DESCRI PTI ON METHOD OF MANUFACTURI NG A GLASS SUBSTRATE FOR A MAGNETI C DI SK
AND SYSTEM FOR MANUFACTURI NG 5 A GLASS SUBSTRATE FOR A MAGNETI C DI SK
Technical Field 100011 This invention relates to a nagnetic-di sk gl ass
substrate manufacturing 10 method including a chem cal strengthening
process that ion-exchanges part of a glass substrate to carry out chem cal
strengt heni ng thereof, a magnetic disk manufacturing nethod, a nagnetic

di sk, and a nagnetic-di sk glass substrate nanufacturing system 15
Background Art [0002] 1In recent years, the information recording

t echni que, particularly the nagnet%@ SCEHBTHPNg t echni que, has remarkabl y
advanced followi ng the devel opnent of information technology. An al um num
substrate has been 20 widely used as a substrate for a magnetic recording

medi um for an HDD media for such |
magnetic recordi ngmr'g% Q?mgglq%ﬁdﬁ M§AQ&W§%$§A§% and t hi ckness

and the increas % éss substrate
excellent in suEgtF{] t[\ggégﬁ ?@@?W§g mwgng%ﬁ as conpared
wWth t al um num 25 FQ@@ nd. [0003]
Furthe?’e foll ow ng the%@;%‘régaggg?ﬁ ens FUW%\?\%S ewarr-ggng I c recording

medi um a magnetic head has al so shifted froma thin filmhead to a 2

magnet oresi stive head (MR head) and to a gi ant magnetoresistive head (GWR

head), whetginhiddiEidiiyi ng hei ght of the magnetic head froma substrate has
been decreasing. There are |nstances where such a magnetic head nounted

wth a [0001]

This invention relates to a magnetic-disk glass substrate manufacturing
10 method including a chemical strengthening process that ion-exchanges part of a
glass substrate to carry cut chemical strengthening thereof, a magnetic disk
manufacturing method, a magnetic disk, and a magnetic-disk glass substrate

manufacturing system.

15  Background Art

[0002]

In recent years, the information recording technigque, particularly the
magnetic recording technique, has remarkably advanced following the
development of information technology.  An aluminum substrate has been

20  widely used as a substrate for a magnetic recording medium for an HDD (hard
disk drive) or the like being one of media for such magnetic recording.
However, following the reduction in size and thickness and the increase in
recording density of a magnetic disk, a glass substrate excellent in substrate
surface flatness and substrate strength as compared with the aluminum

25  substrate has been increasing in demand.

{0003]

Further, following the increase in density of the magnetic recording

medium, a magnetic head has also shifted from a thin film head to a



magnet oresi stive effect elenent causes a thermal asperity failure as its
inherent 5 failure. The thermal asperity failure is a failure in which a
read error occurs due to heating of a magnetoresistive effect el enent
caused by adiabatic conpression of air or contact when a nagnetic head
passes a m nute convex or concave shapg on a surface of a magnetic disk
while flying over it. [0004] 10 TherefOore, with respect to a magnetic head
nounted with a magnetoresistive effect el enent, the surface of a nagnetic
disk is required to have extrenely high-level snoothness and fl atness.

Furt her, imagnewgesisiie heag &R keddransttoongiany magheseesistive deadt(@Midst or
foreign matter adhering thereto, convex portions are forned and, thus,

hi gh- I evel heda®awheteis dbabyiegdieigiiirgtee aagneticlhemshiiery a sebiae Nap besrei gn
matter is also required for the glass substrate. %OO%SL In a%diti nto the
smoot hnessd@BaFINGt ndS§rHRTQ WSl ePANETBAUCAS MREGRES NEdinagINted wiha

G anet er | oF ATGIFERPLYS RBPE H16TREHOT 3o N RERPLRSBT Y BN HaHor ENAIL, 20
This i s becguse the di nensional error.of Lnner_.peripher nd face of the
mgnet . diFOR i (& Mo aR aseaty fRIPR 4 a Al Oh v R SPET e AEEHS hagnet i
disk is f] ; i - r : i nner

di anet er g'lsérgoﬁg(?%wgq 8@% ﬂg%g?}eggﬁeg[sélgg e,?f%g e Qrellﬁggéngé%gi@%%?@y of causi ng
a mechanic L, [ bt I ' t4y0n on a
magneti c d?%ﬂ?R%%R?H%?ghgﬁgéyﬁggvggg%ﬁﬂégﬁé%%g%é@ga%%f§$£mgg§£%§ﬁgg(?nto a

magnetic digkoaew glée%gu?fac%f a%gr;et% HER SIHREflyink SYerGpuSi ng a probl em

in fitting to a spi uring disk acking. The'inner peripheral end face
of the magnetic [@ioglﬂis small in surface area relative to the main surface
and thus when the rotating 3 center of the magnetic disk is offset due to
the i nner di amet Eheforengitbnebpestiton maghetichead ficunitéd Withiocate a head of

the HDD at a correct position on the HDD and thus it becomes inpossible to
recor d/ r epmagnetmrdsistive effect element, the surface of a magnetic disk is required to
have extremely high-level smoothness and flatness. Further, if a magnetic
layer is formed on a glass substrate with dust or foreign matter adhering thereto,
convex portions are formed and, thus, high-level cleaning capable of completely

15 removing the dust or foreign matter is also required for the glass substrate.

[0005]

In addition to the smoothness and flatness of the surface of the
magnetic disk, strict precision management is required for dimensional error of
the inner diameter of a circular hole formed in the center of the magnetic disk.

20  This is because the dimensional error of an inner peripheral end face of the
magnetic disk directly affects the installation precision when the magnetic disk is
fitted on a spindle motor of an HDD. Further, when the inner diameter
dimensional error is large, there arises a possibility of causing a mechanical
error in the stacking servo (writing of servo information on a magnetic disk)

25  implemented before the magnetic disk is assembled into a magnetic disk device
such as an HDD or a possibility of causing a problem in fitting to a spindle
during disk stacking. The inner peripheral end face of the magnetic disk is

small in surface area relative to the main surface and thus when the rotating



[0006] 5 Further, since reading/witing of data is perfornmed while rotating
the nmagnetic disk at high speed, it is necessary to prevent fluctuation of
data on the magnetic disk even during that high-speed rotation. Therefore,
the precision nmanagenent of the inner dianeter dinensional error of the
substrate for the nmagnetic di sk beconmeg particularly inportant. 10 [0007]
Further, paying attention to data access by the HDD, in order to accurately
store/reproduce data on the magnetic disk assenbled into the HDD, a servo
pattern serving as a positioning index is witten on the magnetic disk in
advance. TheRenpf t”ierf@a@ﬂet'%@'sgﬁ pEsplatastnnPdNpe diariper Wmﬁqnafhgrrphe

t 15 di sk |l t ti
i ok w1 s Ol torlee AR Rvacasket B ED %reiéér@m”p@a' AT AT st S
and then i ted as.a rodu on the Sdaciﬂc rmt or of the HDD. [0008]
Waen t he |fﬂlr@r B‘?%ﬁfﬂ?%?magﬁkﬂ@ grarorgfient magnetic disk is large, 20

the position of Irbg) ﬁervo pattern and that of the recording/reproduci ng head
of the HDD as a@ 9 ct are offset fromeach ot her when assenbling t he

ragnetig Aok | BNt h B AR i 1Bk Ao REANHATELARRIANC! | on

cannot be perforfred nor el ue’i's t hat

adj ust's al gy ﬂgg.éﬁtrﬁg@@gaéggglmsea 98 a;frb?é‘ﬁt'fld&uéﬁdrpé\scﬁ‘dtg chng:

Pat ent Doc I's nora solution to suppress

i nner di a”ﬁa@ﬁeﬂb%&%murﬂ{ d fat hi rp%?e%]d Rtatitss crTadiAB o preBiion

requi renent for the iIncreasen recor densi'ty of magneti c di sks has
been furthgfanagefrrasohehd ihné?@ﬁmﬁeﬁé?érnfiemél pgordi tideubstige foi miet er

di rensi onal error managenent nmuch stricter than conventional is required
for glass sulgsktietdesk Heonmdéepanignkirydmgostest. [ 0010]
10 [0007]
Further, paying attention to data access by the HDD, in order to
accurately store/reproduce data on the magnetic disk assembled into the HDD,
a servo pattern serving as a positioning index is written on the magnetic disk in
advance. This writing of the servo pattern is performed by fitting the magnetic
15 disk on an apparatus called a servo writer. Then, the magnetic disk written
with the servo pattern is once removed from the servo writer and then is fitted
as a product on the spindle motor of the HDD.
[0008]
When the inner diameter dimensional error of the magnetic disk is large,
20  the position of the servo pattern and that of the recording/reproducing head of
the HDD as a product are offset from each other when assembling the magnetic
disk into the HDD and, therefore, data recording/reproduction cannot be
performed normally after all. A technique is disclosed that adjusts alignment
for correcting such a positional relationship (e.g. Patent Document 1}, but there
25 is no radical solution to suppress the inner diameter dimensional error.
[0009]

As described above, the requirement for the increase in recording

density of magnetic disks has been further increasing in recent years and thus



Pat ent Docunent 1: JP-A-2004-199841 5 Disclosure of the Invention Problem
to be Solved by the Invention [00111 Such a magnetic-di sk glass substrate
is formed through a plurality of 10 processes. First, a single wafer is out
into a disk shape and then formed with an inner hole, thereby formng the
shape of a gl ass substrate. Thereafter, jan outer peripheral end face and an
i nner peripheral end face of the cut glass substrate are chanfered and then
both end faces are polished. Subsequently, nain surfaces of the gl ass
substrate are also polished and, finally, a chem cal 15 strengthening

treat nent the inper diesnater dineersional Bewr ghargesmadtmashe strivker thaheni cal

strengt hening treatnent can inprove the inpact resistance and vibration

r esi st anceCoivatiengl iggeqdive (¢ asspidp RS ithe MR@ERiciHe gl ass  substrate
from bei ng damalgﬁ)gJ gge to inpact or vibration. [0012] 20 The chemi cal
strengt heni ng pr d that inplenents this chem cal strengthening treatnent
is carried,out .. for exanp|e, L d nelting a nolten salt of an

al kal i sal Fagﬁﬁtﬁa’%m% rsi“l'fg'p‘fﬂz&%hggéfgubstrate as a treatnment object in
the nolten salt (chem cal strengthening treatnent solution) in a state
where the gl ass substrate is placed in a glass substrate hol der, 25 thereby

carrying obiﬁ%;:l@lé%éﬁw?ﬁegﬁwmen the gl ass substrate and the nolten salt.

[0013] In € Inner diameter of the glass substrate differs

bef ore a”dP%bl%tt%rbéﬁ@lvtéﬂgjytfnﬁll@ FRpot hening process. That is, a

phenonenon occurs suc e glass substrate expands in a direction of
the center of thggyaper dianeter to change its inner diameter. This is
because when the chemi cal

Such a magnetic-disk glass substrate is formed through a plurality of

10  processes. First, a single wafer is cut into a disk shape and then formed with
an inner hole, thereby forming the shape of a glass substrate. Thereafter, an
outer peripheral end face and an inner peripheral end face of the cut glass
substrate are chamfered and then both end faces are polished. Subsequently,
main surfaces of the glass substrate are also polished and, finally, a chemical

15 strengthening treatment is applied to the polished glass substrate. The
chemical strengthening treatment can improve the impact resistance and
vibration resistance of the glass substrate and thus can prevent the glass
substrate from being damaged due to impact or vibration.

[0012]

20 The chemical strengthening process that implements this chemical
strengthening treatment is carried out by, for example, heating and melting a
molten salt of an alkali salt and then immersing the glass substrate as a |
treatment object in the molten salt (Chemical strengthening treatment solution)
in a state where the glass substrate is placed in a glass substrate holder, |
25 thereby carrying out ion exchange between the glass substrate and the molten
salt.
[0013]

In this event, the inner diameter of the glass substrate differs before and



strengthening treatnent is applied to the glass substrate, the conpressive 5
stress is produced on the surface of the glass substrate so that the size of
the glass substrate changes due to this conpressive stress. [0014]
Further, the conposition of the chem cal strengthening treatnent solution
changes due to a change over tinme. Specifically, in the chemcal 10
strengthening treatnent, ions contained™ n the glass substrate are
i on-exchanged for ions contained in the chem cal strengthening treatnent
solution and, therefore, as the chem cal strengthening treatnment proceeds,
the ion-erbeaiigahansing! siengibenegmreeaasa Nd@t is at plenfinagROs Deis gueh
increase in the chemcal strengthening treatnent solution. This change in
conposi ti oH"aiﬁh%Qiﬂﬁés‘ﬁt@é‘tr&t%%@@qsdn@&%'oﬂ@ the gepteyicAke BINedi nensi on of
the glass substrate in the chem cal str ngthgni ng. Si.'ncg thg agct%hmt of this
! P WhGn dhe Fasp

_changedin dl%‘i‘h%t?;_ %W%%'t?lﬂ?@ﬁgf%ﬂe@énn | 5 & spee tobthe
L R e e L R
st engt henPhest PPRbfP Bh e stifFck o7 Ble FhEVSLPhueR bl IR e ooy

Furt her, oQggﬁ%%bg{rg@gﬁé%(?o(ﬁun@ﬁfsu?%}ﬁﬁéfgéésﬁnégggm cal strengthening

t r eat ment s are provi I'nes, respectively, 25 and
i ndependently co Oqi4z a chem cal strengthening treatnment solution, and
therefore, the conposSition thereof differs with tine anong the baths. For

obt ai ni ng hi gh-1 gughet, MM EofipaBRIbAICf dhEBRSINAAStrBR§RIcRi treafndri necessary
to individually control such a plurality of chem cal stTrengthening

treatment balufisn chanblogeivero a dhdrgediviritiond.t Speciitnsl] inaheheestiedles of the
respective chem cal strengthening treatnent solutions in the plurality of

chem cald ssirengthkamgngeattrerdt ioveatcohtimsd inl thetdiesssattsismatefare he chem cal
st rengt heni ng treat nent
lon-exchanged for ions contained in the chemical strengthening treatment
solution and, therefore, as the chemical strengthening treatment proceeds, the
ion-exchanged ions having been contained in the glass substrate increase in
the chemical strengthening treatment solution.  This change in composition
15  serves as a cause to change the inner diameter dimension of the glass
substrate in the chemical strengthening. Since the amount of this change in
inner diameter dimension cannot be ignored with respect to the inner diameter
dimensional error of the glass substrate required to be managed much more
strictly, high inner diameter dimensional precision also including the variation of
20  the inner diameter in the chemical strengthening treatment is required for the
glass substrate.
[0015]
Further, on mass-production of glass substrates, chemical
strengthening treatment baths are provided in a plurality of lines, respectively,
25 and independently contain a chemical strengthening treatment solution, and
therefore, the composition thereof differs with time among the baths. For

obtaining high-level inner diameter dimensional precision, it is necessary to

individually control such a plurality of chemical strengthening treatment baths.



solutions are different fromeach other, the variations of the inner
dianeters of 5 the glass substrates caused by respective chem cal
strengthening treatnents differ fromeach other even under the sane

chem cal strengthening treatnment conditions. [0016] Further, when the

i nner dianeter of each glass substrate %I so has sonme 10 di nmensi onal error
after the inner periphery processing process so that the inner dianmeter of
each gl ass substrate before the chem cal strengthening treatnent is smaller
or greater than a predeterm ned design value, the inner dianeter

di mensi onattopteyer, 4t isdliffisuivir sawrltre tha stabioh e GsPReHYL shiemicg! di nensi onal
error, throu%h he, chem cal st e_nﬁt her}]i nlg t r eat ment u%er cebt ai n chem cal
15 st r engt BEARGIGePINGAreRtAent sRWIPNS s Ine LAY AGCHeMIsROaRTSIBRNBE a | ar ge
nunber of | defectiv roducts. .[ 00 As .a result of strictly studying the
above- ment erﬂWrﬁr@gmgnﬁE Ehﬁtaté%ge #&hgnapaltqiqebng "i"%;[teiaﬁ'ﬁeﬁtave found out
that, rather kin of, .t he fact 20 that there | i aty D, Laner

di aneters a%ﬂ@”? ﬁge éﬁ%&%ﬂtg{%gtetagﬁ@ﬁ%e#@r\éarkaﬁ@ngcoﬁi@lﬁﬁe?g‘feﬁﬁﬁ{&? %éﬂl ng
process: angd f t i i afl i iatl i.nner

di anet Z‘:)r S %&@éggﬁgb%t@%sggﬁgg%i Pzﬁégﬁ%ﬁwﬁyﬁr@ﬁﬁ%@ﬁdﬁﬁgg ? {?g{trﬂspfrsfpl enment
the chemc } i r ol i i error of
i mal Ty oeE Bl R Ao TR TRl

conbi nat i opoR@tiyeen the inner dianmeter of a glass substrate before
performng a chem cal strengthening treatnment and a variation to be caused
by the chem cal [ggtiggngt hening treatment and sel ecting a chem cal
strengthening treatnment bath optinmal for chem cal strengthening, and have
conpl eted this 7Fuithygmtheortheli@fd8liametsrt dfevachagass selssitdte alscalsss gomesl y

studyi ng the above-nenti oned
10 dimensional error after the inner periphery processing process so that the inner

diameter of each glass substrate before the chemical strengthening treatment is
smaller or greater than a predetermined design value, the inner diameter
dimensional precision is worsened, in combination with such a dimensional
error, through the chemical strengthening treatment under certain chemical
15 strengthening treatment conditions, resulting in production of a large number of
defective products.
[0017]
As a result of strictly studying the above-mentioned problems, the
inventors of this application have found out that, rather making use of the fact
20  thatthere is variation in inner diameters among the glass substrates before the
chemical strengthening process and further that there is variation in variations
of the inner diameters among the chemical strengthening treatment baths that
implement the chemical strengthening process, the inner diameter dimensional
error of a finally obtained glass substrate can be reduced by adjusting a
25  combination between the inner diameter of a glass substrate before performing
a chemical strengthening treatment and a variation to be caused by the
chemical strengthening treatment and selecting a chemical strengthening

treatment bath optimal for chemical strengthening, and have completed this



probl ens, the inventors of this application have found out that the inner 5
di anet er di nensional error can be reduced w thout performng a conplicated
adj ust mrent of the chem cal strengthening treatnent conditions by nanagi ng,

i nstead of the inner diameter control in the chem cal strengthening process,
anot her process such as the inner perighery processi ng process (inner

peri pheral end face grinding process or' inner peripheral end face polishing
10 process) that processes an inner peripheral end face of a gl ass
substrate, i.e. by sequentially feeding back an inner dianeter dinensional
error in fitentichem cal strengthening process to the inner periphery
processi ng process, and have conpleted this invention. [0019] 15 Further,
as a result of #31&uously studying the above-nentioned problens, the
inventors of this application have found out that eyen if the inner

di aneter of a glFaEdies Assa resuwt PassiioyshaifKap 18e AORYEHBANHRYSY eat ment i s
Coner i ArRBmSiRYRBRAF opHs PBRURTen e g L RER RS Ty ot aspi ng. i n
cond & ondraiftes dioBhs SRR b oSt RE i it Rt e BRI of &
Juch: chemaseGelLREriherd et RudtitoPbdeatr BARED Ao DY PRI o5
Cr eat mont ROEAT0P B Phict HEMERE btifbiih in@ BRGRcE SEBhEMentid EREESSTTD, o
Croat ment TSIy BLER gPaS R MrBEbEEnd D broEaR G Bl oS R pet ed thi s
i nvent i On-pe[r@ﬂapell e%dI fEBé@rfhav@%ﬂog@%@aﬁinh@eben@ﬁi@r_ai| Bnd ifge pblishivey

above- mentioned probl ems "possessed by the conventional glass substrates and
has angobjReteds tIptbOEsses ampitet berighstal 8hassces bbsglaisesumpatadieur i ng

nmet hod, a magnetic di sk
by sequentially feeding back an inner diameter dimensional error in the
chemical strengthening process to the inner periphery processing process, and
have completed this invention.
[0019]

15 Further, as a result of assiduously studying the above-mentioned
problems, the inventors of this application have found out that even if the inner
diameter of a glass substrate before a chemical strengthening treatment is
deviated from a predetermined design value, it is possible to improve final inner
diameter dimensional precision of the glass substrate by grasping, in advance,

20  the relationship between chemical strengthening treatment conditions and a
variation (extension amount) of the inner diameter of a glass substrate when the
glass substrate is chemically strengthened under such chemical strengthening
treatment conditions and carrying out a chemical strengthening treatment under
proper chemical strengthening treatment conditions based on a difference

25  between the inner diameter dimension of the glass substrate before the
chemical strengthening treatment and a final desired inner diameter value, and
have completed this invention.

