0.2 and 10 mm

preferably bet weent® R2MhFpn fAndahads pronnse . prisuevab) yausdt westrsi2 and 1
mm  CGeneration of t#G)RRkd |durick Why® BIPIEHES YorP Gt least one of the

elde end wall A and the intemediate vegions B and C, In

r

A
re

f) ~ this event, the surface joughne=zz Ra falla prefezably in
-the range of 0.001 to0 0.8 #m, and move preferably, in
the ramnge of 0.001 to 0.5 # m.
Mtéznatively. the mirxror finished surface may be
rapresented by a surface :oﬁghnese Rmax, where Rmax ia8
defined as a maximum height rapresentative _u: a
 diffexence betwfaen a highest point, and a m:r point,
iustead of Ra. In this event, the surface roughnass Bmax
may be not greater than 4 um. Preferably, the maximum
height mmax falls within the range batween 0.01 znd
2 g w, and more preferably, within the range botwean 0.01
} ‘and 1 2 m. . :
‘Thug, the glass substrate 1 according to this
, iuvention has the mirror finighed surfaces each of which
is specified by the suifaca roughnegs Ra not greater than
1 A m or the surface roughness Amax not ygreater than
4 anm. Under the circumstances, it has been confirmed
that no projections are generated on the principal
surfaces 3, resulting from the surface roughness of the
¢lide end wall A a2nd the 1ni.amédiat.e ragiona B and ¢ of
the glass subsatrate 1. Consequently, it has dgen found

This- Sheet Has Been Rerillaoed

- A




prevented by toning the rounded surfaces 4.. Specifically, it angul ar
‘surtaces 5 are t.ornmed between each of the principal surfaces 3 and each of
the internediate regions B and C or between each of the internediate
regions A and C and the side-Od,wall A the angular,surfaces 5 ni_ght
generate t'he particles when they are contacted with the housing..
Therefqre, according to this invention, the rounded surfaces a are forned
by nechanically polishing the angular surfaces 5 to avoid generation of
the particles. The rounded surface 4 hear - preferably the surface roughness
Amax of 0.01-2 ft mand the surface roughgess as of 0.Obl-1 ac m .nore
preferably, the surface roughness Amax of 0.01--1 u in and the surface

roughness Ra of 0.001-0.8 it is, and still nore preferably, the surface
roughness Amax of 00@h-thaptno thedmal asperftaces dedaghteds Ra of 0.001-0.5
am A mrror finish procesg i erfornmed for the peripheral side area 2 of

the glass substrate | to obParIf¥et ¥Runded surfnceq 4haye sknmmgdchetwamnt i oned
above. This. Sheet Hagadie @2Rehé GRdndifal ;‘B‘q&@eﬁ%q)!ﬁgega ¢ figally, the
y nec

mrror finish process is carried out b ani cal polishing, “such as
brushi ng, ‘buffing, ijtermediate irpgidma Bsandi.a oladabtian,padundedh as a soft
pol i sher and a.hard poJisher, and a solid;or a liquid p#®lishing substance,
such as | oose abr asT{fE@ced i} areqfommed betaeen eagh pf the, {gtemuediate At any

o ot o e LB A U B 0l M 1 )
use of different potuzfaeest hags a radius between 0.2 and 10 mm, preferably
() batwesn 6.2 and 2 mm, ang more proferably hetween 0.2 and
1 mm. Ganeratiop of the particles can completely be
prevented by forming the rounded murfaces 4.
8pevifically, 1f angular surfaces 5 are formed betwaen
each of the principal surfaces 3 and each of the
intermediate regions B a'na. C or hetween e¢ach of the
' ‘ intermediate :aF:I.ons A apd C and the side end-wall A, the
aagular surfaces S might generate the particles when they
Are contacted with the housing. Therefore, according to
this invention, the rounded surfaces 4 are formed by
mechanically po_linh:l.ng the ahgula.r gurfaces § to avoid
generation of the particles. The rounded surface ¢ has .
preferably the surface roughness Bmax of 0.01-2 um ana
the surfave roughness Ra of 0.001-1 gz m, more preferably,
the sgurface roughneas Rmax of 0.01-1 g m and the surface
roughnegs Ra of 0.001-0.8 #m, and still more preferably,
~ the surface roughnesge Rmax of 0.02-1 g m and the surface
roughness Ra of 0,001-0.5 a;m. _
A irror £inish proceas 1s performed for the
peripheral side area 2 of the glass substrate 1 to oi:t,ain
the mirror finished surface as mentioned above.

Sheet Has Been RTlaced
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in grain site and types to obtain the.nirror finished surface having the
‘above-menti oned surface toughness.. The nechani cal polishing may be referred
to as physical polishing or dynam cal polishing.. For exanple, the soft
polisher, may include a suede, avelour, or the |ike—while-the-hard—
polisher may include hard velour, foaned nethane, pi&%‘cghi r

suede, or the I'ike. Further, the abrasives may inclu & R
cerium oxide (CO®), alunmna (r -A1203), red I oxi éj'en* Il
oxide (Cr233), zirconium.oxide = (Sr02)1 and titaniu :
Il lustrated exanple, the internediate .regﬁons (chanfered portions) B and C
are forned on both sides of the side end wall A Thereafter, the mrror
finish process is performed for the internediate regions B and C. As a
result, no particl Epegl&ieptian atial sfiresr fihislsipdecens swekhrdtenduthpy

I nt er medi at e_regi ons d.C en if thhe glass substrate |I. contacts with
a housing at the ﬂgflﬁﬁﬁg?% ‘gfi%%h’é‘ﬁea‘“f PRbing o JISings rate i is i

This Sheet Has een gadLhROGH vy the dse Sl L aRd Pl%a&'f lf Usigdgs The
mrror -finish process due to the nechani cal porl shing for the peripheral
side area a nmay be hodighex andua hEndepolishérf and ahsoxsd oei paliquiaf aces 3 of
the glass W substril e 1 axe | apped.or polished. in gen&ral, the
pol i shing or | appi ir | 7 ng step.

i shi | appi ®§ %?'&'Es@q’%t ogir GEIEh W8 Jouse ap 25 dranded

(2) a lapping stepabpddided, Etedd) bod'Rd 14xe. At any rate, the
machanical polishing may be pexfnﬁed by cdmb:.ni.ngr

() S meehanical polishing of ¢iffersnt types and machanical
poligshing caxried out hy the use of different polishérs
in grain size and types to obtain the mirror finished
surface having tha above-mentionad surface voughness.

The mechanical polishing may be referved to as physical
'polishing or dynamical polishing.

For exampla, the soft !po_li.sher may include a
suede, a valour, or tha like, while the hard polishex may
include bard velour, foamed urethane, pitch impregnated
suade, or thae like, rurt.i::er, the abrasives nay :l.ne-:lude.
fox ezmplé. carium oxide (ceoz). alunina (71 —-Mzoa)- red

_ oxide (Pe,05), chromiwm oxide (Cx,0,), =zirconium oxide -
(2x0,), and titaninm oxide {710,) .

In the illnstyated example, the intermediate
regions (chamferad portions) B and C are formed on both
sides of the side end wall A. Thereafter, the mixroxr

R—

finigh process is performed for t.i:a intermediate regions
. B and C. As a ragult, no particleg ara g’anezlted: from
the side .et.:d wall A and the intexmediate regions B and C
"mran if the glags substrate 1 contacts with & housing at
the peripheral side area 2 when the glass subsirate 1 ’Ts




I step, (4) a second polishing step. Taking the ahove into consideration,
‘the—above-TrEntioned mrror finish process may be perforned after each of -
the steps (1), (2), (3). and (4). For. exanple, the mrror finish process

may be performed after the.rough grinding step. alternativety;—THé mrror
finish process may be perforned after the Jlapping ste B&Shslaced

pol i shing step, or the second polishi ng step. Were.t

process is perforned before the | apping step. the peri H‘“ rea 2
is often slightly rough by sands used in the | apping st Itron, it

Is preferable that the principal: surface$3 of the glass. substrate 1 has
the surface roughness Hat not greater than 2 na to prevent the thermal-

asperity. so limt 0Q.i g S s to a kind, a-size and a thickness of
the gl ass substrat ?Af irlﬁ th t|irsm?'n§£e]n‘§l'l o%““ 1%6e gl ass substrate i my be

formed by glass or glass s adkssr £4n)dH pbPodane dnbE Q:.'h@sﬁeéﬂhil&ﬁil for
|

exanple, alumnosilicate glass, soda-line glass, soda al um na- cate
gl ass, al um nobor oRPERteg gﬂ"&‘s%‘“‘ Mqurﬂéa&i@elereglaamr be |¢aoaitedgl ass

