. DESCRI PTI ON METHOD OF MANUFACTURI NG A GLASS SUBSTRATE FOR A
MAGNETI C DI SK AND SYSTEM FOR MANUFACTURI NG 5A GLASS SUBSTRATE FOR A
MAGNETI C DI SK Technical Field [0001] This invention relates to a
magneti c-di sk gl ass substrate manufacturing 10 nmethod including a
chem cal strengthening process that ion-exchanges part of a gl ass
substrate to carry out chem cal strengthening thereof, a magnetic

di sk manufacturing nethod, a magnetic disk, and a magnetic-di sk gl ass
substrate manufacturing system 15 Background Art [0002] In
recent years, the information recqggEgngirRONI que, particularly the
magneti c recordi ng technique, has remarkably advanced follow ng the
devel opnent of information technology. An al um num substrate has been
20 widely used as a substrate for a magnetic recordi B;%erdi um for an

HDD ( har d diskd_ciri\P\él;_tTldOQ@El\?Awlb‘FB_&T oA G- ARSIPHBRIRAS e h ;
hickness and  HORANMBRIE TR BEoRhP e SBMFOHIANURAGTLEMEG i,
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increasing in demand. [0003] Further, follow ng the increase
in density of the magnetic recording nedium a magnetic head has al so

shifted frorgcanichi Fiefd | m head to a 2
[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 out 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 technique, 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, foliowing 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 head (MR head) and to a gi ant magnetoresistive head
(GWR head), wherein the flying height of the magnetic head froma
substrate has been decreasing. There are instances where such a
magneti ¢ head nmounted with a magnetoresistive effect el ement causes a
thermal asperity failure as its inherent 5failure. The therma
asperity failure is a failure in which# read error occurs due to
heating of a magnetoresistive effect el enent caused by adi abatic
conpression of air or contact when a magnetic head passes a nminute

convex or Crﬂagﬁé’tﬁre%ib@ipé heBd AVRHdRG anafo a gmaneddretstesisivhhést fAMRNY
over it. [0004] 10Therefore, with respect to a magnetic head nounted
Wi th a magnedan) eshatinvtbedlyingdieight effthet magheticshedodosam af substragredsi fwen
disk is required to have extrenely high-level snoothness and )

flat ness. Rigrersing.i f1hergramesianckaypbers sudhor megnetc aegfd aeuntedbiitt at e
w th dust or foreiq%_n ,mather ?dheri ng thereto, convex ,ortions,ahre
formed and, MBBRRIOrSRISYME PEOE clonerlidlges aapimal GEPBIIkI@ Ry its inherent

substrate. egs) The et BSERRRILR s euddnbbii A b florfGufoss®
of the surfageaHedtiRg o %ﬂe?or@ iéﬁle Sfdct ClorRd R ChIs UL BGAGEMENT 1S
required for dlnen5|§ng? ertor o? e inner dianeter of a circular

hol e for medcdniprbsios 8nkiebr ednthEenvEDA etdohetit BEad BossERi Smirfutd 8saer
t he di nensional error of an inner peripheral end face of the nagnetic

di sk di r ectdonca¥vd ecdpe dina surfatabf amagmefic disksitdle fiyngrovieh&. magneti c
disk is fitted on a spindle notor of an HDD. Further, when the inner
di aneter di mensi #f¥l4lerror is large, there arises a possibility of

i or matd onon-a TRRIRHEES MGIEReCHE f AALSROADEE DB ¥HEa ragnet |
sk 1o, S RMGEcHN 0 BBAGILE, ek (EKFE PSRRI IR0 6,
T 2o "R RET ATt ek, ot o o
rotating layeris formed on a glass substrate with dust or foreign matter adhering thereto,
convex portions are formed and, thus, high-level cleaning capable of completely
16 removing the dust or forgign matter is also required for the glass substrate.
"""" - [0005] o ’

- 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



3 center of the magnetic disk is offset due to the inner dianeter

di mensional error, it is difficult to |ocate a head of the HDD at a
correct position on the HDD and thus it becones inpossible to

record/ reproduce data. [0006] 5Further, since reading/witing of data
is perfornmed while rotating the magnetic disk at high speed, it is
necessary to prevent fluctuation of dat& on the magnetic di sk even
during that high-speed rotation. Therefore, the precision nanagenent
of the inner dianmeter dinmensional error of the substrate for the

magneti ¢ di séntesiane sayrktit eliskag biysdt @Ok 8 inndOJigRRTdr dvekdienal error,
paying attention to data access by the HDD, in order to accurately

st or e/ r epr oitliscdiffidalt & lonaterehexboidhe ¢HRD ska assedipesdionmnsthe DBRDI a
servo pattern serving as a positioning index is witten on the
magnet i ¢ di ¥Ksitbegar@sdapossiple toweaardiprsedudecdaiar vo pattern is
performed by fittjing.the magnetic 15di sk on an apparatus called a
servo witer. Théﬁ(,)&f]he magnetic disk witten with the servo pattern

5 00 4,7, TR LA 7 RSB A L ATt
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the servo pattern and th the recordi'ng/reproducin ead of the

HDD as a preedesticdick ebdrsatridg vat ﬁgﬁfspeéb%tamn RRseiohd, ithe ptdesion
magnetic disk into the HDD and, therefore, data

r ecor di ng/ r mpnagkrogmiord tieaimmet diaengbardimensidnalcarroaldf fheasubstrasd for thie
techni que is disclosed that adjusts alignnment for correcting
such a posi MRERgiC digh Besanenpyticdady inmgaraRt. Document 1), but there
25i s no 6adi cal 83)(5]}]' on to suppress the inner dianeter dinensional
error. | i

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 technigue is disclosed that adjusts alignment
for correcting such a positional relationship (e.g. Patent Document 1), but there
25 s no radical solution to suppress the inner diameter dimensional error.
10009
As described above, the requirement for the increase in recording

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



[ 0009] As descri bed above, the requirenent for the increase in
recording density of magnetic di sks has been further increasing in
recent years and thus 4 the inner dianeter dinensional error
managenent nuch stricter than conventional is required for glass
substrates for the magnetic disks. [0010] Patent Docunent

1: JP- A-2004- 199841 5 Di scl osure of the 4nvention Problemto be Sol ved
by the invention (0011] Such a nagnetic-disk glass substrate is
formed through a plurality of 10processes. First, a single wafer is
cut into a @eSknstARfcRPdirhdifiordderBHmEhE rﬂ@nﬂ MO&h sthieted thdrher eby
form ng the shape of a glass substrate. ereafter, an outer

peri pheral enehtioel Edgaired foreylagsesubpietealforthd m@@tiofdlmﬂhe cut gl ass
substrate are chanfered and then both end faces are polished.
Subsequent |y, nadﬂoﬁﬂrfaces of the glass substrate are al so polished
and, flnallg ﬁhen1cal h§§ n thenlng treatnment is applied to the
polished gIa@@”E peYpaRtel: T ﬁgﬁW' 441 engt heni ng treatment can
inprove5§he i npact resistance and vibration resistance of the gl ass
substrate and thus can prevent the glass substrate from bei ng danaged

due to irrp:@(sc% M DRk wvél ntid?012) 20The chemi cal strengthening

process th errent S S chem cal
Problem to be Solved by the Invention
[c011}

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 subsirate. The
chemical Vsﬁt}engtheningﬂfréatment can i'mprove' 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 alkall salt and then immersing the glass substrate as a
treatment object in the molten sait (chemical strengthening treatment solution)
in a state where the glass substrate is placed in a glass substrate holder,

25 thereby carrying out lon 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 carried out by, for exanple, heating and
melting a nolten salt of an alkali salt and then inmmersing the gl ass
substrate as a treatnent 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
out ion exchange between the gl ass subsfrate and the nolten salt. 5
after the chem cal strengthening process. That is, a phenonenon
occurs such that the glass substrate expands in a direction of the

center of tBﬁeﬂ'tﬁ@@heﬁ]@rﬁr@ﬁ@ﬁgth&qiﬁgamsgt STHAINE s SHeHPiRIon ol dugh
because when the chem cal strengthening treatnent is applied to the

gl ass subst trat the glhss sulygiraes skpands is irdrestidrsofithe dened obthetiheersur f ace
of the glass substrate so that the size of the glass substrate
changes duedigoetériie change #s iinge dsxmaiss. Thaos Hpc@uget Wien thehehemical
conposition of the chem cal strengthening treatnent solution changes

due to a chB¥RRRNEING Freawnentiapalicdds fe 3aﬁs w%St@ﬁ?ﬁh%gpmgressive

10st hepi ng. . £ Cai mE ot

on- exchangteRdr %?%‘civi’c"é@&mthg%@a%%loﬁhé%ﬁaﬁé%ubaﬁa@ta%iﬁafﬁsﬁr%&ﬁhe""r °
tent ' thi =y t t heni

troat mont pass SRR e SR B iR o e R o Lot ai ned i n

the glass substrgpgi4ncrease in the chemcal strengthening treatnent
solution. This changé in conposition 15 serves as a cause to change
the inner di amet éfuritieneths compositibhef leahenscdd Streagtteningtiieatrobetni cal

strengt hening. Since the anobunt of this change in inner dianeter

di mensi on c3@lWMN Gwenggasiuedowi shangespectime.o tiprcificatiyrin diephareical

di rensipnal error of the glass substrate regéi red to be managed nuch

more st Y ct PYENGHIYHNG KRR REE EPNIAINAE H3 NSHARSHPRIISIOH Cal so
oLud 19 % SR ARl ASEs oA Pk et g IS o1
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 andindependently 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.



