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GLASS SUBSTRATE FOR MAGNETI C DI SC The present disclosure relates to
subject matters contained in Japanese Patent Application No. filed on
, Which are expressly incorporated herein by reference inits
entireties. BACKGROUND OF THE I NVENTION Field of the Invention
[ 0001] The present invention relates to a glass substrate for a
magnetic disc used for a magnetic disc. Description of the Rel ated
Art [0002] Al ong w th advancenent of information technol ogy,
i nformation recordi ng technol ogy, especially magnetic recording
t echnol ogy has been significantly inproving. As a magnetic recording
medi um nount ed on a har@-ABSGCURSTRATEHDDR , Mk RTH D $I688e of t he
magnetic recording nedia, or the |like, a magnetic di sc has been
known. The magnetic disc is configured by including a filmof nickel
phosphat e %PIP or the |i ke which_is deposited on a netal substrate
of al uni nu UnfaFFo9sore Ei?l%aﬁérﬂ PUPTSCY BALAGES rfgvnatalned in

f dat i | a t.ect I

oungat] o J BXFeye B IBINCLL Lot RoPIBNSTLLOn LRISE o 2 Bcasn,
I h | del d f ic di

o um rum g5 9?5%%%%@@%%&5%@5@5%@%%&%:Vatzs;, SERRE O 5,

hi gh density recording of the nmagnetic disc, the alum num substrate
is replaced by a glass substrate having superior flatness and

substrate strength of the suggkbele SHrf@&eervaaIowl um num substrat e.

Field of the Inventicn
{0001) The present invention relates to a glass substrate

for a magnetic disc used for a magnetic disc.

Description of the Related Art

[0002] Along with advancement of information technology,

information recording technology, especially magnetic

recording technology has been significantly improving. As a

magnetic recording medium mounted on a hard disc drive (HDD),

which is one of the magnetic recording media, or the like, a

magnetic disc has been known. The magnetic disc is configured

by including a £ilm of nickel phosphate (NiP} or the like which
is deposited on a metal substrate of aluminum-magnesium alloy
or by sequentially laminating a foundation layer, a magnetic
layer, a protection layer, and a lubrication layer on a glass

substrate or a ceramics substrate. An aluminum has been widely
used as a substrate for amagnetic disc conventionally. However,
along with space saving, flattening, and high density recording

of the magnetic disc, the aluminum substrate is replaced by a
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[ 0003] Moreover, a glass substrate having high rigidity has an

advant age because inprovenent of anti-shock property is required if a
| ar ge-vol unme substrate is to be nounted on a nobil e phone or an

aut onobi l e. Si ze of a substrate has been mniaturized to be nounted in
a nobil e phone. Therefore, a 1.8-inch substrate, a 1-inch substrate
or a smaller substrate has been requested instead of a conventi onal
3.5-inch or 2.5-inch substrate. As the substrate becones smaller,

di mrension error becones snaller and nore precise shaping i s demanded.
[ 0004] Fur t kérssaubdersithayiawtstupel isagettne ssecel shmg: tachsotagytH S
progressed, a magnetic head has changed froma thin filmhead to a
magnet or esgt dhe esiesitr (R shuegddiet bo aami anmimagneubstreseést ance head
(GWR head) and floating anobunt of a nagnetic head froma substrate
has been ndPPBied to MOXAPBECI e IlaBscgubat hilghdraviewohdphgr devbitty
IS denandegﬁin the future along w th such a demand, a magnetic head
is also deRAARLEAERIYIR PRGREFS IMBUOSFREN R tleBRRl (8ROt PSPRBFEY 7

trol of _the.above- ti floati f tic h t
aal | 26 | oFERTH ALE Ay AL U SUHHA08 CAFP SP By NALOF Pyig L2
hei ght (DF ; I . heat o
embedded | A3 eaghet 12 Boch Rhe neathrvel Shodt SURErATE Rl Rasd:

the magnet henhgad-i 5 LRy @)teeﬁloﬁﬂﬁe%lhﬁl RN G Beadel s Pherd®IlY A

expanded by the heat and is slightly projected to a magnetic .
1.8-inch substrate, a l-inch substrate or a smaller substrate

has been reqguested instead of a conventional 3.5-inch or
2.5-inch substrate. As the substrate becomes smaller,
dimension error becomes smaller and more precise shaping is
demanded.
[0004] Further, as density growth of magnetic recording
technoleogy is progressed, a magnetic head has changed from a
thin film head to a magnetoresistance head (MR head) to a giant
magnetic resistance head (GMR head) and floating amount of a
magnetic head from a substrate has been narrowed to 10nmor less,
Because higher recording density is demanded in the future,
along with such a demand, a magnetic head is also demanded to
float lower.
[0005] As a technique to stabilize contrcl of the
 above-mentioned floating amount of a magnetic head to realize
lower floating amount, a technique called dynamic flying height
(DFH) has been recently developed. Aheater element is embedded
in a magnetic head. The heater element generates heat when the
magnetic head is operated and the magnetic head is thermally

expanded by the heat and is slightly projected to a magnetic
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disc. Thus, it is possible to set a nagnetic spacing which is

magneti c space between the magnetic head and the magnetic disc to be
small only at that tinme. In other words, DFH is a techni que which
enables to | ower floating anount of the magnetic head fromthe
magnetic disc. [0006] Lower floating amount is realized by the DFH
head. However, an MR elenent is nounted in a magnetic head and as

uni que troubl es thereof, head crash or thernmal asperity may occur.
Because they are caused by fine convex or concave irregularity on the

magneti ¢ diggesuniase. e mBINALiS « g WlgRe L8 Lo ethlg, have

[ 0007] Abov qﬁ§§ﬁQ§ quFI r

pl at e glasgla nQ%%9§§%gFar sha eEﬁ% Q%l égghgdﬁg%gxﬁg % ured
by a heret QEQTeesﬂﬁM‘A@nI@EEQ@\a%U@ﬂn@S @n%%%rq{cﬁ‘ﬂs”e@}ﬂ@Qs A Hifi%ue
nmethod, a float method,” a redraw nethod, and a fusion method shown in

t he Patent wmcumablés(ubap@melealbiw hﬁduhh@faiﬂé\ﬁﬂgi?@tﬁé\head from
Application No. 1109-124345) using, for exanple, nolten glass as a
mat eri al . [FRateagnddicunémsic.l] Japanese Publi shed Unexam ned Pat ent
Application No. 1109-124345 [0008] Meanwhile, there is a case where a
forei gn matPee6I (i npukprey ﬁlm@\tllpabaryomnamerﬁdtle@dabgIté@sDEIdltb@taldat e
in a manufacturing process. There are two types of the foreign,

matter: onEOVEVEhaaD y&ﬂleﬁﬁeﬁlézﬂe%mwwq h@ am%m?%a@a e e

the other |s eri of fbI ate V\/&I ch did not nelt and
renai ned tt tpe e%ﬁ???gp ' ﬁeéﬁ rPB nﬁ?p?ﬁﬁF%dE§’QQQﬁﬁuun
Pt db t 4 f
fat%e?ninc?é§9%42|r%@k%%%?%gfgalﬁfﬁg C:(PjiW&and tlggv urnace f$ Ken,

the forei gghmehd eﬁa?a@@ltcs B A seir¥akal tﬂetllas G A5S- dfgé @}&@c%a'l@
surface or edge surtace is ground and’ pol |shed many tinmes in

process of ragmidaftuy inageahghRSSmSeigtidsd @ndp@nbepbsa. forei gn m':ltter
is exposed froma surface |ayer of the glass substrate while the rest
is included@0®’t he gl assvetrirsttriatred glass substrate can be
manufactured by cutting a plate glass in an annular shape. The
plate _glass can be manufactured by a heretofore known method
such as a down-draw method, a press method, a float method, a
redraw method, and a fusion method shown in the Patent Document
1 {Japanese Published Unexamined Patent Application No,
H09-124345) using, for example, molten glass as a material.
[Patent Document 1] Japanese Published Unexamined Patent
Application No. HO09-124345
[0008] Meanwhile, there is a case where a foreign matter
{impurity) inevitably contaminates a glass substrate in a
manufacturing process. There are two types of the foreign
matter: one is that contaminates from the manufacturing
equipment, the other is material of blank (plate glass) which

did not melt and remained to be a crystal. An example of the

former includes platinum (Pt) and boron (B) which are materials
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[0010]In a case where the foreign matter is exposed on the surface

| ayer of the glass substrate, because hardness thereof is different
fromthat of the glass surrounding the foreign natter, the surface

| ayer does not cone to have enough snpot hness by mirror polishing and
there is a possibility that |ow floating amount of a magnetic head is
prevented. Moreover, since the foreign matter is crystallized,

anor phous soft magnetic layer is slightly crystallized and domain
wal | noise (magnetic wall noise) is increased. Further, an adherent

| ayer for ekoaemlgladhgrirngntbe. f ovhdalaorel ayeeldded hei stsitumat €)i,s
also slightly crystallized and therefore there occurs variation in
adher ence Lathien athier emd [tagetikeausi ng | owered adherence. Further,
crystal orientation of the recording |ayer may be disarranged and
there is alp®l8l] bilit Fhenatthenperriedrenatber SENSEatdD A GryFt@leht ddie