?PSJS?I 'zed of ass SMte§tued b Beboin tik Belacinalpg %35@&%%2 exen
O Li 20, "4-12 %4 of "NeSOT™E 25R5k oeede 55 st fr%*.eﬁ' oora, gebarel. aa”CS,  F10 %0
the glass includes podigskinghorr mmanpmaaé ) dsvdded dnabl 61 otigk " ange
between 0.5 and 2.0 iﬂging Wie . tﬁr)agl Oap%];.nﬁlaztgg/, 8;30)23. fixat poushing
O step, (4) a second polishing step. Taking the above into
congidaration, the above-mentioned mirror finish process
may be performed after each of the steps (1), (2), (3),
and (4). For example, the mirrer finish process may be
performed after the rough grinding step:. Alternatively,
the nmirror finigh process may be performed after the
lapping step, the first po].i:h:lng step, or u:e second
polighing step, Where the mirror £inish procesa 1:
perfoxmed before the lapping step, the pet_iplmral side
area 2 is often slightly rough by sands used in the
; lapping step.
L . : . In addition, it iz pzefe:;b:.a that the principal-

-

surface 3 of the glass substrate 1 has the surface
- zoughness Ha not greater than 2 nm to prevent the tharmal
| agperity.

| No limitation iz imposed as to a kind, a size and
a thickness of the glass substrate 1 in thia iavention.
The gla;a substrate 1 may be formed by glass or glass
ceramicg. In this casa, the glass may be, for example,
aluminosi.'li.cata glassa, sodl—l.u;:e glass, goda alumino-
silicate glasg, aluminoborosilicate glads, bhorosilicate




whi -eh—f-at-s—wi-t-hip—a—range Potween Q 4 and 2.5 so as to chemcally
‘reinforce.the glass substrate. Further, such chemcally reinforced glass
preferably contains, by nmol t, 57-74 %of 8i02, 0-2.6 a of Zn021 3-15  of
A12031 7-16 % of 7.x20, and 4-14 % of Na20 bo as to'renove projections on
the principal surfaces 3 which results frominsoluble substances of Er02.
The chemically reinforced alumnosilicate glfass which has the above-

menti oned conposition is excellent in trifisverse bendi ng strength and
Snoop hardness. in addition, such a glass has a conpressive stress |ayer
deep enough. In tiassenHOTH JIA g1A anlSHadA! a1 19icREET SRR wnERE difp MRde by
perform ng an ion exchange nethod at a low tenperature for the glass .
substrate 1 to i glaseecefantizer map shef g don MxanpaCcrgataliived: ghage ) NSt ead,
the known chem cal reinforcenent can be used to chemcally reinforce. the
gl ass substrate BY MB¥cRkrexampde; dhie alumizngblinatRoglags decpyembl e as

dwith the,latter nethod f the vi it of | t it
point  because + BE1RsPRAnd BaYoPontadn, Y wbiahtre AT A Y AE i3z B8 Sheet
Has Been Re | 1 11 idd Ji (411 t | fansiti -
poisnt .eeg fﬁsegcggl gﬁu%ﬂe’g?laf'oEllifah]‘]eldglhé%é%'aﬁ"%%i%n?:g?gaeh&éﬁtsg‘ i"%i u%‘ei”i' o

pot assi um ni t r at @xo, aas it ookpdrints. 2 hi haditdon| xekk W1dks 1MAMgeghe.
gl ass substrate 1 according to this inventionis 4 . also used not | only

for a magnetic racurdghiy nesdpuef H,045sy, whidivifellsagtidincadradgeand an
el ectro-opti cal gleék SLbCh as_a
. weéen -5 and 2.0 and a weight ratio of _51203/8102

f} . which f£alls w:l.thi_n a range petween 0.4 and 2.5 =o as to
.chemically reluforce the glass substrate. Further, such’
chemically reinforced glass preferably contains, by mol

"4, 57-74 % of éioz. 0-2.8 4 of %ng,, 3-15 % of AlL,0,,
7-16 % of Liz0, and 4-14 % Of Ha,0 S0 as to remove
projections on the principal surfaces 3 which results
from- insoluble subgtances of Zr0,. %The chemically’
reinforced aluminosilicate glass which hag the above-
mentioned composition ig excellent in tra.nav;ersg bending
strength and Kncop hardness. In addition, asuch a glassg

0 has a compressive sf;.ress' layer deep encugh.

in this embodiment, the chemical reinforcement

- ¢an be made by pérfoming an lon exchange method at a low
temperature for the glass substrate 1 to :!.mprové
properties against impact and vibration.  Instead, the
known chemical reinforcement can he used t.o chemically
reinforce the giass subﬁt.rate 1. However, the ion
_excixange method is prefarahle as compared with the lattex
method from the viewpoint of a glass transition point

because the former iy carried out at a temparature lass

This Sheet Has Been Re‘i :
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photo disk. Especially, the glass_subsirate is effective to the .. .
*photo=TragmetTT di gk which 1s seriously influenced by particles attached

thereto. Subsequently, description will be made about a -nagnetic recording
medi.um nenti oned above. Mersin, such a magnetic recordi ng nedi um has at
| east one magnetic |ayer formed on the glass substrate i an well known in

the art. in this invention, no partic] es are generated fromthe side and
wal | A and the internediate regions a and C because the side and wall A
and the internediate regions a and C are subjected to the mrror finish
process, as mentioned above. This shows that no projections are left on
the magnetic layer due tb generation 'of the particles, even when the
magnetic |layer. is.forned on the glass substrate |I. Conseduently, the head
crash can he suffi cthas (the pgtassnt.eahalivion tphént. r o Cused ispilti sageber ned by
t he magnet o-resi stixe ead., Further, no reproduction error occurs
because no  def eat ‘éﬁew@‘%ﬁ% ﬁgﬂg‘?ﬁ“@”‘?%ﬁ@’aﬁﬁ BhROLASSAER; Aiyzate,
Specifically, the rpgeaiif AAGaed) N0 nTeaitdThited LREAEChAY, St'&&%?%'sxe' y
depositing an underlying |ayer, a magnetic layer, a protection layer. and a
| ubricating This Shthstivate oh atRopdingdtd thid fiidrent ageriznlsbenapdainet.
substrate 1 which has the desired flatneass and surface ‘roughness as

menti oned above and®®3¥hfeH 3 Magnstis FaeeRAIng Madiuml biteialkor 8RR The
o ru ol e Lok o YABHEES S LMl IS Gk 1 e
. photo dlsk. Egpeclally, the glass aubstrate is effactive
( ) o ‘t.lwe plmtu--nlgnetic_—dlyk which 13 geziously influenced
by particles attached thereto.
 Bubmequently, description will be made about a
magnetic recording medinm mentioned above.
Hexein, such a magnetic recording mediun has ﬁ.
leact ona magnetic layer formed on the glasa subgtrate 1
ac well known in the art. In this invention, 20
particles are genorated from the side end wall A and the
intermediate regions B and C because the side end wall A
and the intermediate regions B and C are subjacted to the
. mirror finish process, as menticned above. This shows
;:' ,3 that no projectiona are left on the magnetic J.aya:' due tb
generation of the particles, even when the magnetic layer
is formed on the glass subetrate ). . Consaquently, thi
' head arash can be autficiéntly prevented when the
- reproduction 1is pexformsd by the magneto-resistive {MR)
head. Further, ho reproduction errox oceu;‘s becavge no
defeat. due to the particle remainsg on the magnetic layex.
Spacifically, the magnetic recording medium is
formed by sncceasivaly depositing an undexlying layer, a
| magnetlc layex, A pmt.acf;iﬂn layer and a lubricating '

il




group consiatiag of nonmagnetic netals. G . _No Ta Ti, 11, V, B,'Al may
beused™as a naterial of the underlying-- layer. The netal Cr or One cC
alloy is preferably used as the material of the underlying |ayer to :
enhance a nmagnetic charaeterietio where the nmagnetic |ayer includes Co as
a mai n conponent. to addition, the underlying |layer nmay not always be
formed by a single layer but may be faormed by a nulti-layer conposed of a
plurality of identical or different |ayers. For exanple, deposition may
be made. as the underlying layer fornmed by the nulti- layer such as C/Cr,
C/Cruo, CG/Cr?, GVICy, A/C/CKo, 111/C/C, A/C/CV, and
Al/CV/Cry. in this invention, no lintatizms. are inposed as to the
magnetic | ayer al so. The magnetic |ayer may be, for exanple, a layer which
contains Co as a rrg'ﬁ%eco o&nt' and which has a conposition selected from.
CoPt. "Coer, CoNi . “Cr ootass sypetratefNic itdepfestrad o Ta,
CoCrTaPt, . and CoCrflabne@ss Anf adgfdded BoudtaSai Bl fbhCidriddCanbds aagmul ti -

| ayer structure (for exanple, CoPtCr/Crieo/ CoPtCr, .
CoCr TaPt / Cr Ho/ CoCr TFeh Ag aubigcted tot chanival oteiafaechrept..di vi di ng a