Further, on mass-production of glass substrates, chem cal
strengthenlng treatnment baths are provided in a plurality of |ines,
respectively, 25 and independently contain a chem cal strengthening
treatment solution, and therefore, the conposition thereof differs
with tinme anong the baths. For obtaining high-Ilevel inner dianeter

di mensi onal precision, it is necessary 8o individually control such a
plurality of chem cal strengthening treatnent baths. 6 However, it
is difficult to equalize the states of the respective chem cal

st r engt heni Rawbi&adk EdticaRkd bh@dlzeitie bfatesndiun@tddpgcie ehanicael
st rengt heni ng treatnent baths. If the states of the chenical

st r engt heni sigertgtiestime ireatsmdnd solotisnainahd ipfuralite nf clieicaksticmgtidngrg t he
variations of the inner dianmeters of 5 the EI ass substrates caused by
respective te@manhbasr eH@h%éﬁ&I%‘gOftth%ﬁh@mWﬁ stegrioteaning bagiewh ot her

even under t e same cf; st rengt henj treat condi tions
[0016] Fur ¢ IOl RieT it A AR e faLHoNS g1 H NOaRdeIAas &f so

process Lo TRAATHUEeHAER afibl) S?.D?%g‘a%ﬂ%v@‘é' R LTS | ne

cheri cal st ygagk B G AR Hincb PR B EEn ol SRk Bindrlifréiment

predeterm ned design val ue e I nner | amet er | rren I onal™ precision
I s wor senedgorditigeenbi nati on with such a di nensional error, through
the chem cal strengthening treatnent under certain chem cal

15st rengt heni ng t{@@t8]nent conditions, resulting in production of a

| arge number of defective products. [0017{)(? As a result of
strictly studyi ngWihetagrehadmiar slisteter elpafsylaghrulistiaimelse H28E0MgEi s

i ' f the f .
appl i ca1t d Ondlpnae\ﬁglo%g grgoroa%ertthe m’neF Séer reryrrgrlfacgs?sirlfg:;5 Fe)roocesé % tha%?l%e inner

diameter of each glass substrate before the chemical strengthening treatment is
smalier 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  that there 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
imptement 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



20 that there is variation in inner dianeters anong the gl ass
substrates before the chem cal strengthening process and further that
there is variation in variations of the inner dianmeters anong the
chem cal strengthening treatnent baths that inplenment the chem cal
strengt'heni ng process, the inner dianeter dinmensional error of a
finally obtained glass substrate can bg reduced by adjusting a 25
conbi nati on between the inner dianmeter of a glass substrate before
perform ng a chem cal strengthening treatnent and a variation to be
caused by the chem cal strengthening treatnent and selecting a

chemi cal strengthening treatnent bath optimal for chenica
strengtheni ng, amdiBpve conpleted this 7 invention. [0018]

Further, as a result of assiduously studying the above-nentioned
probl ens, the inFemter as afresuli & aspidubusly studyimgwvbe fabavetmeuntionddht t he
inner 5 dianmeter dinensional error can be reduced w thout perform ng
a conpl i capeableras.ube aentass of Hés aprlivrtien have ngd wehingg the iBaehent

Chem %28 RSP HONIoRg RO SR bR o PAR P OEh nacs REIGR
b ocess. or SRS R Bt SRATRalR RS P FORMRE RGO

Processes %t%de@ife‘ﬁrthé’%gde?Qiﬁ{n?éteP&ﬂwtFcﬁ‘ﬁﬁh@fch@rr@éaﬁ‘%ﬁeﬁ%lﬁgff\ihgﬁa‘?@cés_s,e- by

sequentially ing back an 1 nner dianeter dinensi ror in the

chem cal sthefhet PRIYeBY stEPES TR ihaet fiphBAesropesdimerateds (aessi ng
process, and have conpleted this invention. [0019] 15Further, as a

result of asdpithraleid/fase gdyding proeesatwirnarpetipoeratent tickgalishinge
inventors of this aPpI ication have found out that even if the inner
di anet 0 ofrecegehlbat Rigsessastan pBeoPY IR e ehrldage e elags subsirje. i-e.

e e e TR ) ol PR o BRIl SRt B or e
gl ass SUbSEﬁ%Eapg’tr@{gﬁ@r‘\iH@ prdc@s@%vﬁ%qﬁner 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 reiationship 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 chemtical strengthening
treatment conditions and carrying out a chemical strengthening treatment under
proper chemical strengthening treatment conditions based on a difference
25 Dbetween 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]



20 the rel ationship between chem cal strengthening treatnent
conditions and a variation (extension anount) of the inner dianeter
of a glass substrate when the glass substrate is chemcally

strengt hened under such chem cal strengthening treatnent conditions
and carrying out a chem cal strengthening treatnent under proper
chem cal strengthening treatnent condi 8 ons based on a difference 25
bet ween the inner dianmeter dinmension of the glass substrate before
the chem cal strengthening treatnent and a final desired inner

di aneter value, qnd HAMRioR MERIHBLAMAY i \»"tieﬂ»g@f;@ie%ovéwgr%ne@ roblems

This invention has been made in view o ove-nent 1 oned ;g)r obl ens

possessed RystdsetByuROIchAvertioghiRfassSslisthrsemdiind drasbjant tohjredte hO
provi de a magneti c-di sk gl ass substrate nmanufacturing method, a

magnet i ¢ dinsdgnetinuliskoglass sihsiretchmanutacheigg endtbod,i s kagaett disk
magneti c-di sk gl ass substrate 5 manufacturing system which are new
and i npr ovéRRHRCIdiRg BRI & reRonealig Gisk gnd Ranagiirlic-dislegtase pubstrate

di mensi gnal_error of a neti c-di sk gl ass substrate. [0021] .In this
Mvent i on. resecdno Sy, Shicfes Per e BeERRRATE §12 R3CEILd " 10and
the differ . i % o ' ' i is

dori ved. - TRECSS Ei8fer daPBfer Brhene 8RRE ' HECBUEURRRARS

treat nent Raggkydthat provides a variation approximate to the derived
difference. Therefore, even if the inner dianeter of a gl ass
substrate changegl02a) sel ection is made of a proper cheni cal

strengt hening treatnent bath on every occasion so that the glass 15
substrate after trhibiscineentiosn, thetineeryliamaiang! profasssstibebigteds dwesasusd
inner dianeter, and thus, it is consequently possible to manufacture
a magndfi cadddke Qlﬁéé%ﬂc@&%‘ﬂ’?%ﬁ B apferingl degirad iPRerediatmelads @?”‘ﬁdD)

di nensi onal-. error_. ans for Splving.t Praobl em 20[.002 I n
or der t o dT8B: & RESHUGY B THER PR EReHIF LR RO R CRH (Prears Palt Hebect " of
thi s 1 nveniiQiued Dok aich AIANIMEE A HBIRAL Saftbica! a7Reopis! dlbe
manuf act uri'ng et hod conpri'sing "a cheni'cal strengthening step o _
bringi ng aikk FitepP BRPRYeIBIASFas SN stRtLCHHGEB I Wblebtich Bifigdd 87 a PRIp_r i N
its center into contact

chemical strengthening treatment bath on every occasion so that the glass
15 substrate after the chemical sirengthening process has a desired inner diameter,
' and thus, it is conséquently pbssible to manufacture a magnetic-disk glass 7

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

Means for Solving the Problem
20 [0022]

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

25  with a chemical strengthening treatment solution of one of a plurality of
chemical strengthening 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 substrafe, the method further



25with a chemical strengthening treatnent solution of one of a
plurality of chem cal strengthening treatnent baths to exchange part
of ions contained in the glass substrate for ions in the chem cal
strengthening treatnent solution, thereby chemi cally strengthening

t he gl ass substrate, the method further 9 conprising an inner

di aneter measuring step of neasuring arm®inner dianeter of the glass
substrate before the chem cal strengthening step, a grasping step of
grasping a variation of the inner dianmeter of the glass substrate to

be caused tc?brﬁtﬁr%’ri Q.a(ﬁﬁé?dmﬁr%baa}rrr@%ﬁsmn@a%%ﬁpan %efea@me@érdfhe

plurality o 5 strengtheni ng treat nent

combi nat i onheeflRsriubkigteicddrethe ¢péMICA ﬂtét@tﬁé’rﬁng?bt%fﬂ Q@Paspln step of
strengthening treatnment bath, that perforns chem cal st rengt eni ng,

based on t hgrasping atviasiatiors of theditneritiaretee of thieaptessesubstratehio byl cased to
substrate, whose inner dianeter is neasured, becones a desired val ue
after the ccmw brihesehamigatrirengthesingstenvatieach of the pluelipreheherical