[ 0011] Conventi onal t he above-nenti oned probl ens did not occur
because fraétr%g é%bﬁegt}fm?h% TGRS ©CThEdgenasTFargels HERNASH andue

to demand fo record g density in rec that is
h

% i ent mand
for lower PP %ﬁr QﬂﬁﬁJﬁﬁme &) %%a%%?cﬁﬁsoﬁ nu%@%ﬁ%ﬁtqg(ﬁlﬁ%a

substrate It Is I cul oreig er w a part

thereof expgsed offr QHé t&teasssugtegeréeey%tu% tm@ r%BESH ale1h¥es! ler@ft%'eng
Mor eover, since greater part of e foreign matter exists in

substrate gldss tsurstreeved in the pol i shing process, there occurs a
concave defect on the gl ass substrate. Therefore, such a cause which
i ncreases [00hhhess bé&posesasn wheper that fqraliremanhen as saisigeat en
with a surface roughness (arithnetic nmean roughness) Ra of 0.3 nmis
manuf act ur be ab OhERA ik ve rderfartdef arlasive sabsveahentberrisd dwxdneasi ng
amount. [0013] Moreover, in a case where a foreign matter is_included
in the gl akke %%%tlrSatdéff&r‘ffafléréﬁ% Fhat ng e egﬁaﬁstwwlﬁt%r@m

bet ween th Iass sggstr e and_t he forergn matter beco EEprob em

Bach of t hECTaYa &2 & AU F oG AANeerorey 8°C SOR RabREt IRoka er
A oo b eiile b9 G0 BY: SRid SRLNG AL BoBLIEEERL PG nar

i ncl udes su g proce sThg ecause €~ anoun

expansi on oy thgat PhgiacduRRidCh B the r%ams%&la%h%e difd&lovdye to

the difference in thermal expansion coefficient, there is a case

where the gimss snbstbateghsSmareken.isl fcxtmagllasedsula&bﬁ:@heuss sbireken
during the sputtering processing, not only is the glass substrate

| ost, but magrimEciomesyenpiossilbbbtlp carstyldutethengdonessi vl f exiether
glass substrates without renoving debris that flew. Therefore,

manuf act ur irpTRdEesal § sohsavillsyinqifdasedcedfurther, an adherent layer

for closely adhering the foundation layer to the substrate is

also slightly crystallized and therefore there occurs variation

in adherence in the adherent layer, causing lowered adherence.

Further, crystal orientation of the reccrding layer may be

disarranged and there is a possibility that improvement of S/N

ratio 1s prevented.

(00113} Conventicnally, the above-mentioned problems did
not occur because floating amount of the magnetic head was large.
However, due to demand for high recording density in recent

years, that is, demand for lower floating amount, they became
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SUMVARY OF THE | NVENTI ON [ 0014] Therefore, the present invention ains

at providing a glass substrate for a magnetic di sc which
significantly lowers influence by a foreign matter in the

manuf act ured nagnetic disc and in the manufacturing process thereof,
on an assunption that it is inpossible to prevent contam nation.

[ 0015] To sol ve the above-nenti oned problens, a typical configuration
of a glass substrate for a magnetic disc according to the present
invention is a glass substrate for a magnetic disc for manufacturing
a magnetic disc by formng a magnetic |ayer wherein a foreign matter,
which is ipephdedsin the gl ass substrate, exists in a surface |ayer
of the glass substrate for a magnetic disc, the glass substrate being
amor phous dP44¢] and £ReCE]9R Wirdshe Updi-bEgh TRRIIGN MILWRE M Htarhddze

that does not preveni floal qf a neti c head when_a magnetic disc
i s manuf acPlr 582by 6717 n‘?;li atqﬁg?@%galtﬁyelltaﬁﬁ FhEDt potlat & TR =

ti i i .. [ 001 ifi fi ti wh i th
126 of t neOF 5t T G HodsPRGT EIEVEN TEBSPor Phe G TAES |
di sc i ncl uq§§e9 %fxé substrater Oéléar{mgﬁt'ﬁof%areﬁ O%iHEQ AL ng
a magnetic disc by formng a maghetic [fayer wherein'd foréi mat ter

exists in pasHréaaed ayeeigh hdterdd asg ssubshrate sMpskeapart it har aqf
bei ng embedded in the gl ass substrate and the other part being

exposed fresmbhed ghadse subsshbi@pandesbe thieze adcilica fohehgs dadder
existing in the surface layer is limted to a predeterm ned size or
smal | er fopnfthealiasg swmaitatef. aThegrBine: sihaad.cajue Whider ojcrdwsesi ze
of a foreign natter can be understood as diameter of a circunscribing
circle of FREIRRRET HECPREFer) PRALEENt Beehlse e Rosebghrans twdithi s
partially enbedded, protrudi n(r:; hei ght fromthe main surface of the
gl ass subsfr3teeH FONSNBRSH (3 e HEtEonpar t HIFESgr 82ra&ibr’ ™8y a

conbi nation_t hereof . can,he a standard. That i al.t hough the size of
Che forel gneareERep SRR atedot A Rtaahated tae Mty BenEAgnsa 1w
floating a : Mdiegd, even if height of the protrusion is higher
than the f?ggﬁﬂgé anount of the magnetic head, if the protrusion is

extremely thpn3pnd tapgredve£f ash H088sBOL,HREEUL SRR iWRERLRRr is
magneti c head hits the protrusion. Therefore, it is poSsible to

regul at e t heckadsd ofint hehd ogekgs rAIHAIradiy, usel Ofe erenbinatim@imafll

the height of protruding portion of the foreign matter and di nension

of the bot eppapaidn tdesfeifcient between the glass substrate and the
foreign matter becomes a problem. Each of the layers such as
the foundation layer, soft magnetic layer, and recording layer
is formed by sputtering and this processing includes sudden
heating processing. Then, because the amount of expansion of
the foreign matter and the glass substrate differ due to the
difference in thermal expansion coefficient, there is a case
where the glass substrate is broken. If the glass substrate
is'broken during the sputtering processing, not only is the
glass substrate lost, but it becomes impossible to carry out
the processing for other glass substrates without removing

debris that flew. Therefore, manufacturing process is heavily

influenced.



[ 0018] According to the above configuration, it is possible to
significantly lower influence of the foreign matter existing in the
surface | ayer of he glass substrate, to enhance | ower floating anpunt
of the magnetic head, and to inprove high recording density of the
magneti c disc. [0019] Moreover, material of the foreign matter may be
pl ati num Many types are included in the foreign matter which

i nevitably contam nates the glass substrate. Especially, if platinum
(Pt) which is material of a nelting furnace contam nates, because Pt
is crystallized foreign matter, a soft magnetic |ayer may be
crystallized and domain wall noise (magnetic wall noise) maybe easily
formed. However, according SW81ARYe Ofr 9EnENVENEHIN on, even if the
foreign natter is Pt, it is possible to prevent fornlng of donai n
wal | noi se. Oo%bzo]ltThgrﬁF@F%’r 5Breepmﬁantth%V%ntzJ@rbﬁl%@tfmwgﬁnq

tt t 1 | Th t
ossr bl ot Bdiabs Spehiate e na B Fﬁ%?&éﬁ&%%%ﬁ?@%aéniﬂqwﬁrs

[0021] The fgE h&'f'c SR LELX] 36 119 LD e, SuLtase l aveq %Ei—?ed 5% t

crystal struc ure se of "acrys rz&

i s possi bl gnaqnetwhaﬁh@a&b@rim Lygpees tt'?l% eek %CQ&%ls@qmbgMethat

present invention and therefore it Is pOSSI le’to prevent ormat1 on

of domai n wal i s DS iMAGNebi privéht Ns@niButebyst al i zation of the
soft magnetic layer. [0022] It is preferable that dinension of an

aperture of [@0Orti onTonsdIne= sl abevkayent Wresce pirbe 1 £as gi gt yipaldaer
is enmbedded is 3.14 pn2 or less. Thus, it is possible to surely
prevent deecpriseuiatisur$healeseghiessate0iR3d Maghst peefiecablie ndialy

the size of the foreign matter
to the present invention is a glass substrate for a magnetic

disc for manufacturing a magnetic disc by forming a magnetic
layer wherein a foreign matter, which is included in the glass
substrate, exists in a surface layer of the glass substrate for
a magnetic disc, the glass substrate being amorphous glass, and
the size of the foreign matter is within a size that does not
prevent float of a magnetic head when a magnetic disc is
manufactured by forming a magnetic layer and incorporated into
a magnetic recording medium.

[(0016] A specific configuration wherein the size of the
foreign matter does not prevent float of the magnetic disc
includes a glass substrate for a magnetic disc formanufacturing
a magnetic disc by forming a magnetic layer wherein a foreign
matter exists in a surface layer of the glass substrate while
part thereof being embedded in the glass substrate and the other
part being éxposed from the glass substrate and the size of the
foreign matter existing in the surface layer 1is limited to a

predetermined size or smaller for floating amount of a magnetic
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existing in the surface layer is 10 tinmes or less than the |ead track
width. Thus, it is possible to efficiently prevent decrease in
surface roughness. [0024] Moreover, a typical configuration of a glass
substrate for a nmagnetic disc according to the present invention

i ncl udes a processing step which includes heating and a processing
step for form ng a magnetic |layer to manufacture a glass substrate
for a magnetic disc wherein it is preferable that the size of a
foreign matter included in the glass substrate is 5 pmor |ess.