[0020]



manuf acturi ng net hod, a magnetic di sk, and a nmagnetic-di sk gl ass substrate 5
manuf acturing system which are new and i nproved and are capabl e of
reduci ng the inner dianeter dinmensional error of a nmagnetic-disk glass
substrate. [0021] 1In this invention, the inner dianmeter of a gl ass
substrate is neasured 10 and the diffeéence between it and a final desired
inner dianeter is derived. Then, a seleCtion is made of a chem cal
strengthening treatnent bath that provides a variation approximte to the
derived difference. Therefore, even if the inner dianmeter of a glass
substrat e changddyis investieshiasrhden made inview piribpearbovehsantanedp #ieni ng
treatnent bath on every occasion so that the glass 15 substrate after the

[

chenical 955RESSERY M provayionahglags substralgsiansehasipapbiast [0 PERYINe Aus, it
wtha S RORAS il SRS MM ASH RN Tr e bra MARIRICEBK Sol vi gt he
T e e S T L S
br i noi do_ dnBameen i pAtTobORE 8TRY B SRR P e R BPorS Th P o
center | ”trgdﬁ&ﬂpﬁgé é@%r‘ﬁ;&rﬂai’erﬁ?ﬁ%%kﬁéﬁr&ﬁ@ft%‘fremgh%gh{cﬁ%&agﬁ% sol ution of

one of a plura em'cal  strengtheni ng S to exchange
part of iangspaptained in the glass substrate for ions in the chem cal
strengthening treatnent solution, thereby chemcally strengthening the

gl ass substrate,[ogg nmet hod further 9 conprising an inner dianeter
measuring step of neasuring an inner dianmeter of the glass substrate before

the chem cal st rigngishevembrstiepinnar deasstenof & lgkissaiubstifads [ measunedr i ati on of
the inner dianeter of the glass substrate to be caused to occur by the
chem dal sdncemgt difeiamgedictweenlt aath fiohl ddwranl innat diaynedér shusmived|

Then, a selection is made of a chemical strengthening treatment bath that

provides a variation approximate to the derived difference. Therefore, even if

the inner diameter of a glass substrate changes, a selection is made of a proper

chemical strengthening treatment bath on every occasion so that the glass

15 substrate aiter the chemical strengthening process has a desired inner diameter,
and thus, it is consequently possible to manufacture a magnetic-disk glass

substrate with a small inner diameter (ID) dimensional error.

Means for Solving the Problem
20 [0022]

In order {o solve the above-mentioned problem, according to an aspect
of this invention, there is provided a magnetic-disk glass substrate
manufacturing method comprising a chemical strengthening step of bringing a
disk-shaped glass substrate formed with a circular hole in its center into contact

25  with a chemical strengthening treatment solution of one of a plurality of
chemical sirengthening treatment baths to exchange part of ions contained in
the glass substrate for ions in the chemical strengthening treatment solution,

thereby chemically strengthening the glass substrate, the method further



5 strengthening treatnent baths, and a conbination determ ning step of
determ ning the chem cal strengthening treatnent bath, that perforns

chemi cal strengthening, based on the variations so that the inner dianeter
of the glass substrate, whose inner dianmeter is neasured, becones a desired
value after the chem cal strengtheni ng,step, wherein, in the chem cal
strengt hening step, 10 the gl ass substrgte is chemcally strengthened in the
determ ned chenmical strengthening treatnent bath. [0023] 1In this
invention, the inner diameter of a glass substrate is nmeasured and the

di f f er encecdraprigiog antinaaddianiétanmedesiing dtdmelencdsaihig an inrerdiainegtad.of 15

Then, a selection is made of a chem cal strengthening treatnent bath that
provi des atheaglnss popstegphetoniedhe chentier) stenothening sfedr éryaspimpie @?e even
if the inner dianeter of a glass substrate changes, a selection i e of
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to exchange part of Tons contalned 10 the gl ass substrate ions in

the chem cgle @ierrm@gtétﬁeﬂgtserﬁmg%&é@%h@@wm e chdriRarSyeshtaBhivg!dtap,
strengthening the gl ass substrate, the nethod further conprising an i nner

di anet) nersylhsNguissteteds chemsaslly RgreagtHomeelrin dhaaeteemindd cleaealtapf the
plurality of glass substrates before the chem cal strengthening step,
strengthening ireatment bath.
[0023]
In this invention, the inner diameter of a glass substrate is measured
and the difference between it and a final desired inner diameter is derived.

15 Then, a selection is made of a chemical strengthening treatment bath that
provides a variation approximate to the derived difference. Therefore, even if
the inner diameter of a glass substrate changes, a selection is made of a proper
chemical strengthening treatment bath on every occasion so that the glass
substrate after the chemical strengthening step has a desired inner diameter,

20  andthus, it is consequently possible to manufacture a magnetic-disk glass
substrate with a small inner diameter (ID} dimensional error.

[0024]
In order to solve the above-mentioned problem, according to another
aspect of this invention, there is provided a magnetic-disk glass substrate

25  manufacturing method comprising a chemical strengthening step of bringing
one of a plurality of disk-shaped glass substrates each formed with a circular

hole in its center into contact with a chemical strengthening treatment solution

of a chemical strengthening treatment bath to exchange part of ions contained



5 a grasping step of grasping a variation of the inner dianeter of the glass
substrate to be caused to occur by the chem cal strengthening step, and a
conbi nati on determ ning step of determning the glass substrate to be
subjected to the chem cal strengthening step based on the variation so that
the inner dianeter thereof becones a (Tiﬁsi red value after the chem cal
strengt hening step, 10 wherein, in the Chem cal strengthening step, the
determ ned gl ass substrate is chemcally strengthened in the chem cal
strengthening treatnent bath. [0025] 1In this invention, a variation of a
speci fi ¢ dhive glaks stubetngtefeniong inthe abemital baengihenaw tedtmard sehdican opt i mal
gl ass substrate to be imersed in 15 that chem cal strengthening treatnent
bath is séheebgdhermicalynsrenaheniog dhe glassefsubgiratss thaipwthed d4theTher ef or e,
even if the chem cal strengthening treatnent condition of a chem cal

st r engt heSomprisinga@miiter shimelasmeasuring geR ff argasugpg anginRendiagrateesl nent
bath changes with tinme, a selection is nmade of a proper | ass, substrate on
every occ®chipf dee Biiralgy whgass sibstates befaeuthegmissl %if%%@%’ﬂ‘“ﬁr?&?ﬁshus it
is congequentl . possi bl e to manufacture ma%neti c-di sk I alss substrate

wi th a?smd $rasRNgrSiaR 2h8rasPing Byvagatensi Bisinner P@metﬁb@%‘%gﬁﬁs order to

i s LCZ@?B%%%@WEB%Q%‘%" _W#@E‘oﬁﬁ%&héﬁ@ Rl B8bCahe BT
oraral i 1y con e ae BRI SR E R 6o BbichAS: e 0 BB slbissiéd "hole”

0 its ent fi EALAIGRRBRSNHY GBETESBL N ENBNAR0h 8 thaeRETRRL >l uti ons

of a plural entc ngthenrng treéatnen respectively, to

exchange o mBa thoot BBS0INER LAHAGR Vaild g e} ?ﬁgﬁ)@&tg[]gt‘%&ig;f@ynb%ﬁ’ép,i n the

chem cal ‘strengthening treatnent sol utions, Ly _
strengpherimgetNth HASomisHPstdRitRSning ReedTRE S ARl iHihE@ blEeEbsFhftgisan | nner

di aneter measuring step of neasuring an 1 nner dianeter of each of the
plural ity cpbntaRsstrsmphsRicem hefdeical strengthening treatment bath.
[0025]
In this invention, a variation of a specific chemical strengthening
treatment bath is calculated and an optimal glass substrate to be immersed in
15  that chemical strengthening treatment bath is selected from among a plurality of
glass substrates. Therefore, even if the chemical strengthening treatment
condition of a chemical strengthening treatment solution in the chemical
strengthening treatment bath changes with time, a selection is made of a proper
glass substrate on every occasion so as to have a predetermined inner
20 diameter and thus it is consequently possible to manufacture a magnetic-disk
glass substrate with a small inner diameter (ID} dimensional error.
[0026]
In order to solve the above-mentioned problem, according to still
another aspect of this invention, there is provided a magnetic-disk glass
25  substrate manufacturing method comprising a chemical strengthening step of
bringing a plurality of disk-shaped glass substrates each formed with a circular

hole in its center into contact with chemicai strengthening treatment solutions of

a plurality of chemical strengthening treatment baths, respectively, to exchange



5 the chem cal strengthening step, a grasping step of grasping a variation
of the inner dianeter of the glass substrate to be caused to occur by the
chemi cal strengthening step for each of the plurality of chem ca
strengthening treatnment baths, and a conbi nati on determ ning step of
determ ning the chem cal strengthening, treatnent baths, that perform
chem cal strengthening, based on 10 th Tvariations so that the inner
dianeters of the plurality of glass substrates, whose inner dianeters are
nmeasur ed, becone a desired value in the chem cal strengthening step,

wherein, parttdiéorehesmiamedst teagitdreiungtratesfor tdme ipltke gheticadf gl ass
substrates are chemcally strengthened in the determ ned chem cal

st r engt hestraggtheeaignesdinsatt s9jutioas pheteetiyemitally 802idthenirtghihe glassent i on,

the inner dianmeters of a plurality of glass substrates and variations of a
pl ur al i t y subsicites) ibal msthoeigtthencogptisiogtareinnebdiaimetar seasatiogistaped and, in
order to finally obtain the glass substrates having a desired inner

di anet er , Mmdasuopgiareinnehdiginater ot eastyohibei plgralityeeit grass suastraleabeliael ect ed 20
for the plurality of glass substrates, respectively. Therefore, even if the
i nner 5di #ireemisrl sliendigeaky sapst praspinhaiegey Baseiem Yariative e cal
strengthening _treatnent condition of a chem cal strengthening treatnent

sol uti on inNesstametar dhiheplase seRgiAENONRP s ermcayaN tBRAEAGEYCAN th time, a
selection is de. of a proper nmbi nat.i on. het ween the gl ass substrate and
he chent SHPNOBCGINEHEPHBHPHEY of R IBA bk FeHCaLSI9 i Ee A0 S AToHE ¢ o
obtain a edet erm ned. i nner, di ameter and_thus it. is consequently possible
Lo manat GBHT N3 FegRBreCon ke BRaes iRt pateEmiion ol SRR ner G anecer
(1D di ' l..err 0 Th onbj [ rn may

Get br m ne ST RROCRakELEFAmdt st dlim e o B RAREL PR b P E P Bng

cheri ¢al $1d CAOLRGR D0 a3thd By dldifeHbAhe ARG oRdiath LiistiRREES Decones

m ni mum bet weéen
whose inner diameters are measured, become a desired value in the chemical

strengthening step, wherein, in the chemical strengthening step, the plurality of
glass substrates are chemically strengthened in the determined chemical
strengthening treatment baths, respectively.

15 [0027]

In this invention, the inner diameters of a plurality of glass substrates
and variations of a plurality of chemical strengthening treatment baths are
calculated and, in order to finally obtain the glass substrates having a desired
inner diameter, the optimal chemical strengthening treatment baths are selected

20  for the plurality of glass substrates, respectively. Therefore, even if the inner
diameter of each glass substrate changes or even if the chemical strengthening
treatment condition of a chemical strengthening treatment solution in each
chemical strengthening treatment bath changes with time, a selection is made
of a proper combination between the glass substrate and the chemical

25 strengthening treatment bath on every occasion so as to obtain a
predetermined inner diameter and thus it is consequently possible to
manufacture a magnetic-disk glass substrate with a small inner diameter (1D)

dimensional error.



5 of the inner dianeter and final estimated inner dianeters resultinf from
respective conbi nati ons obtai ned when the gl ass substrates and the chem cal
strengthening treatnent baths are tenporarily conbined. [0029] Even if one
of conbi nati ons between the glass substrates and the 10 chem cal
strengthening treatnent baths is good, the whole conbination including the
ot her conbinations is not necessarily 6%tinal. Therefore, with the above
configuration using the nmethod of |east squares, it is possible to reduce

t he whol e inner dianeter dinensional error. [0030] 15 The grasping step may
grasp the vari ajgg@g]based on a concentration of a specific conponent
contained in the chenlcal strengthening treatnent solution. [0031)
Furthernore, inToedembinatat deterintngastepenay detaymink preoth@nial 20 according to
a certain aspect of this invention, there is provided a nagnetic-disk glass
subst r at e strangihecing ireatrmat ieth  mpei foi mingachamicel stpemdthaeing, spitedessi ng
step of processing an inner peripheral end face of a di sk-shaped Iass
subst r at e thesumdhsquares ef difarencerdlesomesi minivent eetweaandhs aasdervaiu
strengthening step of bringing the glass substrate into contact vvlth a

cheni cal 26th& mﬁgﬁilﬁ?él’rlﬁtﬁg8ﬂ¢ié@ﬁh@ﬁtm@@ﬂu{lP@frﬁ'ﬂ@%&@ﬁ&ﬁ@@”bﬁﬂfﬂ of ions

contained in the glass substrate for ns in the chemcal stren eni ng
treat ment rgwqﬁwaﬁomwéaw o@ﬁ@ﬁﬂdf&hw g'éﬁﬁﬁHéﬁfﬂésﬁ@ @P&@@”ﬂ@gst rate,

t he met hod, further conpri si raspi ng .step of grasping a deformation of
an i nner é?rﬁﬂﬁ{h@ﬁ”}ﬁ”? té“‘i‘ﬂti%éh%% rgal[sy ‘Pﬁa cheni cal strengthening

step, wherein, kgg%ﬁe i nner periphery proceSS|ng step, based on a grasping
result of the g ng step, the inner peripheral end face of the gl ass

hem cal st rengErEnnng S pLpo BbibAEeS Befles LTS sbbFiutahaEecauen

10 chemical strengthening treatment baths is good, the whole combination
including the other combinations is not necessarily optimal. Therefore, with the
above configuration using the method of least squares, it is possible to reduce
the whole inner diameter dimensional error.

[0030]

15 The grasping step may grasp the variation based on a concentration of
a specific component contained in the chemical strengthening treatment
solution.

[0031]
Furthermore, in order 10 solve the above-mentioned problems,

20  according to a certain aspect of this invention, there is provided a magnetic-disk
glass substrate manufacturing method comprising an inner periphery
processing step of processing an inner peripheral end face of a disk—shaped
glass substrate formed with a circular hole in its center, and a chemical
strengthening step of bringing the glass substrate into contact with a chemical

25 strengthening treatment solution to exchange part of ions contained in the glass
substrate for ions in the chemical strengthening treatment solution, thereby
chemically strengthening the glass substrate, the method further comprising a

grasping step of grasping a deformation of an inner diameter of the glass



5 shape. [0032] In this invention, a variation of the inner dianeter of a
gl ass substrate in the chem cal strengthening step is grasped and, on the
assunption that such a change will also occur from next, processing of an

i nner peripheral end face is 10 perforned at a stage preceding to the

chem cal strengthening step so that the inner dianeter of the glass
substrate finally becones a desired valusg Wth this configuration, it is
possi ble to reduce the inner dianeter dinensional error of a nagnetic-disk
gl ass substrate without perform ng a conplicated adjustnment of the chem cal

L E R R
Lhere 1 P8 gedyd ISk ot 2k 8 455 SURSITAY S IRYLAR UK et o

i pher al Sk . ith
pert pheral Sifidgea] Retishe sheasdylate Bt Al O d o 2

the g1 ass SuBSidid &1dhe RBbAGH g RRohRlnAS ERISLERH B0 dospgtment

solution to exchange par I'ons contal ne strate for ions
in the ghenigle strengthening treatment solution, thereby chemcally

strengt hening the gl ass substrate, the nethod further conprising a grasping

25 step of graspijpg3g] variation of an inner dianmeter of the glass substrate

to be defornmed by the chem cal strengthening step, and a processing anount

determ ni ng step lpfthdehesmion, rovarkaipecfaine srgr ataher oéauylasosubbdteatgimspi ng
step, a processing anount of the inner dianeter of the glass substrate so
that the 14theioheemicdi stretgtnertingtshep Bl graspsdibaty at éhadsarmpiien S seguent
chem cal strengthening step becomes a desired value, wherein, in the inner
periphery grangeswillrajsevopyr fréve raxhepropesdinher an irmt fexiphend) anodfage s
substrate is processed based on the ﬁrocessing amount .
10  performed at a stage preceding to the chemical strengthening step so that the
inner diameter of the glass substrate finally becomes a desired value. With
this configuration, it is possible to reduce the inner diameter dimensional error
of a magnetic-disk glass substrate without performing a complicated adjustment
of the chemical strengthening treatrnent conditions.
15 [0033}

In order o solve the above-mentioned problems, according to another
aspect of this invention, there is provided a magnetic-disk glass substrate
manufacturing method comprising an inner periphery processing step of
processing an inner peripheral end face of a disk-shaped glass substrate

20  formed with a circular hole in its center, and a chemical strengthening step of
bringing the glass substrate into contact with a chemical strengthening
treatment solution to exchange part of ions contained in the glass substrate for
ions in the chemical strengthening treatment solution, thereby chemically
strengthening the glass substrate, the method further comprising a grasping

25 step of grasping a variation of an inner diameter of the glass substrate to be
deformed by the chemical strengthening step, and a processing amount
determining step of determining, based on a grasping result of the grasping step,

a processing amount of the inner diameter of the glass substrate so that the



5 [0034] In this invention, a variation of the inner dianeter of a glass
substrate in the chem cal strengthening step is grasped and, on the
assunption that such a change will also occur from next, processing of an

i nner peripheral end face is perforned at a stage preceding to the chem cal
strengthening step so that the 10 inner dianeter of the glass substrate
finally becones a desired value. Wth tRg above cl osed-loop configuration
that feeds back a result to the inner periphery processing step as a
processing anount based on such a variation, the i nner dianmeter di nensional

o ecedi Rgzﬁﬁacgc? et S Eedaln D6 RRaIRh TomieAlr act urc o tlhe
cTror Wit h'o%'tk S S %?fﬁgégia}%s%ﬁ?'%?””ﬁtﬁiﬁeé g e o
St engt hengeL e ORp t}?é)fﬁwe?'rogﬂép%rl[a?gég]fac BeulelEss Beniphety processi ng

step may c hner  per face’ grin step of grinding
t he i nner £, 'dﬁﬂﬁl peri pheral end face polishing
step of pollshlngdq%% |nﬁi§&g%$?%ﬁ g tface Refl ection of the grasping
result ef the grg@@g g step may be carrled out by one or both of the inner
peripheral end f rinding step and the inner peripheral end face

pol i shing step. aﬁtiﬁ@@@ﬁdnt%tB\Iﬁhﬂétﬁt)ﬁ@ﬂfﬂ@:%hé? u&mnetbh@fﬁrmsmwawnt
anticipating the variation can be securely reflected onthe inner dianeter

processi ng thé chbm:@dl@@n]g_;md@ﬁmg 8lep is tngspethand, et ihehessaimystioth thatsugr andi ng
step can take a greater 15 nmachining all owance as conpared with the inner
peri pheral wvathgbacie apsal oshirdigpm sieef) panckdsing dfean irimer petiphag! anddade ger uni t
time is large, and thus the control is easy. Therefore, it is possible to
achi eve an pertoreesieatinstageireesding o6 thehehemmalsiaengtheniggmtep esdeat tae
conpared with the inner ﬁel’l pheral end face .