?&f?ﬂ_ﬁt ik e i EbaB A b e b P Pﬁ;ed
and 1 'hQVS.”F 1 oib6 she i el o eGP s PR MR B b T BREEAC

derived. 15 Péh@pﬁanﬁngs %h@@a bﬁ'i'hé SarlRidRs 96 u?atffm@mn%ah]aﬁertmtm@glaeg

treatment bath at "provid a variation approximte to the dérived

di f f er ence. subseaesf Whesemt@ﬂdiefmétblelsIWuréﬂ debees ef desirgl ¥akie affer
substrate changes, a selection is nmade of a proper chem cal

st rengt henithg ch&m:‘actaﬂreiﬁengjbeming5teewwhyraﬂmda§ia)chamicalmttengﬁ@nmgastsp,
substrate after the chem _cal strengthening step has a desired inner

di amet 0, dbagpserubsiraie is shemicabbnsieanatienssbinithe delegminedohaaiaal e a

magneti c-di SS su tra th a small inner dianeter (ID)
di mensi Ona|3%f@(\glﬂﬁ %‘lg%twder to solve the above-nentioned

probl em accordi T@jztg? anot her

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
o provides a variation apbroximate to the derived difference. Tﬁerefore, 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 manutacturing 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



aspect of this inventjon, there is provided a magnetic-disk glass
substrate 25 manufacturing nethod conprising a chem cal strengthening
step of bringing one of a plurality of disk-shaped gl ass substrates
each formed with a circular hole inits center into contact with a
chem cal strengthening treatment solution of a chem cal strengthening
treatnment bath to exchange part of ion$ contained 10 in the glass
substrate for ions in the chem cal strengthening treatnment solution,

t hereby chem cally strengthening the glass substrate, the nethod

further compfig %s&rﬁ@%k%éﬁ*ﬂr@c%ﬁﬁ&ﬂrsgrﬁﬂgﬁbﬁﬁ’ug(ﬁea%@ﬁ dift@nan

i nner dianeter of each o e plurality o ass substrates before

the chem cglershy SMGHIBENY Sifbrfifdhind el ssPiub@tratee hedfneBiorSDiNG a
variation of the inner ‘dianeter of the glass substrate to be caused

to occur byombdsinheniicedr didmereynemsung stepmf nesadudng aninmextdiameter of
determ ni ng ste}o of determ ning the glass substrate to be subjected
to the chembeabl hemiurglitveafoiags subpiraias befosmthehehericalatiesgthesingriep.t he
i nner dianeter thereof becones a desired value after the chem cal

st r engt PenBriasRiRg stepRMIEIRInRg a varaties o fsdnear demelerRiHenolgsst ep,

Cher cor” SPASHh 67 8s SHISALE Mok e Bl PR SOONIG igh o
chem cal s .

oot ) apRURALEh SR SRR Uefert A fRlg B PRNAB IR Sdgpa
15t hat cherg ﬁ@'ch%hﬂ@é]%ir@ﬁg;ﬂthgginbrs?@é FRSE P8 viaFiafieh 66 tied tid pRpAMONg a

plurality of glass substr . Therefore, even if the chem cal

st r engt hendiagndtercthtrepibecomds tidesired value et thel chetmieaigtieagiheging step,
treatnment solution in the chem cal strengthening treatnent bath
change$0wi whetdimgn the eraical sirengthemingestep, the pletgyeninegl glass sulisdaiaise on
every occasjon sg as to have a predeterm ned i nner 20 di aneter and
thus it ischensabisiengiheraskinghe chemicahsireiethprinhiraalfiret Paldi sk gl ass
substrate with \allgagﬁll i nner dianeter (ID) dinensional error. [0026]
In order to sol e above-nentioned problem according to still

glngts Qer aspect  of thilfvd YRS L aMatich S BesdeBiniB cA¥MIES sReARABRRY C- di Sk
freatment 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
7 glass substfates. Theréfore, e\}en if the chemical rstrengtrhéhing 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.
[00286]
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 chemical strengthening treatment solutions of

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



25 substrate manufacturing nmethod conprising a chem cal strengthening
step of bringing a plurality of disk-shaped gl ass substrates each
formed wwth a circular hole in its center into contact wth chem cal
strengthening treatnent solutions of a plurality of chem cal
strengthening treatnent baths, respectively, to exchange 11 part of
ions contained in the glass substratesysfor ions in the chem cal
strengt hening treatnent solutions, thereby chem cally strengthening
the gl ass substrates, the nethod further conprising an inner dianeter

oraral i 1y Beg s ERRed B8 oltBRLoS FRE T 3RS ot heni ng

step, a gragph Eeﬁﬁgﬁ‘regtm&‘itas%ﬂltﬁﬂs gh%rbﬁhb@’}ia% S rgﬁ%theﬂﬁg 1K gres er

of the glass substr 0 be cause€

st r engt henkpigsifdiad tﬁ@héﬁ@@fu@tﬁeﬁ B@rnﬁﬂléirﬁ@hh mhe@tjlafpﬁam ﬁl@bsunng step of

strengt heni ng treat nent baths, and a conbination determ ning step of

det er m ni ngwetabaruc@amrcradrdﬁrnaagbfrmuhrtg the plataiignof dlasdisubstiadds tpeodeor m

chem cal strengthening, based on 10the variations so that the inner

di anet e s e elemnipihatrengtheniiy Yepssysebisystaes!, grabpise a vanighionipbiet er s

are neasured, becone a desired value in the chem cal strengthening

step, wher BRI diamtheoféh%ﬂiaaasuaﬂr@tﬁg@ HéﬁﬁH@edsierﬁCUf Ri tha eainicaly of
are caI I ed in

Chom cal - <EraMiTrARG sEPR PhaRTbN: PhaRar FEofb el S chielthBssimen
this i ”Ve”bbﬁ%g atd'g cb%ﬂatﬂb%&rﬁ'{ljra& P%{%HIFEIM%FH %egﬁlgalhem g

substrates varrations o emcC

treatment bgéhanédify %bﬁﬁ%rﬂt@%@ﬂﬁbt p\eﬁoﬁﬁ @Rémical &ﬂré}ﬂjtﬂmdmﬁ@tb%s@d bhe

gl ass substrates having a desired i nner dianeter, the opti mal

chem ctd sthreermpiations sg that dad imest diaatdiers af Ewe@[ﬁlu%ﬂltye@f Pédsosubistretes,
plurality of glass substrates, respectively. Therefore, even if the
i nner di anwhese theediemajérssre sudasured, bectran gedesiederabie inftha bikemical
chem cal strengthening treatnent condition of a chem cal

st r engt henfHRPAPRURFETRP. YHLIRIR.IR t}?%c@iﬁ'ﬁa‘o"rﬁf@l’?@m"“@ $teRghaSHIraly of
conbi nat i of aB%PChﬂf?q%eﬁiaW onectib Qs fndfsRanit e SerEnfed ndaftal "

st rengt hengtlp B&t 'EJafH% X“ cv:a& on so as to obtain a
predeterm n nner |arre er and I't”is consequently possible to
nanufapsure a nggpet) c- di sk gl ass substrate with a small inner

~dianeter (ID) dinensional error.
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 strehgthening 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 (ID)

dimensional error.