magnetic filmby a nonnmag | ' oy - _exanpl Cr, ,CrXo, Cr to reduce
a noi se, as known in Thi Sr@#egméé%ﬂé&;lggga. ?ﬁffif‘i&idlf‘flfﬂ'ﬁ"i"\g 219 the
an.. The magnetic haigchabfdefd) SapBaNCRO-TeRSt dre’ Bot LEIQ16MA 93N a0 the
gi ant magneto-resistive head (Stet head) contai-ns inpurity elenents

sel ected from a gr GFSUPCcenaiating off nihma@neticmetalds i [Cxe| MopWas, T8, Co, Sn

and -ﬁ, V, B, Al may be used ag a material of the underlying

’{\} layex. The metal Crx or J.ne Cx alloy is preferably used
as the matexial of the undexlying layer to emhance a
magnetic characteristioc where the magnetic layer includes
Co as a a-a:ln component.. in addition, the underlying
:I.ixer may not always be formed by a single layer but may
be formed by a multi-layex compésea of a plurality of
identical or different layers. For example, deposition
may be made as the underlying layer formed by the multi-
layer such as cr/ci:. Cr/CzMa, Cr/CrVv, CXV/CxV, '
A1/Cx/CtMo, AL/Cx/Cr, Al/Cr/Crv, and Al/CxV/CxV,
-} In this invention, no 1in.lt.at.l.oye. are imposed as
10 the magnetic layer also. )
The maynetic layer may be, for.»-re:upla.‘ a layer
which contains Co as 2 main component and which bas a
composition selected from CoPt, CoCr, CoNi, Coxicr,
CoCrTa, COPtCx, CoNiPt, CONSCrPt, CoNICrTa, CoCxTaPt, and
CoCrPtS5i0.. In addition, the magnetic layex has a multi-
layer strudtuze (for example, COPLCX/CxMo/COPLCX,
| cwr!'arucmo/cfat:r!ravt) . Such a structure._is obtained by

dividing a magnetic film by a nonmagnetic film (for

example, Cr, Cr¥o, CxV) to radued a noise, as Xnown in

il

e



I'n, oxides of these inpurity elements in addition to the Co-based allay.
‘Further, the nagnetic [ayer may have a granular ~yy structure wherein
magnetic grains, such as. W, Co. Fero and Cofipt, are dlspersed i n the
nonmagnetic film conprising a ferrite-based material, an iron-rare earth-
based, mat’eri al-, 0i 02, and sm Further, the magnetic Iayer way have a
recording formof either an in-plane nmagnetization type or a perpendicui ar
magneti sation type. go restrictions are inposed as to the protection |ayer
al so according to this jinvention. Specifically, the protection |ayer may
be formed by a Chromumfilm a chroniunhglloy film a carbon film a
sirconi-a filmand a silica filmand nay be successively deposited on the
gl ass substrate i together with the.underlying | ayer end” the magnetic

| ayer by the use ofthehar«noWhei madrietdc layget tfari kbe aqmeahmaﬂ-hevpr otection

| ayer may bé forte y i ngle | ayer orarrultl-la |ncI
plurality of | ayeg§ag (&ieéght‘?’é& rﬂt’éh%ﬁ”&f"’ﬁﬁ ﬁ‘?gt Bgﬁl s. In
addi tion, the ot hemaapte&maaﬂslmmﬂi&mn Betldde f!eLaa. dG¥ali Used

I nst ead of t he above protection _ layer. Such a Si02 filmmy be formed on
the chrom um fil mochpsietdmy ofry, (Sdl,ltnxda&aalﬂ slendntn; HEAIG 6a digds 111
i12122 1 1 | Ilclll d 14 - tetraal koxysil ahe diluted wth an alcohol based

sol vent and t her eZPr P=desc g thegealpusiky (f)epsrtg)1n, afditfon ta
Co-based alloy.

Further, the magnetic layer may have a granular

{) structure wherein m'gneu}c grains, wuch aa Fe, Co, rec::
and CoNiPt, are disparsed {n the nonmagnetic £ilm
comprising a ferrite-baged material, an iron-rare earth-
baced material, s.loz, and BN. Furthey, the magnetic
layer may have a recording form of either an in-plane
magnetization type or a parpendicular magnetization type.

No restrictions are msad-as to the protection
layer also acuoxdlng.t.o this invention. Specifically,
the protection layer may ba formed by a chromium film, a
chromium alloy £ilm, a carbon film, a zjirconia film and a
‘g1lica £ilwm and may be successively deposited on the
glage substrate 1 wvogether with the underlying lairer and’
the magnetic layer by the use ¢f the known in-line

sputtering apparatus. %he protection layer may be foxmed

by a single layer or A pulti-layer :l.ndluding a plurality
of layers of an identical mataerial or diffaerant
materials.

In sddition, the other proteqtion layex, such as
& 810, £ila, may be used instead of the above protection
layer. Such a s:|.t:!z £11:n may be formed on tha chromium
£41m by Qisaparsing colloidal silica fine grains in
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Mor eover, the |ubri cati.ng t+ayer—S~het-—asiLictad to the above. For

‘exanpl e, the lubricating |ayer is- fornmed by dil,uting perfluoropol yether
(PFPS) with a solvent, such as Freon-based solvent, and applying it On

t he medi um surface by a di pping nmethod, a spin coating nethod, or a
sprayi ng nethod, and firing the aedium .First Exanple (1) Roughing stepby
grinding and polishing First, a sheet gl¥s of alumnosilicate is forned
by a down draw nethod and is cut by agrinding wheel Into a disc-shaped

gl ass substrate Leh a dianmeter of 9 an thickness of 3 nm The
gl ass substrate }AEQEF%%@?&&%‘? i‘ﬁﬁ@ﬂe‘% d‘gém'bﬁg?&"’m“gﬁgrﬁﬁlgﬂﬁta

thi ckness- of 1.588 Qerdattbaiiy s @m i In -this
case, the disc-shaped gl asa's égbggl?gt\%i%%ggﬁ orﬁgtoﬂ bd}gé%lgr?ec |y préssing a
melting glass witgratmnps, a drag and a druminstead of the down draw
method. in this event, the above-nentioned glass which is chemcally

rei nforced contains, by Moreovéy- ThetluliriBatifg layér Astmof vealzicted 5 % of

A1203, 7-16 t of Li2Q, and 4-¢4 t of NaO 2 as nmmi n conponents. Further,
the chenically r&® s @Bavet o EOT 6KemRLee tha lnbrigating3lagas 1851029 14 t

of A1203, 6.9 of Li200 god % of Na0 as maip co nts. The
above- nenti oned c#rrpom??o%}@}!itnf el’%me?ﬂ"fﬁgggf" ]|

representati on angpimR! | a€sh £ J I 3 g N B i~ % 67
%of SiQZO 1.0 | of 'Snd2, 9:0 !fgfeé'"Alﬂza‘%%Iji dddvédd bhd'aplytig 2 O

the medium surface by a dipping method, a apin coating

@ . E - method, or a spraying meth?d. and firing the medium.
) T First Example . -

(1)} Ronghing step by ¢rinding and polishing
Fixst, a sheet glass of nluninésiliuate is formed
" by a down draw method asd iag cut. by a-grinding wheel into
a diso-ghaped glass gubstrate which has a diameter of
96 mm and a thickness of 3 mu. The glass subgtrate 1s
lapped or polighed to a diameter of 96 mm and a t.hlckt_:ess
of 1.5 mm by a relatively rough diamond grindstone., In
this case, the disﬁ—shnped glass'subst':ate may be formed
by directly pressing a melting glass with a cope, a drag
and a drum instead of the down draw method. .
' | In this event, the above-mentioned glass which ls.
._chemic':ally reinforced aoﬁtains, by mo'lt. 57-74" % of smz.
- 0~2.8 % of znoz. 3-15 % of 51203, 7-16 % of 11,0, and
4-14 % of Nao, as main components, Further, the ‘
chemically reinforced glass contains, bg weight, 63 % of
§10,, 14 % of Al,0,, 6 % Of Ii,0, and 10 ¥ of Na0 as
main components. The above~mentioned composition can be

expressed in terms of a mol representation and compriges,

" "This.Sheet Hes Been Reﬂlaced
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12.0.6 of Li20 and 10.0 % of—Na20.—Subsequently, the both principal
'surfaces 3 of the glass substrate |.- are. ground or Tapped by a di anond
gri ndstone having grains smaller than those._of t he above grindstone. in
this case, a load was set to the extent t of 100Kg. Thereby, the principal
surface 3 of-the glass substrate | was g{ound into a surface roughness
8max (JIB .H 0601)of about 10 u m Next,*an Opening wads forned at a
center portion of the glass substrate 1 by using the cylindrical
grindstone. Furthey, mdhes,o6l7es & @oﬁndl U@L qnb3, WieoWnge Ly, di ameter of
95 mm Thereafter, the' outer and ner side and2surfaces werke3&hanfered.
In this case, th#2ed deOJnd.i“alandMOf.umefgkffm substrate 1 bad a surface
roughness 8nmax of about 14 p m (2) Mrror finishing step of the side and
surface The internal andSBRpeTuantdy. ehe bobh puizoipal surfussm 2208 1 were