10 inner diameter of the glass substrate finally becomes a desired value. With the

above closed-loop configuration that feeds back a result to the inner periphery
processing step as a processing amount based on such a variation, the inner
diameter dimensional error in the chemical strengthening step can be absorbed
in the step at the preceding stage. Thus, it is consequently possible to
15  manufacture a magnetic-disk glass substrate with a small inner diameter (1D)
dimensional error without performing a complicated adjustment of the chemical
strengthening treatment conditions.
[0035]
The inner-beriphery processing step may comprise an inner peripheral
20  end face grinding step of grinding the inner peripheral end face and an inner
peripheral end face polishing step of polishing the inner peripheral end face.
Reflection of the grasping result of the grasping step may be carried out by one
or both of the inner peripheral end face grinding step and the inner peripheral
end face polishing step.
25 [0036]
With this configuration, the processing amount anticipating the variation
can be securely reflected on the inner diameter processing of the glass

substrate. The inner peripheral end face grinding step can take a greater



5 polishing step. [0037] The grasping step may grasp the variation froma
di fference between inner dianeters of the glass substrate before and after
the chem cal strengthening step. 10 [0038] In either one of the
above-nmenti oned nmagneti c-di sk gl ass substrate nanufacturing nethods, the
grasping step may grasp the variation based on a concentration of a

speci fic conponent contained in the cheggcal strengthening treatnment
solution. 15 [0039] In either one of the above-nentioned magneti c-di sk gl ass
substrate manufacturing nethods, the grasping step may grasp the variation

using a variation table in which tBe .@o€centratio ofttrgg %%ecilf'c

component dieHES YaHEREP it HHEPTApY f@'aajehp%@ ral g .fi mzﬁiwnl this
oo fona B LR LBl o e P e B RO B8
concent rat 158 ont JeBioeer s EPEBIRRE R B A Nt AR ErERaBL bR | Lavance.

25 Accor di Wéﬁufa&@ﬁg@&@@?%ﬁe%ﬁago?@rﬁﬁﬁ% Wi fl’f‘éji'r'lﬁgﬁg@ﬂﬂherfa'i‘éha%ce it is

possi ble to avol e variation to roundi ng error when
deriving apgehihhdiggnsi onal function. [00411 16 Furthernore, in order to
sol ve the gbove- nt'i oned probl ens, according to a certain aspect of this

i nvention, there[@@gﬂrovided a magnetic-di sk glass substrate manufacturing
met hod conprising a chem cal strengthening step of bringing a disk-shaped
gl ass substrate flowengdspinghstep endycglasp thelvariaton frem a difference between

inner diameters of the glass substrate before and after the chemical
strengthening step.
10 [0038]

In either one of the above-mentioned magnetic-disk glass substrate
manufacturing methods, the grasping step may grasp the variation based on a
concentration of a specific component contained in the chemical strengthening
treatment solution.

15 [0039]

in either one of the above-mentioned magnetic-disk glass substrate
manufacturing methods, the grasping step may grasp the variation using a
variation {able in which the concentration of the specific component and the
variation are mapped to each other.

20 [0040]

With this configuration, without calculating, in real time, a
multidimensional relational expression between the concentration of the specific
component and the variation, the variation can be easily derived from the
concentration only by referring to the variation table prepared in advance.

25  Accordingly, the processing load can be reduced and, further, it is possible to
avoid a deviation of the variation due to rounding error when deriving a
multidimensional function,

[0041]



5 center into contact wwth a chem cal strengthening treatnent solution to
exchange part of ions contained in the glass substrate for ions in the
chemi cal strengthening treatnment solution, thereby chem cally strengthening
the glass substrate, the nethod further conprising an inner dianeter
measuring step of mneasuring an inner diameter of the glass substrate before
the chem cal 10 strengthening step and g chem cal strengthening treatnent
condition determning step of determining a chem cal strengthening
treatnment condition of the chem cal strengthening step based on a
di fference between the neasured inner dianmeter and a desired inner dianeter
after the cheni cBHBeaMg: Heidey 1o selg tharbpEementipnasedrehEMal
strengthening step, the glass substrate is 15 chem cally strengthened based
: A el 1 45K

AR i L) é:!@“%?“%??E?rﬁfﬁf?‘iﬂéiﬁﬁf‘g B asurec
o e e T R T
Lo than o AT AR LB P IR B T
of t heeg gl gggtgﬁjrﬁgtcﬁgfa?t t\ﬂ\)ﬁ“ o$8ﬁ$@§aigg%@gﬁﬁs ﬂ?ﬁ%ﬁhﬁﬁ?@“‘??ggt ment is

devi at ed T EQMgodh &H8T RINICRLES| P/ AbYE sublifabliBRlorkneie haiRipr of the

gl ass substrate can nade t0 a desired value by adjusting the variation

and thus, | bgReRRIGNEathon BBGACH o oRBARSY G dhgthdBliapmenybss rate with

a smal|l inner diameter dinensional error. [0043] 17 “The em cal

st r engeht nkngsttdte athEanbieNdinthep BoMpYisig @i inherdlantder arlctiag stéest a group
consisting of (a) a concentration of a specific conponent contained in the

chem cal ssatgs@nghbem inget diegatatensf el glasoaisonchié bpf@s thé atrenségn time of the
gl ass substrate in the chem cal strengthening treatnent
10 strengthening step and a chemical strengthening treatment condition
determining step of determining a chemical strengthening treatment condition of
the chemical strengthening step based on a difference between the measured
inner diameter and a desired inner diameter after the chemical strengthening
step, wherein, in the chemical strengthening step, the glass substrate is
15 chemically strengthened based on the determined chemical strengthening
treatment condition.
[0042]
in this invention, first, the inner diameter of a glass substrate is
measured and the difference between it and a final desired inner diameter is
20  derived. Then, the chemical strengthening treatment condition is determined
so that a variation in the subsequent chemical strengthening step follows the
derived difference. With this configuration, even if the inner diameter of the
glass substrate before the chemical strengthening treatment is deviated from a
predetermined design value, the final inner diameter of the glass substrate can
25 be made to a desired value by adjusting the variation and thus it is possible to
manufacture a magnetic-disk glass substrate with a small inner diameter

dimensional error.

[0043]
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n. [0044] In the chem cal strengthening step, mainly (a) the

tion of a specific conponent contained in a chem cal strengthening

solution and (b) the inmersion tine of a glass substrate in a
strengthening 10 treatnment solution and a variation of the inner

of the glass substrate have a_correlation therebetween. Therefore,
he chem cal strengthening st is carried out by fixing one of the
strengthening treatnment conditions, the variation can be adjusted

ng the other chem cal strengthening treatnent condition and thus
it is possible Taerst@dusieathernbehtimngtrediraset @nditioremsiydalt leasiosnedf the

strate after the chemcal strengthening step. [0045] The chem cal

strengthening treatnent condition using a strengthening 20

condition are mapped to each other. [0046] Wth this

conf i gur aimawersientineiof el gasasubgratedn thaathemiag) skcogthpningdreaimand| at i onal

expressi o
t r eat nent
easily de
condi tion
reduced a
strengt he
mul tidime
gl ass sub

10

15

20

25

n between the difference and the chem cal strengthening 25

sebfi@Nti on, the chemical strengthening treatnent condition can be
rived ? om.the difference only by referring to the strengthening
éﬂ‘ggared i n advance. Accordingly, the processing | oad can be

tabl e

ning et erishaleTEhoa0s Tebr SaNAr ] Ter EBPCRHEHAILT 41 g &
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and (b) the immersion time of a glass substrate in a chemical strengthening
treatment solution and a variation of the inner diameter of the glass substrate
have a correlation therebetween. Therefore, even if the chemical
strengthening step is carried out by fixing one of the chemical strengthening
treatment conditions, the variation can be adjusted by changing the other
chemical strengthening treatment condition and thus it is possible to reduce the
inner diameter dimensional error of the glass substrate aiter the chemical
strengthening step.

[0045]

The chemical strengthening treatment condition determining step may
determine the chemical strengthening treatment condition using a strengthening
condition table in which the difference and the chemical strengthening treatment
condition are mapped to each other.

[0046]

With this configuration, without calculating, in real time, a complicated
relational expression between the difference and the chemical strengthening
treatment condition, the chemical strengthening treatment condition can be
easily derived from the difference only by referring to the strengthening
condition table prepared in advance. Accordingly, the processing load can be

reduced and, further, it is possible to avoid a deviation of the chemical

18



5 systemthat inplenents the nagnetic-di sk gl ass substrate nmanufacturing

nmet hod descri bed above, a magnetic di sk manufacturing nethod including a
step of formng at |east a nagnetic |ayer on a surface of a glass substrate
obtai ned by the nmagnetic-di sk gl ass substrate manufacturing nethod, and a
magneti c di sk thus manufactured and used as a magnetic recording nmedium 10
[0048] Such a nmagnetic recording nedi umygay be a perpendi cul ar magnetic
recordi ng mediumin which a magnetic layer is nagnetized perpendicularly to
the magnetic disk plane. Since the perpendicul ar magnetic recordi ng nedi um
is further increased in recording. densi as conmpared with a. horizontal 15
(i n- pl ane) FEGREIGHNY H@éFfH?WgCQ%gWQMgU% FPW'WQ?E@W WDEREEEV NG Fensi onal
error allomedrfor t he %grizontal magneti ¢ recordi ng medi um cannot be al | owed
for the perBEHAIMENHPNHAYRSHAE recording medi um Therefore, a nmagnetic

recordi ng nmedi um ﬁ@i?ﬂr ding to this invention capabl e of reducing the inner
di aneter di mensi({ error is also effective as a perpendi cul ar nagnetic 20

e Tt 6 R OB 4%l PR

according to this invention,"it 1s uce he 1 hner anet er

o mens! el i ERE 6 gl s RIS o B lemier ot on ©
magnet i c- di gkinglafsscripdBHoRE e W&'ﬁ%"d@{ RANBY @fing ﬁ!@ho@id@diﬁ'g a

expl anatory di agram for explaining a grinding process of an inner _
peripheral gag of ﬁ:ﬁﬁ}ir?%'aﬂ@a@garmé@hét@la?e@rga sBirfage af laoglebs ydbstpdtesect i onal

vi ew for explaining e structure of an inner peripheral end face polishing
machi ne. obtained by the magnetic-disk glass substrate manufacturing method, and a
magnetic disk thus manufactured and used as a magnetic recording medium,
10 [0048]

Such a magnetic recording medium may be a perpendicular magnetic
recording medium in which a magnetic layer is magnetized perpendicularly to
the magnetic disk plane. Since the perpendicular magnetic recording medium
is further increased in recording density as compared with a horizontal

15 {in-plane) magnetic recording medium, even an inner diameter dimensional
error allowed for the horizontal magnetic recording medium cannot be allowed
for the perpendicular magnetic recording medium. Therefore, a magnetic
recording medium according to this invention capable of reducing the inner
diameter dimensional error is also effective as a perpendicular magnetic

20  recording medium.

Effect of the Invention
{0049]
As described above, according to this invention, it is possible to reduce

25 the inner diameter dimensional error of a magnetic-disk glass substrate.

Brief Description of the Drawings

[0050]



‘Fig. 4 is an explanatory diagramfor expl aining i mersion of glass
substrates into a chem cal strengthening treatnment solution. Fig. 5is an
expl anat ory di agram showi ng an exanple of a change in 10 inner dianeter

di rensional error due to a chem cal strengthening treatnment. Fig. 6 is a
functional bl ock di agram showi ng an outline when a grasping unit grasps a
variation by a nmethod of actually measurigng a variation of the inner

di aneter of a glass substrate. Fig. 7 is a correlation diagram show ng the
correlation between the 15 concentration (ppn) of Li ions and the variation

. Fig. 8 i ) l. di .Showi | e, .of . i ati
Labi e t9bl ing t noFiger ieravs o BB MidaM S dRor e ek SRS M| ons and
th i at] i i Fig. 9i I t di f
bl ai mi ng. SRS AR BRE §85t6f i ri Sy procecs by s combi pation O
det o o ‘ ¥ I > ‘ ¢
oo o 80t 6 815 M SHtn B Stathed SRARGNSLS gy
show ng prpﬁﬁgghgﬁ%@%p@ﬁgfé&ggmﬁiﬁ%nm{g_ and polishing anbunt) when a

variation is In a share nner, to both an 25 inner peripheral

end face grindi ngrigr 968 8S0RMIEL Al SRREE N SKd WD 6T Blpl SRR BesstrRAlre I iang
process. Fig. 12 iS a processing anount table when a variation is fed back

as only a ghengengheapand fade phishingnerachiiel pheral end face grinding
process. 20 Fig. 13 is a table in conbination of the variation table and

the processing afigudtis baldxelarfatery didgrasn forfaxptdiniogainmntdremi afi glgssam show ng
a magnetic-di sk glass substrate manufacturing system 5 Fig. 15 is an
expl anat or ysubsmtesrirdd avéihegniaal srengdeniod treatreenesgtth@ni ng condition tabl e
tabling the correlation between the difference (m )
Fig. 5 is an explanatory diagram showing an example of a change in
10 inner diameter dimensional error due to a chemical strengthening treatment.
Fig. 6 is a functional block diagram showing an outline when a grasping
unit grasps a variation by a method of actually measuring & variation of the
inner diameter of a glass substrate.
Fig. 7 is a correlation diagram showing the correlation between the
15 concentration {(ppm) of Li fons and the variation (um).
Fig. 8 is an explanatory diagram showing an example of a variation
table tabling the correlation between the concentration {ppm) of Li ions and the
variation {um) shown in Fig. 7.
Fig. 9 is an explanatory diagram for explaining a combination
20  determining process by a combination determining unit.
Fig. 10 is a functional block diagram showing a magnetic-disk glass
substrate manufacturing system.
Fig. 11 is a table showing processing amounts {(grinding amount and
polishing amount) when a variation is fed back, in a shared manner, to both an
25 inner peripheral end face grinding process and an inner peripheral end face
polishing process.

Fig. 12 is a processing amount table when a variation is fed back as

only a grindihg amount of the inner peripheral end face grinding process.



- MR S s
and the concentration (ppm) of Li ions. Fig. 16 is an explanatory di agram
showi ng the correl ation between the concentration of Li ions, the inmersion
time, and the tenperature and the 10 variation in such cheni ca
strengthening treatnent conditions. Description of Synbols [0051) 100,
200, 300 magnetic-di sk gl ass substrate manufacturing system 15 102 gl ass
substrate 110 inner peripheral end face2Qrindi ng machine 112 circular hole
114 inner peripheral end face 120 i nner peripheral end face polishing
machine 20 130 chemical strengthening treatnment bath 140 grasping unit 160

gri ndi ng amount. g4 e/l AR LomAEauBekt B naamab et et ning unit 210

i nner di aneter uri ng strengtheni ng con I'on determ ning

unit 310 %S%%%Sdz?ﬁlgg‘% ?JH@ ning unit Best Mdde for Carrying Qut the

| nventi on re erred enbodi nents of this invention will be

described in detid meraefumﬁbﬁwtyuaérhdragmﬁ%@@wrﬁq)atrheg@ém@@a@rag@g
drawings. In this description and raw ngs he sanme synbdls are

assi gned t gubenaeneahsfdeaximgsystembst antially the same functional
structures, thereby omtting redundant description thereof. [00531

(Adj ust gent of Cdindpi Taksi amexflathiass didghshrshioeving bh eaerpieaf aSt r engt heni ng

strengthening condition table tabling the correfation between the difference {um)
and the concentration (ppm) of Li ions.

Fig. 16 is an explanatory diagram showing the correlation between the
concentration of Li ions, the immersion time, and the temperature and the

10 variation in such chemical strengthening treatment conditions.

Description of Symbols
[0051]

100, 200, 300  magnetic-disk glass subsirate manufacturing system
15 102  glass substrate

110 inner peripheral end face grinding machine

112 circular hole

114 inner peripheral end face

120 inner peripheral end face polishing machine
20 130  chemical strengthening treatment bath

140  grasping unit

160  grinding amount determining unit

170 polishing amount determining unit

210 inner diameter measuring device
25 220  strengthening condition determining unit

310 combination determining unit

Best Mode for Carrying Out the Invention



Treatnment Bath) 10 Wth the reduction in size and thickness and the increase
in recording density of a magnetic disk, the inner peripheral end face of a
gl ass substrate is strictly required to have high-Ievel snpothness and
flatness. This enbodinment ains at reducing a final inner dianeter (ID)

di rensional error of a glass substrate_ by paying attention to an inner

peri pheral end face of the glass 15 sub trate, particularly to a variation
thereof in a chem cal strengthening process. Hereinbelow, a description
will be given of a magnetic-di sk glass substrate manufacturing system 300
capabl e of carrfjoos@jout a series of processes including the chem ca

strengt heni ng process. [0054] 20 Fig. 1 is a functional block diagram

showi ng t he magRetfecedigkbodiamnts sttt inaeptiommilf e descrigedinsdaail 300
according to this enbodinment. Herein, thick-line arrows represent the flow
of proces$erainigloyl wits refataoedbdbe pOOAMPENYINRIAWINGS. arlh Vi despiifdidnt t he
flow of information. The magnetic-disk glass substrate manufacturing system
300 of Fi gndihegrvingastiierfirene pEmbplfcirgl assigneshiorGRrBPeReHaNaYI"Pachi nes 110,

i nner peripheral end face oILshin% machi nes 120, ,Qhenigal st.rengt heni ng

t r eat nent Sldﬁﬁﬁgt'%‘b’ot,heasaéﬁ%glﬁiqii'@nﬁh?’fUCiW@,S: ahaRpPYItingdeddndatiner di anet er
measuring device 210, gnd a conbination determning unit 310. Herein, in
order to FSEFIRIOR ef‘?{g-understanding, the magnetic-di sk 22 glass substrate
manuf act uri ng SﬁﬁﬁgF]BOO is described by particularly citing manufacturing
processes about ]inner peri pheral end faces of the glass substrates 102,

Pr;';lu:‘ ;C't3ﬁﬁﬁgg{gﬁé@e@&@rﬁémﬂﬁﬁtﬁiggﬁsﬁ:%@%ﬁgﬁ@ﬁﬁ(@ﬁ gp;%@ﬁ%‘%@@ﬂ Ad faces of
5 the gla H*?e?ﬁr s 102. [0055] The above inner peripheral end face

the %?eﬁ @%ﬁ) . . . .
gri ndi ng nmachi ne serves as an inner periphery processing nachi ne and

grindgg by a griweh (e eRERN it e laPB&hickness and the increase in recording
density of a magnetic disk, the inner peripheral end face of a glass substrate is
strictly required to have high-level smoothness and flatness. This embodiment
aims at reducing a final inner diameter (ID) dimensional etror of a glass
substrate by paying attention to an inner peripheral end face of the glass

15 substrate, particularly to a variation thereof in a chemical strengthening process.
Hereinbelow, a description will be given of a magnetic-disk glass substrate
manufacturing system 300 capable of carrying out a series of processes
including the chemical strengthening process.