12 [0028] The conbi nation determ ng step nay determnine the
chem cal strengthening treatnment baths for perform ng chem ca
strengt hening, so that the sum of squares of differences becones
m ni mum bet ween the desired val ue 50f the inner dianmeter and final
estimated inner dianeters resultinf fromrespective conbi nations
obt ai ned when the gl ass substrates andis he 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

st rengt heni ng tr@g%gﬁnt bat hs i s good, the whol e conbination

i ncl udi ng the ot onbi nations is not necessarily optimal.
Therefore, with HRecalpS:GoBMMIBIIGNMIS Rk i fRIdRMmiEN | east
squares, it is possible to reduce the ofe inner dianeter

di mensi onakrefdiRéning @@ahent bt er BeAeRiAG chéMRaMRYer@ftidsing, ke that
vari ati on based on a concentration of a specific conponent contained

in the chethecslm sf squEytd ehdiffgrencesbeemhes nlinimuanbetiv@@l the Hositdteratms e,
in order to solve the above-mentioned probl ens, 20according to a
cer t ai nb aspbibe ipferidiaseienend finahgstimaiecinner gaciatersdesuliivfdrom i c- di sk

gl ass substrate manufacturing nethod conprijsing an inner periphery
processi ng asPepliver C%Flaeéwsffgﬁt@ﬁeﬂ n&\@n tg@ piagh EFEIrapR aﬂg&iﬁe gremical
di sk-shaped. gl ass .substrate , faormed with a circular hole in its
center, aniraERanre TRalied baliecair g ePE GO ng the gl ass
Substrate into ct with a chem cal 25 strengthening treatnent
solution to exchrange part of ions contained in the glass substrate

for ions in the mhank 6ab opLoRBBENGRS PEWEER MdBRLs SMbstdi@Nand HRr eby

"chem cally strengthening the glass substrate, the nmethod further
conpr i $0 ngckergicakgiiangtisdrdmg béatgrens pathg isgded aheaholncarhbiaatiomner
di aneter of the gl ass
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 to 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 info 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



13 substrate by the chem cal strengthening step, wherein, in the

i nner periphery processing step, based on a grasping result of the
graspi ng step, the inner peripheral end face of the glass substrate
is processed so that the inner dianeter after the subsequent chem cal
strengthening step becones a desired 5 shape. [0032] In this
invention, a variation of the inner diangter of a glass substrate in
t he chenical strengthening step is grasped and, on the assunption
that such a change will al so occur from next, procesSing of an inner
peri pheral end face is 10 perfornmed at a stage preceding to the
chem cal st reagtraleriyige shemicad straagthehieg stepe whdicamen dre wihet herinleag s
substrate finally beconmes a desired value. Wth this configuration,
it is possi tﬂréCQ%”}Qe‘H@lé»ebaesﬁé N erasingries@t ofdhasrrspbiaster erin a

) ust ment GerERGEL AR 1dbe BRSERURF RGP 15 BRERHE e Feanee
anot her | aspitt g ERPE M SGERe it SR H Rt PSR Thog RS dosily °

gl ass sulgst r@f.8emanuf act uri ng nmet hod conprising an inner periphery
processi ng step of processing an inner peripheral end face of a

di sk-shaped gl ass| trate 20forned with a circular hole in its
center, and a chem cal strengthening step of bringing the glass
substrate into coin tig inwentione ackgatioabt heriereytdieenétegot a gisesabstrate in
solution to exchange part of .ions contained in the glass substrate

for ions in thaehens §1a¢ngéiﬂ¢rém@ﬂ¢9n$ AERsPed aNded thecssHmpwon dialseipl 2
h | bstrate, th t hod

Conr a1 Y £6rae g8 Robt PR §an%ﬁé%a%vap .Irﬁﬁ?‘éarfﬁreeraliemcﬂ%@? s
di anet er; ;0f r%é‘%?a%@% p:SrSE@d;h t&’ﬁxedc%f rBX Bﬁné%?%}}e hfatthe

st rengt hen| r#g St ep, an r 6¢essy Ny oy ARG

s 1170 s OB o b%ﬁ&n@f%??s@ﬁ%ﬁ%@sf S

that the this configuration, it is possible to reduce the inner diameter dimensional error

7 of a magnetic-disk glass substrate without performing a complicated adjustment
of the chemical strengthening treatment conditions.

15 [0033]

In order to 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 methaod 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



14 inner dianeter of the glass substrate after the subsequent

chem cal strengthening step becones a desired value, wherein, in the
i nner periphery processing step, the inner peripheral end face of the
gl ass substrate is processed based on the processing anount. 5[0034]
In this invention, a variation of the inner dianmeter of a gl ass
substrate in the chem cal strengtheninghgtep is grasped and, on the
assunption that such a change will also bccur from next, processing
of an inner peripheral end face is perforned at a stage preceding to
the chem cal strengthening step so that the 10i nner di ameter of the
gl ass subst irnes diameter 9f thedirrssubstialel afied thaasulseqvetchentcaibove

cl osed-1 oop confjiqguration that feeds back a result to the inner
peri phery peUERILPRGOSIebadmesR Sesies] Y?gu%ﬁ%?ﬁ?‘“b@s 8 e SRERNGYY

St7 engt noni g BiaaP. B8 e PR H Bk b e dledn S Rl ERIET,

stage.  Ths pridechad BABAPONGH bibcbASH bhBube. 15manufact ure a

magneti c-di sk gl ass substrate wth a sm i nner dianeter (ID)

di mensi ogal error[opgyl hout performng a conplicated adjustnent of the
chem cal strengthening treatnent conditions. [00351 The inner

peri phery processimipissibesntivay a varighidrse the innendranpeer piteeglabs 20ssiditd mce
grinding step of grinding the inner peripheral end face and an inner
peri pheral é&rrichemisabsrangtianingsstep iogrageed snd. heessumetion tat suer al

end face. Reflectign of the grasping result of fhe grasping step may
be carried GIENGRWErRISRPOBEIRTOREXHE/OPRARAT PEF [AEF BPTIRIRIArenceabe 15

OL1 p9u0 =" S B RPREIRRURIE! Pl cREERShahe TRy e e
ot A0S AR 00 98 PBSERGIFAN bEher ey el D e
face grindi ngoss elpsediodpadahiigugtiontiedt fedds 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 fo
15 manufacture a magnetic-disk glass substrate with a small inner diameter (ID)
dimensional error without performing a complicated adjustment of the chemical
strengthening treatment conditions.
[0035]
The inner -periphery 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.
Reftection of the grasping resuli 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 vatiation
can be securely reflected on the inner diameter processing of the glass

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



machi ni ng al |l owance as conpared with the inner peripheral end face
polishing step and further the cutting anmount per unit tine is |arge,
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 5polishing step. [0037] The
grasping step may grasp the variation froma difference between inner
di aneters of the glass substrate beforé®nd after the cheni cal

strengt hening step. 10[ 0038] In either one of the _
above-nmenti oned nmagneti c-di sk gl ass substrate manufacturing nethods,

t he graspi ngnehingralovwprasmst doenpeaed aith dne asedetiphenzicnadace palishing of
a specific conponent contained in the chem,cal strengthening .
treat nent sélaptguhurthsy Gezsfing amount pgr Bnif HEe i frsgRrancaus the control is

bove- [ d i c-di sk gi b f ' hods,
he. or aspi ngast ep RGOl 4dp POREOGS ABRBER a0 TorEper WA IRi T T e 1 1
the gras . P _ Bl

e mapped (B sk BieRpCest b mared Wi TP p e e "

W t hout gal ‘EHfiéﬁﬁg‘&e inreal time, a nultidinmensional relational
expressi on between tﬁe concentration of the specific conponent and
the variation, th@ogayiation can be easily derived fromthe
concentration only by referring to the variation table prepared in
advance. 25 Accor thangtagpingrdep naypsssmiel aadtionfiobea ddared betwioen
further, it is possible to avoid a deviation of the variation due to
roundi ng er HBEr @ivareiaisqfuhe glags substiale Refese srdriteumetGnemicaloos1] 16
Furthernore,, in order %o sol ve the abovenenti oned probl ens, according
to a certai ﬁ”%@%g%‘ﬂ'”%ﬁ &his invention, there is provided a

magnet i (fodi sk gl 6@63§]Ub8t rate manufacturing nethod conprising a

chem cal "strengthenrng step of bringing a disk-shaped gl ass substrate

formed with a cirguider 8 8f iH ddove-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 table 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, furiher, it is possible 1o
avoid a deviation of the variation due to rounding error when deriving a
muttidimensional function.,

[0041)



5center into contact with a chem cal strengthening treatnment sol ution
to exchange part of ions contained in the glass substrate for ions in
the chem cal strengthening treatnent solution, thereby chemcally
strengthening the glass substrate, the nmethod further conprising an

i nner di aneter measuring step of nmeasuring an inner dianeter of the
gl ass substrate before the chem cal 10 strengthening step and a

chemni cal strengthening treatnent conditiPon determn ning step of

determ ning a chem cal strengthening treatnment condition of the

chem cal strengthening step based on a difference between the

neasured inner difunleahogd)th erddes) saivk ierovdmentiosiedairdldemshe

chem cal strengthening step, wherein, in the chem cal strengthening
step, the ghaesdisybsecattainiaspest aftbisiitwentign sherengphevidet! » asgmetierdiske
determ ned chem cal strengthening treatnment conditiaon. [t0042] .