D bsirare ) so° rofe H1aRe liRARY LR grB0id B fRardl bY £ A1 e O Povax
O about 1 A mamrtdaeoﬁurﬁa;ﬁ. as‘.lame%ﬁa;ﬂ E{‘%g%%ag 3:4.'&%%@@ the

gl ass substrate 1 was washed w tth water mrror fini ocess of

t he side and wal Igtind@ﬁbnéapmmg.haaeag'agealmlmmptmdogkﬁgﬁmd for
the glass substrate 1 to inprove di nensioh and shape accuracy. The This
Sheet Has Been R9f 100Kg. Thereby, the principal surface 3 of-the glass

substrate 1 was ground into a surface roughness Rmax (JI8
B 0601)of about 10 zm. ,

Rext, an opening mls formed at & cehtar portion
of the glase substrate 1 by using the cylindrical
?gr:lndst:qne. Further, the outer side end surface is

ground to a dlameter of 95 mm. Thersafter, the outer and
1nner_ side end surfaces were chamfered. In this caae,
the side end wall A of the glauss substrate 1 bad a
surface roughness Rmax of about 14 2 m.
{2) Mirror finishing step of the side end
surface | .
The internal and cuter side walls of the glass
b subst.;:at.g 1 were poiished by the use of a brush and locse
‘ abrasives by rotating the glass substrate 1 so that the )
both slde end walls had the surface roughness Rm.x of
about 1 £ m and the surface roughness Ra of ahout 0.3
£ m. Next, the glass substrate 1 was washed with water
after the mirror finish process of the side end walle.
(3) Lapping step
'mhe lapping step was performed for the glasgs

. &ubstrate 1 to improve dimension and shape asccuracy. The

—_—
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121 122 2001 i 1110 1 1 LI NJIA lapping step is carried out by
"ustTIgTa 1 appl ng. apparatus. In this case, the Lapping step is conducted’
two tines by Changing grain degrees.from #400 to 11000- ‘Specifically, the
| appi ng was performed ;for the both priacipai surfaces 3 of the glass
substraté i so that the principal -surfaces, 3 had a surface accuracy of 0-1-
JR mand the surface roughness flmax of about 6 it m Inthis event, the

| appi ng was carried out by rotating an i nner gear and an outer gear by the
use of alum na-grains having a grain degree of 5400 an the condition that
the load I. was kept at about 100 My. Next, the |apping is perfoaued by
changing the grain degree of the alumina ggain into #1000. A a result,

t he surface roughness Amax beconmes about 2 p a. Subsequently, the gl ass
substrate:-i was immersed in washing-units by using natural detergent and
water to be washed.lapmingistap ps|carivied outchy Netng 4 ikapelps|dppliratuaas
performed by a polj shj apparat usg to, renpve a defect gnd a distaortion
remaining in the at%ﬂavgh{']gpcpl'%g %%?ég%"f“?sgg?ﬁ fii‘cﬁ?'l“gﬁf ﬁ‘é? cf‘q_'b'ﬁf’?é%er
(which may be a celchdfying'graiat ®ibreesd dn Mot RaNBIVA,  SpisasalNR15 nade
by Speedfam was need as V. polisher and the first polishing was perforned
the follow ng pol it9Ri kapRimgdves perfemiedstondhe bothl pridctpal surfaces wat er
o shoay e 13158 48 g1%as “Sundlratd T°ss Tnbe the prinoleal Sushiids © 0

3 had a surface accuracy of O=1 z m and the suxface

{w) : roughneps Bmax of about ? 4 m. In'this event, the

_ . lapping was caryied out by. rotating an inner gear and an
outer gear by the use of alumina graine having a grain
degree of #4000 on the condition that thea load I waa kept
at about 100 Kg. Next, the lapping is performed by
chainging the grain degree of the alumina grain into -
#1000. As a result, the murface roughness Rmax becomes
aboat 2 g a. fubsaquently, the glass qubat.:nt.a 1 was
ipmersed in mhing unitas by using natural detergent and
water to be washed.

(4) Firat iaoush:lng atep

} Next, first polishing was performed by a

poelishing apparatus to remove & defect and a distortion
~Yemaining in the above lapping process. Specifically, a

hard poliahsr (which may be a cerium impregnated fosmaed
urathane pad, such as MAC1S made by Speedfam) was GUsed as

£

2 polisher and the first polishing was performed the

following polishing condition. '
pdliching liquid: oxide cerium 4+ watexr
Load: 300g/en’ (L = 238kg)
 Polishing time: 15 ninutes |
Ramoving amounts 30 g m

This Sh'eet- Has Been F
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11 Revolution of lower surface plate. 40 rpm Revolution of upper surface
‘ptates— 25 rpm Revolution of inner gear: 14 rpm Revol ution of outer gear:
29 rpm The gl ass substrate 1 was mashed by being suoeeseively dipped in
washi ng units of ,natural detergent-, pure water, ZPA (isopropyl alcohol),
XPA (vapor drylng) after the) first polishing. (5) Second’ polishing step
next, second polishing was conducted by changing the above hard polisher
into a soft polisher (which may be a polishing pad of a suede type, such
as 8olylax made by apeedfan) by using the polishing apparatus used in the
first polishing process. the, polishing conditionis .simlar to the first
polishing step except. for the load of 1003g/cnR, the polishing tinme of 5
m ngtea and the renoving amount of 5 Min. The glass substrate 1 Was
i mmersed in washing units Qf e natural detergent, the | r pure water,
the | VA tisopropyi alcohol %‘"’? fbien, of e Apupn surdpge rﬂ@-}‘f#o 4% ramshed therein -

after the second polishingpesbfiid.1ch % rs i c_wave was
applied to each of the washing UI’?I tn%f*& E?'? “g‘r‘!ﬁcal E rEPﬂg step next,

a chem cal reinforcing stepevmmnfm mafer igakri A q-bass substrate 1 after
t he poI I shing step was g.gl etad. First, a chemcal reinforcing solution
was "~ prepared by mixing po TRtion; of guter gesa: A% mpsodi um nitrate (40%.

The chem cal reinforcing S@ilé’td‘ﬁga%atute 1 was washed br »eing

luccesa:l.vely dipped in washing unite of natursl

datergent, pure water, IPA (iscpropyl alcobol), YPA

{vapoy drying) after the’ firat polishing.

{5) Second polishing step

Next, second polishing was sonductad by changing
the avove hard polisher into a soft polisher (which may
be o polishing pad of a asuede type, such as Polylax made
by Speedfam) by using the polishing apparatus used in the
first polishing process. The, polishing condition is
.simiiar to _the £irst polishing step excapt for tha losd
of 100 q/t‘mz. the poliashing t.:.tme of 5 minutes and the
xemoving amount of 5 s m. The glasg substrate 1 wag

Sy imnersed in washing units of the matural deteygant., the .

pura water, the IPA (isopropyl alcohol), the IPA (vapor
drying) to ba washed therain after the sacond pa].inh.‘.ng
gstep. 1In this case, a supersonic wave was applied to
each of the washing unitas. o

(6) Chemical reinforcing step

Next, a chemical reinfercing step was performed
for the glans guhstrate 1 att.ér the polishing step was
umpietad. l':l:xst. A chomiecal velnforcing solution was
prepared by mixing potassium nitrate (60%) with sodium
nit.rate (408). The chemical reinforcing solution was

Sheet Has Been R

i




This 11111211211121121211112111 1 1 d heef A1 1 I Been 1111111 thl 10 heated
‘up—t o400 "C .” The gl ass substrate 1 which was washed and preheated.to 300
" was di pped inthe chemical reinforcing solution for 3 hours, The chemical
reinforcing step was carried out no that the satire surface of the glans

substrate’ 1 was chenmically reinforced,with a plurali ty"ﬂiﬁslﬁﬁmi Pt es
|

retained at the and surface in a holder. Under the.circ t hi um
ions and sodiumions on a surface |layer of the glass su

repl aced by sodiumions and potassiumions in the chem cal reinforcing

sol ution by dipping each glass substrate 1 in the the chem cal

rei nforcing solution. Thus, the gl ass .subst®ate | is chenically

rei mforced. A conpressive stress layer forned in the surface |ayer of the

gl ass substrate 1 hggheaa hpi Syof 0. ' t t, the
chemcally reinforced S| ags&g:}%gt?at eaﬁp\tl%sa}gi%%ggmﬁe 2: mwg%%%( %‘gnk of 20
'C, quickly cool edvankedr sndipretieditsd 10 300N oms afHPEE queohd \chamlear ool ed
gl ass substrate..1 was, dipped In_a sulfuric acid heated up to 40 'C, and
was washed by the S{Fﬂ'é&gg 79 Bodutinn. fox X hewrsoulhachemipal Rises) of the