[0054]

20 Fig. 1 is a functional block diagram showing the magnetic-disk glass
substrate manufacturing system 300 according to this embodiment. Herein,
thick-line arrows represent the flow of processing of glass substrates 102 and
thin-line arrows represent the flow of information. The magnetic-disk glass
substrate manufacturing system 300 of Fig. 1 comprises inner peripheral end

25 face grinding machines 110, inner peripheral end face polishing machines 120,
chemical strengthening treatment baths 130, a grasping unit 140, a memory
150, an inner diameter measuring device 210, and a combination determining

unit 310. Herein, in order to facilitate the understanding, the magnetic-disk
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peri pheral end face in a circular hole fornmed at the center of the

di sk-shaped 10 gl ass substrate 102 nade of, for exanple, a nulticonponent

gl ass. The inner peripheral end face grinding nachine 110 can be configured
in various ways as long as it can grind the inner peripheral end face of
the gl ass substrate 102 and, for exanple, it can be forned even by a
chanfer machine that grinds the inner ®eripheral end face simultaneously
with chanfering the inner peripheral end 15 face. The above grindi ng anount
is a value obtained by adding a grinding anmount determ ned by a

| at er - descr | r.indi : 1 4 e : i, ngi-ng anount
desired i nggéggﬁ“%&#r%gé g%gﬁg%bgﬂﬁrﬁgggﬁ%m %dg]% @Ci‘béﬁ%&ﬁ%ﬁ%% ?/ng agram f or
expl ai ni ng sTal : h i r &l ace

grindi ng ngﬁﬂﬁﬁ%ﬁgqgg%ﬁggﬁgﬁs%éP?EHFﬁgngﬂge@ﬁgﬁ?égﬁ%Eﬂ%%‘§§h§ né% peri phera

end face 1ifpsidheshoos bbﬁft ﬁgeﬁe@m?gsj & %wirga& thd'ab@al pb ekt ald iﬁdﬂuggg?]ed

gl ass substrate 102 as shown at Fig. 2, are carried out. |

I n the innefarmesttheg rocsibebatpuotiddimibatanit o6tel bBripRdral BAGTacal et er
grinding stone 116 for grinding is inserted into the circular hole 112 as
shown ag (e plaskiswbsRateBhpl urality of glass substrates 102 are stacked
into a cylindrical shape and upper and | ower two bottom surfaces thereof
are clasped 23 [305b]cl aspi ng nenber. The inner dianeter grinding stone 116
is apulley-like rotary grindstone and its outer periphery serves as

gri ndi ng sur f acedhe[db@s@]inndheeripressl aubcearedinimaghoha HE semves adizmet er
grinding stone 116 are 5 rotationally driven by driving neans (not

i |1 ustrat ed)nar@erphery proegsaing Mastdde andgpeeisi berygringied emeUnhribe iteinet er
grinding stone 116 is brought into contact w¢th the inner peripheral end
faces 114 #eripheratendiaes tud cicdeabriedognad it theipetiespbtheidisk-spreedny

appl ying uni forminner djianeter processing to the .
PPLY 18 gﬁass substrate 102 ma eof,?orexample?a multicomponent glass. The inner

25

peripheral end face grinding machine 110 can be configured in various ways as
long as it can grind the inner peripheral end face of the glass substrate 102 and,
for example, it can be formed even by a chamfer machine that grinds the inner
peripheral end face simuttaneously with chamfering the inner peripheral end
15 face. The above grinding amount is a value obtained by adding a grinding
amount determined by a later-described grinding amount determining unit 160
to a grinding amount desired in a grinding process.
[0056]
Fig. 2 is an explanatory diagram for explaining the grinding process of
20  the inner peripheral end face grinding machine 110. Herein, grinding and
chamfering of an inner peripheral end face 114, which is formed by a circular
hole 112 of the disk-shaped glass substrate 102 as shown at (a) in Fig. 2, are
carried out.
[0057]
25 In the inner peripheral end face grinding machine 110, an inner
diameter grinding stone 116 for grinding is inserted into the circular hole 112 as
shown at (b) in Fig. 2. The plurality of glass substrates 102 are stacked into a

cylindrical shape and upper and lower two bottom surfaces thereof are clasped



respective glass substrates 102. The rotation directions thereof are set so
as 10 to be opposite to each other at their contact points. By the inner

peri pheral end face grinding process described above, there are formed an

i nner peripheral end face 114 and chanfered surfaces 114a as shown at (c)
in Fig. 2. It is also possible to grigg the outer peripheral end faces
simul taneously with grinding the innef“peripheral end faces 114. 15 [0059]
The above inner peripheral end face polishing machine 120 serves as an

i nner periphery processing machine |ike the inner peripheral end face

gri ndi ng ngchchlaepibiimamiepol Tdémerfdiarbier goipdmgostbneHil6dgs armdiey-likehe i nner
peri pheral end faces 114 of the glass substrates 102 ground by the inner 20
per i pher alrotamy gfindgtogeiandi itegoutac berighdryGerved gs gohdisli sugfagesunt is a val ue
obt ai ned by adding a polishing anobunt determined by a | ater-descri bed

pol i shi ng anDunﬂO&ﬁﬂernining unit 170 to a polishing anount desired in a
pol i shing process. [0060] 25 Fi%. 3 is a longitudinal sectional view for
expl ai ni ng the dtheudlpss subsiratas 1 Qrﬁ@thﬁéﬁﬁ‘ﬁ@ﬁmet@rﬁﬂﬁﬁﬁﬁsﬁﬁﬂq 5 @8 machi ne
120. The plurality of g]ass . substrates 102 stacked .into the | i ndri cal
shape ﬁrerﬁai@ﬂa‘ﬁ)bdﬁvef RY fgvipsrmeans (Naidlusiraied) toyHaen Hagy %’P?eflc‘:’églend face
pol i shing machine 120. The inner 24 nper,i pheral d faces of the glass

D Ubst r at oSCaRE RN, BOF R DBy Bp et oRGCsRETBRe TBIR ORaNa GIcBEEE tbat r at es

subst rat edh s gL WhetAfe PR 15 O o bl S Bed el T e 102
ool 1 shi ng Sgay S FE BT b B hBe R R SBEE 4P PiSeNDITER ng ooy
124, o SPHRGRUAS KR ATy TRe SRR ets yPOS o ey ol suer
10 to be opposite to each other at their contact points. By the inner peripheral
end face grinding process described above, there are formed an inner
peripheral end face 114 and chamfered surfaces 114a as shown at (c) in Fig. 2.
It is also possible to grind the outer peripheral end faces simultaneously with
grinding the inner peripheral end faces 114.
15 [0059]
The above inner peripheral end face polishing machine 120 serves as
an inner periphery processing machine like the inner peripheral end face
grinding machine 110 and polishes, further by a polishing amount, the inner
peripheral end faces 114 of the glass substrates 102 ground by the inner
20  peripheral end face grinding machine 110. This polishing amount is a value
obtained by adding a polishing amount determined by a later-described
polishing amount determining unit 170 to a polishing amount desired in a
polishing process.
[0060]
25 Fig. 3 is a longitudinal sectional view for explaining the structure of the
inner peripheral end face polishing machine 120. The plurality of glass
substrates 102 stacked into the cylindrical shape are fixed to a fixing portion

122 of the inner peripheral end face polishing machine 120. The inner



resin foam or pitch inpregnated suede, or the |like may be arranged so as to
10 formpart of a cylindrical shape. The polishing body 124 nay nake a

| ow- speed reciprocating notion (stroke notion) in the rotation axis
direction wthin the circular holes, thereby polishing the entire inner

peri pheral end faces 114 of the glass_substrates 102. [0062] 15 Nozzles
128 of the inner peripheral end face pg i shing machine 120 supply a
pol i shing sol ution containing polishing abrasive grains between the
pol i shing body 124 and the gl ass substrates 102. As the polishing abrasive
grains, alpehipbhginl degdackngf e gatasgsdiraaas02cee podpieed bgeotating beemade of ,
for exanple, normal polishing abrasive grains such as alum na, cerium

oxi de, or b2th obihleayldsd sshbdtiatas 188 sndda ppkstsngyodpdi2dninserietliictio thee pol i shi ng
abrasive grains are dispersed, there is no particular limtation. Al though
wat er i s piretilar Ables dfrihe igdagsssudistrates 102ssround e diskiaealiay avadeé thd  a

di spersing nmediumthat is used in normnal polishing. 50063] 25 The above
cheni cal $lassraytbistaieny! 82 vaedasta wialivnGEteosp thaldbe glagsrakshaias KR h
containing a chem cal strengthening treatnment solution and a control
portion t [FEAdBE polipingmadyci4 Jiby gt HaacnPPPeat nent bath 130 is used in

t he chem cal str@ﬁ%hrening process such that the glass substrate 102 is 25

i mersed in thel i cal strengthening treatnment sol ution obtained by

L 7, AT B R B B SRR
| ons- such acedls WFRERTK s 08 3t o bk PasPlnofb AP g Peithen;
Such an 1 ORo B 1eR T ek PRGT imePchiR R ERE o V1P Bys BRY MolPPoBRiRRif"ar che

T e RGN et e i B popRi o gt ol o L arge
low-speed reciprocating motion (stroke motion) in the rotation axis direction
within the circular holes, thereby polishing the entire inner peripheral end faces
114 of the glass substrates 102.

[0062]

15 Nozzles 128 of the inner peripheral end face polishing machine 120
supply a polishing solution containing polishing abrasive grains between the
polishing body 124 and the glass substrates 102. As the polishing abrasive
grains, although depending on a target end-face shape, use can be made of, for
example, normal polishing abrasive grains such as alumina, cerium oxide, or

20  colloidal silica.  As a dispersing medium in which the polishing abrasive grains
are dispersed, there is no particular limitation.  Although water is preferable in
terms of cost, use can be suitably made of a dispersing medium that is used in
normal polishing.

[0063]

25 The above chemical strengthening treatment bath 130 comprises a
treatment bath containing a chemical strengthening treatment solution and a
control portion thereof. The chemical strengthening treatment bath 130 is used

in the chemical strengthening process such that the glass substrate 102 is



cracks hardly occur. 10 [0064] As the above chem cal strengthening treatnent
solution (treatnent nolten salt) containing such Na ions or Kions, it is
preferable to use a nolten salt of sodiumnitrate, potassiumnitrate,
lithiumnitrate, or a mxture thereof, but not limted to a nitrate, and
use may be nmade of a sulfate, a bisulfate, a 15 carbonate, a halide, or the
like. [0065] Fig. 4 is an explanatory 28 agram for expl ai ni ng i mrersi on of
the gl ass substrates 102 into the chem cal strengthening treatnent solution.
Herein, there are illustrated a glass substrate hol der 132 made of a netal

I b B e R R e e O
porti ons. 134\ @aEMnPELALRRCL NG S, GapliAbRL) IdenbilRgRbAL fy sguap Lo have

a plurality o‘f prol%?%tlng port corru fashionin a

| i tudi i i i = Si : N t t 102
o9 LS nahediseshin 48 @uithaliofo YR YIRS |TOGBITRaRREL T2t es, 10
proj ecting pavileANetd iéﬁsfs%&}gb@wg)n@%twa)rbﬁs,lﬁﬁ-ulnmﬁ@m iBht 8LcRkk Nde gl ass

substrates 102 to be treated by one-tinme chem cal strengthening are placed,

the gl ags sighsior & iess 19hatRadicamstr-dngthendlgassatfidhs kbrRtien vy ad Bhiar e
inmrersed in the treatnment bath 134 for 26 a predetermned tine. [0066] The

t enper at ur eraeiiud Greatdrahac ahaisifnieagbbeaion. t Baswarnan fol-ekélemgesmethroef, er abl y
set to be about 50 to 150C | ower than a strain point of the material 5 of

t he gl ass sabsmpatssivd trasalayaoissiopmet ext dd gurfades oiethparasusebsifate hed

chem cal strengthening treatnent solution itself is set to about 350 to
400C. Thi sthus idegassivle fo oblain atrgeatectanical strength sedwtttasturaswal ue t hat
is 150C lower than the strain point of the nmaterial of the glass substrate
102, the chemckahardly oceur.

10 [0064]

As the above chemical strengthening treatment solution {treatment
molten salt) containing such Na ions or K ions, it is preferable to use a molten
salt of sodium nitrate, potassium nitrate, lithium nitrate, or a mixture thereof, but
not limited to a nitrate, and use may be made of a sulfate, a bisulfate, a

15  carbonate, a halide, or the like.

[0065]

Fig. 4 is an explanatory diagram for explaining immersion of the glass
substrates 102 into the chemical strengthening treatment solution. Herein,
there are illustrated a glass substrate holder 132 made of a metal material and

20  atreatment bath 134 containing the chemical strengthening treatment solution.
The glass substrate holder 132 is provided with holding portions 136 each
obtained by bending a plate-like thin plate so as to have a plurality of projecting
portions formed in a corrugated fashion in a longitudinal direction on a
bulging-side surface. The glass substrates 102 are held one by one in

25  V-shaped grooves formed between the bulging-side projecting portions of the
holding portions 136. Then, after all the glass substrates 102 to be treated by
one-time chemical strengthening are placed, the glass substrates 102 along

with the glass substrate holder 132 are immersed in the treatment bath 134 for



i

strengthening treatnent is not sufficiently carried out, while, if the
tenperature is 10 set to higher than a value that is 50C | ower than the
strain point, strain tends to occur in the glass substrate in the chem cal
strengthening treatnent. [0067] By such a chem cal strengthening treatnent,
a conpressive stress layer is forned at the surfaces and end faces of the
gl ass substrate 102. The 15 conpressivezgtress |ayer at the end faces,
particularly at the inner peripheral end face, causes defornmation of the

i nner peripheral end face in this enbodinment and its expansion (extension)
anount is %égsaegias a, variation. The thickness of this conpressive stress
layer is pre?'@FERTTIRA NS 20 to 150m by adjusting the chemca

st rengt heni ng tr%ﬁ%gﬁnt conditions of chem cal 20 strengthening. This is
because if it is than 20m there is a possibility that the strength of

th I bst .S | d ] [ PR :
(e L ass substr a6 LAk OURIk L b rhd BNGRRBAFOLgh e
S.Xpl anat or %r@ﬂe‘?‘%l?gbﬂb‘)ﬂ\é %ﬁo@f‘%@ﬁ?ﬁ@@% Hwé ﬂﬁﬁﬁ@&réiﬂ rpo:*?r'lt_’t ditRemdlbgaet er
i mensi onal” error’ due to the chem cal strengthening treatment. In the glass

substrage 1fghd préis§ ReBshhice 04 ?ﬁd-,i MBES pRAEIPNETH t#flela@®@ d1ghé Shi ng

process by the rnner peripheral end face poli'shing chine 120, the inner

di amet er ofghbhfcdlistemgiierie Gedfirent sutich itaitigreetdabbet 3&ER HOHCI Ons,
facing 27 each other with the center of the circular hole 112 interposed

t her ebet wedhis Bfbeddigciinthertenrcraihes & seand (dxaceah Bvalus thatis I8 tiowan i nner
di aneter dinensional error within a predeterm ned range according to the

di anet er ofthamehepstraisipaig oflodyndiddal dilibe gtassentshien0df thehameprtalshi ng
solution, and the polishing tine as 5 shown at (a) in Fig. 5. However, in
t he cheni catresgthaminchtraaimentris ces suffiaently kawrechout| Bhilenif Figlenperature is
conpressive stress layer 118 is forned so that the inner peripheral end
face 118 ofset Hehighasthatubyalugttbatl DT haleyes than Bxpalhaninial, sHaNdendsin t o

reduce the inner dianeter, thus affecting the inner dianeter
occur in the glass substrate in the chemical strengthening treatment.

[0067]
By such a chemical strengthening treatment, a compressive stress layer
is formed at the surfaces and end faces of the glass substrate 102. The
16 compressive stress layer at the end faces, particularly at the inner peripheral
end face, causes deformation of the inner peripheral end face in this
embodiment and its expansion (extension) amount is grasped as a variation.
The thickness of this compressive stress layer is preferably set to 20 to 150um
by adjusting the chemical strengthening treatment conditions of chemical
20  strengthening. This is because if it is less than 20um, there is a possibility that
the strength of the glass substrate 102 is lowered, while, if it exceeds 150um,
the production efficiency unnecessarily decreases.
[0068]
Fig. 5 is an explanatory diagram showing an example of a change in
25 inner diameter dimensional error due to the chemical strengthening treatment.
In the glass substrate 102 finished after the inner peripheral end face polishing
process by the inner peripheral end face polishing machine 120, the inner

diameter of the circular hole 112, i.e. a distance d1 between portions, facing



di rensi onal error. Consequently, the inner dianeter decreases fromdl to d2.
10 [ 0069] When nass-producing the glass substrates 102, the chem cal
strengthening treatnent baths 130 descri bed above are provided in a
plurality of I|ines, respectively, and independently contain the chem cal
strengthening treatnment solution. Since it is difficult to equalize the
states of the respective 15 chem cal strengthening treatnent solutions in
the plurality of chemi cal strengthening treatnent baths 130, if the states
of the chem cal strengthening treatnent solutions are different from each

by respect @aéékﬁﬁtiﬁf’&vghWﬁsLc%ﬁ%tqdﬁa?ﬁﬁ%@%igr‘é’fﬁeﬁ%ﬁnﬁa‘r?%%ec?#fe%%%%&vﬁe%né%ﬁe?aziiﬁ
Theref or e, TR Bleca bt 8 o B il dd ERATEMer B Mot Pheps B ¢ ot ner
subst rat s 0 AR PiedtRinht AFeddk EREHNG BTRL e UP B 5 1
freatmont Pophi2ddfe REenfaRTRoahe (D R e AL I B the
inner & angiRin gt MBNSIFRNa. iEWEvE irfthkl dhalnhivalolfctigieshial ppscesdbasrate 102

can be Treduced by adjusting a conbination between the inher diameter of the

gl ass 28 sghsin at &) I0FiR S, o eorngrdselvel figsa |gmm1cak fsimengbhiemitng treat ment
and a variation to be caused by the chem cal strengthening treatnent and by

sel ecting inhher pbdphcral eisd fargt ol the dlasasuitaiddoR chddgeptid erpafdin a
chem cal strengthening. 5 [0071] The above grasping unit 140 grasps

(cal cul at esdicgctidertoved)icatheinnat dimmetef, thieaifectany eame¢rediaofetéthe gl ass
substrate 102 to be deforned by the chemi cal strengthening process in the
chemi cal stdigmgsimal eyor.r e@oneequandiyhthe3onerdiameter decreases from di to d2.

10 [0069]

When mass-producing the glass substrates 102, the chemical
strengthening treatment baths 130 described above are provided in a plurality of
lines, respectively, and independently contain the chemical strengthening
treatment solution.  Since it is difficult to equalize the states of the respective

15 chemical strengthening treatment solutions in the plurality of chemical
strengthening treatment baths 130, if the states of the chemical strengthening
treatment solutions are different from each other, variations of the inner
diameters of the glass substrates 102 caused by respective chemical
strengthening treatments differ from each other even under the same chemical

20  strengthening treatment conditions.