In this inv@ags swbstiate srnufasturingiaethad srepdsingr @9@1‘@%‘58 enetienige i s
measured an

he, di f.f b [ da final. I, [ ,
i anot or | SISRREPINRILG S ARSI HRd QLA PERGE MU A EiE R s
meter i sT9RACPIV, 2R A R | :
chem cal® st FRE R AT I T Bl kP BB IR LPRER Ry (1
m cal” s ng-SCep 7 or ol
Dol or 0.t e Sl e e s o B o R P hgieel

pr edet er m netebr@@isdr@iny Wehtarant bblatibh nbérebpoRemibiatyretrengtnéninh ehaplass
substrate can 25 be nmade to a desired value by adjusting the

vari ati on asubstrhtes thea methgedeghert ecroprisieghant soen denetengresurngdtsik of
gl ass substrate with a small inner dianmeter dinensional error. [0043]
17 TReagW i hiNnet Alanwietofiihr Olese subsiiaie beioas theophamigalbe at

NI R R G T R et
in"the chentCar7eaRes RERe @int PR futfiobl dRaBinchite, Grdfprr iRk
the chem CaheTheRiH 8REhMefhE Rteg Baddidor( itk RhcE QRERBES He ABagired

specific conponent contained in a chem cal strengthening treatnent
sol ution arniginétjiatmbeeriamder desirectinne didimateg basisthe whehricd! etrengthening

chem cal 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
derivad 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 2 magnetic-disk glass substrate with a small inner diameter

dimensional error.

[0043]



10treatnent solution and a variation of the inner dianmeter of the
gl ass substrate have a correl ation therebetween. Therefore, even if
the chem cal strengthening step is carried out by fixing one of the
chemi cal strengthening treatnment conditions, the variation can be
adj usted by changing the other chem cal strengthening treatnent
condition and thus it is possible to rigduce the 15i nner diaireter

di nensi onal error of the glass substrate after the chem cal

strengt heni ng step. [0045] The chem cal strengthening

St angtneni n. tr L R CeLraBRaR R R e Eb ARkl B S EsERbe o
rengt heni J _ SerE _
L cat ot CoRAELi N B oue ORI dL18) £ SPRermay ShOEF b Sinponen |

confi gur at bemainetitideny csmhicall sttrengthehingeatmennelut ncorpb) eat ed

rel ati onal expression between the difference and the chem cal

st r engt heninmye&iorn tireatoféhe glesnsihdimte intthe chaminat alrergithemgg reatrment
treatnent condition can be easily derived fromthe difference only by
referrithg B@ulitie strengthening condition table prepared in advance.
Accordingly, the[QBr&)]cessi ng | oad can be reduced and, further, it is
possi bl e to avoi 4ldevi ation of the chemical 18 st rengt heni ng

et conct i Sl SO AEE R, ISP L K aon o
magnet i-c- diSdeift! @HHpSiE thbAaf A ¢ dehiitd! Refengthening treatment solution
and (b) the immersion time of a glass substrate in a chemical strengthening
10" 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
15  inner diameter dimensional error of the glass substrate after the chemical
: strengthening step. | |
[0045]
The chemical strengthening treatment condition determining step may
determine the chemical strengthening treatment condition using a strengthening
20  condition table in which the difference and the chemical strengthening treatment
condition are mapped to each other.
[0048]
With this configuration, without calculating, in real time, a complicated
relational expression between the difference and the chemical strengthening
25 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



5 systemthat inplenents the magnetic-di sk gl ass substrate
manuf act uri ng nmet hod descri bed above, a magnetic di sk manufacturing
met hod including a step of formng at | east a magnetic |ayer on a
surface of a glass substrate obtai ned by the nagnetic-di sk gl ass
substrate manufacturing nethod, and a magnetic di sk thus manufactured
and used as a magnetic recordi ng nmedi um_10[ 0048] Such a
magneti c recordi ng nmedium may be a perpE%dicuIar magneti c recordi ng
mediumin which a magnetic |layer is magneti zed perpendicularly to the
magneti c di sk plane. Since the perpendicul ar magnetic recording

medi um i s f strehgiheningrieesmdni condéimardiiertg rdemsng grraswbempanedgai th a
hori zont al 15(Ln-p|anez magneti c recordi ng medi um even an inner

di amet er di revlddigwasioagrionciin.oned for the horizontal magnetic
recordi ng nediun1ﬁ$ﬁ%ft be allowed for the perpendi cul ar nagnetic
recordi ng nmedi um efore, a magnetic recordi ng nmedi um according to

error 15 al so ef f apevS AP A Ean e HERT b R R e
medi um Eff i g i above,
accor di ng t%?%tﬁﬁ'];th?g@%[ﬂ?ﬁ“gﬂ{s tﬁ? n?agﬁégég fsglgéasfsosurb ggé\%exﬁg@&t’é h@ﬁﬁ%ner

di anet er di nRfROQBBSCrRFHbOVE, @rrf%ﬁ@ﬁ% Hisk dFiuf Wr@d Ry PubRLNatigdingal ef
Description of the Draw ngs [ 0050 19 Fig. 1 is a functional
bl ock di agr stepstideimigg &t teeghetmagndtis kaygh an e swiast vht glassraubatatar i ng
system .Fitg. 2 is an explanatory diagramfor explaining a
grindi ng pr ebtadrecdby He Magketicsdsh glass albwirade meceiagiuring methedcaiha.
5Fig. 3is alongitu iﬂal sectional view for explaini ng the structure
of an inner RESEREISK! ‘é%ﬂ“al"‘éliaéﬂﬁﬁﬂﬁﬂiuﬁ‘éd 38 @HnR@etic reCording mediym, o
an expl 2ﬂat ory di @?’ﬁﬁ for explaining i mersion of glass substrates
into a em cal stre glheni ng treatnent sol ution.

Such a magnetic recording medium may be a perpendicular magnetic
recording medium in which a magnetic layer is magnetized perpendicularly 1o
the magnetic disk plane. Since the perpendicular magnetic recording medium
is further increased in recording density as compared with a horizontal
15 (in-plane) magnstic 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 aiso effective as a perpendicular magnetic

20 recording medium.

Effect of the Invention
[0048]
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. 5 is an explanatory diagram show ng an exanple of- a change in
10i nner di aneter dinensional error due to a chem cal strengthening
treatnent. Fig. 6 is a functional block diagram show ng an outline
when a grasping unit grasps a variation by a method of actually
measuring a variation of the inner diameter of a glass substrate.
Fig. 7 is a correlation diagram show ng é’he correl ati on between the
15concentration (ppm of Li ions and th&?variation 41. nm . Fig.
8 is an explanatory di agram showi ng an exanple of a variation table
tabling the correl ati on between the concentration (ppm of Li ions
and the vari at i onFigrf)is eifongtianal piogk dizgram showing a mpggetiadisk ghass
expl anat ory di agram for expl ai ning a conbi nati on 20 determ ni ng
process by #UgsHBETRAMYACHERG BYSIBTNg unit. Fig. 10 is a

functional block diagram show ng a nagnetic-disk glass substrate
mnat acturi ng_ systnt 2 an exp et dBRPER e s g eEe i
anounts (grindi jshi unt) when a variation is
fed back, idﬁrgérg%éiﬁggwﬁgﬂﬁz%eqﬁydﬁﬁrﬁﬁgﬁ@B inner peripheral end face
gri ndi nggprocess gyl 388 al |1BAGTudRRY sedRNal vieRdor &GRai iRk ted NGt af0sTess -
Fig. 12 is a processing anmobunt table when a variation is fed back as
only a gri ndnmey peniphetal ehd fdue poliskingpesghirkeer al end face grindi ng
process. 20 ~ Fig. 13 is a table in conbination of the

vari ation tabl e afiy. e aprexpeseiany dagsamdon explaining immersion gfglags i s a

functional bl ock di ag{r am show ng a ma%neti c-di sk ql ass substrate
manuf act ur i riyP&aiee o a chemical strengthening treatment solution.

Fig. 5 is an explanatary 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 outiine when a grasping
unit grasps a variation by a method of actually measuring a 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 jons 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
subsirate 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 grinding amount of the inner peripheral end face grinding process.



5Fi g. 151s an expl anatory di agram showi ng an exanpl.e of a
strengthening condition table tabling the correlation between the
difference (gm and the concentration (ppn) of Li ions. Fig. 16 is an
expl anatory di agram showi ng the correl ati on between the

concentration of Li ions, the immersion tinme, and the tenperature and
the 1Ovariation in such chenical strengigening treatnent conditions.
Description of Synmbols [0051) 100, 200, 300magnetic-di sk gl ass
substrate nmanufacturing system 15102gl ass substrate 110i nner

perpheral end [age S dLoR, e e A e an s khlaer

1600r | ndi ng P RSReH 0 AR S ISio " Oni ¢ '170pol i shi ng. amount det er m ni ng

unit 210i nner di amgt ¢4 iR AN bIRKIERyram showing a magnetic-disk glass
substrate manufacturing system.

