ML =670 L&It-e Cof 1 G ASS SUSSIDATE MAMWNIXC RBCOHDI NG MEDTUM AND  METHOD
OF MANUFACTURI NG THE MAGNETI C RECORDI NG, MEDI UM 8aakgr ound of the . . -
| nvendion. -This-i-nventian re'ates to a nagnetic recording qﬁ285§ used for
a conputer and the like. Heretofore, an alun1nun1substrate n wdely
used for a magnetic recordlng medi um such as a maghetic d|§ ﬁ% ver,
t he -alvumi num substraté has been gradually Treplaced by a glass Su Pate
whi ch is advantageous in strength and fl athess as conpared with the

al umi num substrate. On the other hand, a thin-filmhead has been w dely
Used as a magnetic head. Rawever, the thin-film head tends to be recently
repl aced by a magneto-resistive head ( head) and a giant .

magnet o-resi stive head' ([ head). Therefore; developnment woul d be dlrected
to a magnetic recording medium which can be matched wi'th . the

magnet o-resi stive head..  -Bach a magnetic recording medi um often has a

gl ass substrate. Fbmever reproduction errors very often occur and a

reproducti on becones nDre dlfflcult as a fl hei ght ~ becones | ower when
t he magnet o-resistive W%ﬂgﬁ@?‘?ﬂq &EBEEBY Afhedi um of
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Background of the YTnwention:

Thia invention re&.ates to a magnetic recording
medium used for a computer and ths like.

Heretofora, an aluminum substxate has been widely
. used for & magnetic recording medium, such az a magnetic
8igk. However, the aluminum substrate has hgen gradually
replaced by a glass substzate which is advantageous in
stxength and flatness as compared with the aluminum \
substrate. l

Oz the other hand, a thin-£ilm head hae been
widely nsed as & wmagnetic head. However, the thin-film
head tends to be recently replaced by a magnatu-Tesistive
head (MR head) and a giant magneto-resigtive head (GMR °
head). Therefore, development would be divected to a
magnetic recording medium which can be matched with the
magneto-resistive head. Such a magnetic resording medium
often has a glass substrate.

However, reproduction exrors very oftén oceur and
a reproduction bscomes more difficult as a flying height
becomgs lower when the magneto-resistive head runs along

the magnatic recarding medivm of the glass substiratae,
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4 2 f pages ..{v. to paged . Abstract 2 Summary of the Invention:

It is an obJect of this invention to provide a magnetic recording sodium
which is capable .of reducing a reproductlon error even if a ,flying height.
of Ma magnetic head becomes |aow. =~ As hentfoned above, the reproductlon
error often oeccurs when the flying height of the nagnetlc head becones.

| ow. Mherefere, oibse investigation has been carri@&d out about the cause

of the reproduction error. According to the |nventorrstssmst

studies, it is found out that particles are attachgd Nﬂ Hﬁ
surface of a glass substrate- and projegtions are for

particles on the magnetic recordi ng nmedfum Such prOJ ectlons bring about a
thermal asperity which causes the magneto-resistiveé head to generate heat .
As a result, a resistignmwrpfof hhe Madntfordd uctuated and thereby, 'an
adver se |nfluence S glven to el ectro- magneLi c conversion. Further, the

thermal asperity is of fnigcteradeat of this dnventinretrcparetdepier a glide
test for. checki Dguu.1fadogLasl ﬂgé&mﬁi&g%%’-c%%ﬁl{ﬁuifpﬂédcqg‘ aP’ 1N -

about the thernma asperlty For ex es may  rnclude a

particle which geprsdubtion Verfr edéd UENGCEMARE héfynthefda iagnlekeat . such a
particle conprises ‘an angular or irregukar configurati on ubsequent |y,

the cause that hedd hecomesclower e
As mantioned above, the reproduction error often

occurs when the flying height of the magnetic head
becomes low. Therefore, c1bae investigation haz been
carried out about the cguse of the reproduction exror.
According to the inventors' experimental studies, it is
found out that particles are attached on a principal
- surface of a glass subgtrate and projections are formed
due to the particles on the magnetic recording medium.
Snch projections bring about a thernal asperity which
causes the magneto-resistive head to generate heat. as &
regnlt, a resistivity of the head is fluctuated and
thereby, an adverse inflnence is given to electro~
magnetic convarsion.

Further, the thermal .asperit.y is pfien generated ~
for the magnetic disk after a glide test Eor éhecking a
head crash. In this case, various particles bring about
the thermal asperity. For example, such paxticles may
include a particle which gives an adverse influence when
the head ig afloat. Such a particle comprises an angul'a;
ar irregular configuration. | .

Subsequently, the cause that the particles are
attached to the convaentional glazs substrate has been
investigated. As a result of the investigation, 1t 1is



attached to the conventional glass.substrate has heen - investigated. As a
result of the investigation, it is 3 found out that the particles
generated froma aide and surface of the glass substrate are attached to
the principal surface of the glass Substrate. This_is_ _because the and
side surface,. is rough as conpared with a_ principal surface of the glass
substtates Specifically, when the glass substrate i JhigShest (Re of a
housing of a materiel such as a polycarbonate, the~aﬂ I t ce of
the gl ass substrate is inevitably contacted wth an il . Mkce of
t he housing. Such contact's of the side end surface Wwith the housing give

rise to generation of the particles an® the generated particles are
attached an the principal surface of the glass substrate. Conventionally,

an attention ha n,general i or the side_end surface only from
t he vi ewpoi nt o? ongsrr%c g%l. gaﬁ%t‘r&%ﬁ%f#’o?%ﬁé’ Qsagﬂu'bgti. t%”."PI n -
contrast, an at=erEacd dfs thai §lads dubntrddbodia Netacad @3 g for avoiding

generation of the particles by chemcally etching or polishing the side
end surface int 8FA8SiRfdnuxfacs 9 hbg s pubatrates [WdRNLEN the art t hat

h hem cal ' ' h d hi bits t ~dul I,
it shed sur f ac8oased el Wha W' Rubfishosd Yonah homeazed AT Ace and
surface suet bepRiR¢ifAl burBSbd YECtnd)g148E Aidint2hedO! ispEENSLdA1§Y0i O

generation of the particles. Conventionally, the side end surface is
processed by chwhes fbhecgdhEesubatreteris goe iohend ocnit 0f a housing

of a matarial such as a polycarbonate, the aide end

surface of the glass subcu.'ate is inevitably contacted K
with an intermal gurface of the housing. BSuch contacts
of the side end surrface with the Mnhg give risg to
generation Oof the particles and the generated particles

_ aYe attached on the principal surface of the glass
su?st.mt.e. '

.Conventionally, an attontion has been generally
paid for tha side end surface only from the viewpuint of
a meghanical etrength of the glass substrats. In
contrast, an attention {s pald in U.S. Patent No. |
5,569,518 for avoiding generation of the particlez by
chamically etohing or polishing the side end murface into
a chemical polished surface. It lis known in the art that
such a chemical polished surface is rough and exhibits a2
nmat. {or dull) finished gurface. Ap a reault, 4t has haen_
confirmed that the side ond surface must be precisely
polishad by meqi:an.!.cal polishing to avoid generation of
the particlea. Conventionally, the side end suxface is
pmosse& by chenical etching. nmvez;, the chemical
etching process is not enough to suppress ¢eneration of

" the particles,

-y g i ®



etching process is not enough to suppress generation of the particles. 1 4
getein, it .is assuned that a magnetic recording nmnedium whi-ch is R
mariuf'act ured by the use of the glass substrate is shaped in a disk which. t
has On inner " periphery and an outer periphery. In this event, the inner

and the outer peripheries are irregularly etched, which mght result in

devi ation-of an axis. On the other hand, the present invention points out
that generation of partiicles can be prevented by nmechanically -polishing

the side surface into a mrror finished surface w thout any deviation of -

an axis in a magnetic recording nmedium Specifically, according to this
invention, the, glass substrate has a pgair of principal surfaces opposite

to each other and a peripheral side area contiguous to the principal
surfaces. The peri phe_rcaﬁaggﬂe ﬂeﬁae ggg ?d a‘g"e aapng F@.!ic and.] ﬂieJrred! ate

regi ons between the side end wall an e principa Surfaces. I, this

case, .at | east smdaunfwhich iist ssnerdicthfed B QRS ugadot hespllgeend wall i s
formed by a mrror finished surface which has a surface roughness as not

greater than 1 %ubgtEate, is shaees inoaHeksehighahagotn dndgfer 4 u m In'this
[ tion, ' h | d f f th
1 nss. Subst rat & PerEhesy Yok G hertBBERYDC h ey CreBEF Ol B0 O 110

not reduced by thBekh@idRiheasitds phrifidrios ared 1hoagh 1271 PSE PR, DE
sufficiently prevented since no projections
which might result in deviation of an axia.

On tha othex hand, the present inventlon points
out that generation of put}l.cles can be prevented by
mechanically polishing the gide anrface into a mirror
finiched suxface without any deviation of an axis in a
magnetic¢ recording medium. ‘

Specifically, accoxding to this inventicon, the:
glass subsatrate has a pair of principal surfaces oppos,iba
to each other and & peripheral side area contiguous to
the principal euxfaces. The pevipheral side ares has a
aide end wall and intermediate regions between the side
end wall and the principal surfaces. ' In thie case, at
leagt one of the 1ntomﬁ1at.e regions and the side end
wall is formed by a mirror £finighed gurface which has a -~ °
surfaca roughness Ra not greater than 1 4 m orx a surface
roughness Rmax hot greater 4 Z m. - '

In thie invention, no particles are generated
because the eide end surface of the glaes substrate 1s
mirror finished. Consequently, reprodu¢ing function ia
not reduced by tha thermal asperity. Further, a head
crash can be sufficiently prevented since ne projections
-are formed due the particles on the wmagnetic recording
madium. ' |
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are forned due the particles on the oagnetic recording . nmedium Sheet 5

Brief Description of the Drawings Fig. i shows a cross Sectional view of a
part of a glass substrate? and Fig. 2 shown a graphical. representation for
use in illustrating results of glide yield | osses of various sanples to

speciyfy the sanples according to this i,nvention.- Description of preferred

Enbodisment:, Referring to Fig. it description will be nmade about a gl ass
substrate 1 of this invention. The glass substrate 1 has an and portion in
section, as illustrated in wig. 1. in Wg. 1, the glass substrate 1 has

princi pal surfaces 3 opposite to. each other and a peripheral side area' 2
contiguous to the principal surfaces 3. Bhe peripheral side area 2 has a
side end wall A and internediate regions a and C between the side end wall

k and each of the principgls SthLag c3on 'dk LRE 6 Jd:l Lat ed exanple, each of
internediate regions a aﬁc%-rggmgmag&rt#mniémd into a chanfered
portion by a chanfering prbgedsshas Wi biodswestidmidivsew socd. phioheager, t he
internedi ate regions a and C. say be unintentionally chanfered during a

grinding or a pol® SR8 BRekrate; apdyi|| |ater be discussed also. Herein,

and o are all mrror finiSHEa? Bt AngrtRRspas roedomRt S cBk il D00 B

nechani cal in 1llustrating results of glide yield losaes of variouy
samples to especlify the samples according to this
invention. -

Dazcription of v.tie preforxzed Emhod:l.a;ent.:
Referring to Fig. 1, description will he made
about a glass substraie 1 of this invention.

The glass substrate ) has an end portion in
mection, as illustrated in ¥ig. 1. In ¥ig. 1, the glass
substrate 1 bas principal surfaces 3 opposite to each

other and & pa:;ipherai side area ‘2 contiguous to the
principal surfaces a. The pexipharal side area 2 has a
9ide end wall A and intermediate regions B and C between
the side end wall A and esach of the principal surfaces 3.
. In the illustrated example, each of intermediate
ragiong B and C 1z intentionally chamfered into a s
chamfersd portion by a chamfering process, as will later
be discusa-ed. Bowaver, the intermediate regions 8 mid c

.way be unintentionally chamfeiea during a grinding or a
polishing process, as will later be discussed also.