[ 0025] Acconeladig to the above configuration, it is possible to
significantly | ower influence of the foreign matter existing in the
surface | ay@@ldf the Geesstbabsitzeat®a fooredghareds: d rowen belwateinsg ood
amount of the magnetic_head, and to inprove high recording density of
t he magnet#g ddiageterodDe] Algrassceilbianta giecioroimhef feretdmeaaster.
magnetic disc through a processing step including heating and a step
of form ngl&$EnetdSCaSPer PRnEPEFHOR NBa kTSR bF RA¥ighadilgn ambedded,

i ncl uded i h I b [ f bl I . .[0027] Th

ol ass substrarefil Reinet P Saetnt it Shieed of (h mintrsutraake
ic di i ing.. Th I .

magnet i ¢ %ﬁeﬁ’!@do% oHifR bgnlt?g)IﬁI réaﬁzﬁfoﬁ%eég&g{r%'sﬁ%n I Catdtbination

h
substrate a ‘magneti ¢ actur y a mafdutacturing ne

according {0 tdr RLESEAL; isRWEALEQN enfances d ouel i gag! g, agpupt, of

a magnetic disc than a glass substrate for a nagneti i sc

manuf act ur eshbiyrad e tH=en2b10pt hadr Fheeghaletol brl SmARRESPEhahe
that the glass substrate for a magnetic disc according to the present

i nventi on fkoatsied boouat rEEgaaidxd desenvitd dbighpl @ sheagnethision is
recordi ng nmet hod using a DFH head having |l ow floating anount of a
magnet i ¢ hebgheq 0028] The Blbwmrdngeanbened hadgweragneayerhaml, bé ahe
per pendi cul ar magnetic recording | ayer. As nentioned above, a
magnet i ¢ PR GG att GFEFCHF LY He imaAlf dePeriefly FeaHodoae omtdpPagUt o

the present inventi hardly fornms dopmin wall noise and therefore is
Sui tabl o TOFS™A BEPpE AR LHRAC A GHEE! BT &COIIPRG SREAI B WHIEKSEEgR! r os

hi gh recor{¥|1 %%§§EE¥6 gg“?egulate the size of the foreign matter by
use of a chmbination of the height of protruding portion of the
foreign matter and dimension of the bottom part thereof.
[0018] According to the above configuration, it is
possible to significantly lower influence of the foreign matter
existing in the surface layer of he glass substrate, to enhance
lower floating amount of the magnetic head, and to improve high
recording density of the magnetic disc.
[0019] Moreover, material of the foreign matter may be
platinum. Many types are included in the foreign matter which
inevitably contaminates the glass substrate. Especially, if
platinum (Pt) which is material of a melting furnace
contaminates, because Pt is crystallized foreign matter, a soft
magnetic layer may be crystallized and domain wall noise

{(magnetic wall noise) may be easily formed. Howevexr, according
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is, a perpendicular magnetic recording nediumincluding the glass
substrate for a magnetic disc including an adherent |ayer, a soft
magnetic |ayer, a foundation |ayer, and a perpendi cul ar nmagnetic
recordi ng | ayer can achi eve high recording density. [ 0029]
According to the present invention, it is possible to provide a gl ass
substrate for a magnetic disc wherein influence by a foreign matter
existing in the glass substrate is significantly reduced in the
manuf act ured nagnetic disc and in the manufacturing process thereof.
The Best MadethemprEarnyi Ngvdddi dieeChaiinmednknuerdi@Nmat 00301A0t, it
enbodi mnent of a glass substrate for a magnetic disc according to the
present inienpoenibi¢|tdemwpngi dednitgre; dbimensiweil meieeial, and
ot her specific nunerical nunbers shown in the foll ow ng enbodi nents
are just exX&9glés for atyroefandelsthatithg sime ef cdpt fdorion naseEer
where there is a notice, the present invention is not limted
thereto. [GF3SLARIAIR SR tS B AEeABURECES ST oM t QX dedfiseveThomerit is
fl oati ng anount. of magneti c head to ,achi eve _high recording density,
Lhe i nvent SRS EBIRAEB T hat  Tich LMk TeaSed EIFRCR iy by oE A At
cont am nat %tinra gl ass substrate and this is one of causes that
prevents Iom/FFoéting anount. Moreover, it was found out that if the
foreign matter is a crystallized foreign matter, it al so gives
various influence. Further, it was found out that the foreign matter
i nevi tably [@@_Q@?_m nat @sel RokbeqAMhact Wi 891 04 Ofrﬁ_%%e%u@fgéﬁslsaﬁ}d
it is quite difficult to conpletely prevent contam nation. Then,” the
inventors mhoungvew cthatal fduueieecby Bvdrorai gas&Bid @r ckPs®allized
manuf act ured magnetic disc and in the manufacturing process thereof
can be sigdbtetant hgtteduced by pegsilale ngo aepbmimstss btlee r amfeidrare a
foreign matter inevitably existing in a glass substrate. Thus, the
present i ntBACEOH aseerHdes tmabe POOB2ALGYersl wubstr thardforreait is

magneti c disc according to . ) )
possible to prevent formation of domain wall noise (magnetic

wall noise} by crystallization of the soft magnetic layer.
F0022] It is preferable that dimension ¢f an aperture of
a porticn on the surface layer where the foreign matter is
embedded is 3.14 um® or less. Thus, it is possible to surely
prevent decrease in surface roughness.

[0023] It is preferable that the size of the foreignmatter
existing in the surface layer is 10 times or less than the lead
track width. Thus, it is possible to efficiently prévent
decrease in surface roughness.

[0024] Moreover, a typical configuration of a glass
substrate for a magnetic disc according to the present invention
includes a processing step which includes heating and a
processing step for forming a magnetic layer to manufacture a
glass substrate for a magnetic disc wherein it is preferable

that the size of a foreignmatter included in the glass substrate

g
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the present enbodi nent will be explained. I'n the present enbodi nent,
a gl ass substrate is manufactured through the process of: formng
nolten glass into a plate glass by a down-draw nethod; first w apping
step (grinding); cutting step; second w apping step; main surface
polishing step (first polishing step and second polishing step); and
chem cal strengthening step, as described later. [0033]1n the step of
formng a plate glass, a plate glass including anorphous gl ass was
formed by use of a furnace including platinum Anbng various types of
anor phous gkassuym altma@si | i cate gl ass was used. [0034] On the gl ass
substrate, a magnetic disc is manufactured by form ng an adherent
| ayer, a so¢b62Bhgneti Actayeing a thoundat iappvkayesn fayddatdonpaghet iig
recordi ng |layer, a second nmagnetic recording |layer, a coupling
control | i ngosaifels tarsigudlianget tvlpkweng rifdypencea Mebe forpl ghecititen
| ayer, and a_lubrication |layer. Fromthe adherent |ayer to the
exchange c®%ptiiy Layde syrfane havey of td@ skapreanbatfgtey tp@nhance
magnet r on igutteri%gﬁnethod in an_atnosphere of Ar using a deposition

syst em af t PWSadd AT HES MR nfelfi GREHATEHLCHPI Sy 81 dBPBERYE &d 9By
CVD nethod _and the lubricati is.d ited by di t
ot hod. | L OBSS ek CEAY inoabEAS JAPTSSs Baabet rat e a Forer gn

tt ] ted i j
racter confagient od | e ol s 3uRske o, AR LANS MR S g @
the forei - | s thpt tiamngat f '
i T e e A T e e e

nelt and resEhitef at Pabee i €ESedl whéve Bxampl 8i 88 dihe FOFIBSn magkudes
plati num (Pt) and boron (B) which are materials of a nelting furnace.
The | att erinccldeded nzicheogiLass (g st datiehiignpeeidrany theid idee lekB.t he
present invention, the netal was Pt and because Pt was not included
in the mat é9021] of t hEhglgdess substyadesford ndgretiitc dss¢ mam bhased
furnace and contam nated when the gl ass substrate was nolten. EOOBG]
Sone foreifh FRRPEISE st PRl & ¥E VM e rusts thePhllabgad for
substrate in a condition where a part thereof is enbedded in the

gl ass substTEt& Wil e t eot?ﬁearssparstu%i%ré?ﬁosgﬂrf rdmRaIEfigs s dise
substrate. f.orei.an natter re.included in the agl.ass, substrate.
The fover qreTiacealBadlk IS L8 L OREH AboAE 08 B0 B RRRRAE

d f ' ' t - '
exposed fr gmo%ﬁ%e[%g%%p@%?lﬁggé%g&;? Vﬁ}@%@%@@&%ﬂgﬂ' ng

step or polishing step. oreign

matter is £xgosed elnkheaselr fface d ayRinafid hei H agsnststy AL by a
because hardness thereof is different” fromthat of the glass

sur roundi ngortentfiohail gheRblier , THdre fauef ace iayaspsnas atel thavethe
enough snoot hness by mrror polishing and there is a possibility that
| ow f | oat igkpssBubestodta fagretmagnhead dissprecentiédg dbridoy eresshice
the foreign matter is crystallized, anorphous soft nmagnetic layer is
slightly c¥ysrdiionzéd. yeed Har, at megnetic disc which employs magnetic

recording method using a DFH head having low floating amount
of & magnetic head.