Pehert <y port ony REOEebE oibg S UREHR Sud oghadf Sl WL 5,179, 0
portion) C (| engthhsukfibendf and ghemesbalsteate iIEWas cduRgllyy 0. 35an) are
shown in sable 1. In Table It the surface . - -
reinforcved with a plurality of glass subatrates retained
{_) at the end surface in a f;c].der. Under the e:l::cﬁmtahcea,
S 1ithium tons and godium lons on a enrface layex of the
glasgs substrate 1 weve replaced by sodium iong and
potassium Long in the chemica) reinforeing solution by
aipping each glass substrate ! in the the chemical
miufofcing solution. Thus, the'glasa substrate 1 1s |
chenically reinforced. A compzressive stress layer formed
in the surface layer of the glasa substyate 1 had s
thickness of about 100-200 s m. Next, the chemically
reinforced glass gubgtrate 1 was dipped in a:_water tank
of 20 T, quickly cooled and retained for 10 minutes.
) Subsequent.ly, the cooled glass gubstrate 1 waa dipped .'tnz
a gulfuric acid heated up to 40 C, and was washed by
the suﬁeraontc wave. The aurface roughness (Ra, Rwax)
of tha peripheral sgide area 2 of the glauss substrate 1
at the intermediate region (chamfexred portion) B (length:
0.15mm), the intermediate region (chamfered portion)
€ (length: 0.15mm) and the side end wall A (length:
0.350m) are shown in Table 1. In Table 1, the surxface
. roughness Ra of the intermediate region B is 6.2 4m,
while the -n\u.'faee roughness Emax of the intermediate
region B ia 1.9 gm. Further, the surface roughness Ra

- it




roughness Aa of the interpedi ateregi.on.ais—0-21le m while the surface

roughness 8max of the internediate region a -is 1.9 0 in. Further, the
surface roughness as i9 of the internediate-xeglon Cis 0.15 It m while
the surface roughness Rmax of the intermediate region Cis 2.9 ain. In
addi tion, the surface roughness Ra of the ,side end wall Ais 0.35 (t m
whi l e.the surtage roughness Mat of the side and wall Ais 3.4 um Al so;
the Principal surface 3 of the glass substrate 1 has the surface
xnnghness Re of 0.5-1 M in addition, the surface of the glass substjate 1
is precisely tested. As a result of the tgst, no particles which axe the
cause of the thermal asperity exist on the principal surface 3. Table 1
AS, (a m am' (u a%z side and wall A 0.35 3.4 internediate >Stegion B 0.2
1.9 I nternedi at e®Retfitntermadi areoredivastdiang. LEngp: vt RIUNREN additi on,

It is to be noted t | de~end 1. Ais 0.45smthick when the gl ass
substrata has a a{lgﬁﬁeergg%&%fg Pﬂ%\gg the, iptpinediate z4g¥opaf fsult has
been confirmed. (Z)s Magnetin AMaLes6m) haChiteall Shublinded R4 u@eu[qfayer , a CR
underlying layer, a M underlying |ayer, a’'Con.Cc Ta magnetic |ayer and a

C protection | ay®ide,epnd Wbl A 48835 demostitlel the siefdye Roughinedsi pal

surfaces 3 Ofl the&ﬂxa&s; éﬁjebsstﬂlgtgn 'lgxluasalir;ga.“ 4 m. Also, the
prineipal surface 3 of the glags subatrate 1 has the
surface xoughness Ra of 0.5~1 am. In addition, the

( ) surface of the glaag gubstyrate 1 is pracizely tested.
As a result of the test, no particles which axe the
cause of the thermal asperity exist on the principal

gurface 3.
Table 1 .
- Ra (#m) | Rmax (4 m)
8ide Bnd wall A .38 3.4
Intermediate Region P 0.2 1.9
Intermediate Region C 0.15 - 2,9

Measuring lLength: 0.8nm

In addition, it i3 to be noted that the side end
wall A is 0.45mm thick when tha glass substrata has a S |
dlareter of 3.5 inches. In this case, similayr zesult has
been confirmed.

(7) Magnatic ginc manufacturing step

A t.ex.t.ure layer, a Cx¥ unaerlying layer, a Cr¥o
underlying layer, a CoPLCrTa magnetic layexr and a C
protection layer were guoceseively deporited on-the both
Prineipal gurfaces 3 of the glage subatrate 1 by using
the known 5.n_-une sputtexing appax&it.ua to obhtain a
magnetic disk, &Mas performed in

T
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t he known i n-Li ne sputteringapparatse-t-0—0hbtain a magnetic disk, Bleat,
'‘a glide test was perfornmed in This Sheet Has-Been Re e laced | IlI11iB Ishii
[1Ti it il .. 20 <connection with the obtained magnetic disk. As a result
of the teat, to bit and crash .occur. In- this case, the hit  neans that

t he magnetic bead touches projections on.the surface of the magnetic disc,
and the crash neans that the magnetic hea® collides with the projections
on the surface. + Furtherr it is confirmed that,no defects due tq.the
particles are generated on the nmagnetic layer. Also, the glide test was

Performed for t hﬁ“ﬁ?ﬁimefﬁ%lt@mﬁnﬁdtww (Hdial ’!ﬁ de ramelt 25Hf t he -

gl ass substrate V‘ﬁsﬁs 1. QLS r X | e
wherein the peri B%e ¢i eo'éaiiéeg'ggn vvgg't'e ch%%%g g&%&’ :h§ %EP
conparative exanghsns\thaei M%ﬁ&ﬁi@‘ﬂe&&htd?ﬁheﬂcﬁm%bﬁmﬁh waserer f.or med.
The teat result is shown in Table 2 as a result of the glide test.
Concretely, the syrfhak of. the sagnetiexbiep) audathd rstrmemme that shent r ast
the yield of each of the first and second conparative exanples was 87 % or

| ess, Prom Tabl es3gnatic; beaq raldddes witheths Pé'?i%ﬁﬂrle"# $he gurfane.t o t he
first and the s e oC ional nethod of
e!tchi ng the per?%% Frge ar é’%ﬁ%aﬁaﬂi'ﬁ? HEE%%P{} &Fg B’S’anot acconplish
the object of thﬁ&.—.ure\aaatw gehtbhfed chOthe Migneic ExpaP) € Conparative

Conpdr ati've Exanple Exanple -
Alse, the g:l.:lde tegt was performed for the first

{) . example wherein the periphex_cia.:l. side area 2 of the glass

substrate 1 was mirror finighed, a firat comparative .
example wherein the pewipheral sids area end 2 was etched,

. and a second comparative example wherein neither polishing

| nor etching wag performed. i‘he' tast result .is sghown in

Table 2 sz a resuit of the glide test. c;'omral:ely, the _
vield of the first example waz 90 % or more. In contraat,
the yield of each of the first and second comparative
examples was 87 % or less, Prom Table 2, it iz understood
the first example is superiocr to the first and the second
comparative exampie. Thus, the conventional methecd of
stching the pa:iphéxal pide area of the glazs aubstrate can

not accomplish the objact of this invention,

Table 2
: - lat 2nad
1st Example | Comparative | Comparative
Example - Example
Yield of * | 80% or more | 87% or lege | 87\ or lass
Glide Test '
: Thls Sheet H;

»
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Yield of 90% or nore 87% or | ose 87%.r less dide Test 111111 Has Been R
‘laced- 7T 1TSS oheet Has 13 R laced 21 an addition, a reproduction test was

performed for the magnetic disk after the glide: test An a result of the
test, it has been confirmed that no reproduction’

thermal -asperi-ty take place in ¢onnection Wth the sa | es)
according to this invention. Second and third Exarrp

tbi rdi exaaples are si-milar to the first exanpl e exce I |

gl ass (the second exanple) and soda al umi nosili cat e

exanpl e) are replaced by the altrinosilieate gl ass of the first exarrpl e.
As a result, the enter and inner side end 2surfaces of the glass substrate
1 have the surface roughness Pmax of 1.5 A a in case of soda-lira gl ass

(the second exanple). A thuﬂ; éhe soda- |IITH€ ass substrate' had a

slightly rough surface as compar 4% AnTeRFedug Y88k YasPEcEREd no
practical probl em ages und iignetiehafadhdcs: SHESIY Rlne Ur?\ﬁ Xfelghe AN
underlying layer of Al (50 A)/Cr (1000 A )/ %i te@ , ‘:magrhfgtlc

| ayer of CoPtCr (128F Ahe/ tpder LGSm%b)eﬁmum@ahAt)mwpmmcw A)
protection | ayer uc ted t he_both principal surfaces
3 of the glass subaé'r:?}gg a"alghécﬂ\eﬁ"? Pﬂ-’ >4 é-i‘!&?rpﬂ"é“binthe known
in-line sputtering giipdceisr wvithet Qdfples (500 samples) according to

- this invention.