. Herein, it is to he noted that the sida end wall A apd
the intermediate regions B and C axe all mirrox finished
by mechanical polishing and therefore have mechanical
polished surfaces specified by a surface roughness Ra

which is not greater than 1 a2 m, where Ra is
' Sheet Hias Been Relilii:ed
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pol i shed _surfaces specified by a.sucface roughness Re which is not greater
than 1 a m where Bais -' 6 representative of the center-line nean . -
roughness (defined i.n Japanese Xnduatrial Standard JIB B 0601). The
mechani eal polished surfaces-will also be called mirror finished surfaces
ber-ei nunder begcause they are subjected, to a airror finished process.
however, such- a mrror finished surface nmay he forned on at | east one of
the side and wall A and the internmediate regions a and C. In this event,

t he surface 4oughness Ra falls preferably in the range of 0.001 to 0.8.u
M and nore preferably, in the range- of 001 to 0.5 Aa. Alternatively,
the mrror finished surface may be represented by a surface toughness Mx,
where Raax is defined as a saui mma height representative or a difference.
bet ween a hi ghest peprnewenheitivd oficthie pentdér-linasiwmd rotgtieass (dabisedvent,

t he surface roughn Bask maybe not greater than 4 ins. Preferably, the
maxi aum hei ght Raﬁ'is*agf’f‘gsw;ﬁ’%f‘ﬂ“f‘r?é g&?@é’ﬂefﬁ@n”&?b’l‘ af®®2 aa. and nore
preferably, W thi Nuddi@niastdi! : - . T, t SS
substrate i according to thfbs Qimr‘l%%tu?g%éﬁagmghiaﬁdrvir’gr%?n’afsE’gﬁ%ﬁrfaces
each of which is $idohedcthdfiaceschenpiimmley baghunes thejp = sgbdedtwd t han 1
/[ Aa or the surface rou s not -grieater than 4 p°*m Under the

hness | i
circumstances, it & 8@&!"&5&?‘?‘? PTRERAS - nolYfaYeLe t IS BaRaXER¥er at ed on
the princi pal surf@gﬁ,&,m{ﬁgg&w‘d}ghgr%ge%éqtf iégsé PaghpesspPf the
0

side and wall A and the internediate regions and
gide end wall A and the intemmediate regions B and C, In

thiz event, the surface jyoughnesz Ra falla prefezably in
' the range of _0.001 to 0.8 um, and more preferably, in
the ranga of 0.001 to 0.5 am,

Alternatively, the mirror finished surface may be
represented by a surface roﬁghness Rmax, where Rmax ia
defined as a maximum height repressantative of a
ditfexence betv'een a highest point and a lowest point,
instead of Ba. IXn this event, the surface roughnass Bmax
;uay be not greater than 4 % m. Pxeferably, the maximum
beight Bmax falls within the range batween 0.01 and
2 pm, and aore preferably, within the zange betwsen 0.01
and 1 xm. . s

‘Thug, the glass substrate 1 according to this

s _ . dnvention has the mirror finizhed surfaces each of which
i3 specified by the su.ﬁface roughnegs Ra not greater than
1 g m or the surface roughness Bmax not greater tham
4 £ m. Onder the circumstances, it has been confizmed
that no projectlions are generated on the prinvipal
surfaces 3, resulting from the surface roughness of the
'#4de end wall A and the intermediste ragiona B and ¢ of
the alass substrate 1. Consequently, it has been found

This-Sheet Has Been RTlaced
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the glass substrate 1. Consequently.. it . has beep found 7 out that no
thermal asperity is generated. Further, rounded surfaces 4 are faned
between each at the principal surfaces 3 and each of.the internediate
regions.B-and C. in addition, rounded surfaces 4 are forned between -each
of the intermediate regions R and C and the side and wall A. Each rounded
surface 4 has a radius between.0.2 and 10 mm preferably between 0.2 and 2
nm anQ sore preferably between 0-2 and 1 mm Ceneration of the particles
can conpletely be prevented by form ng the rounded surfaces 4.
Specifically, it angular surfaces 5 are ferned between each of the
princi pal surfaces 3 and each of the internediate regions B and C or

bet ween each of the intermediate regions a and C and the side end-wall A,
the angul ar surf s thati g thesmal asperity pargangretedhen they are .
contacted with the housin e accqrdi LS 4 pvention, the
rounded surfaces 4 are fo?un?% L%e“?ﬁgn%crgfgﬁpgo%ggh%ynﬂﬁdhgcgﬁ%ﬁ ar
surfaces 5 to avoiashshyetictind ipanneipdigupfiidesC) afnd &héh roungdad surface 4 has
preferably the surface rou%hness Baax of 0.01-2 A a and the surface

roughness ft of o.‘yerpedigte raglons B apdy§.y In dislen.qdoupdedhness Rmax
of 0.01-1 p mand f iRa of ,0.Q01-0.8 0 d still
nore preferably, ét'ﬁ%‘%ﬁ%fﬁc%%erg%g%%ﬁéé‘@gﬁs'ﬁh B.Q‘Oi]l-!% 1?)'.‘#1‘%% _ee surface
roughness Ra of O0.f¥ylofish tanll CAarii Rhe'sfdeNbad Wa12CLSS Hashpehbisdgaed for the

peri pheral side area 2 of the glass substrate |I to obtain
surface 4 has a radius between 0.2 and 10 mm, preferably

betwesn 0.2 and 2 mm, and more praferably betweem 0.2 and
1 mm. Generation of the particles can completely be
prevented by forming the rounded surfaces 4.
Specifically, if angular surfaces 5 are formed between
each of the principal surfaces 3 and each of the
internediste regions B and € or hetween esch of the
intermediate ngians B and ¢ and the side end wall A, the
angular surfaces 3 might generate the particles vhen they
are contacted with the housing. Therefore, according to
this invention, the rounded suxfaces 4 are formed by
mechanically polishing the angular surfaces 5 to avoid
generation of the particles. The rounded surface ¢ has .
ﬁrefsrhhly the surface roughneas Rmax ¢f 0.01-2 um .and
the surfave roughness Ra of 0.001-1 2z m, more preferably,
the surface roughness Rmax of 0.01~1 p i and the surface
roughness Ra of 0.001-0.8 g m, and still more preferably,
the surface roughness Rmax ©of 0.031-1 #m and the surface
roughness Ra of 0.001-0.5 o m. .
A nirror f£inish proceas is performed for the

__pe:i.‘ipharal side avea 2 of the glass substrate 1 to oi:ta:ln
the mirzor finighed surface as mentioned above.

- This.Sheet Has Been Replaced
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the mrror finished surface as _nentigoed ahove Specifically, the mrror
finish process is carried out--by  nechanical polishing, such-as brushing,
buffing, polishing by.the use of a polishing pad, such as a soft polisher.
and a hard polisher, and a solid or a liquid polishi-ng—stubstance,—such as

| oose abrasives-, bonded abrasives, slurry, and ththliSiS e%tHaSAE ARV LAt e, t he
mechani cal pol'i shing nay be perfornmed by conbining:. - Hﬂr&lﬂﬁtshl ng of

different types and nechanical polishing carried out

different polishers in.grain size and types to obtai

surface having the abaw mentioned surfacegroughness. The nechani cal
pol i shing may be referred to as physical polishing or dynam cal polishing.
For exanple, the soft polisher may include a suede, avelour, or the liKke,

whil e the hard polSPreRéfieaily,| the udsrbr finieh mrogessale dagwiod it Pt eb

| mpregnat ed. sued like.  Further, the abrasives i ncl ude, for
exanpl e, cerium o%egggfé%z)"?ggf TnatHgh 247 .""Fe&“’d’gﬁge (ire 2a3). -
chromi um oxi de (0rdAZkBLAG LEOPhYREXbE pof Batdl. padll Jddchags W dugede
(2102). to the illuiirflegggﬁanple, the internediate regions (chanfered
portions) B and Chkadasher arkaxd polishérs mfd Bhaoﬂﬁi@‘geadllmﬂd A
Thereafter, the mr oL finish process is perforned for the internediate
regions B and C. pﬂé ghind. § ,“Pﬂf"pa?‘l“f%l‘%s"‘?ﬂ‘é gerraivesy PowtRe t he side
and wal | A and theyraifidi;db2hfey,Cah@ heB1 008 Cat' S4PTakb, {00 0f @SS

substrate i contacts with a housing at . ‘
. machanical polishing may be performed by combining

i ni shed

mechanical polishing of differsnt types and machanical
polighing carrjed out by the use of different polishers
in grain size and types to obtain the mirror €inished
surfage having tha abhove-mentionad surface roughness.
The mechanical polishing may be referred to as physical
polishing or dynamical polishing.

¥or exampla, the soft ‘pn_lisher may include a
suede, a velour, or the like, .ihue the hard polishexr may
include hard velour, foamed urethane, pitch impregnated
suade, or tha like. ruztﬁar, the abrasives nay 1n§1nde'
for example, cerium oxide (ce0,), alumina (7 ~Bl,0,), xed

_ oxige (Pey0,). chromium oxide (Cx,0;), zlrconiom oxide -
(2x0,), and titanium oxida (!1021.

In the illnstrxated example, the intermedlate
regions (chamfersd portions) B and C are formed on both
gides of the sida end wall A. Thereafter, the mirzor
finish process is perfommed for the intermediate regions
B and €. As a rasult, no particles are generated £rom
the side eﬁd wall A and the intexrmediate reglons P and C
‘aven 1¢ tﬁe glass substrate 'l contacts with & housing at
the pevipheral side area 2 when the glass eubstrate 1 1\5



the peripheral side area 2 when fhe glass.substrate | is 9 got in and out
of—the housing. The mrror finish process due to the nechanical - polishing
for  the peripheral side area 2 may be carried out after or before the

pri nci pal Surfaces 3 of the glass substrate | are I-appedm In
general ,” the polishi.ng.or |apping process is divided | 1Qet f1ds)Beéh Re:

grinding st'ep. (2) a lapping step, (3) a first pollshlgm ﬁ W
reach of the

second polishing step. Taking the above:-into consider

above-nmentioned mrror finish process: may be perforne

steps (1), (2), (3), and (4). For.exanpl ® the mrror finish process may
be performed after the rough .grinding step. Alternatively, the mrror

finish process maygdie 1RCLAP R0 iy | appi ng step, the first
pol i shi ng step, orw{lhe secondc]iﬁ' Bg |%hP‘tr'1'gﬁ§‘?ep Where the mrror finish

process is performed befmeemheoi-a:lmmp&beibu i3aQ peridiakaha®idsda area 2

Is often slightly r°?'-g 3/ sands used in the |lapping step. In addition, it
i s preferabl e thatPYHEMRT fopihe P?&?ﬁ“&?& Sidy arRe 3INA¥s bsugaTTiede 1 has

t he surface rougtaiﬁ_saf S5 M pik t 5‘:%%1 uﬁf rev. tﬁ&tlg t rﬁgﬁlass o

asperity. No Ilmtatlon 'S | mMpoSe

the gl ass substr atsabétided hi mm@%ﬁ% polifhell, as&sgg;;gtrggt exe MY be
formed by gl ass orﬂ,&l ass Ceramcs. In tﬁls case, the glass may be. for
exanpl e, al usi noFoilishing eraleppinadpricess Ly advideddintal (i) re-rough

grinding step, (2) a lapping step, (3) a firmt pold.sh:lng',
etep, (4) a mecond po]..tsl?ing step. Tuking the above into
congidavation, the above-mentioned mirror f£inish process
may be performed after sach of the steps (1), (2), (3),
and (4). Por example, the mirrer finish process may be
performed after tha rough grinding step. Alternatively,
the mirror finish process may ke performed after the
lapping step, the £irst pol!.shing step, oY t.he aacond
polishing step., Whers the mirror fimigh pzocesa :I.s
performed before the lapping step, the par_:lphﬂxal side
area 2 is oftem slightly rough by sands used in the
lapping atep.

In additien, it i= prefexabl.e that the principal-
auxt‘auo 3 of the glass substrate 1 has the surface
roughness Ra not greater than 2 mm to prevent the tharmal

asperity.

No limitation is imposed as to a kind, a size and
a thickness of the glass asubstrate 1 in this iavention.
The g:la;sn substrate 1 may be formed by glass or glass
ceramicg. In thig case, the gla.ss may be, for examnple,
aluminosincata glagsg, soda—l.l.me glass, asoda alumino-
silicate glass, sluminoborcsilicate glass, borosilicate




si H-eate—gHass—at-uH-Roboresiiicate—glass harosiljcate 10 glass, silicate
gl ass and chain silicate glass, while the .glass cetamcs may be, for
exanple, ‘crystallized glass. By way of exanple, the alumnosilicate glass
is exem plified and nmay contain, by weight, 62-75 %of SiQ2, 5-15 e of

Al 203, 4-10 a of Li20, 4-12 %of Na20, 5-15 s of 2zr02 as main conponents.

I niaddi tion, the glass includes a wei g% rati o of Na20/zrOa which falls
within a range between 0.5 and 2.0 and™a weight ratio of Al 203/8"02
which falls within a range ?etween 0.4 and 2.5 so as to chemcally

reinforce the gl@assssubslicdte glasd AQE, cdiahai CivateC glhys ) aiMihier egsl gl ass
preferably contains, by aol 4, 57-74 % of S1026 0=2.6 8 of 8n02, 3-15 % of
A1203, 7-16 4 clage2ceiamitsimay be ofokaGmple asuystadhbzed giregecti ons an
the principal surfaces 3 wohidh results frominsol uble substances -of ar(Q2.