[0028] The above-mentioned magnetic layer may be a
perpendicular magnetic recording layer. As mentioned above,
a magnetic disc manufactured by the manufacturing method
according to the present invention hardly forms domain wall
noise and therefore is suitable for a perpendicular magnetic

recording medium which requires high recording density. That
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\
adherent | ayer for closely adhering the foundation |ayer to the
substrate is also slightly crystallized and therefore there is a
possibility that adherence in the adherent |ayer varies and adherence
is lowered. Further, crystal orientation of the recording | ayer may
be disarranged and there is a possibility that inprovenent of S/N
ratio is prevented. [0038] Further, in a case where a foreign matter
is included in the glass substrate, due to the difference in thermal
expansi on coefficient between the glass substrate and the foreign
matter, there is a possibility that the glass is broken. As nentioned
above, eachsof at perpearydicilsucmagaethe fecmabinmeldayar insdhdimpgned i c
| ayer, and recording |layer is forned by sputtering and this
processi ngdilagkriestsatddorhenangt pr déessinedudThern dlivmese tdeer,
amount of expansion of the foreign matter and the gl ass substrate
di ffer due?atscfhdagnetéf diven n2 thirangalierpaisitonaedef prepemdicu¥an he
gl ass substrate is broken during the sputtering processing, not only
is the gIag@ggﬁﬁé?r%ﬁQ9qq&§9,lﬁﬁgrﬂF”béE AEY S| iHs GEme AL BI e R tolrt

t he processi l.ass .substrates w thout .renoyi

t debr |
that "1 ew - THEReF or o ARGRLFAEE GF1 RoL procas TLARGAPRry T A KeTERd e
[ 0039] Ther ehoroys e Was Sl IMARELRRL A NG ALesent SIBOdL BRI,
contam nat1 on O]p a ?or elrgn matter 1 n the manufacturi Nng process Oef nt he

gl ass substpatgeMtd lh P8 FOSPRE! d+aad @}%jf&ri%iggmnr@%é gflaisgdmr Lep

for judging whether the existence of a foreign matter is permssible

or not wilisheigraiaickad19Wedided sn phef eimbla-tihal hindQrebg8c: Bid er
judgnment step will be carried out after permissibility of the glass
substrate fis obtanaed andrday beccass i @tkxmiif.at any step after the
first polishing step of the main surface polishing. [0040]It was
regul ated that the foreign nmatter existing in the surface |ayer of

t he gl ass substrate should not have a size | arge enough to prevent

float of tRBenBgPetYndRd WRERYANTegHetiRe diladmre FaneRBk?ured to

manuf act ur neti ¢ recordi ng nedium_. This neans that the size of

a fgrei gﬁ ﬁﬂﬁ?gfgexi Isﬁf"n Ct?‘?fgltr??g‘tsﬁ :‘%@elqse?;/g‘r‘bﬁ%’éa%e %i%nﬁtr?eargriﬁztlf pm
I ) g i i e _of. ti . th

o 4255 MBESOXELor Il MEUSION Ofc A PELLNTS Rl 2 01981001 MG,

| ess. Fur;agﬁengfogﬁmg%égfgfﬁ%ﬁaE@gEfEE%cékéén%%e&?%aﬁ?&ﬁggﬁgg%&h%r

existing in the surface layer is inmes or l'ess than the track
width. [0044] The peon®biry |awRidinenter arBONEst CRE AN IALHH RGsy of

information and the recording |layer for recording informati on and the
soft magnetindetsyeidifay acdnékotdbt Ntprdiar eabé orhafe nhgwet i 2ad irdtice,
correspond thereto(depending on the
the present invention is not limited thereto.
[C031] - As a result of keen discussion to achieve lower
fleocating amount of a magnetic head to achieve high recording
density, the inventors found cut that there are cases where a
foreign matter contaminates in a glass substrate and this is
one of causes that prevents low floating amount. Moreovexr, it
was found out that if the foreign matter is a crystallized
foreign matter, it also gives various influence. Further, it
was found out that the foreign matter inevitably contzaminates

in themanufacturing process of a glass and it 1s quitedifficult

to completely prevent contamination. Then, the inventors
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configuration of the nmagnetic disc, there may be a case where the
soft magnetic |ayer does not exist). If a crystal foreign matter is
exposed on the surface |layer and therefore the size of the foreign
matter should be the size that does not crystallize the anorphous
soft magnetic |ayer and al so the size that does not crystallize the
anor phous adherent |ayer. [0042] Size of the foreign matter is
measured by an optical mcroscope and di aneter of a circunscribing
circle of the (crystal) foreign matter when the (crystal) foreign
matter is dbsadved them infiveeck by DEbhogonalatiert he sSubshfadQired
surface can be understood as the size. Specifically, the dianmeter can
be 2 pm or magsstidhiissc the abdhe- ment foned icgndrbcons dwrebe can be
fulfilled without fail. At this tinme, the substrate surface roughness
Ra was 0. 3safnbdficartly MefeceRbwasguabtinateegeonishtbbagiancef fekatea
obt ai ned by dividin% a measurenent area of, 100 _pm x 100 pm by a nesh
of 256 x 25BTGSPMGETEEF OLIABRBIY SFLAEMNI[I003 SLRrAE SWRSETERE:  tThats,
foreign ma ker i s iqgluded i.nsi de of theég*ass substrate, there is a
possi bi | i t% PhBECEFH K OERTHE dliaS 1 3ot % %ence in thermal expansi on

coefficien he gl as ﬂ?g ian tter i.n the terin
process mhﬁgﬁgchludeg(ﬁéa |ﬁggg %%ggﬁg‘?ﬁgﬁﬁgFlgi%gﬁéggﬁgrgﬁng%D

coeffici entnhdi LEeEent SkABo@ndhie JOreigh oBtiemmist He he éﬂ{]%eﬂj}gt

does not damage the gl ass substrate by change of tenperatur

heating prefBsSimdMer ef 0OfEasd heusizeataf {hendQlei it ttefrdughSethet O
be the one that does not cause crack even when sudden heating is

carried ouprodbseovér, fetandardofoen agiasei gntormit platachuded br the
gl ass substrate was determ ned on the basis of understanding of

rel ati on bdeovweedrahpetiedi fhrvbuwreppinglsteed drindhegyl asstsubstteate
and breakage ratio of glass substrates when the glass substrates are
heat proce88eeN3ov“FRARPIRY eAkBBe Matno syrfpre Foddshiphsweitgbes! fiigsset

within a permssjble range. [0044] Specifically, size of a faqreign

e ter {noPRILeRiTE LR Sd Wik, Bonheaind | pELAL S onl (haHLeL
Thus, even en_t.her, radi ent ,was_25 ec, crack did not occur.
[0045]AccoF£?%%g %éﬁ#ﬁy 5%8€é gon ?Eﬁﬁé%é%ﬁ;éﬁﬁF'is possible to

significangpysspver inhlyence.gfsd ?Srlt'lgﬁ&iagﬁgl% E%SEXiaSb!LQE? {?ﬁgﬁgfn

surface layer of he glass substirate and a foreign matfer-inc
the gl ass sHBBLABIE, ath@r HAANCE d WBkad | Ptmdty @iﬂougé ef Lheruragnratic
the

head, and to inprove high recording density of magneti c disc.

including platinum. Among various types of amorphous glass,
aluminosilicate glass was used.

[0034} On the glass substrate, a magnetic disc is
manufactured by forming an adherent layer, a soft magnetic layer,
a foundation layer, a first magnetic recording layer, a second
magnetic recording layer, a coupling controlling layer, an
exchange coupling layer, a medium protection layer, and a
lubrication layer. From the adherent layer to the exchange
coupling layer, films are formed sequentially by DC magnetron
sputtering method in an atmosphere of Ar using a deposition

system after vacuuming. The medium protection layer is

deposited by CVD method and the lubrication layer is deposited

11



[ 0046] Therefore, the present invention can be used for a nmagnetic

di sc which records information by a | ow floati ng anount nagnetic
head, that is, a recording nmedium having a magnetic head with 10nm or
| ess of floating anpbunt, and requires high snoothness and fl at ness.
Mor eover, fromthe sanme viewpoint, the glass substrate can be
suitably used for a magnetic disc which records information by
magneti c recordi ng nmethod using a DFH head having | ow fl oati ng anount
of a magnetic head. [0047]1t is preferable that the glass substrate
for a magnétyi digdi scat smaagedi.f or a nmagneti c di sc having a touch down
height (TDH) of 3 to 4 rimor less. If the touch down height is too

| ow, crash [#8y>be occUmspdcbfiteran pbaatase glteesestbet fd Lt vaf oomi of
deviation formed on the glass substrate is |arge. However, using the
gl ass subsfR&terfeontaniaghediie deeless shbspretent Thrboniatam mattahi es
to reduce fluctuation of deviation portion than a conventional one.
Ther ef ore, "Af #1015 BABLRT Gl nFaghetial Réad Tetetlor dTherhetkd

is small, %he magnet i.c he%d can be prevented fgom crash.

[ 0048] Mor e&VEr Y YRTS PE HiIerEraHPR B T ha gl ds SPebisitamd npbes £ rom
tic di ing. it the. t_embadi mENt. | d, f
reonet ¢ st AR A, IR RLERen OB, LSUErd, 180t

magneti c di I'ng Hensity o

more prefergbhye A5 GOl nbh 418 §88S Az isKehe 8 Bu gp:dzir : 1di ng

density, it is required to set floating amount of the rec ead

smal | er. Bgnusgamifld BE ghastraehstral@ddPplatingRet P nsCh&for )
present enbodi mrent enables to | ower floating anount of the recording

head and t hbieharme vaashizhsn oiea piedvényethrideree, The ilatneed esSide
say that the glass substrate for a magnetic disc according to the

present ineénepoiutaiibe pridihdmablipilseddf thealgkass Bubsha atrwe sesed
for a magnetic disc having smaller recording density than the above
or for a gPB¥ENEIMRt LACeM¢H! ¥afalfhetidcParaese &t nanhufaictnrlwded in