/) .o Second and Thixd Exanples
S ‘ Second and t.hi.:d] ¢xamples Ave similar to the

first example except that goda~lime glasgs (the secoprd
example) and goda aluminosilicate glass (the third ’_
example) are rénl.aceﬂ ioy the aluminosilicate glags of the
£irat. gxample. As a reu.‘l.t,‘ the ;:ut.er and ismer side end
surfaces of the glass subatrate 1 have the gurface
roughnass Rmax of 1,5 g m in case of soda=-lima glass (Lhe
iecond example). Although the soda-lime glass substrate’
had a s:l_.lght.lg rough suzface as compared with the
alminosilieat.e glags, no practical problem accrued in
8 such a glass substrate.
Fourth Example
An underlying layer of Al (50 A )/Cr (1000 A )/

Cxio (100 A}, a magnetic layer of CoptCr {120 A )/CxMo
(50 A )/CoPtCr (120 4 ) and a Or (50 A ) protection layes
are suucaasivﬁlr depéﬂtea on the both principal surfaces
3 of the glass substrate 1 obtained in the first example
by t-.ha known in-line sputtaering appai-a.t.ua. The above

| substrate 1s dipbed in an organosgsilicon G_Oﬂléound solution
(mixad 1iquid with water, IPA and tetracthoxy silane)
wherein silica fine graina (grain diameter of 100 A ) axe

]



substr | | | Ll lon (mxed liquid
'With water, xPA and tetraethoxy titans) wherein silica fine grains:(grain.-
di aneter of 100 A) are mi s.sheet Has Been Rla Illiiiu IRE i1111 22
di spersed.. Boat, the protection |ayer of 9102. textured —was—foerred-by-

baki ng. Further. the protection |ayer was subjectedito a_di N9 RAOGESS
within-a lubricating agent of perfluoropolyether to oBtissh ‘ I C
disk for the MR head. 2be glide teat was carried out f H E “Fd

magnetic disSk. As a result of the test, neither hit ‘nor

Further, it has been confirmed that no defect was fanmed an the magnetic
| ayer. In addition, no reproduction error8due to the thernmal asperity
were generated as a result of reproduction test Fifth Exanple A fifth

exanple is simlar our ex le . except that Al/Cr/Cr was used as
the underlying | ayeéngn%% 'Nlﬁi‘%?’rghr?gtﬁ*seé’d’ E Jﬁ’f@"nﬁﬁrﬁ%ﬁc textred | nas
been confirmed thawas torgsathe bakSky.! | F@rtindr! Nehd Qb BstR RAFex Was

obtained in the fifth exangle also. Referring to rig. 2, the glide test has
been performed i n HHAFELERAOHP fi AAPRINTSPracess Mithine i 1ebrisanphg agento 12

Barein, ong hundr ed’” S rEsnelseaPebitRe aithls The mispeisd alabchon tbpne
first through the smaehth sanples | to 12. It is to be noted that the
first, the second, the fifth, the eighth, the
' !rhg glide test was carried out for the obtained
[) inaguetiu diakt As a ras\ul.t of the test, neither ﬁ.l.f. noxr
= erash ¢cenx, Puxther, .i.L hu beaen confirmed that no
defact was formed on the magnetic layer.. In add.lt...toa. ne
reproduction erroxrs due to the thermal asperity were
generat;ed as a result of reproduction test.

Fifth Example '

A Fifth example is similar to the fourth exsmple
except that AL/Cr/Cr was used as the underlying layer and
CoNiCrra 15 uged as the magnetic layer. It has been
confirmed that a magnetic disk lika in the fourith example

_ . . was om.a‘l.ned in the fifth example also. :

} . " Heferring to Fig. 2, the glide test has been
perfarmed in conneotion with first zhrqugh twalfth
samples 1 to 12 with £lying heighta kept within a range
betwesn 1.1 and 1.3 (microinches). Berein, one hundred
glass substrates have been prapered as each of the first
through the twelfth camples 1 to 12. It ie¢ to be notad
that the first, the agcond, the £ifth, the eighth, the

~ninth, the tenth, the eleventh, and the twelfth sasples
i, 2, 5, 8, 9, 10, 11, and 12 had the surface roughnesses
Ra and Rmax defined by this invention while the third,
the fourth, the sixth, and the seventh samples 3, 4, 6y




nint-h, the tenth, the eleventh, and the twelfth sanmples 1, 2, 5, 8, 8. 10,
'ri—"anﬂ 17 had the surface roughnssses Ra and Rmex defined by this -
|nvent|on while the third, the fourth, the sixth, and the seventh sanples

3, 4, 6, MsIIIIIIIIIIIII1111IF(I||I23and7haathesur'race ,
roughnesSes Ra and Rrax falling outside this |nvent,1l f the
surface roughnesses Re and Amax i s represented by a ue of the
one hundred gl ass substrates... Mare specifically, t m” second,
the fifth, the eighth the ninth the tenth, the ele _twel fth

sanples 1, 2, 5, It is, 11, and 12 had the surface roughnesses Ra a;la
Rmax which are equal to 9. 03 and ‘0. 44;: 0238 and 1.80; 0.06 and 3.25; 0.53
and 2.50; 0.71 and 3.56; 0.09 and 0.98; 0.06 and 0.85; and 0.05 and 0.50

it m respectivelyan@n7iia ahicsuirans, vdulndddeslna drdeahex'#laihge sixth,
and the seventh sanples had the surface roughnesses Re and Rmax which are
equal to 1.88 andoubsbde hh@ﬂ53ntﬂn&1¢n45meq_enghamxiubazsurfagqj 2.01 and

11.75 p as respecti d t d surfaces nder |
G rcumst ances, gl i EES %% oggeaé‘mi\/\/eg'?I Giﬁe‘é%ﬁffga"ﬁﬂ gﬁg“? h“e“d"fllgae t est
ment | oned above: by yatEnif R éhe Hupdfd §86db Ghibii)atiell. sy Ough the

twel fth ‘'sanples 1 to 12 and were represented by (t), as_shown by’
hi stogranms in Pig. specificallyst thet lﬁéra;tacbhni aebhnd.f |ﬁhlehﬂf1tlhewﬂghth t he

Tlnt Qndt gg ;ggz)rdl tﬁge{@l’ e\‘_ﬁnt h*"h'@’ggﬁ% B‘F‘ ‘E“%"Srsﬂl}? s’Pglsd Igsos;gs of
{{ 675, 5.75, 8.5, theBfh #Amf28s 13- B, S5 3?’1@.‘”%,1 &P 12 had the

\) ' surface roughnesges Ra nid Rumax ﬁu.ch ars equal to 0.03

and 0.44; 0.18 and 1.80; 0.08 and 3.25; 0.53 and 2.50;

0,71 and 3.56; 0.09 and 0.98; 0.06 and 0.85; and 0,05 and

0.50. & m, respeotively. On the other hand, the third,

tbe fourth, the sixth, and the seventh samples had the

surface roughnesses Ra ;and Rmax which are equal to 1.88

and 10.05; 1.53 and 7.45; 1.72 and 8.23; and 2.01 and

11,75 g m, respactively, and mat finished surfaces.

Under the clrgumstances, glide yield logses were
ueaauraa during the glide test mentioned above by
counting defects on each of the first through the twelfth
samples 1 to 12 and were represented by (%), as shown by
histograms in Pig. 2. The firat, the second, the £ifth,
the eighth, the ninth, the tenth, the wleventh, and the
twelfth memples 1, 2, 5, 8, 10, 11, and 12 according to
this invention exhibited the glide yiaeld losses of 1.62S,
5.75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1.825 ¢,
respectively, vwhile the thixd, the fourth, the sixth, and
the seventh samples 3, 4, 6, and 7 exhibited the glide
yield losses of 14.625, 13.875, 14,375, and 15.125 %,
respectively. At any vate, tha samples according to this




I‘espect i vel Y, while the third, the faouct h1 thg,__s_;_*‘t_h1 and the seventh
‘sampres 3, 4, 6, and. 7 exhibited the glide yield |osses of 14.625, 13.875.
14. 375, and 15.125 t, . reSpectively.” At any rate, the sanples according

to.thle Thi's Sheet Has Been Re laced | 111 111111 NTHH+HVY—24invention
exhibited the,glide yield |l oosen snaller than 10 smyd 4l dEr to measure
def ect% on a magnetic recording nedium -various.tes l2ecd yal | y
carried out by the use of a.magneto-resistive (MR , flying
hei ght ' of 50 nmand a rotation speed or 7 nisee "and ctively
called a certification test, ! Actually, the certificatkon test includes a

positive nodulation test, a negative noduR&tion test, a missing test, an
extra.test, and a spike test, all of which are known-in the art. Such

tests al so serve tOxﬂV@&Wa&ﬂﬁi&h%@bif@%ﬁ%ﬂ ﬂasﬁ%cgﬁ?}f %éfn and

recording medium Herein, each of .the nissin est, t
the extra test is BBI®ful to classify the defects into a correctable

defect, an uncorrectable defect, and a long defect. Prior to each teat,
provi si on has been made abdltSTd8fht Passyee defpete amyActrenatdeor di ng nedi a

whi ch have been pOﬁ&lﬂnh”m&ﬁﬁn’i‘bﬁ’Xﬁ{oﬂ?rﬁéag.lﬂgﬂa%e%s@ghus %@‘i@ﬂgém‘ﬂé h

twenty-five unpolished nagnetic recordi ng: me >

above- menti oned t esout kv dhboere afca agafstevids Sl (MR) ad xépe ¥kl shed

and e unpol | shed ofpRPh Lok S 56 T rocation sooes oc 5 mmer "
_ ! and may he collactively called a certification test.