[0070]

Therefore, the inventors of this application have found out that, by
rather favorably making use of variation in inner diameters among the glass
substrates 102 before the chemical strengthening process and distribution in

25  variations of the inner diameters among the chemical strengthening treatment
baths 130 that implement the chemical strengthening process, the inner

diameter dimensional error of a finally obtained glass substrate 102 can be

reduced by adjusting a combination between the inner diameter of the glass
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grasping unit 140 grasps the variation by (1) a nethod of actually neasuring
a 10 variation of the inner dianmeter of a glass substrate 102 or (2) a

met hod of estimating a variation fromthe state of a chem cal strengthening
treatment solution. [00721 Fig. 6 is a functional block diagramfor
schematically describing the 15 case where the grasping unit 140 grasps a
variation by (1) a nmethod of actually pgasuring a variation of the inner

di aneter of a glass substrate 102. The grasping unit 140 neasures the inner
di aneter of the glass substrate 102 at a stage before the chem cal

strengt henin rocess and further nmeasures . the inner dianmeter aof the same
gl assgsubstgf“gﬁgatfowza?e8"%?56@*’@@6@ C?%'%éﬁ?'&%@h%@@f?%ﬁ?ﬁﬁéﬂﬂ@g process.

e Y S BP S ARG P ELA o Sy B L A BRI 0,

arount or ot ARG shalehiEhedfh IS AT S0 SPRARTES RulErhg et hod or (2

a met hod of b ting a variation fromthe state of a chem cal

st rengt henisrt{%ﬁ #Héa;.'ﬁﬁrént solution is on the basis of the fact that the state
of the ﬁhem' cal dengtheni ng treatnment solution and the variation have a
correl ation therebetween. For exanple, (a) the concentration 29 of a

specific conponenthe 4 ve_t@gsgriﬁgg!rﬁiiwftﬁ?gfpggéglema&éseaﬁ@@re@sa}%s\/aﬂal%h&at es

102, and (c) the cunul ati ror ass substrates 102 and a

variation dhgyeirmel diRfetepof Hea§iagd sUpsiestct 112 s dbfoMmiesl tinthel dRendbg t he
sane tenperature. Thus, it is possible to grasp or estinmate a variation

accordi ng tsrebgteding prooeksimtid Nh@ﬁiohh@tr@rb%lﬁ@ni@ ardagalens bagngshenT ng
treatment solution states (a), (b), and (c). [0074] At the tine of the
initial ingraspnganitorOodrasps sheregnatianchyd{iske wledtss=d of actually measuring a
10 variation of the inner diameter of a glass substrate 102 or (2) a method of
estimating a variation from the state of a chemical strengthening treatment
solution.
[0072]
Fig. 6 is a functional block diagram for schematically describing the
15  case where the grasping unit 140 grasps a variation by (1) a method of actuaily
measuring a variation of the inner diameter of a glass substrate 102. The
grasping unit 140 measures the inner diameter of the glass substrate 102 at a
stage before the chemical strengthening process and further measures the
inner diameter of the same glass substrate 102 at a stage after the chemical
20  strengthening process. Then, by deriving a difference between the inner
diameters, the variation is derived. With this configuration, it is possible to
accurately grasp an actual variation and thus to set an accurate feedback value
(grinding amount or polishing amount).
[0073]
25 The varijation grasping method of (2) a method of estimating a variation
from the state of a chemical strengthening treatment solution is on the basis of

the fact that the state of the chemical strengthening treatment solution and the

variation have a correlation therebetween. For example, (a) the concentration
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substrate manufacturing system 100, it is necessary to determne an initial
10 grinding amobunt and an initial polishing anount of the inner peripheral
end face grinding machine 110 and the inner peripheral end face polishing
machi ne 120 and, therefore, the grasping unit 140 estinmates a variation at
a stage preceding thereto. [0075] 15 Fig. 7 is a correlation diagram
showi ng the correl ation between (a) the2%oncentration (ppm) of Li ions and
the variation (m. By expressing such a correlation by, for exanple, a

mul ti di nensional relational expression, it is possible to estimate a

vari ation O&'%;B&nﬁ@ﬁé%@bﬂgn{ R %’&Rﬁ‘&%ﬁ%gﬂ@i Hb?fé% glg%@gn@it{égs Such a

rel ati onal expressi o aS| S 0 er of

times of chem rﬁt & ﬁ]a&%mt.@a tfrﬁ@f’érg?égtﬁd ey téshﬁOZ ﬁﬁ@%%r?a%hon of

Li ions in a I NCreases an ore em cal

strengt heni pg,d é@ii‘éﬁ%@ﬁeﬁﬂéﬁ%ddéﬂ(h@é@ﬁ@ lﬁﬂﬁeﬁs%nﬁw@%n‘b‘aﬂhbaédnﬁ’é‘ decr eases

under the sane imersion tine and the sane tenperature. That 1s, in the

chem cal Zﬁeﬁﬁeﬁﬁﬂﬁr@enTﬂGStlf%%d%Mlet Bispt frecdtipnaent yaidtom an‘cokdimg@@s is
| ow, the ion-exchange rate is high and thus the variation beconmes |arge,

while, @& thee of apurany dihhe nwabechemitd reengthetihvgireaimstirsongidrestang
treatnents increase, Li ions fromthe glass substrates 102 are accunul ated
in the nol t@) & and(g. thus 30 the concentration of Li ions increases so
that the ion-exchange rate decreases and thus the variation decreases.
[0077] Wth respg@f¥4io (b) the cunul ative nunber and (c) the cunul ative
time, 5 it is not even necessary to Il%g;gormdl rect neasurenent on the glass
substrate 102 or Ahéedheeiotthe witiadinplesianigtian ebthiemagselictissglasl t he
variation is estimated only by indirect|ly neasuring (counting or clocking)
the cunul at $%Tr&ﬁ%wf@¢tufiﬁ@ safs,mem aPPwibist nepessareioddeaninetan Bitlfbssi bl e t o

rasp a vari at
grasp 10 gr&ilnclhng amountandan initiat polishing amaount of the inner peripheral end face

grinding machine 110 and the inner peripheral end face polishing machine 120
and, therefore, the grasping unit 140 estimates a variation at a stage preceding
thereto.

[0075]

15 Fig. 7 is a correlation diagram showing the correlation between (a) the
concentration (ppm) of Li ions and the variation (um). By expressing such a
correlation by, for example, a multidimensional relational expression, it is
possible to estimate a variation only by measuring the concentration of Li ions.

[0076]

20 Such a relational expression is on the basis of the fact that as the
number of times of chemical strengthening treatments increases, the
concentration of Li ions in a molten salt increases and, therefore, the chemical
strengthening treatment capability drops and thus the variation decreases under
the same immersion time and the same temperature. That is, in the chemical

25 strengthening treatment, when the concentration of Li ions is low, the
fon-exchange rate is high and thus the variation becomes large, while, as the
time and the number of times of chemical strengthening treatments increase, Li

ions from the glass substrates 102 are accumulated in the molten salt and thus



the gl ass substrate 102 wi thout using a special neasuring device and thus it
is 10 possible to reduce the inner dianeter dinensional error of a

magneti c-di sk glass substrate while achieving a cost reduction and an
increase in efficiency of the manufacturing processes. [0078] The grasping
unit 140 may grasp a variation using a,relational 15 expression between a
reference val ue such as (a) the concen? ation, (b) the cunulative nunber,

or (c) the cunulative tinme and a variation, but may alternatively grasp a
variation using a one-to-one mapping variation table. A |inear

i nt er pol athewonegnthaiomsed i fians inoteases|sat thahtheebnexchaonge raealeoyahsass
described in the variation table. 20 [0079] Fig. 8 is an explanatory diagram
showi ng armngxhnpliee variatiorndécenses. tabl e tabling the correl ati on between the
concentration (p of Li ions and the wvariation (pnm) of Fig. 7. Herein,

wi t hout calculaﬂéggili n real time, the nultidinmensional relational

expr essi on bet ation of Li ions an the variation as

shown in Fig. %%gﬁ%?gf@%%&HWW&W%E%? Q)ﬁge CUANERINME WPRon of Li
havanch. " RERE RYeh cBiesSary 48 péRon Tl blgstrehem e AeaR ShEdatkd and
further. iit..is . possible to av id,.a eviati.on,of the,variati,on due to ,
P o 159 Sl etenido AR OIS ok B BT L@l &
;ggcgl g e%ﬁ;ﬂ?ﬁ% Bb r i 8? I var| }]? I -EI e mrt glec 'lglg[]e\?gow] The
processin ‘F &btﬁé],n Q’ @?@re?&ggcéig%%ﬁl roerncgq _nB ci‘ﬁ@? i onh table,
and 5 so tkﬂé}dor%é% Ji&ﬁ/egl{grﬁép' "Fﬂ?ﬁﬂblte, 49 pBEsibEL grlégg)taq/ér%ctﬁﬁ dio the
e a e nseé to a request

contents o variation t e or T Ke™ i'n respo

t Egr ie‘;];]gp“thé QREElsubERate Py SithBle lsib B &ial TRESMI TIPSRV GRd G ARasur es
10 possible to reduce the inner diameter dimensional error of a magnetic-disk
glass substrate while achieving a cost reduction and an increase in efficiency of
the manufacturing processes.

[0078]

The grasping unit 140 may grasp a variation using a relational

15 expression between a reference value such as (a) the concentration, (b} the
cumulative number, or {c) the cumulative time and a variation, but may
alternatively grasp a variation using a one-to-one mapping variation table. A
linear interpolation may be used for interpolation between numerical values
described in the variation table.

20 [0079]

Fig. 8 is an explanatory diagram showing an example of a variation
table tabling the correlation between the concentration (ppm) of Li ions and the
variation {um) of Fig. 7. Herein, without calculating, in real time, the
multidimensional relational expression between the concentration of Li ions and

25  the variation as shown in Fig. 7, the variation can be derived from the
concentration of Li ions only by referring to the variation table of Fig. 8 prepared
in advance. With this configuration, the processing load can be reduced and,

further, it is possible to avoid a deviation of the variation due to rounding error



di ameter of the glass substrate 102 before carrying out cheni cal
strengthening 10 in the chem cal strengthening treatnment bath 130. The inner
di aneter of the glass substrate 102 is obtained by the actual neasurenent
herein, but may alternatively be, for exanple, an inner dianeter set val ue
(it nner dianeter estimated value) in the inner peripheral end face polishing
process. [0082] 15 In this enbodi nent3zithree states are roughly assuned in
connection wth perform ng the chem cal strengthening process. That is, (i)
the state where a chemi cal strengthening treatnment bath 130 optimal for
chemical l'y engt heni a sin Iass substrate is selected froma

plural i tngené%w?r}ga@ m@ﬁqﬂ! I‘fgf}ﬂ? dPBat nent baths 130, (ii) the state
where a gl ass sy Eﬁiate 102 20 optimal for carrying out the chem cal
strengthening p s by a single chemcal strengthening treatnent bath 130

where o plural 1EaPeypIuehbnblovsRats B i Rke0p s Ao bb b " ©
strengthe d&sgfnga#rﬂ?{r?@tdﬁp IS 14RO HeBri Q@Q{rgﬁ&th\@n @p@ﬁhao@%l i aSI ngl e

gl ass sub rate o0 'herein |nc des a“conc lity of

gl ass subghraf Qweﬁé @ratspﬁ\rgslﬁﬂﬁ% eﬁﬁwem@tor@f@r teqhe%nﬁém@sf the

si nul t aneously em cal | y“st gt hened. Therefore, a plurality of glass
substrat e%aﬁ&’t?orre@;'reeeﬁme lﬂ(éﬁh%@p@ﬁi@@ HreniRs: eagbrbacl uding a plurality of
gl ass substrates to be sinultaneously chemcally strengthened are arranged
in 32 a pluralgos19f process lines, respectively. [0083] In the state (i),
t he above conbi nati on determning unit 310 determ nes, based on variations
grasped by the Fhasipiovg inmétdidd@teranehemirgpticdte engtrheasurgs $h¢ ireat ment  bat h
130, which perfornms chem cal strengthening, so that the inner dianeter,

af ter t hedimeetiecaf et glangsbbsiratg Dol cafying gluashesuds strangthBdihg whose

i nner diameter was neasured by the inner dianeter neasuring device 210
becont® ainithei cteinical sieendthenihg twtadment bath, 13the Dunbiineadiaspetee obing ni ng

glass substrate 102 is obtained by the actual measurement herein, but may

alternatively be, for example, an inner diameter set value (inner diameter
estimated value) in the inner peripheral end face polishing process.
[0082]

15 in this embodiment, three states are roughly assumed in connection
with performing the chemical strengthening process. That s, (i) the state
where a chemical strengthening treatment bath 130 optimal for chemically
strengthening a single glass substrate is selected from a plurality of chemical
strengthening freatment baths 130, (ii) the state where a glass substrate 102

20  optimal for carrying out the chemical strengthening process by a single
chemical strengthening treatment bath 130 is selected from a plurality of glass
substrates 102, and (iii) the state where a plurality of glass substrates 102 and a
plurality of chemical strengthening treatment baths 130 are combined with each
other. A single glass substrate referred to herein includes a concept of a

25 plurality of glass substrates placed in the same glass substrate holder to be
simultaneously chemically strengthened. Therefore, a plurality of glass
substrates 102 represent a state where groups each including a plurality of

glass substrates to be simultaneously chemically strengthened are arranged in



unit 310 determ nes, based on a variation, a glass substrate 102 to be 10
subjected to the chem cal strengthening process so that the inner dianeter

t hereof after the chem cal strengthening process beconmes a desired value. In
the state (iii), the conmbination determning unit 310 determ nes, based on
vari ations, chem cal strengthening treatnment baths 130, which perform

chem cal strengthening, so that the inner dianeters, after the chem cal
strengthening 15 process, of a plurality of glass substrates 102 whose i nner
di aneters were neasured becone a desired value. [0084] 1In any state, the
opti mal canduradity ofproetsebmed, hesppdaivslysubstrate 102 and the chem cal
strengthening treatnent bath 130 is selected for finally 20 obtaining the

gl ass substrat e{00B3]havi ng the desired inner dianeter. Therefore, even if
the inner dianeter of the glass substrate 102 before the chem cal

st rengt heni ng pim&@s@a@@hg@% abpve gembifationalaieEnint gl Uit B &R gersAlnRS,
treatnent condition of the chem cal strengthening treatnent so%utjon in the
cheni cal P3se@RytRERIIADS OrasRasekit the9rasiBg Wilab = ARMRICEY akengipenigy
consequent |y possible. 25 to manyfacture a magnetic-di sk gl ass substrate with
o HAEr RO hRIN 0 o BFHERST BRIl FUR OGRS Sofest Baier

conbi nati gns, the conbination determning unit 310 nay 33, _deteryg ne the
chem cal - CITRSlBErAfE IaF EPEUtGR S Chae NEaR SCaRs o, HUFSSHPS LN tal

st rengt heni . t of f di : n. final

ot mat ed e At dRug isul 0L T el e BRE" REFLUREM e 1

conbi ni ng ] 10 : 1 SLE I treat nent
5 bat hs. 1300 bERg e 4SS Sk ET S o B v NP bR B R, L

i oo B0 e ol ) SRR R 02 80 U 1 perfor
di f f ey@ncefbiRetNPRNhERFRAGEANVAr<HYMEMAY betteseisd et IRARHELEIanIeF di aneters
thereof after the chemical strengthening process becomes a desired value. In
the state (iii}, the combination determining unit 310 determines, based on
variations, chemical strengthening treatment baths 130, which perform chemical
strengthening, so that the inner diameters, after the chemical strengthening
15 process, of a plurality of glass substrates 102 whose inner diameters were
measured become a desired value.
[0084]
In any state, the optimal combination between the glass substrate 102
and the chemical strengthening treatment bath 130 is selected for finally
20  obtaining the glass substrate 102 having the desired inner diameter. Therefore,
even if the inner diameter of the glass substrate 102 before the chemical
strengthening process changes or even if the chemical strengthening treatment
condition of the chemical strengthening treatment solution in the chemical
strengthening treatment bath 130 changes with time, it is consequently possible
25  to manufacture a magnetic-disk glass substrate with a small inner diameter (ID)
dimensional error.
[0085)

For such combinations, the combination determining unit 310 may



and the variations and the desired value of the inner dianeter becones 10
mnimm [0086] Fig. 9 is an explanatory diagramfor explaining a

conbi nati on determ ning process by the conbination determining unit 310. For
exanple, it is assuned that the inner diameter neasuring device 210
measured the inner 15 dianeters of three glass substrates A, B, and Cin
three lines and the inner dianmeters thepgof were 20. 003nm 20. 006nm and

20. 009mMm respectively, and further that the grasping device 140 esti mated
variations of three chem cal strengthening treatnent baths D, E,L and F to

be 10m 7m _ and 3m._  r ectivel Assuni n t af Si r d val ue of
the inner el@BHIBR the CE@ | 566 h%ﬂfﬂ@cg%&m{‘p%@ﬁ@ E)é& 'ﬁﬁ él ass
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Ther ef or e, guration using east squares,

L i Passithlike Heor&%gﬁ dé%]gesd(’:\?{ﬁgé of e iy Abasigh aifiment or . 34

[ 0088] The variation t ve can be obtal ned by stopping the

f eedback OfAﬁé?ﬁalrWQhé%h@hﬁd‘al%'tr%ﬁ%th%ﬁhﬁfrééﬁwémrbﬁtlﬁ’@ﬁgolvﬂﬁcﬁ]ééﬁém 100 and
deriving the correlation between the reference value ((a) concentration, (b)

Cpendonp. oENVOHSITGE MG by Seb st AN, L1 e
concent r at idiffierghcks betwsen respective combinations of the measured inner diameters
and the variations and the desired value of the inner diameter becomes
10 minimum.

[0086]

Fig. 9 is an explanatory diagram for explaining a combination
determining process by the combination determining unit 310. For example, it
is assumed that the inner diameter measuring device 210 measured the inner

15 diameters of three glass substrates A, B, and C in three lines and the inner
diameters thereof were 20.003mm, 20.006mm, and 20.009mm, respectively,
and further that the grasping device 140 estimated variations of three chemical
strengthening treatment baths D, E, and F to be 10um, 7um, and 3um,
respectively. Assuming that a final desired value of the inner diameter is

20  20.000mm, if combinations between the glass substrates and the chemical
strengthening treatment baths are set to A-F, B-£, and C-D, the sum of squares
of differences becomes a minimum value of 2um?,

[0087]

Even if one of combinations between the glass substrates 102 and the

25  chemical strengthening treatment baths 130 is good, the whole combination
including the other combinations is not necessarily optimal. Therefore, with the
above configuration using the method of least squares, it is possible to reduce

the whole inner diameter dimensional error.



and the variation, the inner dianeters at stages before and after the

chem cal 10 strengthening process and the concentration of Li ions in the
chemi cal strengthening process are neasured at the sane timng and the
difference between the inner diameters is mapped as a variation to the
concentration of Li ions. By performng such mapping with a plurality of
concentrations of Li ions, a relationaR4expression or a variation table of
the concentration of Li ions and 15 the variation is derived, for exanple,
as in Fig. 7 or Fig. 8 [0090) Wth respect to (b) the cumul ative nunber or
(c) the cunulatiﬁ@%#gne bei ng anot her reference value, a rel ational
expression is li e derived by neasuring it at the sane timng with the
i nner di aneters r f e ! eni ng
process and t hen%é;p%%%ggp R%%gtagesggg%&gp g{\éér Eén}b% ?tﬁ?@ggv n?tﬁbf)fnﬁlqé@

prefer abl e {oglaRid1the FRENEiRlAISE HRRAIBE A hERBRINg SRR {@Nanguch as,

for exanpl e, e 1 mrer the tenperature ot than t

anp T . t g
concent r at iRy the dofRsatke $&lvekh tﬁgééﬁ[ég%rgﬁw%ggergg%ohegmﬂmr(@ﬁen an

t he actual manufacturing processes. tic-Disk d'ass Substrate

Manuf ac ur icigh MeheosUmBYr, Y8 AembiBEvaBaRe ey She alassigtipshe alpen-loop
manuf acturing system 300 escri bed above, a magnetic-di sk glass substrate

manuf act ur icagtrget hod is also 35 provided. This magnetic-di sk gl ass
substrate manufacturing nmethod includes a chem cal strengthening process of
bringing a plural®@8e]of disk-shaped glass substrates 102 each formed with a
circular hole in its center into contact with chemnical strengthening
treat ment sol uti dhat &, whepl pnodlucing afaridiom table  the mengeneatiomgot kidatsrent
baths 130, respectively, to exchange part of ions contained in the glass
subst r at es ano2ne yariptios, the inmer dhewleralat stagasdaiers agd afteetienghiamisal ut i ons,
t her eby chenically_strengthening the gl ass substrates 102, and further
i ncl udd8, #treagkealig prosesaiang the coneerirainncel Lidensigthreiengcal
strengthening process are measured at the same timing and the difference
between the inner diameters is mapped as a variation to the concentration of Li
ions. By performing such mapping with a plurality of concentrations of Li ions,
a relational expression or a variation table of the concentration of Li ions and
15  the variation is derived, for example, as in Fig. 7 or Fig. 8.
[0090]
With respect to (b) the cumulative number or {¢) the cumulative time
being another reference value, a relational expression is likewise derived by
measuring it at the same timing with the inner diameters at stages before and
20  after the chemical strengthening process and then mapping them to each other.
In this event, it is preferable that other chemical strengthening treatment
conditions such as, for example, the immersion time and the temperature other
than the concentration of Li ions be set to be the same during the measurement
and the actual manufacturing processes.
25 [0091]
(Magnetic-Disk Glass Substrate Manufacturing Method)
By using the magnetic-disk glass substrate manufacturing system 300

described above, a magnetic-disk glass substrate manufacturing method is also



process, an inner dianmeter neasuring process of measuring an inner dianeter
10 of each of the plurality of glass substrates 102 before the chem cal
strengt heni ng process, a grasping process of grasping a variation of the
inner dianmeter of the glass substrate 102 to be generated by the chem cal
strengt heni ng process for each of the plurality of chem cal strengthening
treatment baths 130, and a conbi nati on dgterm ning process of determ ning
the 15 chenmical strengthening treatnment baths 130, that perform chem cal
strengt heni ng, based on the variations so that the inner dianmeters of the

P ch e i R ir%a%?a@wgah%s@%tmw. e

chet <2 LMSTLORAORansh AR O PR AR el s
1

s e IR R ST R 8 Dot A

predet er m ’b%%nh@&esrtrfe%g;tk%rﬁg@?r%tm %(cﬁu h o Elutrcﬂn{r%‘?ﬁ %’6@%‘? inner di amet er

di msnsmnal €rror o etrec s supstra As descri be

above, em n%reat ﬁeQEﬁéﬁ%ﬁthQﬁB e%%%rtét&cﬁéﬁ%égarttdg%@em cal

st rengt ath 1s a to thereby re I nner

di anet er dld@mﬁh@@a& tHRY §i9ks @hb@trﬂ@g ﬂ@tzl t6r Bingkin %@éﬁemw%fr@hgmeﬁlﬁdwugh
sufficient processing accuracy can be obtai ned by perform ng such processes,

if  processpmtseahsasitions, tadidistdirgnicaey shamiBahingttheriidrenimaateéeadzent
condition 5 in the chenical st rengt hening process and (B) adjusting the

processi ng anpunther intlides, ahastageepigueding fprtne esemicalmieeesseningi ch wi Il be
descri bed hereinbelow, are added to the above chem cal strengthening

treat nent quodéds, an indgudisimeier measesseprodeise od maersiriofy armiengt dissnatabst rat e
itself and the chenica
10 of each of the plurality of glass substrates 102 before the chemical
strengthening process, a grasping process of grasping a variation of the inner
diameter of the glass substrate 102 to be generated by the chemical
strengthening process for each of the plurality of chemical strengthening
treaiment baths 130, and a combination determining process of determining the
15 chemical strengthening treatment baths 130, that perform chemical |
strengthening, based on the variations so that the inner diameters of the
plurality of glass substrates 102, whose inner diameters are measured, after the
chemical strengthening process become a desired value, wherein, in the
chemical strengthening process, the plurality of glass substrates 102 are
20  chemically strengthened in the determined chemical strengthening treatment
baths 130, respectively.
[0092]
Herein, by combining the glass substrate 102 and the chemical
strengthening treatment bath 130 so as to obtain the predetermined inner
25  diameter, it is possible to reduce the inner diameter dimenstonal error of a
magnetic-disk glass substrate.