Fgggg;: ﬁegkg% rpa Velx_‘nigalI %rfggltleté)facshs,d?.\?:ﬂirs]eégg&mécpq:%atth?_taggvfer'om the

furnace and contaminated when the glass substrate was molten.
[0036] Some foreign matters exist in the surface layer of
the glass substrate in a condition where a part thereof is
embedded in the glass substrate while the other part is exposed
from the glass substrate. Some foreign matters are included
in the glass substrate. The foreign matter existing in the
surface layer was cne that was exposed from the surface payer
of the glass substrate by the wrapping step or polishing step.
[0037] Here, in a case where the foreign matter is exposed
on the surface layer of the glass substrate, because hardness
thereof is different from that of the glass surrounding the
foreign matter, the surface layer does not have enough
smoothness by mirrér polishing and there is a possibility that
low floating amount of a magnetic head is prevented. Moreover,

since the foreign matter is crystallized, amorphous soft

12
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[ 0049] Her ei nafter, enbodi nents of a manufacturing method of a gl ass
substrate for a magnetic disc and a nagnetic disc to which the
present invention is applied will be explained. The glass substrate
for a magnetic disc and the magnetic disc are manufactured as a
magneti c di sc having a predeterm ned shape such as a 3.5-inch disc (p
89 mm, a 2.5-inch disc (p 65 mm, a 0.8-inch disc (p 21.6 m), a
1.0-inch disc (p 27.4 mm or a 1.8-inch disc (p 48 nm. [0050]
(1) Shaping step and first wapping step In the manufacturing
met hod of a glass substrate for a magnetic disc according to the
present enBedRAERE, Aeacesofsladghitave gfestalilsiamdappi Ayrpheces e
(ground) to produce a glass base material. Then the gl ass base

mat erial | $966ESRD IBYEIURT CACHEBE §ABPELENY WA BRIt datied brYeH hedhe

| b d the pl at, ._The.pl b ,

Tanut act ur 7By TACR et LOFL LabA Crehed Sach ! R apairn BheReditod,
h £l h d t hod f usi t hod

b EheFor i DY B e B B LIRS o8R0 D B P e

if press mephedeh eu§§dl?$gﬁxﬂla%%rgh@§§ E??g?%}?%ﬂﬂ%ﬁ%ﬁ%&ﬁdo%tt%elow

cost. Anorphous glass, glass ceramcs (crys

al um nosi | ireabed dh@9Syes0day Iddna i ghassn g0 eRSLhe £atie gl i3 ithe

| i ke can be used as material of the plate glass. Especially, the

anor phous ghassimgroiemegnreiodr abhyrasas bheeausenickdcan be chemcal ly
strengt hened and can provide a gl ass substrate for a nmagnetic disc
havi ng supéfPaBl mai n surthee, f iat ressasEndwhehst aatferstigengghiter is
[0051] I n the present enbodi nent, nolten alumnosilicate glass is cast
into disc-éﬁﬁE%dﬁ§ Hirebe press sbsigraiisperdud dvertherdl Hodyresl d& to
obtain a p%ﬁte-shaped anor phous_.gl.ass.. Here, as the alumnosilicate

glass, chef&EPILTRRGSAERI FREIFIEIENF R Uy Lhsetars7supaFEatt apg
wei ght of $p02. 5 to 23 percent by .weight of 03;..3.tp 10 percent
by wei ght SPOLT S AnaoiBEE T35S den Bos il Gt o "R 6re | g™
[ 0052] Next erQéljﬁ. nﬁ's”m\%HEEﬂﬁ@é 0\;&6 e%lc%t %fgltﬂéfsl%@e%a‘ﬂ&l}p%s. the
processed to nake a di sc-shaped base glass material- e Wrappi ng

process isgeahddebrPUbyBY, adbBPRALALES: N1Qlyhot Bng W s ny BPRING s
usi ng planetary gear nmechani smand al um na system | oose grain is

used. Specibigad! py wpappengnpl ahen thd sprssedsioyh ficmdeep sandien

bottom of the plate glass, grinding fluid containing |oose grain is

suppl i ed ohethengrginocegsfiage Then, because the amount of expansion of
the foreign matter and the glass substrate differ due to the
difference in thermal expansion coefficient, if the glass
substrate is broken during the sputtering processing, net only
is the glaés substrate lost, but it becomes impossible to carry
out the processing for other glass substrates without removing
debris that flew. Therefore, manufacturing process is heavily
influenced.
[0039] Therefore, it was determined that in the present
embodiment, contamination of a foreign matter in the
manufacturing process of the glass substrate will be inspected

and a foreign matter judgment step for judging whether the

existence of a foreign matter is permissible or not will be
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of the plate glass, and they are relatively noved to carry out the
wr appi ng process. By this wapping process, a glass base material
havi ng snooth main surface is obtained. [0053] (2) Cutting step

(coring, form ng, chanfering) Next, using a dianond cutter, the
gl ass base material is cut and a disc-shaped gl ass substrate is cut
out fromthe glass base material. Next, using a dianmond drill, an

inner hole is fornmed in the center of the glass substrate to fornma
toric glass substrate (coring). Then, inner circunference edge
surface andaeuied ottt cUN &5anee cedpe eiiFratiee dFoeegyaunrd thy pudhrmnd
grinder to carry out predeterm ned chanfering process (formng,

chanf eri ngptep0054] ¥8)cBationl ovtapgfitey speepissibiNexyt ,ofortHeotdiass
surfaces of the glass substrate thus obtained, second w apping
process i sSBRFEFREP dt OPkrned AnHagaiienearaied patf # snwebepiafger

process. By carrying qut the second w apping process, it is possible
to renove Ebﬁufjer%'brgﬁ%%sé‘rm@oﬁl%%eoghféﬁe "I PmEY L 6ACE he® he3 H "Sur f ace

0 Lhe out YbiPtop Ot 950 Surhage POll S0 SLepy, MLPD. oL ring
o110 00 IR sSL ST e N8 ERLTL Y et et YRHL PRELOA
met hod, oubgge antkddRAGUGhT CHERIRATE rEEFE SHIRCREgRELI B RSBen
substrate are mrror
a magnetic disc is manufactured to manufacture a magnetic
recording medium. This means that the size of a foreign matter
existing in the surface layer has a diameter of 2 pm or less.
Moreover, dimension of an aperture of a portion on the surface
layer where the foreign matter is embedded is 3.14 pm® or less.
Further, it is preferable that the size of the foreign matter
existing in the surface layer is 10 times or less than the lead
track width.
[0041] The magnetic layer is for magnetically recording
information and the recording layer for recording information
and the scoft magnetic layer for controlling direction of
magnetization correspond  thereto (depending onn  the
configuration of the magnetic disc, there may be a case where
the soft magnetic layer does not exist). If a crystal foreign
matter is exposed on the surface layer and therefore the size
of the foreign matter should be the size that does not
crystallize the amorphous soft magnetic layer and also the size
that does not crystallize the amorphous adherent layer.

[0042]8ize of the foreign matter is measured by an optical

microscope and diameter of a circumscribing circle of the
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A

polished. At this tinme, slurry including ceriumoxide abrasive grain
(l oose grain) is used as polishing grain. [0056] Then, the glass
substrate after edge surface step 1is cleansed with water. By this
edge surface polishing step, the edge surface of the glass substrate
is processed to have a mirror surface condition which can prevent
separation of sodiumor potassium [0057] (5) Main surface polishing
step As amain surface polishing step, the first polishing step
was performed. The first polishing step is mainly ainmed at renoving
crack or distpstalon feepdignineg t@r Whennmien (suybask) afdrerighheatteappisng
step. In the first polishing step, main surface was polished by an
appar at us $¢bseboth fgomf ackgamtappi eigthadarg ptansteasybgeaat eevtrdiaicsm
using hard resin polisher. As polishing liquid, ceriumoxide abrasive
grain usedCc?#h BenangersfogshppsHin§igeep mesLidcally o0gey Fhengtes san
substrate after the first %ollshlng steg was sequentially dipped in

r

cl eansi ng }P%@Ké’mo?rn]eeiﬁsr -al THRE er'génfloy %E%%%Ted &ﬁ&deEbB‘P%ﬁﬂn be
| cohol (I 00 | et he fj

Step a fof Al GHEIRT arRR IR ohatt - oPlnEhie i s SoaEbs PR, SutTald

I nspection éLtl est 28 é aof?rrﬁﬁ TatLer ﬁ’@zse asyLgd. ?J?’ Safecet%hoﬁn

opti cal nlcro cope and di anet er a ci rcunmscri bl ng Ci F

(crystal) £10&ei 0N Mkt @été{\’rt%'tatﬂih%d( spyéi@ialﬁgoraetngasﬂﬁér&&{t Wa%a of
observed froma direction orthogonal "to the substrate surface was

measur ed as00 hen i 260 0fm e af A& €h BF waist er258Me nlgherst Zekample, an

- AFM.
[0043] In z case that the foreignmatter is included inside
of the glass substrate, there is a possibility that crack occurs
due to difference in thermal expansion coefficient of the glass
and the foreignmatter in the sputtering process which includes
heating. When the thermal expansion coefficient differs, size
of the foreign matter must be the one that does not damage the
glass substrate by change of temperature in the heating process.
Therefore, the size of the foreign matter is set to be the one
that does not cause crack even when sudden heating is carried
out. Moreover, standard for a fpreign matter included in the
glass substrate was determined on the basis of understanding
of relation between the foreign matter included in the glass
substrate and breakage ratio of glass substrates when the glass
substrates are heat processed so0 that breakage ratio of the

- glass substrates is set within a permissible range.
[0044] Specifically, size of a foreign matter included in
the glass substrate was set to be 5 ymor less. Thus, even when

thermal gradient was 25°C/sec, crack did not occur.