O Actually, the carut:l.catlon test includes a positiva
modulation test, a negative medulation test, a migeing
test, an extra test, and a spike test, all of which are
known in the art. Such tests also serve to evaliuat.e the
thermal asperity of each magnetic recording medium,

' Rerein, each of the missing test, the spike test, and the
extra test is helpful to classify the defects into a
eorrectable defect, am uncorrectable defect, and a long
detect..- - .

Frior to each teat, provision has bean made about
twonty-£five of the magnetic recording media which have
been polished in the ahove-menticoned manner, together :

with twenty-tive unpolished magnatic :l:'euord:lng media.

Resuite of the above-mentioned tests have been averaged

and aumwed np about the polished and the unpolished

magnetic recording media. Under the circumstances, it
has been found out that an average sum value of defects
on eacﬁ sutfacq of the polished magnetic racording media
has been equal in number to 3.56 while the average sum
value of dafacts on each surface of the unpolished
magnetic recording media hag been egqual in number to




has been.found out that an average.seta value of defects on each surface
‘of the polished magnetic recordlng nmedia ban been equal in nunber to 9.56-
whil e the average sum value of defeats on each surface of the unpollsbe4
magneti c recording medi a has been equal in number to . Z 25 18.4! xn
conparison Wth bBoth the average sum values, it  has been readily
understood that a reduction rate of .the defects I n the polished nmagnetic
recordi ng nmedi a has been equal to 41.70 % Thi's shows that the pol i shed
magnetic recordi.ng nmedia according to this invention are remarkably

i mproved in.thesmal asperity, as conpared with the ‘unpolished magnetic
recording nedia. Wiile this invention has £$us,car been described in
conjunction with several exanples thereof,™t will readily be possible for
those skilled in the art to pai this i nvention into practice in various

ot her manners. Vol 1@-x1a-anIe conparieah Mtk dorhothe Mdriye faee valad® Yo t he
mrror finished surf May be fornmed on at | east one of the.inner and the

outer peripheral su a LEN Feadily wadpratoqd F-Bebmwngumaaﬁwm% the
ShLat Htrts Been ll%&%lﬁ&% FEIT
L11LIL 1L IPIT 26 NRAT IS CLA I\/EB& Eg"hé&]m%"éf'%"ssmgﬂﬁ*#% “#ﬁ"ﬂ
magneti c equal to 41.70 %. rhla phows that the polished magnetic
recording media acuording to this invention aze
remaxkably 1npro§aa in thermal asperity, as compared with
{:} the unpolished magnetic Tecording media.

While this invention has thus fax been ﬁenaﬂ.hed

in conjunction with geveral examples thereof, it will
readily be poseible for those ekilled in the art to put.
this invention into practice in various other manners.
For example, the mechanioal poliaheﬁ surface, namely, the
mirror finished surface may be formed on at least one of
the innexr and the onter peiiphergl surfaces of the
nngnatic’recbxﬂing'uedium.

heet Hus Been R laced
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recording medium said glass subsirale.bhaving-a.pair-of principal surfaces
‘opposite to each-other .and a- peripheral side area contiguous to said
princi pal ‘surfaces, said peripheral side area having a side end 3 wall,

and |nterned|ate roglons bet ween sai d side end wall | and said prInCIpaT
surfaces, | east one of said interngdiate regions n

wal | hei ng forrred by a selected one of a mechani cal| ;" mmﬁummmmm and a
mrror finished surface. which has a surface roughness Ra rot *greater . t han
1 aa where Ra is representative.of the center-line mean roughness. 2. A -
gl ass substrate as clainmed in claiml. whggein: } the surface roughness ft
falls within a range between 0.001 and 0-§ K a. = 3, A glass substrate as
clairmed in claiml1l, wherein2 the surface roughness Ra falls within a range
between 0.001 and 0.5 p a.- 4. A glass substrate as clainmed in claim1,

whereins the surfac ss Rg falls within a range between 0.001 and
0.1 Am INIIIIIIIIﬁ?‘*#uiﬁyEﬁ‘l"ﬁ%qg 27 5. A glass substrate as clained in
claim1l, wherein: at |easy ong g@.fasﬁ3&1&39&1’1%9@'«:%”%3&%&33&1& he  surface

roughness Ra which is not greater than nm
recording uedium said g:l.ass substrate having a pair of

principa) surfaces gpposite to each other and a
peripherasl gifde area contiguous to said principal
surfaces, sald peripheral side area having a side end

_ wall and intermediate regions between said side end wall
and saild priscipal surfaces,
at. ;uast one of said intermea:.at.é ::'eg:I.o'ns and
waid side end wall baing formad by a selected cne of a
mechanical polished surface and a mirror Einished -uréwe :
which has a gurface roughneys Ra not greater than 1 g m
whaere Ra iy represeontative of the center-line mgan

roughness.
2. A gqlags subgtrate as claimed in claim 1,
wherelin:
Y the suzface roughness Ra falls within a rangs
N A

betweon 0.001 and 0.8 2 n.
3. A glass substrate as claimed in cimim 1,
wherein:
the surface roughness Ra falls within a range
botwean 0.001 and 0.5 g n, -
o 4. A glass substrate as claimed in clatm 1,
vwharein:
| the aurface roughness Ra falls within a range
betwaen 0.001 and 0.1 & w.

|||ITin|ﬁi|ﬂTfﬂW




6. A glass substrate as clainmed in claiml1, wherein: said internediate
‘regions are chanfered so that rounded surfaces are formed between each of
said principal surfaces and each of said internediate regions, said

+ rounded surfaces having a radius between 0.2 and 10 mm 7. A gl ass
substrate as clainmed in claim1, wherein: each of the side end wall and
the rounded surfaces has the surface roughness Ra is not greater than 1
pm 8. A glass substrate for use in a magnetic |l recording nmedium the
magneti c recordi ng nmedi um bei ng operabl#?in cooperation with either one of
a magneto-resistive (MR) head and a giant nagneto-resistive (GVR) head,
said glass substrate having a pair of principal surfaces opposite to each
other and a periphrelassi gebshrasecontdlgdngd im odaiind brincipal surfaces,
sai d periytedh.Si de area having a side end wall and internediate regions
between said side end wall and said principal surfaces, wherein: at |east
one of said irftler m@@REte WG oRf andaidai Pringévahd wakfades f obmsd byhe

mrror fisivied soidlaie oAl ASs %Y GhGEE QINgSE, RIEX NOL greal er
| e

than 4 pm where Rmax is representative of a rence between a maxi nmum
hei ght and a mi nimum height. 26 9. a glass substrate as clainmed in claim

a, wherein: tde suf faassrAEIREES MNRiatabd SoVciRER £, range

wherein:
said intermediate regions are chamfered so that
{) rounded surfaces are formed between each of said
) principal surfaces and each of said intermediate regions,

said rounded surfaces having a radius between 0.2 and

10 mm.
7. A glass substrate as claimed in claim 31,
wherein:
each of the side end wall and the rounded

surfaces has the surface roughmness Ra is not greater than

1 pm.

8. A glass substrate for use in a magnetic
| recording medium, the magnetic recording medium being operable in
*) cooperation with either one of a magneto-resistive (MR) head and a

giant magneto-resistive (GMR) head. said glass substrate having a
pair of principal surfaces opposite to each other and a
peripheral gide area contiguous to gaid principal
surfaces, said peripheral side area having a side end
wall and intermediate regions between said side end wall
and said principal surfacesg, wherein:

at least one of said intermediate regiong and
said side end wall is formed by a mirror finished surface
which has a surface roughness Rmax mnot greater than 4 pm
where Rmax is representative of a difference between &

maximum height and a minimum height.




between 0.01 and 2 a m_ 10, A glass.substrate -as-clained in claimA.
‘wherai as the surface roughness 8max falls within a range- betvveen 0 01 and
1 pin Ix. Aglass substrate as claimedin claims$

i nternedi ate regions are Chanfered so that rourided surface for med
between éach of said principal surfaces and each H“ ‘ Mﬁjﬁﬁm ate
regi oas said rounded surfaces havi ng a-radius sb 0 am 12.
A gl ass substrate as clainmed in claim6, whereinn*each ‘of the side and
wal | and the rounded surfaces has the surface roughness Rma' is not
greater tan 1 p M 13. A glass substrate as clained in claim38, wherein:
at | east one at said internedi ate regions #nd said side and wall al so has
a'surface roughness Re, not greater than 1 p a where Aa is representative.

of the center-line nean rgugin 14c LA, St s, claimed in
claim13, wherein: 11111111111 111’1%’7%’? ?‘Sﬂsl“ﬁf‘?‘f‘?‘f Ao e B4 o L
+ CLM$ R 29 thehegedimce roughness Re falls within a range

the surface roughness Zmax falls within a range
between 0.01 and 2 2m. ., .
[
10. A glass substrate as claimed 1:: claim 9,
whearain:

the surface roughness Bmax falls within a range

£
) betweon 0,01 and 1 2 m. ]

1i. A glasg substrate as claimed in claim 8,
wharain; '

sald intomediate regions are chamfered so that
rounded surfaces are formed between each of satd
principal surfacag and each of gaid intermediate xegions,
sald rounded surfaces havl;g a radius between 0.2 and
10 mm.