The chemically He¥A¥ o0t &FamRf: e preminosdiicate,glapgs ki axgB8-apove-

menti oned conposgjyt,i i I Lent . in Ver se.bepdl n rengt f1.'and
Knoop har dness. %ﬁtﬁkggﬁi%‘%ﬁ%ﬁsﬁgﬁ “a*“g| é\i?éiﬁgg' g“(?%%p#ﬁ%i@‘é%t?’é& layer
deep enough. | ns BigsaefQdigngnt s dhR1CHEN-Ga! ¢ ¥ WROHCEHENY ¢ &N be nade by
perform ng an ion exc e method at & | ow terrpera?ure for the glass
substrate 1 to izrrpFoare madiropenpommntagai Irsadiifian, ahd gidusathohudemst ead,
the known chenical reinforcenent can be used to chenmically reinforce. the

gl ass substrat e® Woighleiitior ak Yoyl /Zedc htel SrddRowithin 2crang®l e as
poi ntbecause PREVPER fi® FBACEY bl womight dmer bgbalpils
which falls wit.hj:n & range petween 0.4 and 2.5 so as to
.chemica:l.ly reluforce the glass substrate. Further, such
chemically reinforced glass prefexably contains, by mol
'8, 57-74 % of §10,, 0-2.6 4 of 8n0,, 3-15 % of AL0,,
7-16 % of Li,0, and 4-14 % of Na,0 so as to Yemove
projections on the principal surfaces 3 which results
fzom. inesoluble substances of z::oz. The chemically’
reinforced aluminosilicate glass which has the above-
menticned composition is excellent in tra-:leviera_e hending
strength and Knoop hardness. In addition, such a glass
has a compressive stress layer deep enough.
In this emhédiment, the chemical reinforcement °

- ¢can be made by pérforming an ion exchange method at a low
temperature for the glass substrate 1 to improv-a
properties against impact and vibration. -Instead, the
known chemical reinforcement can be used to chemically
reinforce the giasa subétxate 1. However, the ion
excﬁange mathod is preferable a8 compared with the latter
method from the viewpoint of a glaas transiticn point

because the former ig carried out at a taemparature less

'I‘l:lis.Sheet Has Been Reﬂlnced :
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Thi s Sheet Has Be

en R laced 111100bdededdtddt 4~ H+—H | 11 than.the

Transition polnt.
i ncl udes a potass
them The gl ass

A fused salt Used for the cheni.cal reinforcenent
iumnitrate, a sodiumnitrate, a hitrate mned with
substrate | according to this invention is also used

gl ass.

not

only for it magnetic racer Stag medi um but, al so a photo- magnetic di sk and

an el.ectro-optica
substrate is effe

| disk, such as a photo disk. Especially, the glass
ctive to the photo-magnetic -di pk which is seriously

influenced by particles attached thereto. Subsequently, description wll
magnefi c recordi ng nmedi upyrnenti oned above. Mersin, such a
g medium has at | east .one nmagnetic |ayer formed on the

be made about a -
magneti c recordin

gl ass substrate | ~_an | |
oPIRR Fie, 309 & manohs lancPaRts AR FNEORNEALY HEBRNERK at o

degions a

particles are gen
regions a.and Cb
and C are subj ect
shows that no pr
generation 'of th

the gl ass substratTEELYaERE

prevented when th

head. Further, no re

particle remains
recordi ng medi um
a

nown in the art. in this invention, no

oY The8a B A neOELNBA Hc18885 T oLﬂéﬂdFng\.t

ed to the mrror flnlék process, ds nentlone g%dVe. Thi s

oy csdigmsnitzatieef 4 minxate mredatith bhyper due. yhass

e panticles, evepn when the magnetic layer 1is fornmed on

ucti o error occur ause no

axagnatioogind nadl By electHReoptical Mysk) Mickngseii c
‘photo AlEk. Rspecialiy, the gisses submtsate i3 effadtive
tolthe plmta-.-nngnetm‘“drrk which 13 seriously influenced
by particles attached thereto.

éﬁhaaquently, flescription will be made about a
magnetic recording medium mentiloned above.

Herein, such a magnetic recording medium has at
least one magnetic layer formed on the glass substrate 1
ac well known in the art. In this lnvention, fne
particles are generated from the gide end wall A and the

intermediate regione B and C becanse the side end wall A

IFERERING £Acthifcdaventdon L8 AtRe Sardindtent | y
eonzé,regggdﬁa%aﬁaaué AZE T ol B R0 hoghstive (MR

e to the

| ayer,

and the intermediate regions P and C are subjected to the -

mirror finish process, as nenticnea'above. This shows

that no projections are left on the magnetic 1ayer'aue tb

_ generation of the particles, e¢ven when ine magnetic layer

is formed on the glass substrate 1. Consequently, thi

' head arash can be sufficiently prevented when the

repraduction is performed by the magneto-resistive (MR)
head. Further, no rsproduction errox oceuzs becauwge no
defaect due to the particle remaing on the magnetic layer.
Specifically, the magnetic rocording medium is
Zormed by successivaely depositing as underlying layer, a
megnetic layex, A p:ut.cﬁien layer and a lubXicating

L
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magnetic |layer, a protection |awer_and a lubreating This 1 Sheet
TITITI1I1111111111 1 Jaced 12 layer on the glass substrate i which has the-

desired flatness and surface roughness as nentioned above and which is
subj ected to chenical reinforcenment. The underlying l.ayer.is selected in
relation to the magnetic layer. At |gast one metal selected froma group
consi.sting of nonmagnetic netals; C, No, Ta, Ti, M V, B, Al may be used
as a material of the underlying layer. The nmetal Cr or one Cr alloy is
preferably used as the material of the underlying |ayer -to enhance a
magneti c characteristic where the magnetic |layer includes Co as a main
conponent. In addition, the underlying |®&er may not always be forned by a
single layer but may be formed by a nmulti-layer conposed of a plurality of
i dentical or diff Y dﬁ&)% de. as the
underlying | ayer, e#a?r&tr‘rlegﬂbe{etsﬁéE%ﬂ ﬁ??@a‘%er suc ia't??f ¥'B%f Cr Mo,

C/Cr4, GVICYV, RarGeiadriid n#tfa:ae' Coyghies&r A mdnt bonbdAlab&rd/dad/. . In this

i nvention, no lim h0$ ”& osed as to.the magnetic |ayer al so. The
magnetic | ayer 3}'&'35 B8 5ﬁb‘f tochenlenl pginfaredimoti-ns Co as a main

conponent and which has am,e QEROSIg1RE™M eg 1 ,_ Ni ,
CoNl O, CoCrTa, Captor, CONipt. géh %felr %LCTFET'E&COQ% Chdn,

COCrPtSi O - In addibe sagnatic ket | At |lmast dm‘smtullttelaci.aqarcst muct ure
(for exanple, CoVtCr/CrNo CoCr TaPt/ Crko/ CoCr"faPt). Such a
structure-is obt aifeY® b?/‘m&ﬂ’éﬁrﬂf ORRAGREHLE REtANEh\FLy HBnERAM&Lec film

(for It ¥V, B, Al may be nsed an a material of the underlying

layer. The metal Cr or ihe cx alloy is preferably used
as the material of the undexlying layer to emhance a
magnetic characteristio where the magnetic layer includes
Co as a uﬁn component. in addition, the underlying
1iger may not alvays be formed by a single layer but may
be formed by a multi-layer campésed of a plurality of
identical or different layers. For example, deposition
may be made as the underlying layer formed by the multl-
layer guch as cr/cr. Cr/CzMa, Cr/Cx¥, CxV/CxV,
Al/Cx/CxM¥o, Al/Cr/Cr, Al/Cr/CrV, and Al/CxV/CrV.

In this invention, no limitatione are imposed as
10 the magnetic layer also. | ‘ *

The magnatic layer may be, for exampls, a layer
which contains Co as a main component and which has 2
compoaition selected from Cort, Cocf. CoNi, Comicr,
CoCrTa, COPtCx, CoNiPt, CoNACYPt, CoNiCrTa, CoCrTaPt,. and
CoCxPt.510.. In addition, the magnetic layer has a multi-
layer structure (for example, CoPLCr/CrMo/CoPLCT,
CoCrTaPt/CxMn/CoCr'raPt) . Such a structure_is obtained by
dividing a magnetic film by & nonmagnetic £ilm (for
example, Cr, Cr¥o, CzV) to redusd a noise, as known in

eet Has Been R laced
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exanple, . OM. CV) to reduod a.naise._as known in nis 1Sheet if 13
the—an. The magnetic |ayer for the nagneto-resistive bead ()R head). 'or
the gi ant nagneto-resistive head (MM head) contains inpurity el enments
selected froma group consisting of Y. Si,' rare-earth elenents, gf, Gap
Sn and "3n, oxides of these inpurity elenents in addition to the -Co-based
allay. Further, the magnetic |ayer nmay have a granular structure wherein
magnetic grains, such as Fe, Co, $eeo and Colipt, are dispersed in the
nonmagnetic filmconprising a ferrite-based material, an iron-rare earth-
based-material, SiO2, and 3M Further, thg nmagnetic |ayer may have a
recording formof either an in-plane magnetization type or a perpendicul ar
magneti sation type. No restrictions are inposed-as to the protection |ayer
al so accordi ng to 48 3rtnyShe| mnespeclmafmy t-Mt MWEQH-W‘Ieayer may

be forned byachr u umaIIo dug @
zirconia filmand z%gh Mcaqﬁl?g dgnlr?é'y %gn cce gifgv% v e%{]os‘ifted on the
gl ass substrate 1meet&zﬁfummﬁﬂ&ewﬁ¢a&h&m shaueiamr:dm & hgrawpgnet i c
| ayer by the use of the known in-lihe sputtering apparatus. The protection

|l ayer may be foracepgistigsiongFeY. @lerme-&amh telepayts, Mﬁel Gmla rﬁjl an9| urality
of .l ayers of an identic mat er.i al di.fferent er |t|on

the ot her protecti*dn ¢ ° %‘?’F’&sem%“’él rH Slene F&mi#‘fh d%é‘ use | ns?ead of

t he above protect @nhaéﬁ/gu_mfych a Sio2 filmmay be for med on the chronium

Further, the magnetic layer may have a granular
structure wherein magnetjc grains, such as Fe, Co, ¥eCo
and CoNiPt, are dispersed in the nonmagnetic £ilm
comprising a ferrite-baged material, an Siron~rare earth-
based material, 8102 , and BN. Furthey, the magnetic
layer may have a recording form of either an in-plane
magnatization typs or a perpendicular magnetization type.

o restrictions are !.npqse&-as to the protection
layer also aeaozd,u\g. to this invention. Specifieally,
the protection layer may be formed by & chromium film, a
chromium alloy £ilm, a carbon f£film, a zirconia £ilm and a
‘e1lioa £ilm and may be snocessively deposited on the
glags substrate 1 together with the underlying 1#131 and*
the magnetic layer by the use ¢f the komown in-line
aputtering apparatus. The protection layer may be foxmed
by a single layear or a multi-layer inclum a plurality
of layers of an identicel material or different.
materials.

In addition, the other proteqtion layer, such as
A s:.oa :H.J.in. may be used instead of the ahove protectiom _
layer. Sugh a $10, film may be formed on the chremium
£i1m by Aispersing colleidal .‘ gilica fine graing in
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film by diapersing' eoll oi-dat—st++Hea~+fe—~gratns.in This 11111111 | aced 14
t et raal koxysilane diluted wth an al cohol -based, sol vent and thereaftez by
coating and baking the dispersed grains. Mreover, the lubricating |ayer
is not restricted to the above. For exanple, the lubricating layer is-
formed by diluting perfluorapol yether (PFFE) with a solvent, such as
freon-based sol vent, and applying it On }he nedium surface by a di pping
nmet hod, a spin coating nethod, or a spraying nethod, and firing the

medium  First ' l‘:&u% [ ten: rindi d polishing First,
a sheet gl ass OF{QFEir‘n&nom |3§gggg é%‘“?’ﬁ?sﬁélgx %‘9 %"8%35‘# i and is
cut - by- agri ndi nganBeeledediterng i atIRFRAR BARESH tHESISplesdli Ch has a

di aneter of 96 mm and a thickness of 3"mm The gl ass substrate is | apped
or polished to agdadmeter of 96 nmand a thickness of 1.5 mmby a
relatively rough dianmond grindstone, In this case, the disc-shaped gl ass
substr.ate may ‘be for ned¥opgouereditey lybringt hag dayert ismgoyl nestudicteda cops,

a drag and a drymj.nstead of 4 he down, draw hod. In this event, the
above- menti oned §P &% \ﬁﬁf’c‘fﬁ'i sﬁo%ﬁé‘m q &??@F@FE@#’C&H&’E&' S by ol %
57-74.1 of Si02, i I Eﬂ%f §f£&§0 3 b 0..%040f, Li 20, and
4-14 % of NaO 2 ggﬁ‘n%l ﬁycgr%iﬁ%ne ge ur ﬁﬁég?iy%ég &%%Pﬁn\%cgﬁ'@ arei nf or ced.
%Ioais fco$ gions, dyLlveitghbuck Jadofteontdbtd ddivéne] HPQpprPidy ak &h20, and
o as

the medium surface ‘by 4 dipping method, a spin coating
- method, or a spraying method, and firing the megium.
First 1e !
{1) Roughing step'by grinding and polishing
First, a sheet glass of aluminési.licata is formed
" by a down draw method and 115 cut by a grinding wheel into
a diso-shaped glass gubstrate which has a diamater of
96 e and & thickness of 3 mm. The glass gubstrate 1is
lapped or polished to a diameter of 96 mm and a thickness
of 1.5 mm by 2 relatively rough diamond grindsione. In
this case, the disé—shaped glass-aubst'ra.te 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 glaas which 1s.
chemically reinforced contains, by mols, 57-74 % of 810,,
0-2.8 % of Znoz, 3-15 % of Alzoa, 7-16 % of Liy0y and
4-14 % of NaO, as main components. Further, the ‘
. chemically reinforced glass containg, hly waight, 63 % of
510,, 14 % of Al,0,, 6 % of 11,0, and 10 % of Na,0 as
main components. The above-mentloned composition can he

expresged in terxms of 2 mol representation and comprises,

This.Sheet Has Been Reﬂlaced
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mai n conponents. The. .above-—fentiened—eenposition can be expressed in
ternms of a nol representation and conprises, 1111111111111111111111i11 ais
by mol % 67 t of SiQZ: 1.0t of 'Sn02, 9.0 +b of A1203, 12.0 5 df LiZ2o
and 10. 0. % O Na20 Subsequently, the both principal surfaces 3 of the

gl ass substrate 1 are. ground or |apped py a,dianond grindstone having
grains smaller than those of the above grindstone. In this Case, a |oad
was set to the extent r of 100Kg. Thereby, the principal surface 3 of-the
gl ass -substrat eby mels %gr 6Tt oNtEL0Y, SLIK acet ranag hnesk 'Ulniuxai.}joﬁ -8 0601)
of about 10 A m_ Next, an openin s formed at a center porti of the

gl ass substrate %4} M?rfnd'inﬂe"l‘fgllionﬁlr? &l Kagd4 ndstone. Further, the outer

id d f ' d ' . f 95 Th f ;1 he'
ohde hner i do end sur PuBgebfertat, Mg ool prinofiih HhreRRes L ofl G ona”
wal | A of the gl geé gg_laggt sab& Yatlead ﬁxe.%&g&%ﬂ Q@ggace ?ﬁegr@ﬁi Ry enﬁfr r:]zgabOUt 14 F

a. (2) Mrror finishing step.of the side en sur | and

outer side wal | sgxindsiengl Bseing ghslnatamallisenaafpolicdac dFbyhd dovge of a
brush and | oose abrasives by rotating the glass substrate 1 s¢ that the
both side and we#tipdshane he Iuthiscoaasughntend RasGel toabbetextenti n and t he

St ace  uIneSsy iRl el ot Teablin LSS o R e
substrate 1 was grounﬁ into a surface roughness kmax (JI8
B 0601)of about 10 & m. |
Next, an opening ng formed at a center portion
of the glase substrate 1 by using the cylindrical i
grindsﬁqne. Purther, the outer side end surface is
ground to a diameter of 95 nm. Thereafter, the outer and
innex 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 i m.
{2) Mirrox finishing step of the gide end
surface .