-5 . Fig. 15 is an explanatory diagram showing an example of a
strengthening condition table tabling the correlation between the difference (um)
and the concentration (ppm) of Lijions,

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 substrate 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



25220strengt heni ng condition determ ning unit 310conbi,nati on
determning unit Best Mdde for Carrying Qut the Invention 21 [0052]
Preferred enbodi nents of this invention will be described in detai
her ei nbel ow with reference to the acconpanying drawings. In this
description and the drawi ngs, the sane synbols are assigned to
conponent s having 5substantially the £dnme functional structures,
thereby omtting redundant description thereof. [0053] (Adjustnent of
Combi nation of G ass Substrate with Chem cal Strengthening Treat nent
Bat h) 10Wth thqobgguction in size and thickness and the increase in
recordi ng density of a magnetic disk, the inner peripheral end face

of a gl ass substpmt@rddembodiaidnt dapiginemtibe witye deseibddan ektail
snoot hness and fl atness. This enbodi nent ains at reducing a final

i nner di ankeerinbeld) with mefesérmeab tee acoompargingl drswirgsbs tir thiseddneriptign ng
attention to an inner peripheral end face of the glass - 15substrate,
parti cul ar Byd the dravifigsatheota e eyrabelsiane asyBiesd ©a00NReNaa frvinthg

Gl ase siibe aRaM e Su TP Tt ByarmEaues. disaby Emifing BdEAg out &
series of gggﬁﬁagﬁﬁngaﬁ{uding t he chem cal strengthening process.
[0053]
(Adjustment of Combination of Glass Substrate with Chemical Strengthening
Treatment Bath) "

10 With the reduction in size and thickness 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-ievel smoothness and flatness. This embodiment
aims at reducing a final inner diameter (ID) dimensional error of g glass
substrate by paying attention to an inner peripheral end face of the glass

-~ 15 subsirate, particularly to a variation thereof in a chemical strengthening process.
Hereinbelow, a description wilt 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 embbdiment. Herein,
thick-line arrows represent the fiow 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 {o facilitate the understanding, the magnetic-disk



[0054] 20Fig. 1 is a functional block diagram show ng the

magneti c-di sk gl ass substrate manufacturing system 300 according to
this enbodinent. Herein, thick-line arrows represent the flow of
processi ng of glass substrates 102 and thin-line arrows represent the
flow of information. The magnetic-di sk gl ass substrate manufacturing
system 300 of Fig. 1 conprises inner pg&ipheral end 25face grinding
machi nes 110, inner peripheral end face polishing nmachi nes 120,

chem cal strengthening treatnent baths 130, a grasping unit 140, a

menory 150, an inner dianeter feasuri n%pdevi ce 210, and a conbi nation
det er ni ni ngdlaas subBimie marwifastuing Yt 306 i3 desaripedioy Rapicularly citing

d ding, th i c-di sk 2.4l .sub i
aystem 300 MEnHieeERaoBR <58 ADPeL R ITRE BRrh Bkt faste o Macpiase
st rat o5 TPl 104 REE HAChERTIELD SBTnd HE Bohl bidBo et o ingude
al so i nol udeqfppidl ARG YIbasksRE eBBEERS BBt AftPosyr bé?;grgeggl]"%djfﬁ&@é of

peri pheral end faces e gl ass substrates 102.

above i nmer tpajliagauittragydiface grindi ng machine 110 serves as an
i nner periphery processing machi ne and grinds, by a grinding anount,
t he i nner periphgP@bdlend face in a circular hole forned at the center

of the disk-shaped 10 gl ass substrate 102 nade of, for exanple, a
nul ti conponent gl H¥sabomednneikaripberal gRdfage eiwindm@acyine dP sgryeadsiane

A A A MY R L
le, it : i i h

cranpl e, | pER g BB Sy R Ml ORGSR i ilpcte

per i phef@l _ghds i5odie 103 ARl Ror @hbmdlend rRetthpd fork gldueTRb IR ed

e

by adding a“grinding anount determ ned by a | ater-described grinding
anount det epevighieng emai fhicd Ganding anaphiredi 10 aarssicdniidessd dzarivusiways as

grinding process. [0056] Fig. 2 is an explanatory diagram for
expl ai ni ng lohg agrit eani gripcpihedasay pefiphertchend faserof ee glahe substeate 102 asd,
grinding m?opieggmél%a?it clg(rawrb%i formed Iecgi% 839 aacrr]]gmfer machine that grinds the inner
peripheral end face simultaneously 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 16Q
to a grinding amount desired in a grinding process.
[00586]
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
hoie 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 inio a

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



chanfering of an inner peripheral end face 114, which is for.ned by a
circular hole 112 of the disk-shaped gl ass substrate 102 as shown at
(a) in Fig. 2, are carried out. [0057] 25In the inner peripheral end
face grinding machine 110, an inner dianeter grinding stone 116 for
grinding is inserted into the circular hole 112 as shown at (b) in
Fig. 2. The plurality of glass substrat®s 102 are stacked into a
cylindrical shape and upper and | ower two bottom surfaces thereof are
cl asped 23 by a clasping nmenber. The inner dianeter grinding stone

116 is a pwyleyaddi@nicpiry URé ek aRenAeriddnCstbas 1PETd RRaNAY-IKer ves
as grindi ng&sur?apéﬂégs). [ 0058] The gl ass subsrtratggit 102 and Fheéyi nner

di anmet er grotadi grindstanzearidlits auter perddhelry sevaks ws drinslieg soyfades.vi ng neans
(not illustrated) to which they are fixed, respectively, and the
i nner di amet er gi®0A8] ng stone 116 is brought into contact with the

I nner peripheral_end faces 114 of the cylindrjcally stacked gl ass
" substrates 102, TH%HE@? SHBﬁF@ﬁﬁdogﬁﬂﬂﬂﬂ%nﬂ"ﬁh@ﬁmﬁt rﬁlit"@fnqg?"% 48§ AP to
e LB R BB B ot BB A OO SRR L
B he | oh Land f avil _ . 1
Ther o aro ToREidl S e Mher Bimdbl B HoR6 378 IEERAERORM cf
surfaces 1i4a 1AS irflepyBrighertfand fack 914 &f thble iiﬁdr;@aﬁ;@sﬁ%ﬁé&i Blagsto grind

t he outer peripheral end faces sinultaneously wth grinding the inner
peri pher al sebstrdtes €82, khdrebd ZpPRARY uniform inner diameter processing to the
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 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 simulianeousity with

grinding the inner peripheral end faces 114. |
.. 15 [0059]

The above inner peripheral end face pb!ishing 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 1o 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



The above inner peripheral end face polishing nachine 120 serves as
an inner periphery processing machine |like the inner peripheral end
face grinding nmachine 110 and polishes, further by a polishing
anount, the inner peripheral end faces 114 of the gl ass substrates
102 ground by the inner 20peripheral end face grinding nachine 110.
Thi s polishing amount is a val ue obtaigued by adding a polishing
anount determ ned by a | ater-described polishing anount determ ning
unit 170 to a polishing anbunt desired in a polishing process. [0060]

25Fig. 3 i @?ﬁ?'ﬁ] QRO A B8 bt &%ﬁjé%@#gﬁ?f’e‘é’ 1f0%ra}r8§)8h§HéH n@g?‘oﬁ%@gl% oy

structure e 1 nner peri ace

plurality %ﬂ‘%f%ﬁé gﬁa%@%hb@ﬁﬁlss 162 aﬁH%%@hlha%%dy HQ4CM§M{'§H iré@theshape

are fixed to a fixing portion 122 of the inner peripheral end face

pol i shi ng grahameoidL0f thégadsruubstraé 10er apbedahe disl cbarelsaxid oftthe

gl ass substrates 102 are polished by rotating one or both of the

gl ass subsghﬁﬁesbmﬂﬁeaﬁGZasa@BB@hbh@ob@aykﬂsajhmﬁ@@gwsaSuhﬁnﬂehéOE
C|rcular hol es of the ass substrates 102, around the disk central
axi s of 9t hangtheseolish qﬁEWe§4ﬁ9§a@§5§t8§dhOV@fat|on center so that

t he gl ass substr g% 102 5 and the polishing body 124 rub agai nst
each ot her. [00&?@ ] In the polishing body 124, polishing cloths

V2 o 0 o 3PS PRABLEEATPAE (e T BB LR Eher
PSS e e i depums St onagh %d;';»ﬂénrs%h;& Faown

resin foam, or pitch impregnated suede, or the like may be arranged so as 10

10 form part of a cylindrical shape. The polishing body 124 may make a
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 graiﬁs 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 palishing 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.