IS5



was |arger than 2 pm it was rejected while one having the size of
2pm or | ess passed. [0060] Next, second polishing step was perforned
as the main surface polishing step. The second polishing step is
ainmed at finishing the main surface to have a mrror surface. In the
second polishing step, main surface was polished by an apparatus for
bot h surfaces wapping using planetary gear mechanism using flexible
resin foam polisher. As polishing liquid, cerium oxide abrasive grain
having finer grain than the cerium oxi de abrasive grain used in the
first poli4H0AG] step wasoudtdg H0064¢ Brewy assnsihstatatos,af ier ishe
second polishing step was sequentially dipped in cleansing tanks of
neutral debpesgihic tpuianidtierntand dwsapimpydenaiecohbhe (o) gnondyeer

cl eansed. Here, ultrasonic wave was applied to the tanks. [0062] (6)
Cheni cal s?ﬁéﬁ*@%%ﬁpﬁ@eﬁ%ﬁaee layes el henehazsaP uBsFeal Aedentp 1eden

conducted to | ass bstra e after th above- nenti oned w appin
and pol i shi"A§ EfegECi?ﬂ%gcﬁa ﬁlggf?@ndi éﬁFﬁéewa§° éﬁﬁﬁ%%@ﬁjggf )

t | ut h, 60% f t
i SPZ{;“gnéﬁ‘%ﬁﬁ@% ERGFI OF TLEP AL R0 A A AR o R ™
was heat ed L@, gg%. Jih Skeeﬂéeﬂa§%é¥%%:%Hg strate was heated to
the glass s&b i

300C. Then, trate was pped 1'nto the chenica

strengt henifngaspl ut i oRnERE FEAOUL IR B%rsantTpnm%Eo%abhﬁ BLT e en
t he whol e surfaces of the glass subStrate, the dipping was conducted

whi |l e the glasgnstistdiaice whashplacetds nirrdialadebnsoyt Halowd fldatahnigt y
of glass substrates are retained by their edge surface. [0063] By

di ppi ng t hemghas snagrirstiratreaidnt dhihe isheni tatosdimngtditinirndasdngt izon,
lithiumion and sodiumion on the surface |ayer of the glass
substrat e BrReN¢ept Aeed whsbHiuer ilessafd L porbsed anrion, enditrguires
chem cal Erengthenlng solution_and the glass substrate is

st rengt hen8yoh TﬁF@?ﬁEggsﬁfQﬁgnpfe%EW%ﬁFstré@%epaﬁér fifiFedtbn tHae

;lr':]rface |a¥1ewp01nt, 1%1 Slassl“lsbsst[urbasttera es C%%t eensu%gogtiylgge mfggd 200

magnetic disc which records information by magnetic recording
method using a DFH head having low floating amount of a magnetic
head.

[0047] It is preferable that the glass substrate for a
magnetic disc is used for a magnetic disc having a touch down
height (TDH) of 3 to 4 nm or less. If the touch down height
is too low, crash may be occcurred often in a case where the
fluctuation of deviation formed on the glass substrate is large,
However, using the glass substrate for a magnetic disc of the
present embodiment enables to reduce fluctuation of deviation
portion than a conventional one. Therefore, if floating amount
of the magnetic head (recording head) is small, the magnetic
head can be prevented from crash.

[0048] Moreover, it is preferable that the glass substrate

for a magnetic disc according to the present embodiment is used
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[ 0064] The gl asssubstrate after the chem cal strengthening step is

di pped into a water tank of 20C to be rapidly cool ed down and was
kept in the tank for about 10 m nutes. Then, the glass substrate
after the rapid cool down is dipped in concentrated sulfuric acid
heated to about 40C to be cl eansed. Myreover, the glass substrate
after cleansing by the concentrated sulfuric acid is sequentially

di pped into tanks of pure water and | PA to be cleansed. [0065] As
nmenti oned above, by carrying out the first wapping step, the cutting
step, the gecord meamiiing ditsep , havhiegedgeyhs urdacelipgl idsmisig ystadp,2dte
first and second po]ishing steps, and the chem cal strengthening
step, a fl &isAdnshboeh niresereimythlat e250Ghd tragnbt i ¢ Idi P hasendg
high rigidity is obtained. [0066] (7) Magnetic disc manufacturing

st ep A¥Chehthichedeapbdend &ensAspectt oif r8Uehred & 6at BFeatrinthe
first polishing step,, An adherent |ayer including C, a soft magnetic
| ayer incIGﬁPHgtC8$aE?eb5§%9 3Q%hh%fdféﬂﬁ&§?Fon g%y%?e ?iéﬁQﬁﬂgﬁfQQL
a perpendi cul.a ic recordi |.a i.ncl udin Pt, . an
exchange. coUBEFROLT Ackrs "aSE e ateg Epe R ter T s ihables
hydr oxi de, (an rd 1,0 r.d ud] lL.uar.o y.

( PFPE) aretgegag%%:%%%a§%§gpg%#?%§(%%Qggt é%ﬁ? g%%§H%¥1gﬁg|§§§y¥f0re

substrate pRAYHaCIHLRAREETOMHNY t NBeaROVE: RIOREHNT €8s 1O BRPUERLE Wie a
per pendi cul ar magnetic disc. Here, the present configuration is an

exanpl e of gaaper parati atdeaforagnedgreetdics @16 PMRY co bRy b, thdep Bl
exanpl e may include a nagnetic |ayer or the |like as a | ongitudinal
magnet i ¢ disgenThos caa mgnetecablsosedcfadangldssghulbstatatesesed for
t heouter periphery portion of the nain surface can be manufactured.
[0067] (8) 2CHEEt1Soi el AELhd efBddEHerfce rédaIcsdtiystraexhapheye
or for a glass substrate for a magnetic disc for manufacturing
a magnetic disc having larger touch down height than the above.
[Embodiments]
[(0049] Hereinafter, embodiments of a manufacturing method
of a glass substrate for a magnetic disc and a magnetic disc
to which the present invention is applied will be explained.
The glass substrate for a magnetic disc and the magnetic disc
are manufactured as a magnetic disc having a predetermined shape
such as a 3.5-inch disc (¢ 89 mm}, a 2.5-inch disc (@ &5 mm),
a 0.8~=inch disc (¢ 21.6 mm), a 1.0-inch disc (¢ 27.4 mm} or a
1.8-inch disc (¢ 48 mm).
[0050] _
(1) Shaping step and first wrapping step
In the manufacturing method of a glass substrate for a
magnetic disc according to the present embodiment, surface of

a plate glass is wrapping processed (ground) to produce a glass

base material. Then the glass base material is cut to produce
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|
Foreign matters existing in the surface |ayer of the glass substrate
of enbodinments 1 to 3 and conparison exanples 1 and 2 shown in Table
1 were conpared. Dianeters of foreign matters of enbodinments 1 to 3
are 0.7pm 1.0pm and 2.0pm respectively, while that of the
conpari son exanples 1 and 2 were 5.0pm and 7. 0pm [ Tabl e 1]
D anmeter of foreign matter (Pm Gide hit nunber (Gide height; 5 nm

a glass disc. Varicus types of plate glass can be used as the
plate glass. The plate glass can be manufactured by a
heretofore known methed such as a down-draw method, a press
method, a float method, a redraw method, and a fusion method
with, for example, molten glass as a material. BAmong these
methods, 1f press method is used, the plate glass can be
manufactured at a low cost. Amorphous glass, glass ceramics
(crystallized glass), aluminosilicate glass, soda line glass,
boronsilicate glass, or the like can be used as material of the
plate glass. Especially, the amorphous glass can be preferably
used because it can be chemically strengthened and can provide
a glass substrate for a magnetic disc having superior main
surface flatness and substrate strength.

[0051] In the present embodiment, molten aluminosilicate
glass is cast into disc-shape by direct press using upper, lower,
and body molds to obtain a plate-shaped amorphous glass. Here,
as the aluminosilicate glass, chemical strengthening glass
including; 58 to 75 percent by weight of Si0;; 5 to 23 percent
by weight of Rl;03; 3 to 10 percent by weight of Liy0, and 4 to
13 percent by weight of Nay0, is used.

[0052] Next, both main surfaces ©f the plate glass is
wrapping processed to make a disc-shaped base glass material.
The wrapping process is carried out by an apparatus for both
surfaces wrapping using planetary gear mechanism and alumina
system loose grain is used. Specifically, wrapping platen is
pressed both from top and bottom of the plate glass, grinding

fluid containing loose grain is supplied on the main surface
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nunber (G ide height;7 nnm Enbodinent 1 0.7 0 O Enbodi nent

of the plate glass, and they are relatively moved toc carry out
the wrapping process. By this wrapping process, a glass base
material having smooth main surface is obtained.

[0053]

(2) Cutting step (coring, forming, chamfering)

Next, using a diamond cutter, the glass base material is
cut and a disc-shaped glass substrate is cut out from the glass
base material. Next, using a diamond drill, an inner hole is
formed in the center of the glass substrate tc forma toric glass
substrate (coring). Then, inner circumference edge surface
and outer circumference edge surface are ground by a diamond
grinder to carry out predetermined chamfering process (forming,
chamfering).
f0054]

{3) Second wrapping step

Next, on both surfaces of the glass substrate thus obtained,
second wrapping process is carried cut in a similar manner as
the first wrapping process. By carryingout the second wrapping
process, it is possible to remove minute convex or concave shape
formed on the main surface in the cutting step or edge surface
polishing step, which are precedent steps, in advance and it
becomes possible to finish following polishing step of the main
surface in a short period of time.