The internal and cuter side walls of the glass
substrate 1 were polished by the use of a brush and locse
abrasives by rotating the glass substrate 1 so that the :
both side end walls had the surface roughness Rmax of
about 1 gz m and the surface zoughness Ra of about 0,3
#m. Next, the glass substrate 1 was washad with water
after the mirror finish process of the side end walls.

(3) Lapping step

The lappiu§ step was performed for the glass

substrate 1 to improve dimenelion and shape aacuracy. The

—_—
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(3) Lapping step The | apping step.was-perf-er-red—for—the glass substrate 1
To Tnprove dinension and shape .accuracy. The This Sheet Has Been Re'l aced
L1111 111 1.1 N26 lapping step iis carried out by
using a |apping, apparatus. In this case, the |apping step is conducted two
times by Changing grain degrees -from.0400, to 81000- Specifically, the '
| appi.ng was performed ;for the both principal surfaces 3 of the glass
substrate 1 so that the principal surfaces 3 had a surface accuracy of O-i
Y at and the surface roughness Rrax of about 6 a at. In'this event, the

| appi ng was carried out by rotating an inner gear and an outer gear by the
use of alum na grains having a grain degige of 9400 an the condition that
the load L was kept at about 100 My. Next, the lapping is perforned by

changing the grain degree or the alumna grain into #1000. As a result,
the surface rough:}e?? natep d@oRatriedponk bY walps QybaRRiRIAPHATIYNS.g| ass

substrate i was IfHRLEIGIcidle VR Wk t egy Hoad: PIA-T gg,?gg t and
wat er to be washed. (4) F‘lzrst' poPii';%anés%e Ii\l%xt, r??gt t'pol S |ng§\r/1vas
perforned by a pcthasiging gy Gegrseezofran@eel ao @lens . aspeaidicdlant,i on
remai ning in the ghove Iﬁg&ian process. specifically, a. hard polisher

(which may be a cériufap tBRFfozaed dor phg otk pEARCipal suxtangsi S nade
by Speedfam was sed ffe c%'r%?lt Ih%ﬁrn@dl LhCuldy thePRbintipad ¥eScdaL! Or med

the follow ng polishing
: 3 had a surface accuracy of 0-1 zm and the suxface

roughhess .amax of about. § um. In'this event, the_
lapping was carvied out l!ny rotating an inner» gear and an
outer gear by the use of alumina grains having a grain
dagree of #4000 on the condition that the load L was kept
at about 100 Rg. Next, the lapping is performed hy
c¢hanging the grain degree of the alumina grain into
#1000. As o result, the surface roughness Rmax becomes
sbout. 2 u m. fubsequently, the glass subntxate 1 was
innersed in wa_shinq unite by using natural detergent and
water to be washed
(4) First irol..tshing wtap
Next, first polishing waa paxrformed hy a
polishing apparatus to remove 8 defect and a distortion
' remaining in the above lapping process. Specifically, a
hard poliasher (which may be a cerium impregnated foamed
ursthane pad, such as MHEC1S made by Speedfam} was used as
a polisher and the first polishing was performed the

=

following polishing vondition.
Poiich.l.ng liguid: oxide cerium + water
Zoad: 300g/em® (L = 238kg)
Rollshing time: 15 minutoes ‘

i

Removing amount: 30 2 m . “This Sheet Has Been
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Polishing |iquid: oxide ceriumazd.waterload—3008+ecn? (L = 238kQ)
PorTshing tinme. 15 mnutes Renoving anount: 30 a m This Sheet Has'Been
Replaced 1111111! 1111811J11111111 17 Revolution of |ower .surface plate.
40 rpm Revol uti.on of upper surface plate: 25 rpm Revolution of inner
gear: 14 rpm Revolution of outgr gear: 29 rpm The gl-ass substrate 1l was
washed by being sucCeseively dipped in washing unite of natural

detergent. pare water, |IRA (isopropyl alcohol), SPA (vapor: drying) after:
theifirst 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, gach as Pol yl ax nade by Speedfam
by using the polishing apparatus used in the first polishing process. The,
polishing condition is . .1l o the first polishin ep except for the
| oad of 100 g/cn2, the pgagls’%ﬁligt"tférrer@l_°8fr§“ %ﬁf 'é‘ﬁg ?%egp"'rermvi ng ‘
aaowtt of 5 p in. The gl afevellrdobasf uhphe Seurribe P del: N28Vagh Ng units of
the natural detergent, the pars water, the |IVA (isopropyl alcohol), the
S))A (vapor drying) to b&e¥etiden: e faper afussr lhepmecond polishing step.

In this case, a supersoni s.applied to ch of . the washing units.
(6) Chemical reinforcing g’?ﬁ%ﬁﬁéﬁ?,oéa@hﬁﬁﬁp rifrﬁ’ﬂ'rqi_ng step Was .
per f or med The glasa gubstrate 1 was washed by heing

succeissively dipped in washing unite of natural
detergent, pure water, IPA (isepropyl alcohol), IPA

(vapoy drying) after thei £irat pollehing.

{5) Second polishing step ’

Mext, second polishing was sondnctad by changing
the abova hard polisher into a soft polisher (which may
be a polishing pad of a suede type, such as Polylax made
by Speedfam) by using the polishing apparatus uged in the
first pol;nhiug process. The, polishing condition is
.similar to the £irst polishing step except for tha load
of 100 q/cniz. the polishing tine of 5 minutes and the
removing amount of 5 zm. The glasg substrate 1 wag
irmergzed in washing units of the natural detexgant, the
puxe water, the IPA (1sopropyl alcohol), the IRA tvapor_g
arying} to be washed therain after the sacond polishing
step. In this case, a supersonic wave was applied to
each of the washing unite. o

(6) Chemical reinforcing step

Mext, A chemical reinforcing step was performed
for the glass subetrate 1 a!tei the polishing step was
ncmpiatad. F:I:rst., & chomical reinforaing solution was
prepared by mixing potagsium nitrate (60%) with godium
nitrate (408). The chemical reinforcing solution was

. This Sheet Has Been Reﬁace& :
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for the glass substrate | after tle _polishing.-step—was conpleted. First,
at—chem cal reinforcing sol.ution . was prepared by mxing potassiumnitrate
(60% with sodium nitrate (40% . The chemi cal reinforcing solutiefH—was
This sheet Hag Been | (1111(((1IT1((((I tHu lacel Tuis I:$beet 3een. LLL 111
(it 1"18 heated up to 400 'C . The.glass substrate 1' j Seh Tt oY aceﬁed
and. preheated to 300 " was dipped In-the chem cal reinfpg 5 H n.for
3 hours. The chem cal reinforcing step was carried out § H tire
, surface of the glass substrate 1 was chemcally reinforced with a
plurality of glass substrates retained at_ the and surface in a holder.
under the circunstances, lithiumions anl®sodiumions on a surface | ayer
of *‘the glass substrate 1 were replaced by sodiumions and potassiumions
in the chem cal rechddt@aciupod Aogtcon e fAaRR Atbaa3ale U A2dcAUPssrate | in
the the chem cal reinforcing solution. Thus, the glass substrate 1 is
chemical | y rei nf orvasthed and mrebeated tot 10 X | wae dippeded - thpnckémicads f ace
| ayer of the glass had a tkqJ kness about. 100-200 a it. -
Next, the cheni ca!ﬁs/il‘!'tgr%%%%r’%%?gﬁ“agg_’s %?PF‘&I e%%ﬁ%"'ﬂi ed in a water
tank of 20 t, quifddnfofeMLEtapluLbation bt Jootnhewap&f]@sequently,
the cool ed gl ass substrate 1 was dipped Sri a sulfuric_acid heated up to
40 ' C, and was wesirfachyof Haesglbures snbatradecl vhisechemfcaddyr oughness (Rao
i max) reinforced with a pluxality of glass substrates retained
at the and surface in a holder. Under the cimuﬁatahces.
lithium ions and sodium iom: on a gnrface iayex of the
glass gubgtrate 1 were replaced by sodium ions and
potassium ions in the chemical rein:foreing solution by
dipping each glass substrate ) in the the chemical _
reinfoxcing solution. Thus, t.he-g'lnsa gsubstrate 1 is
chenically reinfoxced. A compzessive stregs layer formed
in the surface layer of the'glnqu subgtrate ) had &
thicknons of about 100-200 u m, Rext, the _chen:l.ca.u.y
reinforced glags gubgtrate 1 was dipped in & water tank
of 20 C » Quickly cooled and retalned for 10 minutes.
Subsequently, the cooled glass substrate 1 waa dipped in
k]
a sulfuric acid heated up to 40 'C, and was washed by
the suﬁexaontc wave. The surface roughness (Ra, Rmax)
of tha peripheral gide area 2 of the glass substrate 1
at the intermedinste region (chamfered portion) B (length:
0.15mm), the intermediate region (chanmfered portion)
C (length: 0.15mm) and the si1de end wall A (length:
0.35om) are shown in Table 1. In Table i, the surface
- roughness Ra of the intermediate region B is 0.2 im,

While the aurface roughness Emax of the intarmediate
region B i 1.9 g m. Further, the zurface roughnasa Ra

o et




of the peripheral side area 2 of.ihe_glass—substrate | at the internediate
Tegion (chanfered portion) 8 (length: 0.15an), the internedi-ate region '
(chanfered portion) C (length: 0.15mm and the side and wall A (Iengths
0.3Snm are shown in Table 1. En Table 1, the surface roughness Aa of the
intermediate region 8 is 0.2 u fi, V\:hl|e the surface roughness Runm= of the
integnediate region 8 is 1.9 p m Further, the surface roughness as 19 of
the internediate region Cis 0.15./a m while the surface roughness Rmax
of 'the internediate region Cis 2.9 am 1n addition, the surface
roughness As. of the side end wall Aisgd.35 it m while the surface.
roughness Rnmau of the side and wall Ais 3.4 a m Also; the principal
surface 3 of the glass substrate 1 has the surface roughness Ra of 0.5-1
am in addition, “%h%“ dptpamedigter Hegfgdnass:l%tllbsﬂatna ¥hite phaci sely tested.

As a result of t £ es ch axe the cause of t he t her nal
asperity exist OE tﬁue pri ngh'pé‘{ h&ﬂ? a*@‘% intg LEsT9949] CRAEx (a m)
Bi de And Wal|l A @.85u&.4 Idxrﬁdiﬂmdhatﬁe, k@000 Rddtdeds Ra lJH ehgedi ate
Region C 0.15 2.9 _Measurin f Length: O0-Ban In addition, it is to be noted

that the side, aftde \ond) wal 9‘@34%3\5 tmmcIGMert.hmcugfl@s oughness ¢ has a
di amet er of 3 5 W%% d:g g’man C s&u L J%r‘rgsﬁu.l tailéios' t-tl):t‘aeen confirnmed.

principal surface 3 of the glaes substrate 1 has the

surface youghness Ra of 0.5-1 om. In addition, the
surface of the glass gubstyote 1 iz precigely tested.
As a result of the test, no particles which axe the
cause of the thermal asperity exist on the principal

surface 3.
Table 1
' Ba (em)  |Rmax (zm)
8ide End wall A 0.35 3.4
Intexmediate Region P 0.2 1.9
Intezmediate Region C 0.15 - 2,9

Meaguring Yeaength: 0.Bsm

In addition, it is to be noted that the side end
wall A is 0.45mm thick when the glass substrata has a * !'
dianeter of 3.5 inches. In this case, similar xesult has
been confirmed.