[0083]

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 subsirate 102 is



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

i nner peripheral end faces 114 of the glass substrates 102. [0062]
15Nozzl es 128 of the inner peripheral end face polishing nachine 120
supply a polishing solution containing polishing abrasive grains

bet ween the polishing body 124 and the g#ass substrates 102. As the
pol i shing abrasive grains, although depgnding on a target end-face
shape, use can be made of, for exanple, nornmal polishing abrasive
grains such as alumna, ceriumoxide, or 20 colloidal silica. As a
di spersi ng riediaraed in thaichamice sisengtaening trapimagitwelugpaiohiaingaeby heating
di spersed, there is no particular [imtation. Al though water, is

pref er abl e i30cBeRY greneryeal 5U§€9‘@8ﬂm5e“‘aguﬁh?fﬁhyﬁxﬁﬁﬁ'g@'ﬁ@ 1001840 £8E 1% ng

medium that s used in nornmal .polishing. [006 5The ove chem cal
St engt heni 0 GBS eHRRrAB LR A o8 i s bMAP gl Klfe B8 FRarti

cont ai ni ng : l : i 41 ﬁ{gﬂs %%n{, ol
portion theﬁjeﬂaéﬂllﬁlzétgﬁéﬁ?gg‘wggfgﬁa% hgﬁ%%;@g{%ﬁ tIJa L%g |sé
used in the jghedi ik ddnsSh e ghdiRRENGrdtglaRfy fekmdnbasiulibienaling an ionic
substrate 102 is 25 immersed in the chemcal strengthening treatnent
sol uti on obtradioedréatehibanitng cimte aedvel ings.a Bhaushcan icsitexehghde mettgnd,
salt, thereby exchanging ions in part of the glass substrate

(al um nosi | ixearapigsaiye stose Riyai isgommied airiby surfacesexdhp biass subsisite mnd
metal i1ons such, as Li .ions or, Na ions, Bor_ ni val ent ions such as Na
5ions or K ilBrsitisPessble oabiai 2 Br9eRigehanraFierakt sihat Sasttasa
havi ng an i onj radilus greater than that of the above ions. By such
an ion-exchacr[i% Sr@rﬂgcﬁ’, Iér'corrpressive stress layer is forned at the

sur facesgof the gL@b%a substrate and thus it is possible to obtain a
| ar ge nechani cal Strength so that fractures or cracks hardly occur.

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 carbonaie, 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 meial material and

20  atreatment bath 134 containing the chemical sirengthening 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



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, |ithium
nitrate, or a mxture thereof, but not limted to a nitrate, and use
may be made of a sulfate, a bisulfate, a 15carbonate, a halide, or
the like. [0065] Fig. 4 is an e&&ianatory di agram for
expl ai ning i mersion of the glass substtTates 102 into the chem cal
strengthening treatnent solution. Herein, there are illustrated a
gl ass substrate holder 132 nmade of a netal material and 20a treat nent
bath 134 coftdPA¢'AENINRE tiB¥eeni cal strengt hening treatment sol ution
The gl ass substra@@ E | der 132 is provided with holding portions 136
each obt ai ned by R ng a plate-like thin plate so as to have a
plurality of proj ' i f Qr [ ; ' 1n a
Phrd i%&g{&%ﬁl“'gﬁencg\pgﬁ%ﬁl sﬂaﬁgtﬁ%:ﬁﬂ%ﬁetgﬁg?@@mtﬁﬂ i

| ongi tudi nal direction'on a e’s ace.

substrates %%el%!bﬁfge*:&; k&l e olY 5 PRE130°C Ao HRARRELSt &R %@W%f frer Byial

bet ween t he bul gi i de projecting portions of the holding portions

136. Thed, af thergladd siizeragl 963 asdibntredireerddly thotdrepdrarmé efithey
one-tinme chem cal strengthening are placed, the glass substrates 1D2
al ong wi t h themipahstsergihstingtreatnednd eolulie? itse!bisisehier alealit 360ttt d00°C.
treatnent bath 134 for 26 a predeterm ned tine. [0066{ . .. The

t enper at ur e 15fS It RecaYfenf the tegtpeeaiyrers 8ENG leseRementaluwpihgt isotbd's lower

Phe mator | alasuhe sHEgpatkorats bird et on i3 Hies S el (e, ;ﬁ’%;ﬁ‘%c@ﬁfef
t t = I > L ; | abl'y, .
S Det to asdendiEyETGRo i hELAANR%AIRPORT RIS e Gitobitfichs
set to Hésslséihl%rhi erahieatBffe that id 50€ | AWe thbh e étﬁ;ﬁ? $binti sk aRPicAts &f

the material of the glass substrate 102, the chem cal strengtheni ng

g
t r eat ment iscmtinw%{asietmbémat@trrthbﬁtdemwal sidmdteening tieBndr@nper at ure
is 10set to higher than a value that is 50C | ower than the strain

point, strain ten@67 occur in the glass substrate in the chenical
strengthening tr eéi; gﬁgﬁ a chemical strengthening treatment, a compressive stress layer
is formed at the surfaces and end faces of the glass substrate 102. The
15 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 {o 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



[ 0067] By such a chem cal strengthening treatnent, a conpressive
stress layer is forned at the surfaces and end faces of the glass
substrate 102. The 15conpressive stress |layer at the end faces,
particularly at the inner peripheral end face, causes deformation of
the inner peripheral end face in this enbodi mrent and its expansion
(extension) amount is grasped as a variation. The thickness of this
conpressive stress layer is preferably 46t to 20 to 1501.1m by

adj usting the chem cal strengthening treatnment conditions of chem cal
20strengthening. This is because if it is |less than 20pm there is a
possi bi | i ty daeatotitdrenit therghter af theharoglaadslesiidsintespasetiiBeicbetvensa; ofl,
while, if it exceeds 150pn, the production efficiency unnecessaril
decreases. [tD@&8Ier peripheral end fappd 14 5sfigished &xpn fner dlyneipadip@msiona
showi ng an exanpl.e of a harg_ge | n 25i nner  di aneter di rrens'hona. error

due ]Eo thﬁ @ﬁ@?]m in & pf mﬁ%@ngee%&?ﬁ@mgﬁfﬂ e dingypaidng pRishing e
due 1o . . gha:

Lhe | nner fp 184 *%29931%&_%@%%2#?8%%ﬁ*&shﬁ%ﬁwﬂﬁoﬁ%8%1 RO RgeE 8s °Y
Cort one &t SEBENCEMN I 8] hidvdber,in e EhdhiBAMACHonkR IBERke a5 |

112 i nt er posp@dwhhg1SPAIAES) a ImprBSsivd BipsssneydrPnerigforaid doawst thé4, is
finished to an inner dianeter dinmensional error within a

pr edet er m neécharaegphact endiawg tid dfhles diagsstisstraié 10Behpodessioiaxgabditya

124, the concentration of the polishing solution, and the polishing

tinme as 5 siiwatien torgpucetim ignesdiamelesibys affectingdhe e gigmeter

strengt heni Qﬁmgrr\glgr?glse’rro?.s Consequently, the inner diameter decreases from d1 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 sirengihening
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



shown at (b) in Fig. 5, a conpressive stress |layer 118 is fornmed so
that the inner peripheral end face 114 of the glass substrate 102
changes to expand in a direction to reduce the inner dianeter, thus
affecting the inner dianeter dinmensional error. Consequently, the

i nner di aneter decreases fromdl to d2. 10[ 0069] When

mass- produci ng the gl ass substrates 1022 the chem cal strengthening
treatnent baths 130 descri bed above ar 8provided ina plurality of

| i nes, respectively, and independently contain the chem cal
strengthening treatnent solution. Since it is difficult to equalize
t he states ofibsitate i 82 petare perfesuihg @ atemical skkaggtheningdreetvantasta
solutions in the plurality of chem cal strengthening treatnent baths

130, if theVvaiaiadode qayeed Ry i anerBicREHNARIRNAY reaimentatd By paleriik
are different fromeach other, variatjo t he inner dianmeters of
the glass s ‘EW%H‘% @Eg{%‘sﬂwéfwmﬁat%ﬂﬁﬂ%é’@ﬁ@ﬁé&f‘%‘ﬂ%ngt heni ng
treatnents gfrérg ﬁeﬁiﬁ m each ot her even under the sane chem cal

20st r engt heni nggqt reatment conditions. [0070] Therefore, the
inventorg of thispapp|ication have found out that, by rather

favorably making use of variation in inner dianeters anong the gl ass

substrates 102 beTigr gbdveegrabping cal 190reagisheacnigigy araksivegndlvariation
distribution in 25 variations of the inner dianmeters anong the

chemi cal st phifgtihraridigmetee af thergladmsuisiraBo! Ghtatbd defbemenby theechemical
chem cal strengtheni ng process, the inner dianeter dinensional error
of a final | §irenstagnae PHCess iniissahestieal siengtapnipe trestmeridaly 148 ushs ng

o500 1 BRABELIFAD 4 sl B ATEA By R ALl sigpege
varis 0 RPNl WA RO £k SROSEL O O S 210 O

chem cal st pafghtiRNh VeratRl G khe state of Al EHLRBAVEr B ARG rdHliend 40
grasps (calcul ates or derives) a variation of the r'nner “di aneter of

t he gl ass spghigtisrate 102 to be defornmed by the chem cal strengthening
process in the chem cal strengthening treatnent bath 130. The
grasping unit 14d0§74gsps the variation by (1) a nethod of actually
reasuring a Fig. 6 is a functional block diagrarn for schematicaily describing the
15 case where the grasping unit 140 grasps a variation by (1) a method of actually
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  sirengthening 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 o set an accurate feedback value
(grinding amount or polishing amount).
[0073]
25 The variation 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