[0093]

As describe above, the combination between the glass substrate and



strengthening treatnent bath itself can be reduced to sone extent and thus
it 10 becones possible to reduce the final inner dianeter dinensional

error. Hereinbel ow, an enbodi nent added with such adjusting processes wll
be described. (0094] ((A) Adjustnent of Chem cal Strengthening Treatnent
Condition in Chem cal 15 Strengthening Process) Fig. 10 is a functional

bl ock di agram showi ng a magneti c-di sk gﬁass substrate manufacturing system
100 capabl e of adjusting the chem cal strengthening treatnment condition in
t he chem cal strengthening process. Herein, in order to facilitate the
under st andh@ghemic stehpthepinguireaintentdiatiers byjui@ddoitheiety rebecatjaust nent  of
the conbi nati on between the gl ass substrate and the chem cal strengthening
treat ment ibatrdibaetergliessicdas errobetia imagietiaidislagldss papistigteat tAdiiough to only
t he adjustnent of the chemical strengthening treatnent condition in the
cheni cal suffeintiencesping scewscy Ths besolifinetn pryfeRine suUCh poogasses, if
magneti c-di sk gl ass substrates 102 shown in Fig. 10 is formed by 25 adding a
gri ndi ng diperRsesaUENAIMAdsinglbe casmieal sdiengHianinaiealtenidtnsitianmi ng
unit 170 to the magnetic-di sk, glass substrate manufacturi n% system 300
descri Bed iab¥ven e@iﬁ%étr?'ﬂﬁth\eﬂﬁ@tﬁ)@ﬁ@s%ﬁ@ égb%éﬂﬁﬂﬂ% IS/ PEarESs e B Tthose  of
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h 140 150

daseri pt 1 e Rahaniis 2ogke pr e dieRERBng YRR kel BRaliriE: or m ni no
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processing a m ni ng unit
10 becomes possible to reduce the final inner diameter dimensional error.

Hereinbelow, an embodiment added with such adjusting processes will be
described.

[0094]

({A) Adjustment of Chemical Strengthening Treatment Condition in Chemical
15 Strengthening Process)

Fig. 10 is a functional block diagram showing a magnetic-disk glass
substrate manufacturing system 100 capable of adjusting the chemical
strengthening treatment condition in the chemical strengthening process.
Herein, in order to facilitate the understanding, a description will be given by

20  omiiting the adjustment of the combination between the glass substrate and the
chemical strengthening treatment bath having been described in detail and
paying attention to only the adjustment of the chemical strengthening treatment
condition in the chemical strengthening process. The manufacturing system
100 for magnetic-disk glass substrates 102 shown in Fig. 10 is formed by

25  adding a grinding amount determining unit 160 and a polishing amount
determining unit 170 to the magnetic-disk glass substrate manufacturing system
300 described above. Since the functions are substantially the same as those

of the inner peripheral end face grinding machine 110, the inner peripheral end



determ ne, based on a grasped variation, a grinding amount in the inner 10
peri pheral end face grinding process and a polishing anount in the inner

peri pheral end face polishing process so that the inner dianmeter of the

gl ass substrate 102 after the next chem cal strengthening process becones a
desired value. Then, from next tine, %ge gl ass substrate 102 is processed
by reflecting (adding) the set grindi anount and polishing anmount on a
grinding anount 15 and a polishing anobunt up to then. That is, the inner
dianeter is fed back corresponding to the variation to one or both of the

i nner per ifpdepalshémg nfaatne g2, nde mheprical adengticbridgetreaimeentdmath dBOr #e end
face polishing process. Such feedback may be carried out per batch or per
day. Wt hgrasmng anititgdr andding memery 150 degmibedahtivek reduisiant desenipiioss ar e
mass-produced, it is possible to 20 reduce the inner dianmeter dinensional
error anofigerepbisprruitigd and, dferginate gréling amat deteradnioenisdlr & and He
conventional . [0096] Fig. 11 is a table show ng processing anmounts

(gri ndi ng PAHBUIARG aaneUNtsEteEHNRg Wbl )wiipe difteryasiraeiven Wl eedalBtk, in a
shared_manper, to both the 25 inner peripheral end face grinding process and
t he inﬁerc%@PP@%iral end face polishing process. For exanple, when the
grasping unit 1@? asps a variation to be 15.004m the total of processing
anounts for cau qgﬁthe inner dianeter to be a desired val ue becones

i5.00m Tt oute SLBGE B8 e s RSO A AR B T8 o
e L T
rech. L4040 5SS cOGELA B ROSylgh BAFR D v 120 car
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peripheral end face polishing process so that the inner diameter of the glass
substrate 102 after the next chemical strengthening process becomes a desired
value. Then, from next time, the glass substrate 102 is processed by reflecting
(adding) the set grinding amount and polishing amount on a grinding amount

15 and a polishing amount up to then. That is, the inner diameter is fed back
corresponding to the variation to one or both of the inner peripheral end face
grinding process and the inner peripheral end face polishing process. Such
feedback may be carried out per batch or per day. With this configuration,
even if magnetic-disk glass substrates are mass-produced, it is possible to

20  reduce the inner diameter dimensional error among the plurality of glass
subsirates 102 as compared with conventional.

[0096]
Fig. 11 is a table showing processing amounts (grinding amount and
polishing amount) when a variation is fed back, in a shared manner, to both the

25 inner peripheral end face grinding process and the inner peripheral end face
polishing process. For example, when the grasping unit 140 grasps a variation
to be 15.00um, the total of processing amounts for causing the inner diameter

to be a desired value becomes 15.00um. Therefore, referring to the



machi ni ng al |l owance as conpared with the | ater-described inner peripheral
end 10 face polishing process and further the cutting anount per unit tine
is large, and thus the control is easy. Therefore, it is possible to
achieve an increase in efficiency of the manufacturing processes as
conpared with the inner peripheral end face polishing process. [0098] 15
The variation can be fed back to only ormgg of the inner peripheral end face
grinding process and the inner peripheral end face polishing process.

[0099] Fig. 12 is a processing anmount table for describing the case where a
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it is possi cessing anount table 13 is

a table ée AR I@ﬂid?l%hfn@”m%hlhgei éoaédr?} bmhbgﬁgf%@%gg g?‘?ef:ﬁe%tm Br(aegm Wﬁa amount

t abl e. g to this ta IS pos rectly erlv a

gri ndi ng anmgandririn arrminltﬁhﬂrmngwﬂgrgmémm@p@@ﬁ\%i@nce val ue serving as a
basis of a calculatlon i.e. the concentraflon of Li ions herein, and thus

the processing |pag7¢an be reduced 5 [0101] Wth the above cl osed- | oop
configuration that grasps a variation and feeds back processing anounts to

the inner peri pheTye mragqssiphergirepcease grindingi proeessicamedler a drawesi onal
error in the chem cal strengthening process can be
machining allowance as compared with the later-described inner peripheral end
10  face polishing process and further the cutting amount per unit time is large, and
thus the control is easy. Therefore, it is possible to achieve an increase in
efficiency of the manufacturing processes as compared with the inner peripheral
end face polishing process.
[0098]
15 The variation can be fed back to only one of the inner peripheral end
face grinding process and the inner peripheral end face polishing process.
[0099]
Fig. 12 is a processing amount table for describing the case where a
variation is fed back as only a grinding amount of the inner peripheral end face
20  grinding process. Herein, since additional polishing in the inner peripheral end
face polishing process is not carried out, an adjustment for the variation is
implemented only with the grinding amount. Therefore, if a desired inner
diameter value after the chemical strengthening process is constant, grinding
amounts take values proportional to variations. In the case of feedback only to
25 theinner peripheral end face polishing process, it is possible to use a similar
processing amount table.

[0100]

Fig. 13 is a table in combination of the variation table and the



absorbed in the process at the preceding stage. Thus, it is consequently 10
possi ble to manufacture a magnetic-di sk gl ass substrate with a smaller inner
di anet er di mensional error without perform ng a conplicated adjustnent of
the chem cal strengthening treatnment conditions. [0102] (Magnetic-Di sk

G ass Substrate Manufacturing Method) Usi ng the magnetic-di sk gl ass
substrate manufacturing system descri above, a magnetic-di sk gl ass
substrate manufacturing nmethod is also provided. This magnetic-di sk gl ass
substrate manufacturing nethod further includes, in addition to the process
of adj usti pepdeseinghramogal tabler erRpfbeirign thisrteblemins poesidid foadiréatlytcleeivehemi cal
strengt heni ng process descri bed above, a 20 processi ng anount determ ning
process of adgineing amnognt bad edaishenggaraspintfomreesiétencse viahes gerasg agapr ocess,
a processing anount of the inner dianeter of the glass substrate 102 so

t hat the ihagis dliasacwation ithéhgragcerimionrdleiaehepire@ndithys ekt chemni cal
strengt heni ng process becones a desired value, wherein, in the inner '
peri phery Prasesssigigagceodssiedunedi nner peripheral end face of the 25 gl ass
substrate 102 is_processed based on the processing amount. [0103] If the
adj ust nent of th@%&%cessi ng anmount in the inner periphery processing
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diameter dimensional error without performing a complicated adjustment of the
chemical strengthening treatment conditions.

[0102]
(Magnetic-Disk Glass Substrate Manufacturing Method)

15 Using the magnetic-disk glass substrate manufacturing system
described above, a magnetic-disk glass substrate manufacturing method is also
provided. This magnetic-disk glass substrate manufacturing method further
includes, in addition to the process of adjusting the chemical strengthening
treatment condition in the chemical strengthening process described above, a

20  processing amount determining process of determining, based on a grasping
result of the grasping process, a processing amount of the inner diameter of the
glass substrate 102 so that the inner diameter of the glass substrate 102 after
the next chemical strengthening process becomes a desired value, wherein, in
the inner periphery processing process, the inner peripheral end face of the

25 glass substrate 102 is processed based on the processing amount.

[0103]
if the adjustment of the processing amount in the inner periphery

processing process described above is added to the adjustment of the



grinding process. Thus, it is consequently possible to manufacture a 10
magneti c-di sk gl ass substrate with a smaller inner dianeter dinensional
error. [0104] The process of adjusting the processing anount in the inner
peri phery processing process described above can be carried out al one

w thout perform ng the process of adjusjing the conbination between the
gl ass 15 substrate and the chem cal strehgthening treatnent bath. [0105]
((B) Adjustnment of Chem cal Strengthening Treatnent Condition in Chem cal
Strengt hening Process) Fig. 14 is a functional block diagram show ng a
magnet i c- di stmblrasisn 2Owvesabshe glassreabatraist and thy Jystieal foengibapaibbe of
adjusting the chemcal strengthening treatnent condition in the chem cal
st r engt heni higabmeyddsdh, by-esahqve ¢losediaop eorffigeratianaihal graspsridearstiondi ng, a
description will be given by omtting the adjustnent of the conbination
bet ween t heagl fefssodrl thig wariipn afea dERERdcANCYRYiadbe e Rerphes! @88t bat h
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deter M LS magnetic-disk glass substrate with a smaller inner diameter dimensional error.

[0104]

The process of adjusting the processing amount in the inner periphery
processing process described above can be carried out alone without
performing the process of adjusting the combination between the glass

15  substrate and the chemical strengthening treatment bath.

[0105]

((B) Adjustment of Chemical Strengthening Treatment Condition in Chemical
Strengthening Process)
Fig. 14 is a functional block diagram showing a magnetic-disk glass

20  substrate manufacturing system 200 capable of adjusting the chemical
strengthening treatment condition in the chemical strengthening process.
Herein, in order to faciiitate the understanding, a description will be given by
omitting the adjustment of the combination between the glass substrate and the
chemical strengthening treatment bath having been described in detail and

25 paying attention to only the adjustment of the chemical strengthening treatment
condition. The magnetic-disk glass substrate manufacturing system 200 of Fig.
14 is formed by adding a strengthening condition determining unit 220 to the

magnetic-disk glass substrate manufacturing system 300 described above.



chem cal strengthening treatnment condition in the chem cal strengthening 10
treatnment bath 130 based on a difference between an inner dianeter neasured
by the inner dianeter neasuring device 210 and a desired inner dianeter
after the chem cal strengthening process. Herein, first, the inner dianeter
of a glass substrate 102 is neasured &){ t he i nner dianeter neasuring device
210 and the difference between it and“the final desired inner dianmeter is
derived. Then, the 15 chenical strengthening treatnment condition is
determned so that a variation in the subsequent chem cal strengthening
process f @incavhetfoacitard yedubistdretiatindiee saMietds thoise of dind irgier goeripheragven i f
the inner dianmeter of the glass substrate 102 before the chem cal

st r engt heenddate gandegtmashide il 8t e ihnenperigprerdiee et faosgublisbew ackiakue, t he
final inner dianeter of the glass substrate 102 can be made to 20 a desired
val ue by d&Puthe ciproicel steengibeningdredtngosbath 130, poe sidnert tbhrandithet ure a
magneti c-di sk gl ass substrate with a small inner dianeter dinensional error.
[0107] Hetwiat diametes meeasHingsieviery e he Aeag Rekabeniredendatidgschpiome one or
two or_nore conditions selected fromthe group of__%a) t he ,concentéﬁli on of a
25 spegi f titereghisoHiedcitt ArFrib, the Hregdhfiag condingdeeintginor et Frht
solution, (b) the i Mmersion tj of Ias% substrate 102 in a chem cal

st rengt heﬁf}"\*\%fd fﬁééﬁ%‘i‘ﬁtu%lvﬂh ggﬁpa@ﬁh&?%}f' €fe tenperature of a chenical
strengt heni ng L@e@imsnt solution. 42 [0108] In the chem cal strengthening
process using t em cal strengthening treatnent bath 130, mainly (a) the

treat Rélﬁ?t ol ut 15 SRR efing SRBRERH Ress TMMBLIFM 24 BeEPEET or iB%: s
chom cal - SrPERGUAERNAh P RE IR e AR ER i AP Enblod A ek OB L' 7 e,

Thared 8 MeglREn PRI BRSO phrfes ShabioyghbRssheb neD
by the inner diameter measuring device 210 and a desired inner diameter after
the chemical strengthening process. Herein, first, the inner diameter of a glass
substrate 102 is measured by the inner diameter measuring device 210 and the
difference between it and the final desired inner diameter is derived. Then, the

15 chemical strengthening treatment condition is determined so that a variation in
the subsequent chemical strengthening process follows the derived difference.
With this configuration, even if the inner diameter of the glass substrate 102
before the chemical strengthening treatment is deviated from a predetermined
design value, the final inner diameter of the glass substrate 102 can be made to
20  adesired value by adjusting the variation and thus it is possible to manufacture
a magnetic-disk glass substrate with a small inner diameter dimensional error.
[0107)
Herein, the chemical strengthening treatment condition may be one or
two or more conditions selected from the group of (a) the concentration of a
25  specific component contained in a chemical strengthening treatment solution,
(b} the immersion time of a glass substrate 102 in a chemical strengthening
treatment solution, and (c) the temperature of a chemical strengthening

treatment solution.



carried out by fixing one or two or nore of the chem cal strengthening
treatnent 10 conditions, the variation can be adjusted by changing the other
one or two or nore of the chem cal strengthening treatnent conditions and
thus it is possible to further reduce the final inner dianmeter dinensional
error of the glass substrate 102 in the chem cal strengthening process.
[0109] 15 Wth respect to (a) the concagtration of a specific conponent,
the specific conmponent can be Li ions when the glass substrate 102 is nade
of an alumnosilicate glass containing Li ions. [0110] When, for exanple,
it is not desiragh r possible to adjust the 20 concentration of Li ions as
the chem cal str g?ﬁhning treatnent condition for the reason that it is

cal t. the st rengt NdnF FhebBusteBbIBEIR) lteBRE ThiR a3y R I G URE o
di aneter of tHEe gad LiEdy m laJ35% BREE AL eR O L PSS o koG BHER 1 1y e
Li kewi se, dbr@mﬁam fenﬂ@éﬁs‘?&{?gﬁ?eﬂr@ﬂ?%ﬁ%eﬁﬁéaﬁ@% 30,4 hifasmnts | using

a plurality o em cal strengt reat ment 'S not
desirablse qim@esaidhss é@os%ﬁhtéabztuh% dH@ﬁ%ﬁ! berigtrﬁ@mh@rtretamehﬁgﬁgﬂoﬁ hat, by

43 changing the Heating tinme of one of the chem cal “strengthening treat ment
baths 130,aide)théteihpéiat®rediifd @tﬁ@nfa@p@wé@he@hgtwﬁtm@msomh@ma@ala
strengthening treatnment baths so that th ime control over the entire
manuf act ur ivagiasibhef itise irmemlidanetee df tanglaes shbtthatef 1 (2heawoacenteiatlonon and t he
tenperature are adjusted. 5 On the other hand, if it is not desirable or
possi bl e t charjhedtveehe Teemdo@t even ffdhe chbeic@ asengtheaing pradess lieat i ng
tenperature is set, for exanple, higher than a predeterm ned tenperature,
t he cheni catarged enybhndringoonea eatwreat moae bf TBOCHgMichesiretibeoiegsiaadhgnt o
cause generation of particles of Fe, SUS, or the |ike, one

10 conditions, the variation can be adjusted by changing the other one or two or

more of the chemical strengthening treatment conditions and thus it is possible
to further reduce the final inner diameter dimensional error of the glass
substrate 102 in the chemical strengthening process.

[0109]

15 With respect to (a) the concentration of a specific component, the
specific component can be Li ions when the glass substrate 102 is made of an
aluminosilicate glass containing Li ions.

[0110]
When, for exampile, it is not desirable or possible to adjust the

20  concentration of Li ions as the chemical strengthening treatment condition for
the reason that it is not desirable to affect the lifetime of a chemical
strengthening treatment salt, the strengthening condition determining unit 220
can adjust one or both of the immersion time and the temperature to thereby
cause the inner diameter of the glass substrate 102 to be a desired value.