(7) magnetic disc manufacturing step

A t.ex-mxe layer, a CxN unﬂerlying layer, a CrMo
underlying layer, a CoPLCrTa magnetic layer and a ©C
protection layer were suocessively depoaited on.t.he both
principal gurfaces 3 of the glass subsirate 1 by using
tha known in-line sputtering appazav;t.us to obtain a
magnetic disk., Next, a gl:lda tast was performed in

Tlus Sheet Has

w0




(7) Magnetic di sc manufacturng—step—ftexture—layer _a Cr& underlying
layer, a Crlo -underlying layer, a ConcxTB magnetic |layer and a c
protection.layer were successively deposited on the both .principal
surfaces 3 of the glass substrate 1 by using ‘the known in-Line sputteri ng
apparatus to obtain a_ rmagnetic disk, Next,, a glide test was perforned in
Thi s Sheet Has Been Re e laced 1111111) 2P1111 )11l 111 il 20 connection

W th the obtained nagnetic disk. As a result of the test, no bit and crash

occur. In this the hit t.hat the ngtic head touches

proj ections on %% dcf&??a‘&’eubfﬁ? ét .”Eg %%F&Eﬁgﬁe%sns t hat
the magnetic heggl ﬁ&'ﬁ' | 86 %Y lat E?as‘&r gb&id.1 OBg- Qilat @Esé“@h"&cﬁih Furt her,

it is confirmed that;no defects 4ue tq. the particles are generated on t he
magnetic | ayer. mﬁmthhbeﬂgé mdgnebtid head wpeichesedbjeatisde doj kReé exanple
wherein the peripheral side area 2 of the glass substrate | was mrror
fini shed, a firsuriasepaf the aagasbirpidisphand hhe mragh neana dhati the area and

ror S o ne ST TR B, R RSl B N UGBl L0
of the glide teﬁ,t&ncigtﬁ ﬁ’m? ea(%ltgégt‘ﬁ; d%ﬁgaéﬁl ;ﬁg £ e was 90 % or

nmore. | n contrast, e yi el I rst and second conparative

exanpl es was 87p£éu1ru1hssam igeasxdtdl @an’the mapfetizddaghopd the first
exanple is superior to the first and the second conparative exanple. Thus,

the conventional nélEed We gdidai et Nae mexformedfori the flxatof the gl ass
subst ratfa con example wherein the peripheval eide area 2 of the glass
subatrate 1 was mirror finiihed. a firpt comparative -
examplée wherein the peripheral sids arxea end 3 was efched,
and a second comparative example wherein neither polishing
nor etching was performed. The tast Tegult is shown in
Table 2 as a reauit of the glide test. énncrahely, the
yield of the first example waz %0 % or more. In cdntraau,
the yield of each of the first and second cowparative
examples was 87 % or lesg. From Table 2, it is underatood
the first example is superior to the first and the second
comparative example. Thus, the ¢onventional methed ¢of
stching the peripheral gide area of the glass substrate can

not accomplizh the objeot of thig invention,

Table 2

: . lat - 2nd
1st Example | Comparative | Comparative
Example Example

Yield of 80% or more [ B7% or legs | 87% or laess
Glide Test ’

w l . :.:i
This Sheet Has
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not acconplish the object of this invention.Table-2 |et 2nd lst Exanpl e
€onparatrve Conparative FExanple Exanple Yield of 90%or nore '8714 or |ess

87%or less dide Test -------m---- This Sheet Has Been Re e Jaced 1 1 1 1
1111111111111 210 0 111 Thi s sheet Has—BeemRetaced 2T In
addition, a reproduction test was perforned for th (8GR Bl HeenHetcedf t 1

t he glldeteat An a result of the teat, it hag bee at no
reproduction errors due to the thermaliasperity tak H“m!&ﬁnnection
with the sanpl'es (500 sanples) according to this |n ond and

Thitd 8x | es Second and thirdi exawpl es are sinilar. to the first exanple
except that soda-line glass (the second @&kanple) and soda alum nosiiicate’
glass (the third exanple) are repI aced by the alum nosilicate glass of the
first exanple. An a resul n Si end urfaces of the
gl ass substrate 1 have thgns ace ugﬁ é@sg rr%x*'%?i% i ‘%r' '%“Eise of
soda-1inme gl ass (tm t&ecmaghmmﬁa) afféd RAGo ide eoatla- lAaR gbai:
substrate' had a s %htly rouqh surface as conpared Wth the.

al uninosilicate gl SnbERtadti B3F heEBLFMFLENed HA@t Ao ERpIeaucHiamS

substrate arrors due to the thexmal asperity take place in
connaction with the samples (500 samples) according to

" thisg invention.
Second _and Thixd Exampleg

Second and uu.:d) examples axe similaxr to 'u:-e
firat example except that goda-lime glass (the second
example) and goda aluminosiucage glass (the thirg
oexample) are reklaued iay the aluminosilicate glass of the
first gxample. An a ranlt,‘ the ;:uter and inner side end
surfaces of the glass subatrate 1 have the surface
roughness Smax of 1,5 4= in case of soda-lime glass (the
second example). Although the soda-lims glass substrate’
had a s;i'ght.lg rough surface as compared with the
alminosilieata glags, no practical problem accrued in
such a glass substrate.

Fourth le

An underlying layer of Al (50 A )/Cxr (1000 A )/
CriMo (100 A ), a magmetic layer of CoPtCr (120 A )/CrMo
(50 A )/CoPtCr (120 A ) and 2 Cr (S0 A ) protection layer
are succeuively dopea:l.ted on the both principal surfaces
3 of the qlass sub'st..rat.e 1 obtained in the first example
by t..ha known in-line sputtering appai:at.us. The above
subgtrate is dipped in an organosilicon qﬂound solution
(mixed liquid with water, IPA and tetraethoxy silana)
wherein silica fine grains (grain diameter of 100 A ) are




Foutth Exanple An underlying layer . of Al (50 A )}/Cr (1000 A)/ Crib (100 A

), a magnetic layer of CoptCr (120 A )/ Czto (50 A )/CoPtCt (-120-A):&and a-

principal surfaces 3 of the glass substrate i obtalnvrl "". t+he fiuu

exanpl e’ by the known in-line sputtering apparatus. 1? e jkate is
| : er I PA

and tetraethoxy siiane). wherein silica fine grains (gr of 100

A) are 22 dispersed: Next, the protection |ayer O si

process within a lubricating agent of pe&#l uoropol yether to obtain the

magnetic disk for the - MR head The glide teat was carried out for the

magnetic | ayer. Imch’illzhlearby Bakih@P! ¥deDidrQNeRé IFXotedtfod q_at 8 Lier nal

asperity were generat ed as a result of reproduction teat-. th Exanple A

used as the underlyi ﬁ'j tfr?)'-\' n yer.

Xt has been confi rmra}%"JfE Hoko n&gne I C ;GS@&E Fﬁg%ﬁ%ﬂfﬁig‘?f% %B ’é’fﬁg

was obtained in tIMRfhidaith exanpl e al so. Referring to Pig. 2, the glide test

Cr (50 A) protection layer are successively deposited on the both.

di pped in an organosilicon gonpound solution (m xed I

formed by baking. Further, the protection |layer was subjected to a d| ppi ng
obt ai ned magnetlcd ﬂs‘l of {he tea nei t hi t crash
occur. Further, # een co |rLr'r%€c'i FEhS™ R ‘e‘ét"*{]mgi"z or% r%‘& 8% the
fifth exanple i s sPHASHERER Hb AABRING, PEREARN ei%epewmam@mt was
has been

The glide test was carried out for the abtained
l-nagnetlc ﬁiske A8 a result of the test, neithsar ﬁ.l.t nor
axash occur, Purther, .tl Saa baen confirzmed that no
defact was formed on the magnmetic layer.. In addition, 5o
reproduction errors due to the thermal asperity weze
generated as a result of raproduction test.

Fifth Example '

A Fifth example is gimilar to the fouxth example
exaspt that Al/Cr/Cx was used aa the underlying layer and
CoNiCrTa l1s uged ags the magnetic layer. It has been
confirmed that a magnetiec disk lika in the fourth example

. was obtaAlned in the fifth example alse. .

.nnfez-ring to Fig. 2, the glide test has been
perfarmed in conneotion with f£first thzgugb twelfth
samples 1 to0 12 with flying heights kept within a range
betwesn 1.1 and 1.3 (microinches). BHarein, one hundred
glass substrates have been prapared as each of the first
through the twelfth gamples 1 to 12 . It ig¢ 1o be notad
that the first, the second, the Fifth, the eighth, the

_ niﬁth, the tenth, the e@leventh, and the twelfth samploew
1, 2, 5, 8, 9, 10, 11, and 12 had the surface roughnesses
Ra and Rmax defined by this invention while the thizd,
the fourth, the sixth, and the sevonth samplesa 3, 4, 6,




performed in connection with first through twelfth sanples 1 to 12 with
Hyrmg—ergnts kept wthin a range between 1.1 and 1,3 (m croinches).
Berei'n, one hundred 'glass substrates have been prepared as each of the
first through the twelfth sanples 1 to 1.2 It isto be noted that the .
first, the second, the fifth, the eighth, the nint;sshd@ial Beak Kuptatede
el eventh, and the twelfth sarrples 1, 2, 5 0, 9. 10 ad the
surface roughnessea Ra and Rmax defi ned by this mvH[ﬂI‘HI!@gﬂ‘ he third.
the fourth, the sixth, and the seventh sanples 3, s

surface roughnesses Ra and Finax failing _outside this invention, when each
of the surface roughnssses AS and Rmax i3 represented by an average val ue
of the one hundred gl ass substrates... Mre specifically, the first, the
second, the fifthadde hed GtehsnéfianNididhnetdies RANLAG Hdak €hEVARY h, and the
twel fth samples 1, 2, 5, 8, 10, 11, and 12' had the surface rougbnesses
Stu add Rmax whi cw%sédequms dBventdgn, amenoearh of e AWFEac0: 4. 06 and

3.25] 0.53 and 2. 7 O 09 and 0 0.06 a 85; and 0. 05
and 0.50 am res%é’c Pg\g‘e $od Bg %’?; SPRC® RERTE® ?%S‘t Q?ﬁ%ﬁ ourth, the

sixth, and the sevanu@ égrﬁﬂﬁnb%nub@a giuaéaé‘@saewémessasel s _and Max
whi ch are equal to 1.88 and 10.05: 1.53:and 7.45: 1.72 and 8-23; and 2.01

and 11.75 p m r eppetfically, sl fitmstf imns#MMUrthe:@-ff-Uncﬁmthe :
ci rcunst ances, glide | osses re as ed dur| | de test
menti oned above byS, Eﬁbhtth’t‘? g@ﬁ%c?geoﬁfﬂggc SLALR Y s PR %hﬁﬁjgh t he

twelfth twelfth samples 1, 2, 5, 8, 10, 11, and 12 had the

surface roughhosstes Ra uia Rmax ihj.ch are equal to 0.03
and 0.44; 0.18 and 1.80; 0.06 and 3.25; 0.53 and 2.50;
0.71 and 3.566; 0.09 and 0.98; 0.06 and 0.85; and 0.05 and
0.50. & m, regpectively. On the other hand, the third,

' the fourth, the sixth, and the seventh samples had the
aurface roughnesses Ra ind 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 pm, respectively, and mat f£inished euxfaces.

Under the clrgumstanges, glide yield lossas were
neamud during the glide test menticoned above by
counting defects on each of the first through the twalfth
samples 1 to 12 and wexre represented by (3), as shown by
histograms in Pig. 2. The £irst, 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 yiald losses of 1.82S,
5.75, 8.5, 7.895, 9.625, 3.5, 3.25, and 1.._825 .,
ragpactively, while the thivd, the fourth, tha sixth, and

_the seventh gamples 3, 4, 6, and 7 exhibited the glide
vield logses of 14.625, 13.875, 14,375, and 15.125 %,

 respectively. At any rate, tha samples agcording to this

-7 had the -




sanples 1 to 12 and were represented.ly (t)—as—shown bY  histograns in
Prg-—2Z. she first, the second, the fifth, the eighth, the ninth; the
tenth, the eleventh, and the twelfth sanpl es 1, 2, S 8, 10, 11, and 12
accor di ng to this i nvention exhibited the glide y1—e1—d-ﬁl—es-ses—9i—2ﬁ£2$

5.75,18.5, 7,095 9.625, 3.5 3.25 and 1.825t,. @E elﬁZ V\:hl|ethe

thirdj the fourth the sixth, and the seventh sanp

exhibjted the glide yield l.osses of 14. 625, 13. 875 15 125 t.
respectively. At any rate, the sanples according to, ention
exhibited the glide yield | osses snmaller than 20 % In order to neasure
defects an a magnetic recording medium vdrious tests have been usually
carried out by the use of a magneto-resistive (MM head kept at a flying

hei ght of 50 nm and_naef,oiﬁ; |,gg,,|§ﬁgadt_gg 91}%94?& #?%%aﬁ%fgl g‘%l vel y

called a certification test. Actuall est 1ncludes a
positive nodul ati @9 ¥est, a negat I ve m)dul ation test, a mssing test, an

extra tent, and a spike t b of which are known in the art. Such
tests also serve to evalu e F&Fe” PHRftEre Afect ey o0t sagRetty netlc

recording medium rEéfivhg Rl vhifoud Sad hﬁﬁthe&hﬁsﬁﬁix and
e

the extra test is heIpfuI to classi y the ects Into rec
def ect, an uncorreentie tiief eed ofaadnanleeﬁ-g:esietteé cnﬂnlheada:@a.chttaest
ek hona 28 PN IRRE S2P5he of"50'dn anda Totation wpeed of 7 w/sac 0 MO @

and may be collectively called a certification test.,

Actually, the eartizicatil.on tast includes a positive

modulation test, a negative madulation test, a migsing

test, an extra test, and a spike test, all of which are

known in the art. Such testa.also merve to evaluate tha

thermal asperity of each magnetic recording medium,

' Herein, each of the micsing test, the splke test, and the

extra test is helpful to classify the defects into a

correatable defect, an uncorrectable defeet, and a loung

dﬂ:!ect... - ) _
Prior to each teat, Provigion has been made ahout.
twanty~five of the magnetic recording media which have
boen polished in the above-menticned manner, together e
with twenty-tive unpolighed magnatie :.:ecord:l.ng media.
Resulte of the above-mentioned tests have been averaged
and summed np about the polished and the unpolished
magnetic recording sedia. Under the circumastances, it
has been found out that an average sum value of defects
on each su:face. of the polished magnetic racording media
has hoeen equal in number to 9.56 while the average sum
value of dafects on each surface of the unpolishad
magnetic racording media hag heen equal in number to



been polished in the abqve-nentioned.panner —together with twenty-five
unpol i shed magnetic recording nmedia. Results of the above-nentioned tests
have been averaged and summed up about the polished and the unpolished
magnetic recordi ng nedia. Under the circunstances, it 'has been found out
that an-average.sum val ue of defects on each Surface of &he polished
magneti c recbrdi ng media has been.equal in nunber to 9.56 while the
average sum val ue of defeats on each surface of the unpolished nmagnetic
recordi ng nedia.has been equal in nunber to S 25 16.4. In conparison with
both the average sumvalues, it has been readily understood that a
reduction rate of the defects in the poljished magnetic recordi ng nedi a has
been equal to 41.70 % Thin shows that the polished magnetic recording
medi a according to this invention are remarkably inproved in therma
asperity, as conpaked-ni T casperispoiith b uhnghe biversge ansi vgLaes at while
this invention ha th&% t at bjgn described in conjunction wth_ several

exanpl es t her eof , PP IeAIAY| Yrdsrelond that & Jeaprblon Jate) of ﬁ"ﬁ the art
to'put this inverddseersni® u%ha%i&%ehrhdé?zﬁti’é'%eﬁb inf%&s ﬁm fen__

exanpl e, the nmechani cal polished surface,” nanely, t mrror
surface May be foragualoto ot1.i76a8t @Thés ofhowshthdtnnbe ﬁﬂdﬂed nhdreatic

peri pher al surfaces of i enmgagnetlc recordi ng medium 26 -WHAT IS CLAI MED
_ recording according to this invention aze

remarkably improved in thermal asperity, as compared with
the unpolished magnetic recording media.