[0055]
(4) Edge polishing step
Next, by brush polishing method, outer and inner

circumference edge surfaces of the glass substrate are mirror
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Enbodiment 3 2.0 0 O Conparison exanple 1 5.0 8 5 Conpari son exanpl e
2

polished. At this time, slurry including cerium oxide abrasive
grain {(loose gréin) is used as polishing grain.
[0056] Then, the glass substrate after edge surface step
is cleansed with water. By this edge surface polishing step,
the edge surface of the glass substrate is processed to have
a mirror surface condition which can prevent separation of
sedium or potassium.
[0G57]
(5} Main surface polishing step

As a main surface polishing step, the first polishing step
was performed. The first polishing step is mainly aimed at
removing crack or distortion remaining on the main surface after
the wrapping step. In the first polishing step, main surface
was polished by an apparatus for both surfaces wrapping using
planetary gear mechanism, using hard resin polisher. BAs
polishing liquid, cerium oxide abrasive grain used in the first
polishing step was used.
[0058] The glass substrate after the first polishing step
was sequentially dipped in cleansing tanks of neutral detergent,
pure water, and isopropyl alcohol (IPA) to be cleansed.
[(0059] Completing the first polishing step, a foreign
matter judgment step was carried out. In an inspection step,
size of a foreign matter was measured by use of an optical
microscope and diameter of a circumscribing circle of the
(crystal} foreign matter when the (crystal}) foreign matter was
observed from a direction orthogonal to the substrate surface

was measured as the size of the foreign matter. When the size
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7.0 10 7 [0068] As shown in Table 1, crash did not occur in the
configuration of the enbodi nrent when the glide height was set to 5 nm
and 7 nm In the configuration of the conparison exanples, crash
occurred in both of the cases and the nunber of crash increased as
the glide height was set |ower. Moreover, in the comparison exanpl es,
S/Nratio is worse than the enbodi nent and spi ke noise fromthe soft
magnetic | ayer was al so observed. [0069]It is understood fromthe
above result that regulating the dianeter of the foreign matter

enabl es t owsisghd fgexanhby Z edyce: wakl tejwes daywh hee oaeeh gnimpthersize
existing in the surface |layer of the glass substrate, to enhance | ow
fl oati ng amduAtmodr t essagssteids head, and as s result, to achieve

hi gh recordin densit of the magnetic disc. EspeC|aIIy, by

regul ating! Pﬁg%i ze o eatf o?‘é‘F‘@TPf?mJ{léPléﬁl skemgid s peréosuedaz® thayer,

to 2pmor less, influence by the foreign matter could be prevented
Wi thout falFInFEEare EAddaRbBIrGeRe. LBt BSEORSPRALE BHS TR i Hi5Rd) |

T e e aC M b AT B R AR P
second polishing step, main surface was polished by an apparatus
for both surfaces wrapping using planetary gear mechanism,
using flexible resin foam polisher. As polishing liquid,
cerium oxide abrasive grain having finer grain than the cerium
oxide abrasive grain used in the first polishing step was used.
[0C61] The glass substrate after the second polishing step
was sequentially dipped in cleansing tanks of neutral detergent,
pure water, and isopropyl alcohol (IPA) to be cleansed. Here,
ultrasonic wave was applied to the tanks.

[0062]
(6) Chemical strengthening step

Next, chemical strengthening was conducted to the glass
substrate after the above-mentioned wrapping and polishing
steps. The chemical strengthening was conducted by preparing
chemical strengthening solution in which 60% of potassium
nitrate and 40% of sodium nitrate are mixed. The chemical
solution was heated to 400°C and the cleansed glass substrate
was heated to 300°C. Then, the glass substrate was dipped into
the chemical strengthening solution for about 3 hours. To
chemically strengthen the whole surfaces of the glass substrate,
the dipping was conducted while the glass substrate was placed

in a holder so that a plurality of glass substrates are retained
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were conpared for a Case where a forei gn matter is incl udeJd I nsi de of
t he gl ass substrate, as shown in Table 2. Dianeter of the foreign
matters in enbodinents 4 to 6 were 2 to 5Smand tensile strength of
each of themwas 4.0, 3.0, and 5.0 kg/cnR, respectively. Dianeter of
the foreign matters in conpari son exanples were larger, 7 to 10 pm
Tensile strength of each of themwas 3.0, 4.0, and 3.0 kg/cn®,
respectively. [Table 2] Dianeter of foreign matter (pn) Tensile
strength (kg/cnR) Breakage rate (%
by their edge surface.
[0063] By dipping the glass substrate into the chemical
strengthening solution, lithium ion and sodium ion on the
surface layer of the glass substrate are replaced by sodium ion
and potassium ion in the chemical strengthening solution and
the glass substrate is strengthened. Thickness of compression
stress layer formed on the surface layer of the glass substrate
was between about 100 pum and 200 um.
[0064] The glass substrate after the chemical
strengthening step is dipped intc a water tank of 20°C to bhe
rapidly cooled down and was kept in the tank for about 10 minutes.
Then, the glass substrate after the rapid cocl down is dipped
in concentrated sulfuric acid heated to about 40°C to be
cleansed. Moreover, the glass substrate after cleansing by the
concentrated sulfuric acid is sequentially dipped into tanks
of pure water and IPA to be cleansed.
[0065] As mentioned above, by carrying out the first
wrapping step, the cutting step, the second wrapping step, the
edge surface polishing step, the first and second polishing
éteps, and the chemical strengthening step, a flat and smoocth
glass substrate for a magnetic disc having high rigidity is
ocbtained.
[0066]
(7) Magnetic disc manufacturing step
‘Bs mentioned above, an inspection is carried out after the

first polishing step. BAn adherent layer including Cr, a soft

magnetic layer including CoTaZr base alloy, a foundation layer
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N=10, 000 Enbodinent 4 2.0 4.0 0.00 Enbodinent 5 3.0 3.0 0.00
Enbodi nrent 6 5.0

including Ru, a perpendicular magnetic recording layer
including CoCrPt, an exchange coupling layer, a protection
layer including carbon hydroxide, and a lubrication layer
including perfluoropolyether {PFPE) are seguentially
depesited on both surfaces of a glass substrate manufactured
through the above procedures to manufacture a perpendicular
magnetic disc. Here, the present configuration is an example
of a perpendicular magnetic disc ({PMR). However, the above
example may include a magnetic layer or the 1like as a
longitudinal magnetic disc. Thus, a magnetic disc including
high flatness on theouter periphery portion of the main surface
can be manufactured.
[0067]
{8) Comparison between embodiments and comparison examples
Foreign matters existing in the surface layer of the glass
substrate of embodiments 1 to 3 and comparison examples 1 and
2 shown in Table 1 were compared. Diameters of foreign matters
of embodiments 1 to 3 are 0.7um, 1.0um, and 2.0um, respectively,
while that of the comparison examples 1 and 2 were 5.0um and

7. 0pm.
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5.0 0.00 Conparison exanple 3 7.0 3.0 0.03 Conparison exanple 4 9.0
4.0

[Table 1]
Diameter of Glide hit Glide hit
foreign matter: number (Glide | number (Glide
(pm) height; 5 nm} | height: 7 nm)
Embediment 1 0.7 0 0
Embodiment 2 1.0 0 0
Embodiment 3 2.0 0 0
Comparison
5.0 8 5
example 1
Comparison
7.0 10 7
example 2
[0068] As shown in Table 1, crash did not occur in the

configuration of the embodiment when the glide height was set
to 5 nm and 7 nm. In the ccnfiguration of the compariscn
examples, crash cccurred in both of the cases and the number
of crash increased as the glide height was set lower. Moreover,
in the comparison examples, S/N ratio is worse than the
embodiment and spike noise from the soft magnetic layer was also
abserved.

[0069] It 1is understoocd from the above result that
regulating the diameter of the foreign matter enables to
significantly reduce influence by the foreign matter existing
in the surface layer of the glass substrate, to enhance low
floatingamountofthenmgnetichead,andas:sresult,toachieve

high recording density of the magnetic disc. Especially, by
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0. 05 Comparison 10.0 3.0 0.05 example 5

regulating the size of a foreign matter existing in the surface
layer to 2um or less, influence by the foreign matter could be
prevented without fail. This is assumed to be because formation
of domain wall ncise as a result of crystallization of the soft
magnetic layexr is prevented.

{0070] Embodiments 4 to 6 and comparison examples 3 to 5
were compared for a case where a foreign matter is included
inside of the glass substrate, as shown in Table 2. Diameter
of the foreign matters in embodiments 4 to 6 were 2 to Sum and
tensile strength of each of them was 4.0, 3.0, and 5.0 kg/cmz,
respectively. Diameter of the foreign matters in comparison
examples were larger, 7 to 10 pym. Tensile strength of each of

them was 3.0, 4.0, and 3.0 kg/cm?, respectively.

[Table 2]
Diameter of Tensile Breakage rate
foreign matter strength (%)
(1m) (kg/cm?) N=10, 000
Embodiment 4 2.0 4.0 0.00
Embodiment 5 3.0 3.0 0.00
Embodiment 6 5.0 5.0 0.00
Comparison
7.0 3.0 0.03
example 3
Compariscon
9.0 4.0 0.05
example 4
Comparison 10.0 3.0 0.05
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[ 0071] Here, breakage rate neans nunber of broken gl ass substrates
when the tenperature of the glass substrates were suddenly raised
fromroomtenperature (25C) to 300C within a predeterm ned period of
time (e.g., 10 seconds). Here, thermal gradient nmay be 25C /sec, as
menti oned above. Moreover, tensile stress inside of the glass
substrate is 4kg/cnR2 and thickness of the glass was 0.635 nmor |ess.
[ 0072] Then, as shown in Table 2, although their tensile stress are

1 1 | hroaalkaan rata 1n thn ~anfr ~irat AN nf tho nrocont. oanhodl mmo t
SI m ar, M bul\uub Al O LB LI CcIre CUTIT T UUI 1T OrT \v | LB B A2 UR"ZA=A A LL TR A LL"AA L BN | I..an
is close to @xahple Song gl ass substrates were broken by the
confi gur attot—of—the—cot pet +soh CAaiTﬁ: ——t—-s—vnderstoetd—fromthe

Tabl e that even in a case where a foreign matter is included inside
of the glass substrate, reqgulating the diameter of the foreign matter
smal | enabll€87%b pr evéﬁFEb?%@@@g?@eofrafCﬁem@m%smmmt péteraken glass

significantly reduce influence to the manufacturing process. [0073] A
preferred éH%EEﬁ?ﬁﬁﬁ when hBe ph TR TURPeAE | B WHS SEX BHEF RERE S tiPTe
reference to.attached figures. However, it is ess y .t hat
e br esent SAAVERS Fatsed 5o (14f Eaps e hitS olinle toat SRt izt
under stood_b | SONS, - Varl ou di f{caf i nd

vari ati onsao%srtgﬁgt%ﬁégjéeﬁa? ﬁpﬁlzogatqi%fn g{rl{é&pg%gﬂl ei(?né‘%%g?qsﬁght B he

scope of thgestidi gagted AhIBeaPd NeL&f 95 Gedkl ohBE 2MBYLT | GRIiRR% raNd
variations fall wthin the technical scope of the present invention.