12. A glasa pubstrate as c¢laimed in claim §,
wherein:

€ach of the ¢lde end wall and the mundea
gurfaces has the surface roughness Rmix 1s not yreater
than % pm.

13. A glass substrate as claimed in claim 8,
wherein: '

at least one of said intermediate regions and
sg.td aide and wall also hag a surface roughness Ea not
greater than 1 2 m where Ra ig :epﬁsentntive of tha
center-line mean roughness, -

14. A .gluu. substrate as claimed in claim 13,

TN

wharaein:

e Lk




bet ween 0.001 and 0.8 Aim_15. A.glass.substrate-as—elaimed in claim 13,
‘wherarns the surface roughness Re falls within a range between 0.001 and
0.5 Am 16. ‘A glass substrate as clainmed in claim13, f \Werein: the
surface roughness Ra falls within a range betwerm 0,00l and 0.1 ga. 17. A
gl ass lsubstrate as claimed in claim8,-, wheyein t Mes_s max
falls wmthin a range between 0.01 and i p-a Wml nlm lm;“w mﬂ ghness
ls.” félls wi thin a range between 0.001 and 0.1 pea* 18. A Yl dss*substrate
as Claimed-in claim8, wherein: each of the principal surfaces has the
surface roughness Re not greater than 2 apg 19. A nagnetic recording

medi um having the glass substrate clained in claiml1, conprising at |east
magnetic |ayer formed on t?ﬁ %a%s substrate. 20. A magnetic recording
medi um as clained in clai MAFTEAPY Tr8ghraas RecEa S ngtwumm ng
operable in cooperm%v\otd‘mehhﬁeé Epr)‘e of a magneto-resistive. (Na) head
and-a gi ant nagneto-resistive (OV) d"l 21. A magnetic recordi ng nedi um
as clained in claim19, mmqutmdammhca& alainbaciii@asigorsnd Pt.

| bis Sheet Has Been,IIIL'II 1II~Il 1I'l |aced
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the gurface roug!mess Ra fallg within a range
botween 0.001 and 0.5 u wm.

16. A glass substrate as claimed in nia.tm 13, -

(: ) | wherein: | ,

the surface roughness Ra falls within a xange
between 0.001 and 0.1 gz . | |

17. A qlags lt_lbntrat.e as claimed in claim ¥,
wherein the surface roughness Rmax falla within a range
between 0.01 and 1 g m while the surface roughness Ra
falls within a range between 0.001 and 0.1 g m.’

' 18. A glass substrate ar claimed in claim 8,

! . whorain: _
each of the principal surfaces has the eurface
o roughnass Ra not greater t.fmt 2 am.

} 18. A magnetic recording med.tum having the glash
snbct.ra.t.e claimed in claim i, comprising at leaat
nggneue layer formed on the glass subatrate.

20. A magnetic recording medium as claimed in
claim 19, sald magnetic recording medium being opera‘ble‘
in ecoperation with either one of a magneto-resistive
(MR) head and a glant magneto-reaistive (GMR) héad.

21. A maghetic recording medium ag claimed in .

claim 13, wherain sald magoetic layer includes Co and Pt.

“i?ﬁ‘iiﬁ i




22. ‘A nethod of manufacturing a nagonetit..tescerding- medi umincluding a
‘grass substrate having a pair of principal surfaces and a side and
surface.. - conprising the steps oft -form ng a side end wall and

i nter medi at e regions on said side and surface, sal d internedi ate region
being positiened between said side and wal) an mllmmm“wm lllsurfaces

! polishing the glass substrate to provide a m rir face on at
| east one of said internediate regions and said si *de‘end wall and to -
thereby avoid a thernmal asperity. 23. A nethod as clainmed in claim?22.
whereihs the mrror finished surface is jormed by mechanical polishing.
24. A nmethod as clained in claim23, further conprising the step oft

chanfering the intermediate regions to provide rounded portions between
sai d principal surface armfPsaPdBethndpfopnafacturing a saynedddet hod- as

clained in claim Zaothed Hedtnd dhaudily'30oRold 3. LR pdviAD IS O

0.2-20 mm 26. A gl ass strate use in"a magnetic recordi ng nmedi um
said gl ass substerhaﬁlmmipal rm:h'.ac@: iandi padidevaddons€epposite to each

other and a peripheral side area contiguous to said principal surfaces,
said peripheral a"QEPEIEAPHAPENBLPLPHe and wal | and inpernediate regions

bet ween sai d side end el dorys Bl Sy SA5E! edi S0 Hhd thtbbolsbhed dugibad?

on siid gide end surface, gaid interméedfate region being
:;os:u.ioned botwesn saild gide end wall and gaid principal
O ) surfacas, ;
polishing the glass substrate to provide a mirror
finished murface on at least oné of said intermediate
regions amd said side end wall and to thereby avoid a

thexmal acperity.
33. A method as eclaimed in claim 22, wherein:
the mirror'ﬂniah‘ed surface ia formed by
mechanical poldshing. )
 24. A method as claimed in claim 23, fuxther
" comprising the etep of: .
chamfering the intermediate Xegions to provide
.rounded portions between said principal surface and said -
intemedi;te ‘region.
.25, A method as claimed in claim 2d, wheraln
said rounded portions have a xadius of 0.2-10 mm.

26. A glase substrate for use in a magnetic
recording medium, sald glass substrate having a palr of
principal surfades opposite to each other and a
paeripheral side area contigucus to gaild principal
surxfaces, wald peripheral gide srea having a side end
wall and intermediate ragions batween zaid side end wall

T




31 _cand said principalesurfaces  Qfwlgasi.onre—of-said-i ntesaediate regi ons
"and said side end wall having a mirror finished surtaCe- This Sheet Has
Been Re laced | [1LLILE. T1HIL 1EEL 11T GLASS SUBSTRATE, MAGNETI C RECORDI NG
MEDI UM AND METHOD OF MANUFACTURI NG THE MAGNETI C SE‘SQ?_QM_UM——ABSTRACT
For use in-a.magnetic recording nedium.a glass subStrate (1) hasg a pair of
principal s daces (3) opposite to each other and: |\ﬂ“|m ﬂﬁ area (2)
contiguous to die principal surfaces (3). The pgmﬂm“ ) a (2) has
a side cad wall (A) and internmediate regions (B, O Hetween the side end
wal | (A) and the principal surfaces (-3).a At | ease one of the internediate
regions (B, C and the side end wall (A) }s forned by a mrror finished
surface which has a surface roughness Ra not greater than 1 p mor on
surface roughnessan@nssid @rigotSit avclages} [€rr]m Wth this structure, no
particles are generated fromthe peripheral side area (2) because the side
end surface-of the gl asét d9pst enecof 15aidsintermediatensgbons @ndsequent |y,
reproduction is i fsO 'ta?ﬁg d | e e of no
generation of a ?ﬁé&nﬁ@?ﬁ‘g. y.gﬁgﬁgi %eggf%"%ggﬁ{'%an Bg sutticiently

avoi ded because of no projections which mght result fr'o.gnthe parti-cles.
Fig. 1 A

-
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-32
. GLASS SUBSTRATE, MAGNETIC RECORDING MEDIUM AND METHOD OF
. MANUFACTURING THE MAGNETIC RECORDING MEDIUM
Forusemamagnetlcmmrdjngmediut_n,aglasmbsm(l)hfsapairof
principal surfaces (3) apposite to each other and a peripheral side area (2) contiguous to
the principal surfaces (3). The peripherat side area (2) has a side end walf (A) and
inteomediate reglons (B, C) berween the side end wall (A) and the principal surfaces (3).
{) | At'mseancoflheinﬁemmdiateregions(B,iC)atxlﬂ:esidéendwall(A)isfomedbya-
_mhmrﬁnishedsurfabewhichhasasurfanemughmsskamtgmmmmlﬂmor‘a
mﬁcemuéhmsskmaxmtgrea&rthaﬂ,um With this structure, no particies are
| generated from the peripheral ide area (2) becense the side end surfice of the glass
‘substrate (1) is mirror finished. Consequently, reproduction s performed without
repromlctionezrorsbemuseofnogeneraﬁonnfathermala_spcrityandaheadctgshnan
be sufficiently avoidadbemusgof no projections which might result from the particles.
Fig. 1
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