While this :l.nVent’.Lan has thus fax been desaribed
in conjunation with gseveral examples thersof, it will
readily be possihle for those ekilled in the art to put
this invention 1ntorpractice in various other manners.
Fo¥ example, the machanical pnlisheﬁ surface, namely, the
mirror finished surface may be formed on at least one of
the innexr and the outer peiiphezpl surfaces of the
nagneticdrEGOxﬂing'medium.

heet Has Been Reﬁlaoed
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1. A glass substrata far use jp a.gagnetic-—recording nedium said gl ass
substrate having a pair..of . prlnC|paI surfaces opposite to-each other and a
peripheral side area contiguous to said principal surfaces, said .

peri pheral side area having-a side and ~wall. and |hterned|ate reigions

bet ween"sai d side end wall and said princi pal surfac1 " um e of
said.internediate regions and said side end wal | m Im [fmt"mr

sel ected one of a nechanical. polished surface and a m Ffror i nfshed.
surface. which has a surface roughness Ra not greater than i A a where Ra
is representative at the center-line nmeanggroughness. 2. A glass substrate
as claimed in claiml1, wherein: the surface roughness Aa falls within a
range between 0.002 and 0-8 a a. 96 A glass substrate as clained in claim
1, wherein: the surface roughness Ra falls within a range between 0.001

and 0.5 p a. 4. A rate_as clained in claim1, wherein: the
surface toughness %}]’S% 4 range between 0.001 and 0.1 pin. 27
5. A glass substrate as chai NgGyliaRy Cdubleltdte £ARCLEI R Alndpaslicone of said

princi paI surfaces has the
recording medium, said glass substrate having a pair of

principal) surfaces pppos:l.;.e to each other ahd a
peripheral gide area contiguous to said p’::incipai
‘surfaces, sald peripheral side area having a side end
- wall and intermediate rdgions between said side end wall
and sajld principal purfaces, .
at. least ons of said intemdiaté regqlons and
said side end wall baing formad by a selected one of a
mechanical pelished surface and a mirror finished surfaca .
which has a surface roughneys Ra not greater than 1 #Zm
wvhere Ra is representative of the center-line mean
roughnass.
2. A glass substrate as claimed in claim 1,
wherein: )
the surface roughness Ra fallg within a range
between 0.001 and 0.8 x m. ’
3. A glass substrate as claimed in claim 1,
wherein:
the surface roughness Ra falls within a range
het.uean 0.001 and 0.5 £ n, |
" 4. A glass substrate as claimed in clain 1,
wharein:
‘f.he surface roughnevs Ra falla within a range

betwaen 0.0601 and 0.1 2 m,

||||tii|‘|ii‘i|i’|i|i" l"‘liu




surface roughness Ra which is not greater than 2 nm 6. A glass substrate
as clainmed-in claiml1l, wherein: said internediate regions are chanfered so
that rounded surfaces are forned between each of said principal surfaces
and each of said internediate regions, said rounded surfaces having a

radi us between 0.2 and 10 mm 7. A glass substrate as clainmed in claiml,
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 recording nedium t&& magnetic recordi ng nedi um bei ng
operable in cooperation with either one of a magneto-resistive (MR) head
and a giant nmagneto-resistive (GWR) head, said glass substrate having a
pair of princ?pal XuFRgscsubipaset ostqladmel 1 mdaimnd, a peri pheral side
area congh&ieaws to said principal surfaces, said peripheral side area
having a side end_ wall and internedi ate regi ons between said side end wall
and sai d prirtf pale3gkf ac®e weEreispidat nrincivehe ofurfaredsi nthemmedtbhee
regi ons s\i¥facedkuginilasCRE Waldn i 1.r KoL finished surface

whi ch has a surface roughness Rrr%i %‘g{ r%rggg%lre?u{gﬁa% %fmbm where rmax is
representative of a difference between a. nmaxi nrum height and a m ni nrum

height. 26 %. A gl dasssubididtaheeass 13inEg id) HShahm S  wherein:

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 1,
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
~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 side area contiguous to said principal
surfaces, said peripheral side area having a side end
wall and intermediate regions between said side end wall
and said principal surfaces, wherein:

at least X omne of said intermediate regions and
said side end wall is formed by a mirror finished surface
which has a surface roughness Rmax not greater than 4 m
where FRmax is representative of a difference bhetween a.

maximum height and a minimum height.




the surface roughness Amax falls within a-range.  hetween 0.81 and 2 a m
4+0—A-grass subsirate as clainmed in claim9, wherein: the surface
roughness amax falls within a range between Odggfgﬂgﬂlﬂp~n+~%*rr; A gl ass
substrate as clained in claime, wherein: saidinternediat ons are
chanfergd so that rounded surfaces-are forned b mmu&m ‘j\!“ma
prlnC|paI sur'faces and each of said |nterned|ateT ounded
surfaces having a radius between 0.2 and 10 nm' 17 Tass substrate as
olaiaedin claim8, wherein: each or the side -and mell and the rounded
surfaces has the surface roughness Amax in not greater than 1 p a. 13: A
gl ass substrate as clained in claim8, -vd®erein: at |east one of said
i-ntermedi ate regions and said side and wal | aIso has a surface roughness.
sa.not greater thani p e re resen Y f enter-1line
mean roughness. 14. A glégsmgu Ehtra arms £ Ei Eigu aC‘v\,hereln "1
1111111 111111 || whereinfoi | 29 the surface roughness Re falls within a

range

the suxface roughness Rmax falls within a rangs
between 0.01 and 2 gm, .

10. A glass gubstrate as claimed :l:: elaim 9,
wherain:

the surface roughness Bmax falls within a range
betwean 0,01 and L 4 m. ]

11. A glass substrate as claimed in claim O,
wherein: ’

sald intormediate regions are chamfered so that
rounded surfaces are formed between each of satld
principal surfacas and each of gaid intermediate regions,
said rounded surfaces havieg a radiug between 0.2 and
10 mm.

12. A glasa substrate s ¢laimed in claim 8,
wherein: _ '

each of the ¢ide end wall and the reunaeﬂ
gurfaces has the surface roughness Rmax is not greater

]

than 1 gz m.
13. A glass substrate as claiped in claim 8,
wherein: '
at least one of said intermediste regions and
sg&d gide end wall algso bag a sorface roughnese Ra not
greater than 1 ¢ m where Ra is zepr;'-sentat.ive of tha
cgnta:—line mean Poughness, -
14. A glsss substrate as claimed in claim 13,

wharain: -

Sheet-Has.Been Reﬂiaced

im0




between 0.001 and 0.8 u a. 15. A glass._substrate as clainmed in claim 13,
wherarms—the surface roughness Ra falls within a range between 0.001 and
0.5 p m 16. A glass substrate as clainmed in claim13, wherein;-j the

=

surface roughness Ra falls within a range betwsenm0700Tand 0.1 p m 17. A
o] ass| substrate as clainmed in claim8, wherein ! ess 8max
fallsiwthin a range between 0.01 and 1 p a Wnn gﬂ l%‘mﬂmfum“ ughness |s
fall st within a range between 0.001 and 0.1 | ea. gltas8 subsStrate as ’
clained in claim8, wherein: each of the princi pal surfaces has the
surface roughness ha not. greater than 2zam 19. A nagnetic recording
medi um having the glask substrate clained in claiml1, conprising at | east

magnetic |ayer fornmed on tpﬁﬁll ass substrate. 20. A magnetic recording
medi um as cl ai ned in £ ﬂga?mgmq &8 ERLIRIMAGhAR B (FAREEI ng
operable in coopeﬁﬂw Bl ddy & (bj% of a magneto-resistive. (Na) head
and a giant nmagneto-resistive ( R? ?’u 21. A magnetic recordi ng nedi um
as claimed in claim19, thera glLasd dmliaﬂfﬂd' as! @imedinth UdRaaCca3and Pt.

| bis Sheet Has Been Re laced 11111111111111 Jill 11l (li CL ws 30
whersin:

-

the surface rough:iess Ra falle within a mﬁge
between 0.001 and 0.5 g m. .

'~ 16. A glass substrate as claimed in cla..i.m 13, -
wherein: | '

the gurface roughness Ra falls within a range
between 0.001 and 0.1 am. .

17. A glasg substrate as claimed in claim 8,
wherein the suxface roughness Rwax falls within a range
between 0.01 and 1 g2 m while the surface roughness Ra
£alle within a range between 0.001 and 0.1 gz m.

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

each of the principal surfaces has the surface
roughness Ra not greater tfun 2 nm.

~ 19, A magnetic recording meﬁl.um‘ having the glash

substrate claimed in claim 1, comprising at least
magnetic layexr formed on the glass substrate.

| 20. A magnetic recording medium as claimed in .
claim 19, said magnetic recording medivm bsing operabla
in cooperation with either one of a magnsto-registive
{¥R) head and a glant magneto-reasistive (GHMR) héad.

21. A magnetic recording medium a@ claimed in

claim 19, wherein sald magnetic layer includes Co and Pt.

| ﬂll
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22. A nethod of manufacturing a oagoeiic.recordrhg nmedi umincluding a
gtass—substrate having a pair of principal surfaces and a aide and
surface, . conprising the steps of: formng a side end wall and internediate
regions on said side and surface, said interngdiate region being

posi ti oried between said side and wall .and said pm“mﬁﬁumﬂ"gﬂm
polishing the glass substrate to- provide a mrrio ace on at
| east one of said internediate regions and said Side end wail and to-
thereby avoid a thermal asperity. 23. A nethod as clained in claim 22,
wherein: the mrror finished surface isagornmed by nechahieal polishing.
24. A nethod as clained in claim23, further conprising the step of:
chanfering the internmediate regions to provide rounded’ portlons bet ween

sai d principal surface &fd A Bethad of pasnacsuring; g ags@tia ot hod as
claimed in clai Mgdar a\m{%muﬁai&xaaw‘%dgms 8RS PR naviaglidis of 0.2-10
tra

mm 26. P. gl ass subs e for use Iin a magnetic recordi ng nmedium said
gl ass substrate patengf ®xyiacinsl auxfaecs pal smﬂﬂacwﬂwésp@e to each other
and a peripheral S|de area co uous to said principal surfaces, said
peripheral side SPEREHEAA Hé 288 wall and interngdi ate regions

between said side end V\@ rnIn a%ﬂ%ﬁ%&?%ﬁ‘f%ﬁﬁt&e&ﬁ%e regiony

on said side end surface, said intermediate region being

ﬁosit.!.oued between sald side end wall and sald principal
surfaces, i L
polighing the glass substrate to provide a mirror

finiahed surface on at least one of said intermediate
veglons and said side end wall and to thereby avoid a
thermal asperity.
23. A method as claimed in claim 22, wherein:
the nirrox ‘ﬂnish'ed surfaae ia formed by
machanical polishing. )

- 24. A mathod as claimed in claim 23, further
* compriging the step of: '

chamfering the intermediate regions to pmvi.de
_.ron_mdad portions between satd punei.pal. surface and said °
intermediate region.

.25, A method as claimed in claim 24, wherein
said rounded portionz have 3 radius of 0.2-10 mm.