25 [0111]

Likewise, in the case of performing chemical strengthening treatments
using a plurality of chemical strengthening treatment baths 130, if it is not

desirable or possible to adjust the immersion time for the reason that, by



or both of the concentration and the immersion tinme are adjusted. 10 [0112]
The strengthening condition determning unit 220 may determ ne a chem cal
strengthening treatnment condition using a strengthening condition table in
whi ch di fferences between inner dianeters neasured by the inner dianeter
measuring device 210 and a desired inn% di aneter after the chem cal 15
strengt heni ng process and chem cal stre %t heni ng treatnent conditions are
mapped to each other. [0113] Fig. 15 is an explanatory di agram show ng an
exanple of a strengthening condition table tabling the correlation between
t he diff er ehargifgihebeatiny time mfmme@ﬁthatdhemiagaimmpn@theﬂing matment hates
strengthening condition table of Fig. 15, the imersion tinme and the
tenperaturé3grféiedtm@’t&mﬂ9 Chﬁer‘ﬁﬁmﬁ!ﬁh%imf the sifear, chesipalcatrangtieniagd only t he
concentration (ppm of Li ions is a changeable chem cal strengthening
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10 [0112]

The strengthening condition determining unit 220 may determine a
chemical strengthening treatment condition using a strengthening condition
table in which differences between inner diameters measured by the inner
diameter measuring device 210 and a desired inner diameter after the chemical

15 strengthening process and chemical strengthening treatment conditions are
mapped to each other.

[0113]

Fig. 15 is an explanatory diagram showing an example of a
strengthening condition table tabling the correlation between the difference (um)

~ 20 and the concentration (ppm} of Liions.  In the strengthening condition table of
Fig. 15, the immersion time and the temperature are constant at 180min and
3500C, respectively, and only the concentration (ppm) of Lilons is a
changeable chemical strengthening treatment condition.  Accordingly, the
difference necessary for reaching the desired inner diameter is derived based

25 onthe inner diameter measured by the inner diameter measuring device 210

and the Li concentration is adjusted for changing the inner diameter by the
derived difference. For example, in the case of 5um shorter than the desired

inner diameter, it is possible to obtain a glass substrate with a smail inner



chem cal strengthening treatnment condition, the chem cal strengthening 10
treatnent condition can be easily derived fromthe difference only by
referring to the strengthening condition table prepared in advance.
Accordingly, the processing |oad can be reduced and, further, it is
possible to avoid a deviation of the chem cal strengthening treatnent
condition due to rounding error when d%riving a nul tidi nensional function.
15 [0115] The strengthening condition table can be obtai ned by stopping the
f eedback of the magnetic-di sk glass substrate manufacturing system 200 and
derivi ng tdiemeterdirmnisionabetroeenthelsibsegoent credmical siferigtheoing, protess mrer si on
time, and the tenperature and the variation in such chem cal strengthening
t reat ment R0changing ffonki ¢onaendradipene 60ppmonting chamging af ife Lion can be

obtai ned by neasuring a difference between the inner dianeters before and
after the Calseniration & peifietrchbyigispasdes € giyer agjountioga chemigalan expl anat ory
dlagran1shomﬁn? the correlation between the 25 concentration of Li ions,

t he i mer s$iaD hwﬁngﬁﬁﬁnpﬁ@t%@Hﬁ@ﬂéﬂqﬁ@dﬁﬁhafmﬁﬂaﬂﬁa¢@f%ﬂwvﬁi@h@%’chenlca
strengt hening treatnment conditions. In order to _produce a final
strengﬁhedﬂHgS%HﬂUmU?Bh|WHB”@“U§§’ﬁﬁﬁf“gﬁﬁﬁlﬁgﬁﬁé possible are obtained by
shifting the coHﬁﬁ?%ratlon of Li ions, the imrersion tine, and the 45
tenperature wt bspectlve al | onabl e ranges, so that it is possible to
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is produ ced en a justing
the strengthening condition table prepared in advance. Accordingly, the
processing load can be reduced and, further, it is possible 1o avoid a deviation
of the chemical strengthening treatment condition due to rounding error when
deriving a multidimensional function.
15 [0115]

The strengthening condition table can be obtained by stopping the
feedback of the magnetic-disk gtass substrate manufacturing system 200 and
deriving the correlation between the concentration of Li ions, the immersion time,
and the temperature and the variation in such chemical strengthening treatment

20  conditions in the open-loop control.  The variation can be obtained by
measuring a difference between the inner diameters before and after the
chemical strengthening process.

[0116]

Fig. 16 is an explanatory diagram showing the correlation between the

25  concentration of Li ions, the immersion time, and the temperature and the
variation in such chemical strengthening treatment conditions. In order {o
produce a final strengthening condition table, as many samples as possible are

obtained by shifting the concentration of Li ions, the immersion time, and the



ot her chem cal strengthening treatnent conditions, it is possible to produce
a 10 strengthening condition table through the sanme extraction processing
fromthe table of Fig. 16 showing the correlation. [0117] Using the
magneti c-di sk gl ass substrate manufacturing system described above, a
magneti c-di sk gl ass substrate nanufactu4¢ng met hod is also 15 provided. This
magneti c-di sk gl ass substrate nmanufactufing nethod further includes, in
addition to the process of adjusting the conbination between the gl ass
substrate and the chem cal strengthening treatnent bath described above, a
chemi cal starepgtaheriwithin respendine adlowdbtd amgdet & Hatiitng poseibésto pfoduce

determ ning a chem cal strengthening treatnent_condition in the chem cal 20
st r engt henBngoter axesatesimngileniag epndépenaeebe i ieanwheragdg édsianner

di aneter and a desired inner dianeter after the chem cal strengthening
process, wherghaninarcangitiarmiable sonstant agemial aljepeibeasy treaaaitass
substrate 102 i.s éhenicall strengt hened based on. the determ ned chem cal

st r engt henPRgOItio® HiNFRPISI LWHREANSHEMBSRGHA #) Figk 1Pharalist stadAnddren ne

b ocessd | s CRHAEE ot (e e st car St e g R PB! BOTLENF He g ass”
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carrief)  strengthening condition table through the same extraction processing from the
table of Fig. 16 showing the correlation.
[0117]
Using the magnetic-disk glass substrate manufacturing system
described above, a magnetic-disk giass substrate manufacturing method is also
15 provided. This magnetic-disk glass substrate manufacturing method further
includes, in addition to the process of adjusting the combination between the
glass substrate and the chemical strengthening treatment bath described above,
a chemical strengthenling treatment condition determining process of
determining a chemical strengthening treatment condition in the chemical
20 strengthening process based on a difference between a measured inner
diameter and a desired inner diameter after the chemical strengthening process,
wherein, in the chemical strengthening process, the glass substrate 102 is
chemically strengthened based on the determined chemical strengthening
treatment condition.
25 [0118]
If the adjustment of the chemical strengthening treatment condition in

the chemical strengthening process is added to the adjustment of the

combination between the glass substrate and the chemical strengthening



out alone wi thout perform ng the process of adjusting the conbination
between 10 the gl ass substrate and the chem cal strengthening treatnent
bath. [0120] Herei nbel ow, a specific Exanple of the enbodi ments descri bed
above w | be described. In this Exanple, a nmagnetic-disk glass substrate
and a magnetic di sk were manufactured grough the foll ow ng processes. 15
[0121] (1) Shaping Process and First La% ing Process First, a nolten

alum nosilicate glass was nolded into a di sk shape by direct pressing using
upper, |lower, and drum nol ds, thereby obtaining an anorphous plate-Iike

gl ass. As tieetrabonbatosevér dttlee dires dliaraetgr af thd glaseisebbirale PIE beiosatitcheni ng
was used. Other than the direct pressing, a disk-shaped nmagnetic-disk glass
substrat e ©@Aplcal sheapteningtreatbemds devietad frogi agr _etgﬁﬂlﬁégtdﬁﬁ&ﬂ froma
sheet glass fornmed by a fusion method, a downdraw nethod, or a float

met hod. As Vel Hafinaldene: dameten efdbe diass substingrid081cag R medefls@  cheni cal
st rengt heni ng, whi CP contains, as nain co nents, Si02: 58 to 25 75wt %

Al 203: 5 t&eg@aﬁwtﬁ@oa [gstieg %@W%até’ﬁcﬂ Bys iSRPSERUE 38 MANUEHHES & e

glass oL the |ike n pe used inpstead of the alumnosili.cate. glass. [0122]
Then. | Sppiirpiaie-ddnekss SBSkefviRarmald dody TRy SRS AkE g a5, ar
t her eby obt ai ni nmﬁ ﬁli sk-shaped gl ass base nenber. The | apping was carried
out using a doub 59| de | appi ng machi ne enpl oyi ng a pl anetary gear

the. | appi ng was doersaco ! gURMEERTE 4 iEE QWb Yand Bdenon o born &
surfaces. of,gh o s khiich 885nf R KNGoHERCEe A0fba UK\ LaleBe SRl Y N9 @

grinding liqui I've grains onto the nmain surfaces
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base nggberhe glass substrate and the chemical strengthening treatment bath.
[0120]
Hereinbelow, a specific Example of the embodiments described above
will be described. In this Example, a magnetic-disk glass substrate and a
magnetic disk were manufactured through the following processes.
15 [0121]
(1) Shaping Process and First Lapping Process
First, a molten aluminosilicate glass was molded into a disk shape by
direct pressing using upper, lower, and drum molds, thereby obtaining an
amorphous plate-like glass. As the aluminosilicate glass, a glass for chemical
20  strengthening was used. Other than the direct pressing, a disk-shaped
magnetic-disk glass substrate may be obtained by cutting it out, using a
grindstone, from a sheet glass formed by a fusion methaed, a downdraw method,
or a float method. As the aluminosilicate glass, use was made of a glass for
chemical strengthening which contains, as main components, Si0O2: 58 to
25  75wt%, Al203: 5 to 23wi%, Li20: 3 to 10wt%, and Na20; 4 to 13wt%. A
soda-lime glass or the like can be used instead of the aluminosilicate glass.

[0122]

Then, lapping was applied to both main surfaces of the plate-like glass,



having the flat main surfaces. 10 [01231 (2) Cutting-Qut Process (Coring,
Form ng) Then, the glass base nenber was out using a dianond cutter, thereby
cutting out a disk-shaped gl ass substrate fromthe gl ass base nmenber. Then,
using a cylindrical dianond drill, a circular hole was forned at a center
portion 15 of the glass substrate, theregpy obtaining a doughnut-shaped gl ass
substrate (coring). [0124] (3) End Fate Ginding Process Then, grinding
was applied to an inner peripheral end face and an outer 20 peripheral end
face using dianond grindstones, thereby carrying out predeterm ned

chant er i ngthetelsynbingining Q1B shdged Fasendskapgpinbgr. Pribweppiitewas seaimud
| appi ng was applied to both main surfaces of the obtained 25 glass

substrat e our udiey aafoeibheiderlapsingmadiénd engiloyiappi plgnetaocgesr By perform ng
this second | appi ng process, fine irregularities forned on the nmain
sur f aces imechanisot wvithghe use pf abusisadrasard feredabrasyepprinshi fpesificedss as a
precedi ng process can be renoved in advance, so that it becones possible to
48 conpl ethe lappingyerfueitiegedui byurea®iBg lrPnikkisHHapR sledes onte BetShort ti ne.
[0126] (5) End Face Polishing Process Then, the end faces of the gl ass
substrdte Wf%ceﬁn frtae P}!ﬂiﬁ?“gﬁe%a%ﬁyfrﬁm the piPReh apeIPWeaT HFeHetHRRING R t hi s
br as] ve. IAdRY BGRkETIR R odbe TR dhPabedrins U0 draril SUEpbenPbfend face
rror SarbARShE eSSt AaH ARl akuite TP GERURSYRSn 260 e gGendes
to each other. By this lapping, there was obtained the glass base member
having the flat main surfaces.
10 [0123]
(2) Cutting-Out Process (Coring, Forming)
Then, the glass base member was cut using a diamond cutter, thereby
cutting out a disk-shaped glass substrate from the glass base member. Then,
using a cylindrica!l diamond drill, a circular hole was formed at a center portion
15 of the glass substrate, thereby obtaining a doughnut-shaped glass substrate
{coring).
[(0124]
(3) End Face Grinding Process
Then, grinding was applied to an inner peripheral end face and an outer
20  peripheral end face using diamond grindstones, thereby carrying out
predetermined chamfering (forming).
[0125]
(4) Second Lapping Process
Then, second lapping was applied to both main surfaces of the obtained
25 glass substrate in the same manner as in the first lapping process. By
performing this second lapping process, fine irregularities formed on the main
surfaces in the cutting-out process or an end face polishing process as a

preceding process can be removed in advance, so that it becomes possible to



particles. 10 [0127] (6) Main Surface Polishing Process A first polishing
process was first carried out as a main surface polishing process. This
first polishing process mainly ainms to renpbve cracks or strains renaining
on the main surfaces during the | apping processes descri bed above. 15 In
this first polishing process, the main rfaces were polished using a
doubl e- si de pol i shing machi ne havi ng a‘%#anetary gear nechanismw th the use
of a hard resin polisher. Cerium oxide abrasive grains were used as a
polishing liquid. [0128] 20 The gl ass substrate having been subjected to
the first pohpkhd agudsegesst maussurfanerpaighing prespeein asherideme.ng bat hs of
neutral detergent, pure water, and |IPA (isopropyl alcohol) in turn so as to
be cl eaned. [0120[126Then, a second polishing process was carried out as a
mai n surface _ 25 _polishing process. This second polishing process ains to
finish thelSidind Eaee BeeNing F{ORP$S or surface state. In this second polishing
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finished to a mirror surface state that can prevent the generation of dust such as

particles.
10 [0127]
(6) Main Surface Polishing Process
A first polishing process was first carried out as a main surface polishing
process. This first polishing process mainly aims to remove cracks or strains
remaining on the main surfaces during the fapping processes described above

15 In this first polishing process, the main surfaces were polished using a
double-side polishing machine having a planetary gear mechanism with the use
of a hard resin polisher. Cerium oxide abrasive grains were used as a
polishing liquid.

[0128]

20 The glass substrate having been subjected to the first polishing process
was immersed in respective cleaning baths of neutral detergent, pure water,
and IPA (isopropy! alcohol) in turn so as to be cleaned.

[0129]
Then, a second polishing process was carried out as a main surface

25  polishing process. This second polishing process aims to finish the main
surfaces to a mirror surface state. In this second polishing process, the main
surfaces were mirror-polished using a double-side polishing machine having a

planetary gear mechanism with the use of a soft resin foam polisher. As a



(7) Chem cal Strengthening Process and Cooling Process 10 Then, chem cal
strengt hening was applied to the glass substrate having been subjected to

t he | appi ng processes and the polishing processes described above. By
perform ng this chem cal strengthening process, it is possible to generate
hi gh conpressive stresses at surface | gyer portions of the glass substrate
and thus to i nprove the inpact resistance thereof. 15 [0132] The chem cal
strengthening was carried out by preparing a chem cal strengthening
solution in the formof a mxture of potassiumnitrate (60% and sodium
nitrate (408Mshirueiduichgudchivas ohade chtersm enigteramaaiyeshinsifer taitheoC  and
preheating the cleaned glass substrate to 3000C, and imersing it in the 20
cheni cal steramgokisisi atyasvegraion ysed iatbeifirsd PedsMisg roasest By perforning the
i mrersion treatnment in the chem cal strengthening solution as described
above, Li ions dAd38bdiumions in the surface layers of the glass substrate

I db di [ d [ ' h hem cal
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enbodi nent 34] . l.e] ring cases with and w thout mapping
bet ween gI@gge%uﬁﬁl'%gﬁgg&acﬁ&l%‘ﬁﬁﬁggpﬁstrengt heni ng treatnent baths, the

follow ng result 1 \Mare obt ai ned. The nunber of glass substrate sanples is
10, 000 and a tarrgefq’ value in a table is an inner dianeter of 20.00.05mm

[0135] (7) Chemical Strengthening Process and Cooling Process
10 Then, chemical strengthening was applied to the glass substrate having
been subjected to the lapping processes and the polishing processes described
above. By performing this chemical strengthening process, it is possible to
generate high compressive stresses at surface layer portions of the glass
substrate and thus to improve the impact resistance thereof.
15 [0132]

The chemical strengthening was carried out by preparing a chemical
strengthening solution in the form of a mixture of potassium nitrate (60%) and
sodium nitrate (40%), heating this chemical strengthening solution to 4000C
and preheating the cleaned glass substrate to 3000C, and immersing it in the

20  chemical strengthening solution for about 3 hours.

{0133]

By performing the immersion treatment in the chemical strengthening
solution as described above, Li ions and sodium ions in the surface layers of the
glass substrate are replaced by sodium ions and potassium ions in the chemical

25  strengthening solution, respectively, so that the glass substrate is strengthened.
The thickness of a compressive stress layer at the inner diameter of the glass
substrate in this event was about 100um to 200pum and a variation was 15um or

less. It was possible to significantly improve the yield by employing in this



Table 1 Ratio wthin Target Value Exanple 100% Conparative Exanple 83.6%
10 [0136] As shown above, it can be understood that the yield is
significantly inproved. [0137] 15 Subsequently, the gl ass substrate having
been subjected to the chem cal strengthening process was imersed in a
water bath at 200C so as to be cooled,5 and mai ntai ned for about 10 m nutes.
Then, the cooled glass substrate was i rsed in concentrated sulfuric acid
heated to about 400C, so as to be cleaned. Further, the glass substrate
havi ng been subjected to the 20 sulfuric acid cleaning was i mersed in
respect i veExdrepleithg techriguetieperiediattee enarbimeAty.i sopropyl al cohol) in turn
so as to be cleaned. An ultrasonic wave was applied to each cl eaning bath.
[0138] By perfdPidtg the first |apping process, the cutting-out process,
the 25 second | apping process, the end face polishing process, the main
surface SﬂEX§HW$%Ming process, the chem cal strengthening process, and the

o Pt lRed Ve O R B
R R LT R e B e CRL
abr asi ves, old QPR RN HBEREE 588 sLOLELENATHIG & 180803cA e woul d

ot her wi se"’gg
value in a table is an inner diameter of 20.0+0.05mm.

[0135]
Table 1
Ratio within Target Value
Example 100%
Comparative Example 83.6%
10
[0136]
As shown above, it can be understood that the yield is significantly
improved.
[0137]
15 Subsequently, the glass substrate having been subjected to the

chemical strengthening process was immersed in a water bath at 200C so as to
be cooled, and maintained for about 10 minutes. Then, the cooled glass
substrate was immersed in concentrated sulfuric acid heated to about 400C, so
as to be cleaned. Further, the glass substrate having been subjected to the
20 sulfuric acid cleaning was immersed in respective cleaning baths of pure water

and I[PA (isopropyl alcohol) in turn so as 1o be cleaned. An uftrasonic wave
was applied to each cleaning bath.