[ 0074] For exasple, stirksishenghiassosubss ralasd ubstragaet sCakgl & and
according to the present invention, a foreign matter is included

i nsi de of theckiess fulther glesamda®xi 135 am blrelsabstrate surface of
a glass substrate, the glass substrate being anorphous gl ass, and the
forei gn mat8@t2hmy haVksmnyessishewaniedabilkel f crldingpuaiathetrr freosddes
fl oat of a magnetic head when a nmagnetic disc is manufactured by
formng a FRERST iACe &iBi 13 or bRgghapr cr e dndipRy o ftigergrase of the

substrate Ig:(c)esrganq:mce%togﬁrenegtnf nce_ltois% rtce)C rhﬂiiﬂ% rg%gnieuglass substrates
were broken by the configuration of the comparison examples.
Tt is understood from the Table that even in a case where a
foreign matter is included inside of the glass substrate,
regulating the diameter of the foreign matter small enables to
prevent breakage of the glass substrate and significantly
reduce influence to the manufacturing process.
[0073] A preferred embodiment of the present invention was
explained with reference to attached figures. However, it is
needless to say that the present invention is not limited to
this example. As will be understocd by the skilled persons,
various modifications and variations of the present invention
are possible in the light of the scope of the subjoined claims
and therefore all the modifications and variations fall within
the technical scope of the present invention.

10074] For example, in the glass substrate for a magnetic
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[ 0075] Moreover, a crystallized foreign matter nmay exist on the
surface of the glass substrate, the glass substrate bei ng anorphous
gl ass and the anount of the crystallized foreign matter nay be any
anount unless the foreign matter prevents formation of a magnetic

| ayer when the magnetic |ayer for magnetic recording is fornmed on the
substrate. [0076] Further, the glass substrate according to the
present invention is a glass substrate for a nmagnetic disc
corresponding to a manufacturing nmethod of a nagnetic disc including
t enper at ur dipeonessidigigand pheogassiang tavdepbsnt A foeedgdi mgtteaydrs on
the surface of the glass substrate and size of a foreign matter

i ncl uded i hsttedeheintbds sfibsheatéamay shbs2rpheorntiessists on the
[0077] Further, the glass substrate according to the present invention
i s a gl assSYRDEIRER SYIHACE RAgAeTEs i Sbigiatespbhai agase substrate

manuf act urj ng nmet hod. of a nagneti isc including tenperature |
processi ngbaﬁ’ag BRGEBESFAG s deﬁbﬂgitgeafq%&nd%@t%véw RAve ARY Sir#ace

f th I b d t f ' havi diff
Cher mal JexBIRET DRPEGERALEr aiE LT AT T bIoThaT AeE St pral aen
i ncl uded i Qsj f .t - '
For ei g Mot Lee e SLSet b o RRge e L Re L Dnpar ey 1 &t R FEF b

gl ass subshrat e {duedpLhangs ehet §TRELALHESY rad OOS]RAHIMR kNS
gl ass substrate according to the présent invention is a glass

substrat e h@gnét agReidraidysaeediitiespondi ng to a manuf acturing net hod
of a magnetic disc including tenperature processing and processing to
deposit a [eetslki ng | Byeeowsr t hecsysfalkl afd fheejyasmtsebshaatexist
wherein relation between a foreign matter included inside the gl ass
substrat e andheresdage vhtbe ol aglsassd shusdten atlee ghans shibsgrate being
substrate i s heat praocessed is understood and a standard for_the size
of the for@NYPhRHS &1assciendedendrgant het gFhg sCEyipst +atzedeipnsd on

det i d that b k t f th | bstrate i t withi
bor i Ssi bl BT EHdIAY G661 TnaRRrBE SHL TR ST SR TEARM U7 Lt BIE VA G Pass

formation of a magnetic layer when the magnetic layer for
magnetic recording is formed on the substrate.

[0076] Further, the glass substrate according to the
present invention is a glass substrate for a magnetic disc
corresponding to a manufacturing method of a magnetic disc
including temperature processing and processing to deposit a
recording layer on the surface of the glass substrate and size
of a foreign matter included inside the glass substrate may be
2 um or less.

[0077] Further, the glass substrate according to the
present invention is a glass substrate for a magnetic disc
corresponding to a manufacturing method of a magnetic disc
including temperature processing and processing to deposit a
recording layer on the surface of the glass substrate and the

foreignmatter having difference thermal expansion coefficient
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substrate for a nagnetic disc used for a magnetic disc. Wat is
clainmed is: 1. A glass substrate for a magnetic disc for

manuf acturing a magnetic disc by form ng a magnetic |ayer,

wherein a foreign matter exists in a surface |layer of the gl ass
substrate for a magnetic disc while part thereof being enbedded In
the gl ass substrate and the other part being exposed fromthe glass
substrate, the glass substrate bei ng anorphous gl ass; and t he
size of the foreign matter is within a size that does not prevent

fl oat of afsagrgisitcobiest: Wessasumpgneiti< idcdadeéd immridkackutied dinss
form ng a magnetic |ayer and incorporated Into a nmagnetic recording
medi um 2sull$eraficageyshbee ratie sfice anhegadatie fdrs¢gacnarthngauses
claim1l, wherein the foreign matter is Pt. 3. The glass substrate
for a magneE¢akafisdngeld t@mpgrabuEs ANACESSiRer ef ihs géass supstreiei gn
matter existing in the surface |ayer is 2pmor less. 4. The glass
substrate fo#e Ehadidoec odi EeMRREH HiHlg to claim 1, wherein the
foreign matter existing in the surface |ayer has a crystal structure.
5. The gl ass substrate for a magnetic disc according to claim

[0078] Further, the glass substrate according to the
present invention is a glass substrate for a magnetic disc
corresponding to a manufacturing method of a magnetic disc
including temperature processing and processing to deposit a
recording layer on the surface of the glass substrate wherein
relation between a foreign matter included inside the glass
substrate and breakage rate of glass substrate when the glass
substrate 1s heat processed is understood and a standard for
the size of the foreign matter included inside the glass
substrate may be determined so that breakage rate of the glass
substrate is set within permissible range.

[0079] The present invention can be used as a glass

substrate for a magnetic disc used for a magnetic disc.
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1, wherein dinension of an aperture of a portion on the surface |ayer
where the foreign matter is enbedded is 3.14 1.un2 or less. 6.The

gl ass substrate for a nmagnetic disc according to claiml1, wherein the
size of the foreign matter existing in the surface layer is 10 tines
or less than the lead track width. 7A glass substrate for

manuf acturi ng a magnetic disc through a processing step including
heating and a step of formng a magnetic | ayer, wherein the size of a
foreign matter included inside the glass substrate is preferably 5 pm
or less. 8. The glass substrate for a nagnetic disc according to
either claim1 or 7, wherein the glass substrate for a magnetic

di sc i s usedwhat nenufiaghed es3 magnetic di sc which uses a DFH head for
recor di ng.

1. Adglass substrate for a magnetic disc for manufacturing a magnetic disc by
forming a magnetic layer,

wherein a foreign matter exists in a surface layer of the glass substrate for a
magnetic disc while part thereof being embedded in the glass subsirate and the
other part being exposed from the glass substrate, the glass substrate being
amorphous glass; and

the size of the foreign matter is within a size that does not prevent float of

a magnetic head when a magnetic disc is manufactured by forming a magnetic
layer and incorporated Into a magnetic recording medium.

2. The glass substrate for a magnetic disc according to claim

1, wherein the foreign matter is Pt.

3. The glass substrate for amaghetic disc according to claim
1, wherein size of the foreign matter existing in the surface

layer is 2pm or less.

4, The glass substrate for amagnetic disc according to claim

1, wherein the foreign matter existing in the surface layer has

a crystal structure.

5. The glass substrate for amagnetic disc according to claim
1, wherein dimension of an aperture of a poxtion on the surface

layer where the foreign matter is embedded is 3.14 um® or less.
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9. The glass substrate for a nagnetic disc according to either claim
1 or 7, wherein the magnetic |ayer is a perpendicul ar nagnetic
recording layer. 10. A perpendi cul ar magnetic recordi ng nmedi um
wherein an adherent |ayer, a soft magnetic |ayer, a foundation |ayer,
and a perpendi cul ar magnetic recording | ayer are deposited on the

gl ass substrate for the magnetic disc according to any of clains 1 to

9.

6. The glass substrate for amagneticdisc accoxding to claim
1,whereinthesizeoftheforeignmatterexistinginthesukface

layer is 10 times or less than the lead track width.

7. Aglass substrate for manufacturing a magnetic disc through a processing
step including heating and a step of forming a magnetic layer,
wherein the size of a foreign matter included inside the glass substrate is
preferably 5 um or less.,

8. The glass substrate for a magnetic disc according to
e¢ither claim 1 or 7,

wherein the glass substrate for a magnetic disc is used
to manufacture a magnetic disc which uses a DFH head for

recording.

9. The glass substrate for a magnetic disc according to

either c¢laim 1 oxr 7,

wherein the magnetic layer is a perpendicular magnetic

recording layer.

10. A perpendicular magnetic recording medium,
wherein an adherent layer, a soft magnetic layer, a
foundation layer, and a perpendicular magnetic recording layer
- are deposited on the glass substrate for the magnetic disc

according to any of claims 1 to 9.

30