26, A glass subatrate for use in a magnetic
recording medium, gaid glass substrate having a paiyx of
principal surfaces opposite to each other and a
peripheral side area contigunous to said principal
gurfaces, eald peripheral gids area having a side end
wall and intermediate xegions batween said gida end wall

11—




31 and said principal surfaces, _at.l - i ntesaedi ate regi ons
and said side end wall having a mrror finished surface. - ~. Y i. S Thu
Sheet Has Been Re | aced GLASS SUBSTRATE, MAGNETI C RECORDI NG MEDI UM AND

METHOD OF MANUFACTURI NG THE MAGNETI C RECORDI NG MEDI UM AB r use in
a magnetic recording nedium a glass substrate (—T)’ﬁa’ﬁ_’;%ﬁéccf_%pri nci pal.
surfaces (3) opposite to each other and a peri phe mﬂ“ “ \m
contiguous to the principal surfaces (3). The pe‘ ea (2) has
a side end wall (A) and internediate regions (B. € tbetween the side end
wal | (A) and the principal surfaces (3) At |ease one of the internediate
regions (B,)C) and the side end wall ? is formed by a mrror finished
surface which has a surface roughness Ra not greater than 1l[err]. or a

sur face roughnesa;d?&axarpﬁmﬂe;uwha&q err]. Wth this structure, no

particles are generated fromthe peripheral side area (2) betause the aide
end surface of the gl ask: loagtiong ef(aaiq énmmaf-vmng#eas hsequent |y,

reproduction is ff Ry tha r geglse of no
generation of a l'l?qhehr ?ra‘f@%speﬁ'lg?f Jéﬁg 'ﬁ g%‘?& can %e surticientl y
avoi ded because of no projections which nmight result from the particles.

Fig. | REPLACEMENT SHEET 10 JAN 1998 1¢ GLASS SUBSTRATE MAGNETI C
RECORDI NG MEDI UM AND

|||Il||| jiiiii



ckground of the

I nvention: This invention relates to a magnetic recording mediumused for .
a conputer and the like. Heretofore, an alum num substrate has been w dely
used for a magnetic recordi ng medi um such as a magnetic disk. However,

t he al um num substrate has been gradually f[eplaced by a gl ass substrate
which s advantageous in strength and flatness as conpared with the

al umi num substrate. On the other hand, a thin-film head has been widely
used as a magnetic head. However, the thin-film head tends to be recently
repl aced by a magneto-resistive head..4UR bead) and a gi ant

magnet o-resi stive head (GWVR head). Thegefore, devel opnent woul d be

directed to a o m.whi ch n_be t.c with the
magnet o-r esi st 3 aua “gggﬁ W&hﬁm&m@m&@ﬁ@fﬁ@ as a gl ass
substrate. However, gﬁ-p NP‘?‘)X: ‘%ﬁbﬁﬁf

repr oducti on becones nor e fricult as a y1 ng econes | ower when

t he magnet o- rABSERAQE head runs along the magnetlc recordi ng nme ass s,
REPLACEMENT SHEETS SG , ErDescription paged .|. to paged . JWCain(s) .
paged ? . to pagedosuse in 2 magneic, WW@W&% bbpsiapair of r Abst r act

paged 3:to W@%M@%ﬁ%u&hoﬁoﬁd 10. iAlz\:i 1&98a(3)conﬂguousw
the principal surfaces (3). The peripherai side area (2) has a side end wall (A) and
intermediate regions (B, C) berween the side end wall (A) and the principal surfaces (3).
At lease one of the intermediate regions (8, 1C) and the sidé end wall (A) is formed by 2.
mirror finished surface which has a surface roughness Ra not greater than 1 #m or a
mgtﬁcemugﬁmkmnxmtgmaterﬂmnﬂzm. Wiﬁthisstmchue,nopatﬁcles&e

. generated from the peripheral side area (2) becanse the side end surfuce of the glass

“substrate (1) is mirror Finished. Consequently, reproduction is performed without
repmducﬂmmrsbmuseofmgeneraﬁonofathermalnsparityandahmdcxgshcan
be sufficiently avoided because of 1o projections which might result from the particles.
Fig. 1
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Summary.ofthe lnvention: |t (s.ak-oblect Qf this invention to provide a

magnet i carecording nedi um which is capable of reducing a reproduction
errer even if a flying height of a magnetic head becones | ow. 35

ment'i oned. abeve~—the-+epreduction error often oqccurs when the bk

hei ght of theRﬁﬁgﬁaﬂﬂﬁwﬁéaﬁﬁroecones | ow. Therefore, close investigation
has been cailjrifed out apout}the cause of the reproduction error. According
to the i-nvenfojs' 1@5ﬂﬁhﬁﬂ?n1a studies, it is found out that particles are
attached on a.prlnC|paI urfpce of a glass substrate and projections are
formed due fo LHe'palLILIEa bn t he nagnetif recordi ng medium  Such
projections lpring about _a_thefmal asperity which causes the

magnet o-resi stive head to generate heat. As a result, a resistivity of the
head is fluctuated and thereby, an adverse influence is given to electro-
magneti c conversi-on. [BLASSe SUBENRATE L MRENEFIPECRECORDENG® MEDTUgeARDat ed for
the magnetic disk after a glide test for checking a head crash. in this
case, various par tMEIEOD OF MHNHBACTURING: THEcMAGNERED RRGORDING MERTW| e,
such particles may include a particle which gives an adverse influence
when the head is afloat. Such a particle conprises an angular orirregul ar
configuration. Subsequently, the cause that the particles are att.ached to
t he conventional glass substrate has been investigated. As a result of the
investigation, it is i Background of the Invention:

This invention relates to a magnetic recording
medium 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 advantageous in
strength and flatness as compared with the aluminum
substrate.

. . On'the other hand, a thin-film head@ has been
'widely used as a magnetic head. However, the thin-film
head tends to be recently replaced'by a magheto-regsistive
head—{MR head) and a giant magneto-resistive head (GMR.
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 errors 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 _ : '
' RE@iA&Eﬂ%EWH‘*FEE”S it

5. Claam(s) paged %. 10 paged } Bl
JZ Drawing(s) : paged . ’5 to paged %
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f ' I urface of the
gl ass supstrate are attached to the principal surface of the glass
substrate. This is because the end side~surface3&§$hgg_'Tf§;%§%;ared W th
a principal surface of the glass substrate. SpebPMFiehEfiENl Wit

substrate is got in and out of a housing of a npatlerial such ag
pol ycarbonate, the side end surface of the gl asp suli€tJAN 49%8s |
contacted with an internal surface of th€ housipgl
"side end surface with the housing give rise to

and the generated partigles _are_.attached t hel-g <k Ha€e of the
gl ass substrate. Cbnve%@E@ﬁﬁ¥#§5i%ﬁLéﬂggﬂ££%%Lhas been generally paid for
the side end surface onky §5om tdifjedteWROLRls Of nvdht RGB! EabvH&L 6ot h of
the gl ass substrate. in contrast, "an attention 1s paird in U S. Patent No.
5,569, 518 for awaghietdcgeaeondioh mmidithewpach i £d emapgaplecbeneadddingtLhi ng
or polishing the side end surface into a chem cal polished surface. It is
known in the artrepygductien erxowevesl ifoai Shoths hefighd PE aowmegnetid
exhibits a nattb%%r gull fini shed surface. As a result, it has been
confirmed that d5PRECBA® LM f ace nust be precisely polished by
mechani cal polishing to,avol ' 0, t ' S ventijonal ly,
t he side end surface i'sagpﬁ%&%'%bg é%%%lﬁiﬁ%pkggbgb%%%él '
chem cal - et chi @cRi8CREEN | Ehd G1YANQIUERLERL SOPRHRS hagaBeiathedg of the
particles.' REPLACE 1T SHEET 10 JAN 1998 '|.

: becomes low. Therefore, close investigation has been

carried out about the cause of the repreduction 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 foimed
due to the particles on the magnetic recording medium.
Such projections bri?g_about a thermal asperity which
_ causes the'magneto-resistive head to generate heat. As a
P . result, a resistivit} of the head is fluctuated and
£héreby, an adverse influence is given to electro-
magnetic conversion.
v Further, the thermal‘asperity 1s often generated
for the magnetic disk after a glide test for checkiﬁg a
head crash. 1In this case, varlous particles bring about
the thermal asperity. ﬁor example, such particles may
include a particle which gives an adverse influence when
the head is afloat. Such a particle comprises an angular
or: irregular configuration.
Subszequently, the cause that the particles are
attached to ihe conventional giass subgstrate has been

investigated. As a result of the investigation, it is



4 Herein it .is assuned that a nagoetic recarding nediumwhich is

manuf actyred 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 other hand, the present invention points out
that generation of particles can be prevented by nechanically polishing
the side surface into a mrror finished 83urface w thout any deviation of
an axis in a nmagnetic recording nmedium Specifically, according to this

I nvention, the r?%;a S subsérate has a pair of principal surfaces opposite
to each other a "é‘sdpé?ﬁ'tpﬁ ph) the particles genetphRd dFom Respieerdal _
surfaces. The peJd al, Si | |_apd Lpiernedi ate
Fegi ons: bet veen THaseeqer LAE GLAM MikeRraty e yiRiear B LRLF TH <
case, at |east g¥itic@ballhsuipies reditdee gl 885 O htiche whig epd

wal |l .4e-:fornmed by a mrror finished surface which has a surface roughness
Ra not greater themauteutheoend sidd surfaceuid nesgyhREEX coopagedawktth A it in.
in this invention, no particles are generated because the side end surface
of the glass sulStingiBatssuriace,of thesabass cpthsdd@dne:| ySpreebfivrithg
function is not.red d the.thernal ;asperity. Eurther. a head . crash
can be suffici entl"lef/1 girigv%iﬁ) T subsq' l'}/or‘.i‘é'ld ot ?Sr?re%oﬁfé‘gc he

at [a]
ed BtHcE e pro ééﬁi

particles on t hefTRORELLFLAECRICH A3 BPEbRasETRACEMENSkEde dfla JAN 1998

surface of the glass substrate is inevitably contacted

with an internal surface 6f the housing. Such contactis
of the silde eﬁd surface with the housing give rige 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

i pald for the side end surface only from the viewpoint of

i a mechanical strength of the glass substrate. 1In
contrast, an attention is paid in U.8. Patent No.
5,569,518 for avolding generation of the particles by
chemically etching or polishing the side end surface into
a chemical polished surface. It is known in the aft that
such a chemical -polished surface 1s 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 avold generation of
the pﬁrticles. Conventionally, the side end surface 1s
processed by chemical etching. However, the chemical

etching process is not enough to suppress generation of

the particles. REPLACEMENT SHEET

10 JAN 198




x REPLACENMENT S}i T 5 10 JAN 1998 .Rrief Description of the Drawings: Fig.

1 shows a cross sectional view of a part of a glass substrate; and Fig. 2
shonws a“ graphical representation for use inillustrating results of glide
yield | osses of various sanples to specify the sanples according to this-
I nvention. Description of the preferred Enbodi nents Referring to Fig. 1,
description will be nade about a glass substrate 1 of this invention. The
gl ass substrate 1 has an end portion in dection, as illustrated in Fig. 1.
In Fig. 1, the glass substrate 1 has principal surfaces 3 opposite to each
ot her and a peripheral sjde aregtz contiguqus _to the I;)rincipal surfaces 3.

The peripheral side ar gfefeﬁé‘s 15 prsngdnthat 2 Jire Hd&r FEGPEFPFegi ons
B and € between pddigs %ﬁ@#ﬁé@é&%ﬁ%ﬁ ?ﬁetnli'see Rd# lep%l&aég_rfaces 3.
each o ate a i s

In the illustrated exanple, ea I nterne regi ene
intentional ly chaifstrede As0sBapedaid & @dsROWhION KWs aurtNamker i Ng process,

as will later be discussed. However, the internediate regions B and C may
be uni nt enti onalgeripherfrered durowigena pgripheny. orim tigd iesfenhy phecess, as
will later be discussed also. Herein, it i.s to be noted that the side end

Vall . A and t hédMfreAREdithecortef dpriphgries aye intequlardy etabeded by

T o' il S BB FRELE e BUeleEL L e B Shed surfaces

On the other hand, the present invention points
out that generation of particles can be prevented by
mechanically polishing the side surface intc a mirror
finished surface without any deviation of an axis in a
magnetlic recording medium.

Specifically, according to this invention, the
glasa substrate has a pair of principal surfaces opposite
te each other and a peripheral qide area contiguocus to
the principal surfaces. The peripheral side area has a
side end wall and intermediate regions between the side
end wall and the principal surfaces. In this case, at
least one of the intermediate regions and the side end
wallwis--formed by a mirror finlshed surface which has a -
surface roughnesé Ra not greater than 1 z m or a surface
roughness Rmax not greater 4 pz m.

In this invention, no particles are generated
because the side end surface of the glass substrate is
mirror finished. Consequently, reproducing functlon 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
' 1 G JAN 1998




entative of the
center-line nmean roughness (defined in Japanese Industrial Standard JIS B
0604). The nechanical polished surfaces will also be called mrror
fini shed surfaces herei nunder because they are subjected
fini.shed process. However, such a mrror finished surfac :
at | east one of the- side end wall A and the internediatef riegi ons B and {C.
In this event, the surface roughness Ra falls preferably iin 10RAN 98e jof

0.001 to 0.8 p m and nore preferably, in the range of 00 01 to 0.5 A m

Alternatively, the m rr(grjfeifniD%Eggiﬁyf f2¢% TRY Be :{egr.esent ed by a surfadge
roughness Rmax, where 1 '

of a difference betweernrsgy hiigBgsihs 0id¥osaNdeat LONEP VAR Ve a pAstesd of
Ra. In this event, the surface roughness Rmax may be not greater than 4 1t

M Preferably, téaerkesd muabstiratghtadd®ax falls wthin the range between 0.01
and " 2 Ain, and nore preferably, within the range between 0.01 and *--P,
m Thus, the gl ass substfigt-e 21she¥sralignpphdcehi seprenantatdonhfiortwee nirror

finished surfaces each of ich_ is specifi by, the surface _roughness Ra
not greater thanﬁ'1 fajfjt“ r‘mqf’ﬂerg’ﬁ‘?]ftgé’fr aagﬁﬁeﬁf*%e%&s Sﬁe’é?g*‘“ﬁlan 4
It in. Under thefid1GaRia 't”Pg cQRf AL 43 h 0 projections
are generated on ﬂﬂe pri nc?%gﬁiﬂs'ur acsseagls§?sr§§%+%l n -fttroo%hg’ﬁe surface

roughness of theinwimddonnd wall A and the internediate regions B and C of

.S i
| -
L ) d

Description of the preferred Embodiment:

Referring to Plg. 1, description will be made
about a glass substrate 1 of tﬁis invention.