[0138]

By performing the first lapping process, the cutting-out process, the

25  second lapping process, the end face polishing process, the main surface



head crash or thermal asperity failure, thereby obtaining the glass
substrate 10 with the snooth and clean surfaces. In this precise cleaning
process, water rinsing cleaning and | PA cleaning processes were carried out
after cleaning with an al kaline aqueous solution. [0140] (9) Magnetic D sk
Manuf acturing Process 15 On each of bogg surfaces of the glass substrate

obt ai ned through the processes described above, an adhesive layer of a O
all oy, a soft nmagnetic |layer of a CoTaZr-group alloy, an underlayer of Ru,
a perpendi cul ar magnetic recording |ayer of a CoCrPt-group alloy, a

pr ot ect i vepdliafieg wbcbysitbgehatréchl strangthenirgndreaebsband tta egplingyeoceds

per fl uoropol yether were formed in this order, 20 thereby manufacturing a

per pendi clAsdesaitpedtabovectfmrdivas abiginedrnitat, stagdh.arsl high-rigiéitexanpl e of the
structure of a perpendicular nmagnetic disk. Magnetic |ayers and so on may
be forned A89aelG-AishIHRES SRRfEES.c di sk. (0141] Wth respect to the obtained
magnetic disk, it was confirnmed that there 25 was no occurrence of defect
on the films sudR134 the magnetic | ayers due to foreign matter. A glide test
was perforc(gsa% and ere Wri_l,s observed no hit (a head grazes a projection on
the surfa feqs g "dPS%S® or crash (a head collides with a projection
on the surface eti
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invention 1S no _ hereto. VI ous the erson skilled in the
A T e e ek v A
bel ong gt 0 Wiethe smooth and clean surfaces.  In this precise cleaning process, water
rinsing cleaning and IPA cleaning processes were carried out after cleaning with
an alkaline aqueous solution.
[0140]
(9) Magnetic Disk Manufacturing Process
15 On each of both surfaces of the glass substrate obtained through the
processes described above, an adhesive layer of a Cr alloy, a soft magnetic
layer of a CGoTaZr-group alloy, an underlayer of Ru, a perpendicular magnetic
recording layer of a CoCrPt-group alloy, a protective layer of hydrogenated
carbon, and a lubricating layer of perfluoropolyether were formed in this order,
20 theretﬁy manufacturing a perpendicular magnetic recording disk.  This structure
is one example of the structure of a perpendicular magnetic disk. Magnetic
layers and so on may be formed as an in-plane magnetic disk.
[0141]
With respect to the obtained magnetic disk, it was confirmed that there
25 was no occurrence of defect on the films such as the magnetic layers due to
foreign matter. A glide test was performed and there was observed no hit (a
head grazes a projection on the surface of a magnetic disk) or crash {a head

collides with a projection on the surface of a magnetic disk). Further, a



techni cal scope of this invention. 10 [0143] This invention is applicable to
a magnetic-di sk gl ass substrate nmanufacturing nethod including a chem cal
strengt heni ng process that ion-exchanges part of a glass substrate to carry
out chem cal strengthening thereof, a magnetic di sk manufacturing nethod, a
magneti c di sk, and a 15 nmagneti c-di sk ghgss substrate manufacturing system
[0144] This application is based upon a clainms the benefit of priority
from Japanese Patent Application No. 2007-22418, Japanese Patent
Application No. 2007-22419, and Japanese Patent Application No. 2007-22420,
filed on 20epi@mduation 8dst va0Perfarhreddusiog asuagnebredisiore haead acdiipzeatad her ei n
inits entirety by reference. 53 CLAIMS 1. A magnetic-di sk glass substrate
manuf act ur iobgemedhaa meadivpetien irgreprodumdionadle iotthermahasnatiy.st ep of bringing a
di sk-shaped gl ass substrate formed wth a circular hole in its center into
contact with a cf@éMaal strengthening 5 treatnent solution of one of a
plurality of chem cal strengthening treatment baths to exchange part of

i ons cont ai ned i NVRitg ﬁ‘egmr@é%rr%ﬁgtt}o&t@e'?@@f|“BiﬁénYﬁtm'§é]| Rfvedpran eggcrived
st rengt peni n treat ment sol ution, thereby chem cal strengt heni n sai d
gl ass s bst\’Y' 'sferenra eriih8ectPemang é’fﬁ‘%‘ﬂ%a hep Nepripsmig s @g measuri ng
oheB, O, TSR 2Nl PAGRAT TG T R0, 285 Yhabig) e
e g e b L
S et hen e SA BRI D RO TSRO MA LA BT BRIER B8,
chem cal Stté&ﬂ%é]%bﬁ&of%%%é?ﬁion.
10 [0143]
This inventic;n is applicable to a magnetic-disk glass substrate
manufacturing method including a chemical strengthening process that
ion-exchanges part of a glass substrate to carry out chemical strengthening
thereof, a magnetic disk manufacturing method, a magnetic disk, and a
15 magnetic-disk glass substrate manufacturing system.
[0144]
This application is based upon and claims the benefit of priority from
Japanese Patent Application No. 2007-22418, Japanese Patent Application No.
2007-22419, and Japanese Patent Application No. 2007-22420, filed on
20 January 31, 2007, the disclosure of which is incorporated herein in its entirety

by reference.



said variations so that the inner dianeter of said glass substrate, whose
inner dianeter is neasured, beconmes a desired value after said chem cal
strengtheni ng step; wherein, in said chem cal strengthening step, said gl ass
substrate is 20 chemcally strengthened in said determ ned chem cal
strengthening treatnent bath. 2. A nagsgtlc di sk gl ass substrate

manuf acturing nmethod conprising a che strengt hening step of bringing
one of a plurality of disk-shaped glass substrates each forned with a
circular hole inits center into contact with a 25 chem cal strengthening
treat ment solution of a chenical streGbfHéhing treatnent bath to exchange
part of ions contained in said glass substrate for ions in said chem cal
strengt heni ng trdat femegssticdissglashevkyiate W@ﬁ@aﬁwngé’ﬂ?@ﬁgtw@mrﬁ@%al d

gl ass substrate, said nmethod further caonprising n i nner di aneter
measuri ng St@ProcaheERNGoyNa SlemALhIiRgRoa dpk éha@%@ﬁ a5 Shsiafs {oraed: y of

gl ass substrates, before sai.d chem . cal strengthenin r.aspi ng step
of graspi nd® SIFURT BAledP ISHeNeIHBIO eRiAeE rg‘h 6fCht9ﬂEC §Eesn €t:(rﬁ\seq@ﬂl%strate to
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treatment Jhat Qlﬁlsg’sugfmn@éid dirski tﬁé%@'ﬂB@é‘ﬁﬁF e manufacturing nmet hod

conpri si ng em c stren enln ste ging a plurality of

di sk- shaped 9' as%nﬁﬁné#&%ﬁf&%ﬁ@eﬁ@ﬁﬂ"ﬁd §féﬁ$ﬂ§* MeasurthCan MHeididabRrion its
center into contact wt
10  said glass substrate before said chemical strengthening step;

a grasping step of grasping a variation of the inner diameter of the glass
substrate to be caused to occur by said chemical strengthening step, at each of
said plurality of chemical strengthening treatment baths; and

a combination determining step of determining the chemical

15 sirengthening treatment bath, that performs chemical strengthening, based on
said variations so that the inner diameter of said glass substrate, whose inner
diameter is measured, becomes a desired value after said chemical
strengthening step;

wherein, in said chemical strengthening step, said glass substrate is

20  chemically strengthened in said determined chemical strengthening treatment
bath.

2. A magnetic-disk glass substrate manufacturing method comprising
a chemical strengthening step of bringing one of a plurality of disk-shaped glass
substrates each formed with a circular hole in its center into contact with a

25  chemical strengthening treatment sofution of a chemical strengthening
treatment bath to exchange part of ions contained in said glass substrate for
ions In said chemical strengthening treatment solution, thereby chemically

strengthening said glass substrate, said method further comprising:



chem cal strengthening treatment solutions of a plurality of chem cal
strengt heni ng treatnent baths, respectively, to exchange part of ions
contained in said glass substrates for ions in said chem cal strengthening
treatment solutions, thereby chem cally strengthening said glass
substrates, said nmethod 20 further con‘%risi ng: an inner dianmeter measuring
step of neasuring an inner dianmeter of ach of said plurality of glass
substrates before said chem cal strengthening step; a grasping step of
grasping a variation of the inner dianeter of the glass 25 substrate to be
caused to occur lan isaeddidnester aleastrieggtdpeoi mgasnemy aorineachamitersdi d
plurality of chem cal strengthening treatnment baths; and a conbination

det er mi ni ngeashey sefid glralityiohgragstshesthtas leafbre S&ld@h@ﬂh@&ilﬂi@r@imlmnt bat hs,
that perform chem cal strengthening, based on 55 said variations so that
the inner dit@peters of said plurality of glass substrates, whose inner

di aneters are neasured, becone a desired value after said chem cal

st rengt henl ng st eBpgraRpBIcesap af rashiag eneradian Oém%ﬁ’@@ﬁéfiﬁrﬂ@teépéwe %‘éﬁ%i
pl urali Iass 5 substrates are c cally strengthened in
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from respec ve cO at1ons O en sai ass su es and said

chem cal gg%sd.r eatnent baths are tenporarily conbined. 5. A
nmagneti c- d| s l'ass trate manufacturing nmethod according to 15 any one

of claijgs 1 to 4,wNhRneiM s8R chathiRaPstichgih&MngstsP Sald'8etedmirid gasHased
substrate is chemically strengthened in said chemical strengthening treatment
bath.
3. A magnetic-disk glass substrate manufacturing method comprising
a chemical strengthening step of bringing a piurality of disk-shaped glass
15  substrates each formed with a circular hole in its center into contact with
chemical strengthening treatment solutions of a plurality of chemicai
strengthening treatment baths, respectively, to exchange part of ions contained
in said glass substrates for ions in said chemical strengthening treatment
solutions, thereby chemically strengthening said glass substrates, said method
20  further comprising:
an inner diameter measuring step of measuring an inner diameter of
each of said plurality of glass substrates before said chemical strengthening
step,
a grasping step of grasping a variation of the inner diameter of the glass
25  substrate to be caused to occur by said chemical strengthening step for each of
said plurality of chemical strengthening treatment baths; and
a combination determining step of determining the chemical

strengthening treatment baths, that perform chemical strengthening, based on



on a concentration of a specific conponent contained in said chem cal
strengthening treatnent solution. 6. A magnetic-di sk glass substrate
manuf act uri ng nmet hod conprising: an inner periphery processing step of
processi ng an inner peripheral 20 end face of a di sk-shaped gl ass substrate
formed with a circular hole inits centgy and a chemcal strengthening
step of bringing said glass substrate into contact with a chem cal
strengthening treatnent solution to exchange part of ions contained in said
gl ass substrate for ions in said chem cal strengthening 25 treatnent

sol ution, tHe@EyiaiE saihay) the Maegdinneiess shsaidfiuadtyseesasstetes

nmet hod further conprisjing. a grasping step of graspin deformatjon of an

i nner di anet"é‘?oﬁﬁ'nﬁﬁéd'aéﬁ%{@&g g%@‘ﬁﬁﬁ'&’@%?%‘éﬁ"& %ﬁ%ﬁf%ﬁyggﬁﬁéﬁ%% ing step;
56 wherein, ,in said inner .periphery processing step, based on a grasping
result of saqrt?”(}fpg] feqtiagnd QSE%E i nner peripheral end face of said gl ass

ilﬁﬁfﬁ cal © strongt nan iy 3t ophsedee Wb O S oo BT #ﬁéﬁ% o di sk
o1 acesal By s AT B RE TR REAERH SaBateMInRBRRRIRE £7G) L chaped

gl ass subst rsﬂFéﬁgftl%ﬁTﬁ& ﬁ@'ﬁrﬁeﬂt Bétﬁgulle%PeBﬁUe%Gi nits center; and a chem cal
S ass s

st rengt heni ng ep of tt)rl ngirng sard g bstrate into 10 contact with a

heni cal st t hepi i ' - bR
chemical strengt hepi wgﬁdsgg-@tg%%k §@ls§ts!u9§tré@ rﬁéﬁ@%@gﬁ{a@@g}rﬂfd adciding to

contained in said glas trate“for 1ons In sal strengt héni ng

treat ment saligid 9nwheRSH €Al EdIRPINGAbH !de?érﬁﬁlﬁlg?@%]é fetesifbOihassheptibalt r at e,
said method further conprising: a grasping step of grasping a variation of

an inner di agmirgitheding heaghassbathb feubstoraiieg thebtcad etrengening, saitdachen cal
strengt hening step; and
10 the sum of squares of differences becomes minimum between the desired value
of the inner diameter and final estimated inner diameters resuitinf from
respective combinations obtained when said glass substrates and said chemica!
strengthening treatment baths are temporarily combined.
5. A magnetic-disk glass substrate manufacturing method according to
15 any one of claims 1 to 4, wherein said grasping step grasps the variation based
on a concentratioh of a specific component contained in said chemical
strengthening treatment solution.
6. A magnetic-disk glass substrate manufacturing method comprising:
an inner periphery processing step of processing an inner peripheral
20 endface of a disk-shaped glass substrate formed with a circular hole in its
center; and
a chemical strengthening step of bringing said glass substrate into
contact with a chemical strengthening treatment solution to exchange part of
ions contained in said glass substrate for ions in said chemical strengthening
25  treatment solution, thereby chemically strengthening said glass substrate, said
method further comprising:
a grasping step of grasping a deformation of an inner diameter of the

glass substrate by said chemical strengthening step;



a processing anount determining step of determ ning, based on a grasping
result of said grasping step, a processing anount of the inner dianeter of
said glass substrate so that the inner dianeter of said glass substrate
after the subsequent chemi cal strengthening step becones a desired val ue;
20 wherein, in said inner periphery pro sing step, the inner peripheral
end face of said glass substrate is processed based on said processing
anount. 8. A magnetic-di sk glass substrate nanufacturing nmethod according to
claim6 or 7, wherein said inner periphery processing step conprises an

i nner 25 peri pherbéreémdn fsakinger pdiipherytepcesdsing bieg, hgsehenisna@spper i pher al
end face and an inner peripheral end face polishi nrg step of polishing the

i nner peri pisstlilof sag gRspncgiEP s ibellere ReTiberalrndiess i v§id 886t of said
grasping step is carried out b one or both of said inner peripheral end
face gri ndi $ipsitaés isaPiPceases ﬁﬂﬁéﬁt tB?‘“Q%ﬂ'@H@F@iIa?@ﬁHW %fés%&el‘"%ﬁp?l@m@tl ep. 9.
A magneti c-di sk gl ass substrate nmanufact th’i ng nethod according to claimS8,

wher ol ) ol IIpT0 D STaThs tMh Vet on Trom a difference  betueen

st rengt heni ng ste%). géﬂa&%&gﬁﬁi% ﬂﬁaﬁai%JE’S@?%@%H%&Vréﬁge”\?z%?&%ﬁ%'ﬁ@: met hod
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wher ei n sai gerﬂéﬁs%?fdng step grasps the variation wusing a variation table in
whi ch said concentration of the specific conmponent and said variation are

e oo o EIETIG el Lobnii s ckaal g mmand oo
di sk- shapedc@htasswitnBsdentieal ffdRthening treatment solution to exchange part of
ions contained in said glass substrate for ions in said chemical strengthening
treatment solution, thereby chemically strengthening said glass substrate, said
method further comprising:
a grasping step of grasping a variation of an inner diameter of the glass
15  substrate to be deformed by said chemical strengthening step; and
a processing amount determining step of determining, based on a
grasping result of said grasping step, a processing amount of the inner diameter
of said glass substrate so that the inner diameter of said glass substrate after
the subsequent chemical strengthening step becomes a desired value;
20 wherein, in said inner periphery processing step, the inner peripheral
end face of said glass substrate is processed based on said processing
amount.
8. A magnetic-disk glass substrate manufacturing method according to
claim 6.or 7, wherein said inner periphery processing step comprises an inner
25 peripheral end face grinding step of grinding the inner peripheral end face and
an inner peripheral end face polishing step of polishing the inner peripheral end
tace and reftection of the grasping result of said grasping step is carried out by

one or both of said inner peripheral end face grinding step and said inner



with a circular hole inits center into contact wwth a chem cal
strengthening treatnent solution to exchange part of ions contained in said
gl ass substrate for ions in said chem cal strengthening treatnent sol ution,
thereby chemcally strengthening said glass substrate, said nethod further
conprising: 20 an inner dianeter measuri g step of neasuring an inner

di aneter of said glass substrate beforé3 sai d chem cal strengthening step;
and a chem cal strengthening treatnent condition determ ning step of

determ ning a chem cal strengthening treatnment condition of said chem cal

st r engt heni payipdieed drabiade@uliahidgfsftep.ence bet ween sai d neasured inner 25

di ameter and a desired inner dianeter after said chem cal strengthening
step; wherein, i%h shimagredisidish gless snlstiate maneteeplringamethfichaecosdibstipat e i s
chem cally strengthened based on said determ ned chem cal s,égé engt heni ng
treat ment cOAE Bi Wherelg sathyraapinggiier kashssikegiesation (1ost pAIRe AR act ur i ng

met hod according to claim 12, erein said chem cal strepgtheni ng treatnent
Condi ti o HEWebadReE ARG o QRol Ggse o Pl e staE e SFLsAa R &, o
chem cal_ str.engtheni ng treatment solution. 5 14. A nmagnetic-di sk gl ass
substrate nuRTARENUPY 5Fret hod according to claim 12 or 13, wherein said

oo Suoet rar 2 119 kg ABEEL GRRELo Ay T B g
of ol a e 15 9 G oRHERY 146 THMEER A DBPEIL PReR RS MR vadior condi 1 on
det erm ni ng, st rﬁjﬁtc%h%ﬂﬁégéﬁ“Sf%Egﬁbiﬁé'co ot B&@'ag%fdih%aa‘icﬁ‘@ﬁ‘émg%ﬁ)”?'“on
using a strengthenrng condition table In I'ch sal Ifference and said

cheni cal SFétEéT‘%tﬁ@rﬂhQ@réa‘irﬁ@hﬂ?&hti ndi tion are mapped to each other. 16. A
magnetic-di s ass Substrate manufacturing systemconprising 15 a chem cal
strengtfigeni ng trepft MeNmRRhciddk Haso8LbaraethakufsbaRRY aba®¥ according
to any one of claims 1 to 9, wherein said grasping step grasps the variation
using a variation table in which said concentration of the specific component
and said variation are mapped to each other.
12. A magnetic-disk glass substrate manufacturing method comprising
15 a chemical strengthening step of bringing a disk-shaped glass substrate formed
with a circular hole in its center into contact with a chemical strengthening
treatment solution to exchange part of ions contained in said glass substrate for
ions in said chemical strengthening treatment solution, thereby chemically
strengthening said glass substrate, said method further comprising:
20 an inner diameter measuring step of measuring an inner diameter of
said glass substrate before said chemical strengthening step; and
a chemical strengthening treatment condition determining step of
determining a chemical strengthening treatment condition of said chemical
strengthening step based on a difference between said measured inner
25 diameter and a desired inner diameter after said chemical strengthening step;
- wherein, in said chemical strengthening step, said giass substrate is
chemically strengthened based on said determined chemical strengthening

treatment condition.



substrate formed with a circular hole in its center into contact with a
chem cal strengthening treatnent solution to exchange part of ions
contained in said glass substrate for ions in said chem cal strengthening
treatment solution, thereby chemcally strengthening said glass substrate,
said system further 20 conprising: an iner di aneter measuring device for
measuring an inner dianmeter of said glass substrate before being subjected
to chem cal strengthening in said chemi cal strengthening treatnent bath;
and a strengthening condition determning unit for determ ning a chem cal
25 st rengt heni ngl3.r eAtmagrteticediek glase subsgaiedmaheiaobaing medmet hecirdigg
treatnent bath based on a difference between said nmeasured inner dianeter
and a desicetlaim hBewheareimsaist chamiea! sirenmhera teateegt pendiien &1 @p; wherein,
in said chem cal strengthening treatnent bath, said glass 59 substrate is
cheni cal | yC@iGesigling sé @ sestis eHNRANRNtFONERRGH BUSHIA chieadral Siansifnigi ng

treatnent condition
freatment solution.

5 14. A magnetic-disk glass substrate manufacturing method according
to claim 12 or 13, wherein said chemical strengthening treatment condition is an
immersion time of said glass substrate in said chemical strengthening treatment
solution.

15. A magnetic-disk glass substrate manufacturing method according
10 to any one of claims 12 to 14, wherein said chemical strengthening treatment
condition determining step determines the chemical strengthening treatment
condition using a strengthening condition table in which said difference and said
chemical strengthening treatment condition are mapped to each other.
16. A magnetic-disk glass substrate manufacturing system comprising
15 a chemical strengthening treatment bath for bringing a disk-shaped glass
substrate formed with a circular hole in its center into contact with a chemicat
strengthening treatment solution to exchange part of ions contained in said
glass substrate for ions in said chemical strengthening treatment solution,
thereby chemically strengthening said glass substrate, said system further
20 comprising:
an inner diameter measuring device for measuring an inner diameter of
said glass substrate before being subjected to chemical strengthening in said
chemical strengthening treatment bath; and
a strengthening condition determining unit for determining a chemical
25  strengthening treatment condition in said chemical strengthening treatment bath
based on a difference between said measured inner diameter and a desired
inner diameter after a chemical strengthening step;

wherein, in said chemical strengthening treatment bath, said glass
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substrate is chemically strengthened based on said determined chemical

strengthening treatment condition.