The glase substrate 1 has an end portion in
section, as jllustrated in Fig. 1. 1In Fig. 1, the glass
substrate 1 has principal surfaces 3 opposite to each
other and a peripheral}side areg'z contiguoﬁs to the
principal surfaces 3: The peripheral side area 2 has a
side gnd wall A and intermediate regions B and C between
the glde end wall A and each of the érincipal-surfacés 3.

In the illustrated example, each of intermediate
regiene . B and C is intentionally chamfered into a
chamfered port}on by a chamfering process, as will later
be digcuased. '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 side 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 # m, where Ra is




the-glass.substrate 1 Consequently i bas heep found RRPLACEN NT SHET 7
E10 JAN 1998 out that no thermal asperity is generated...Further, rounded.
surkaces 4 are formed between each of the principal R ACES 2874 "
the internediate regions B and C. in addition, roundeg——st<ices
formed between each of the internediate regions B afd C,]

wal | A. Each rounded surface 4 has a radi us betweenj Ot 2

preferably between 0.2 and 2 nm and noré& preferabl . 1
mnm .Generation of the particles can conpletely be revented by formjng the
rounded surfaces 4. Specifically, if angular surfaces 5@ et ween
each of the pri rﬁqpﬁ%ﬁseg%af’ég‘ésc’% hey cert rﬁili‘?ﬁe‘“ear%trﬁﬂqgafeﬁ?e ¢ B

and C,or between, ook Snal it e d ahAaLAA A0 Betid C and, Lhe side end

wal | A the angu surfaces gener at e particles when they are

contacted with hieHiTaldpoliehed GuarfadesowdiNtaidsd Pehcallaganiifk the
rounded surfaces 4 are fornmed by - nechanically polishing the angul ar
surfaces 5 to avdindshgdnenufaces dfeneisupderi béemseltbeyoandegukledtast 4 has

preferably the surface roughness Rmx of 0.01-2 U mand _the surface
roughness Ra of Y GoFiFrPE FinighRd PFPERER abI§Pvevate SUFRaR™IBERfhness Rrax

of 0.01-1 A m ar}:clntt‘%%eﬁug PFEoe " ﬁlﬂ@%,g aooﬁ 0%93%}%180113. s Eg. still

nore preferably, e surrace roughness Rmax u-mand e surface
roughness Ra of 34@0tnl waP1 M AhdtheOintsPhedi SV eLGa%IohE BCAAPdRA 10T T he

peri pheral side area 2 of the glass substrate 1 to obtain
this event, the surface roughness Ra falls preferably in
the range of 0.061 to 0.8 ¢ m, and more preferably, in
the range of 0.001 to 0.5 B m.

Alternatively, the mirror finished surface méy be
repfesented by a surface roughness Rma;, where Rmax i1s
defined as a maximum helght representative of a
difference between a highest ﬁoint and a lowest point,
instead of Ra. In this event, the surface roughness Rmax
may be not greater than 4 px m. Prefefablx, the maxlmum
ﬁeight Rmax falls within the range between 0.01 and -

2 £ m, and more preferably, within the range between 0.01
and if1wnh

| 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
I #m or the surface roughness Rmax not greater than
4 # m. Under the circumstances, it has been confirmed
that no projections are generated on the principal
surfaces 3, resulting-from the surface roughness of the
side end wall A ana the intermediate regions B and C of

the glass substrate 1. Consequently, it has been found
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1448 8 ';[ - --- - | Specifically, the mrror finish process S carrled
outsby nechanical polishing, such as brushing, buffing, t-shimy he
use of a polishing pad, such as a soft polisher and a HEﬁL BN E ! | a

solid or a liquid polishing substance, such as | oose a rdsives, bonde
abrasives, slurry, and the like. At any rate, the nechgnijcaqQpaN ¥88ngd rfay
be perforned by conbi ni ng nechani cal polf%hlng of diffgrgnt types and
mechani cal  polishing carried out by the use of differe rtshers 'in

grain size and tgggstﬁgtqgggﬁﬁgégi %%éé£¥%#1 §Qﬁg g&f ce having-the-

above-nenti oned surface rou |sh|ng may be referred
to as physical polishi nguamedy,n2Busdéa mﬂr&%&m Eﬁé £XEHEY PHetidensoft
pol i sher may include a suede, a velour; or the like, while the hard

pol i sher may i neaglkeohaklg: \padimud.paloalmcmseﬂhané epch oFE iuher egnat ed
suede,-or the like, Further, the abrasives na&alnclude for exanple,

cerium oxi de (Cetphersgdiate, regiopgs Band Gog InxpaatEiema)roundedni um oxi de

(Cr203), zirconi tjtani um ).

il lustrated exarrprq:P&(‘f%s 4 (atre %é?“ﬁ?dbet?weeﬁnoﬁ?cﬁcﬂg t(gareid'?t'e eﬁ&ﬁg? B and C
are Tor med on bObigl A4S a0l ENEnd! tife H¥heVehl du1 TTET ot rolyAed, 1 Of
finish process is perfornmed for the internediate regions B and C. As a
result, no partisheface & Gascraradids Gotwelea 6LZcawddioaln, Arafidrablby

|nterned|ate regions B and C
between 0.2 and 2 mm, and more preferably between 0.2 and

1 mm. Generation of the particles can completely be
prevented by forming the rounded surfaces 4.
Specifically, i1f angular surfaces 5 are formed between
each of the principal gurfaées 3 and each of the
intermediate regions B and C or between each of the
;ntermediate regions B and C and the side end wall A, the
angular surfaces 5 ﬁight génerate the particles when they
are contacted with the housing. ﬁhéreforq, according to
this invention, the rounded sﬁrfaces 4 are formed by
mechanically polishing thé angular surfaces 5 to avold
genexation of the particles. The rounded surface 4 has
preferébly the surface roughness Rmax of 0.01-2 g m and
‘the surface roughness Ra of 0.001-1 u m, more preferably,
the surface roughness Rmax of 0.01-1 g m and the surface
roughness Ra of 0.001-0.8 2 m, and still more preferably,
the surface roughness Rmax of 0.01-1 z m and the surface
roughness Ra of 0.001-0.5 & m.

A mirror finish process is performed for the
peripheral side areé 2 of the glass substirate 1 to obtain

the mirror finished surface as mentioned above.



even if the glass substrate 1 contactswith.a housing at the peripheral
si de area 2 when the glass substrate 1 is jkVAMENTSffrfJ 9 10 JAN 1998 got

insand out of the housing. The mirror finish ;" nmechani cal
polishing for the peripheral side area 2 may @%ﬁﬁﬁﬁ@ﬁﬁﬁ | ter or
before the principal surfaces 3.of the glass |sybstrate 1 arg ] apped or
polished. I'n general, the polishing or | appi pgjpridzésN %28 df vi ded into (1)
a rough- grinding step, (2) a lapping stef, (3)La_first polikhjng step,
(4) a second polishing step. Taki ng the abovejinto considerat}on, the
above- nenti oned [ L sh, procgss b ach, of the
steps (1), (2), %%5 f¥icﬁ&q€4)tg?o? E%tha isﬁ r B may

be performned afﬁ@éhéﬂ%aaogaﬂigﬁlﬁkg hohl @R bAhSRIRA! iB@ieing, L he mrror
finish process may be perforned after the |apping step, ﬁg first

pol i shi ng step, mpolidkdngebgnthe pasé SO g pollephinbgras,t mcm akOoa &b8i sh
process is perfornmed before the | apping step, the peripheral side area 2
is often slight Bekinhgr Bydsanh%r@umiﬁsrheﬂfheamﬂa&)[ﬂﬂg&sma liguhd additi on,

it is preferable that .the principal surface 3 of t | ass. substrate 1 has
the surface rodﬁﬁgg ﬁB?tﬁﬁééi 4&h3ﬁ §°?%ﬁ1ﬂQfﬁ&PgFént bopded her nal
asperity. No |irgd,atd ggsls ﬂ?n&%ﬁf the ii@%e 5F_a%&zggggfa%ﬂ t hi-ckness of

the gl ass substrate 1°n th ion. ass-“su e 1 may be
formed by gl ass n@clﬁha&al §61:@éﬂ:[3!§g nlay bBi pesfiiied by ebaABIniRy be, for:

exanple mechanical polishing of different types and mechanical
polishing carried out by the use of different polishers
in grain size and types to obtain the mirror finished
surface having the above-mentioned surface roughness.
The mechanical polishing may be referred to as physical
polishing or dynamical polishing.

For example, thﬁ.soft polisher may include a
suede, a velour, 6r the 1ike, whilg the hard polisher may
include hard ?élour, foamed urethahe, pitch impregnated
suede, -or the like. Further, the abrﬁsives may include,
for example, gefium oxide (Ceoz), alumina (7 —Alz 3), red
oxidn—433203),_chrom1um oxide (Cr203),-zirconium oxide:
(2x0,), and titanium oxide (T10,).

In the 1llustrated example, the intermediate
regions (chamfered.portions) B and C are formed on both
sldes of the side end wall A. Thereafter, the mirror
finish process is performed for tﬁe internediate regions
B and C. As a result, no particles are generated from
the side énd wall A ﬁnd 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 1is



al-um = - silicate gl ass,

al um noljorosilicate glass, borosilicate LJOJAN1998] 10 glass,  silicate
glass and chain silicate glass, while the (¢lass-eeran.cs_mny be, for
exanpl e, crystallized glass. By way of exanpl el RUENT SHEE'E cate gl ass
is exem plified and may contain, by weight, 62-7%5 15 % of

0
A1203, 4-10 t of Li20, 4-12 % of Na20, 5-15 % pf f I h jconponents.
in addition, the glass includes a weightZrati of%§§§3?§%§g ich falls
within a range between 0.5 and 2.0 and a wei ght TatTo—of—A~203/ Zr02 whi ch

falls within a r@ﬂfﬁ’ﬁ%ﬁn‘&e%tobécﬁﬁg-hzd‘%i% asttgo chemcally reinforce the

gl ass substrate. such em calTy®fei nforced gl ass preferably

contains, by mol % 57qh¢ ¥iekor Ak ptoBedt OdudNQL thd hecKaRic4i203,
7-16 t of L4O2, and 4-14 % of Na20 so as to renove projections on the

princi pal surfaqesliZhilmgc foreshét perfphemalnsdie bhres b Magnbescarr¥sd?2. The
chemcally reinforced alum nosilicate glass which has the above- nentioned

conposition i s SePRAr PR bréase crhire pdnalngl surfaqnsh 3and Kheoplass
enough. in thi s SHRESIRRENL. “FAC-GRRAA F PPLIARGH CorkhBoHeEAhcthbde by
Cubstrat o 1 o Foseyanopos (EMPEnd prbacll 15 MRA Al bkt of. M o
the -known chemrdaldingi stepreEnta Qapphagusesk ) Dhaniraakkypol WMy ce t he
gl ass substrate 1. However, the ion exchange nethod is preferable as
conpared with tta;epatﬁé) a second polishing step. Taking the above into
consideration, the above-mentioned mirror finish process
may be performed after each of ihe 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
pclishing 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
lapplng step. _
e In addit;on; it is preferable thatlthe principal -
surface 3 of the glass substrate ! 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 thickness of the glass substrate 1 in this invention.
The glass substrate 1 may be formed by glass or glass
o ceramics. In this case; the glass may be, for example,

aluminosilicate glass, soda-lime glass, scda alumino-

sllicate glass, aluminoborosilicate glass, borosilicate
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glass, silicate glass and chain silicate glass, while the
glass ceramics may be, for example, crystallized glass.
By way of example, the aluminosilicate glass 1s exem-
plified and may contain, by weight, 62-75 % of Sioz, 5-15
% of Al,0,, 4-10 % of Li,0, 4-12 % of Na,0, 5-15 % of
2x0, asg main components. In addition, the glass includes
a wgight ratio of Nazo/Zro2 which falls within a range
between 0.5 and 2.0 énd a weight ratio of A1203/Zr02

which falls within a range between 0.4 and 2.5 so as to

chemically reinforce the glass substrate. Further, such

chemically reinforced glass preferably contains, by mol
%, 57-74 % of Sioz, 0-2.8 % of Zn0,, 3-15 % of A1203.
7-16 % of Lioz, and 4-14 & of Nazo 80 as to remove

projections on the principal surfaces 3 which results

" from insoluble substances of Z2x0,. The chemically

reinforced aluminosilicate glass which has the above-
mentioned composition is excellent in transverse bending
strength and Enoop hardﬁess. In addition, such a glﬁss
has s~eompressive stress layer deep enougﬁ. ‘

In this embodiment, the chemical reinforcement
can be made by performing an ion exchange method at a low
temperature for the glass subetrata.l to improve

properties against impact and vibration. Instead, the

known chemical reinforcement can be used to chemically

reinforce the glass substrate 1. However, the ion
exchange method is preferable as compared with the latter
method from the viewpoint of a glass transition point

because the former is carried out at a temperature less