10 variation of the inner dianeter of a glass substrate 102 or (2) a
met hod of estimating a variation fromthe state of a chem cal
strengthening treatnent solution. [0072] Fig. 6 is a functional bl ock
di agram for schenmatically describing the 15 case where the grasping
unit 140 grasps a variation by (1) a nmethod of actually neasuring a
variation of the inner dianeter of a glggns; substrate 102. The
grasping unit 140 neasures the inner di ter of the glass substrate
102 at a stage before the chemical strengthening process and further
measures the inner dianeter of the sane gl ass substrate 102 at a
stage after ofespehidiicoaiporent (b)dhgcheniaiye puodes of rakied gldsp Sﬂl@ﬁir&fﬁﬁg
a difference betvveen the inner dianeters, the variation is deriv

Wth this cot gmié@ ite@ cuwlatlyeaa&fpbtr@atea %ﬁ@@t@%wsdpgsa@daﬁwaﬂem

o oot o ook TR SSRGS RRG Bl Rgbdhd RS0, 13"
hod of

met hod o e%fnge '\% aT‘ﬁﬂE'l?fS'p%@Sﬁ) rg}?ﬁaeé{)gést{?@%fa%h@ﬁ% %?tlzc%rﬁlntg o,

st rengt heni ng rrent sol uti'o

state of g h%r@’tﬁrﬂ ﬁlﬁ}ahﬁ} 6@!‘19%58% Blgerhfcﬁﬁétfg?@he?ﬂ%g‘ltrééﬁe@:?golhh&n states

variation have a correlation therebetween or exanpl e

concentrati qa), (29 aaél (¢). speci fi c conponent, (b) the curul ative nunber
of treated glass substrates 102, and (c) the cunulative tinme for
treated gl ass sub§il7dies 102 and a variation have a fixed correl ation
under the sanme imrersion tinme and the sane tenperature. Thus, it is
possible to grasp%Fh%@PP l‘?ﬁf"@ 13“'%1‘?"?%@0"6’[4?35%6 f@iﬁf@agﬁﬁtwg‘ 8‘@3&
plurality of nt .sol uti.o
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| mpl emenat 'g?]rﬁdf?jfg A6 Gt BN thRraPbSifshlg3Tount 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.

j0075]

15 Fig. 7 is a correlation diagram showing the correlation between (a} the
concentration {ppm) of Li ions and the variation (wm). 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 ireatments increases, the
concentration of Li ions in a molien 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
ion-exchange rate is high and thus the variation becomes targe, 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



substrate manufacturing system 100, it is necessary to determ ne an
initial 10 grinding anount and an initial polishing anbunt of the

i nner peripheral end face grinding machine 110 and the inner

peri pheral end face polishing machine 120 and, therefore, the
grasping unit 140 estimates a variation at a stage preceding thereto.
[0075] 15Fig. 7 is a correlation diagr®@m showi ng the correl ation
between (a) the concentration (ppm of Li ions and the variation
(pm . By expressing such a correlation by, for exanple, a

mul 1 di Tengh OBGHcehFhitbn BMElioRXAEREEEOH tek tSioASEhRAG ffle ?@ér‘eﬁ@é@ a
variation only by measuring the concentration of Li i10ons. [0076]

20Such a r ehdthenmb exipli@sge@Basss.on the basis of the fact that as
t he nunber of times of chem cal strengthening treatnments increases,

t he concentratiof@0@¥] Li ions in a nolten salt increases and,

t herefore, the chem cal strengt heni n%@_treat ment capability drops and
thus the vari ati Bithdeepeside &) dbeieemuipdve aribehaed &) die cunelatinelifRe
sane tegper.ature. That is, |
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and t hus the concentration o I Jions 1 nNcreases so that the
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Wth respect to (b) the cunul ative nunber and (c) the cunul ative

time, 5 it thesglass sehatraiad82 sdthoyt wsinge special deagoingrdsaierantethus dis t he
gl ass substrate 102 or the chem cal strengthening treatnent sol ution
and t hé0vappasibligioiredusstthadings dismstengfimengionatenyr rea®agnetis-¢ieount i ng
or clockin t he,cunul ative nunber or the cunulative tine. [Therefore,
"t 1o possihiss SBSERETE PRIV BreR RIS FAd e epraroIgenSy O
Feduce t e omapoREEBD ABGREL S el error of & magnetic-diek
[0078)
The graéping unit 140 may grasp a variation using a reiational
- 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 onty by referring to the variation table of Fig. 8 prepared
in advance. With this configuration, the processing load can be reduced and,

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



gl ass 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
ref erence val ue such as (a) the concentration, (b) the cunulative
nunber, or (c) the cunulative tinme and a variation, but may
alternatively grasp a variation using one-to0-one mappi ng variation
table. A linear interpolation my be @3ed for interpol ati on between
nunerical values described in the variation table. 20[ 0079]

Fig. 8 is an explanatory diagram show ng an exanple of a variation

t abl e t abl whgn dhgving mrreliitiinensbeEheenticrhe concentration (ppn) of Li
ions and the variation (pn) of Fig. 7. Herein, w thout cal culating,
inreal tine, tHBOBRI tidi mensional relational expression between the

ariation can oo BRROBITERER [HLIOURD LI EIOBIATY. & R aEg
riat] Ve . i y
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it is p@SS%ﬂﬁbﬁ ahel a%%‘i'h@g%}éin@gjrﬁ’t”l D ortthé KA1 Rfdrad tliSorients Uil ng
tirdi 080]

error 31 when deriving a nu mensi onal function. [O

The above uimioy 14150 oBtiey ki inuespomskas aabiwsst tradkoma | at er - descri bed
processi ng anount table, a | ater-described strengthening condition

tabl e, and 5so df0&htd allows the grasping unit 140 or the like to
refer to the contents of the variation table or the like in response
to a request thebher alaye ipoeEipmeter measyrag dpyoe 2 A mesasyremiBediner

T 0 eol 18 BB RS ool IR Sy ey S tering
10 in the chemical strengthening treatment bath 130. The inner diameter of the
glass substrate 102 is obtained by the actual measurement herein, but may
alternatively be, for example, an inner diameter set value (inner diameter
estimated vatue) in the inner peripheral end face polishing process.
[0082]

15 In this embodiment, three states are roughly assumed in connecticn
with performing the chemical strengthening process. That is, (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 treatment 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. Asingle glass substrate referred to herein includes a concept of a

25  plurality of glass substrates placed in the same glass subsirate 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



10i.n the chemi cal strengthening treatnent bath 130. The inner

di aneter of the glass substrate 102 is obtained by the actual
nmeasurenment herein, but nmay alternatively be, for exanple, an inner
di aneter set value (inner dianeter estimted value) in the inner
peri pheral end face polishing process. [0082] 15In this enbodi nent,
three states are roughly assuned in c@2nection with perform ng the
chem cal strengthening process. That is, (i) the state where a

chem cal strengthening treatnment bath 130 optimal for chemcally
strengthengmﬂﬂgn§bpﬁkgeggm§§h$ggﬁkﬁ@mﬁ is selected froma plurality
of chem cal strenhgthening treatnment baths 130, (ii) the state where a
gl ass substrate [§023]20 optimal for carrying out the chem cal

strengt heni ng process by a single chenical strengthening treatnment
bath 130 is sel dotteelsfata (), shphioevd ¢apbivtiaf datsrmainihgtunitt S devermingsi
(H) the state where a plurality ofg?Iass substrates 102 and

plurality Besethemyvadations gearperdlyithg &@H’ﬁﬂé’ﬂ“%%%@a’aﬁ“@n@%ﬁﬁﬁnﬂed
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si mul t aneously chem cally strengthened are arranged in 32 a

plurality ef0pecsassaldesiesd valaspentthy etate (i) B83pmbination deternii@ingt at e
(i), the above conbination determ ning unit 310 determ nes, based on
vari at i onsugit 3t deteppinelebagesspi agaiaion, a4ipsssubsaiectHl2 totheengt heni ng

5 treatment bath 130, which perforns chem cal strengthening, so that
the inhér Bulipgedfo ﬁ@f‘ihﬁm'?ﬁéﬁ’f@ﬁaﬁﬂﬁﬂﬁlg pg@?@ésgspﬁsﬁiwg IS ciasetepr g
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chem cal strengthening process beconmes a desired value. In
strengthening, so that the inner diameters, after the chemical strengthening
15 process, of a plurality of glass substraies 102 whose inner diameters were
o measured became 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. Thetefore,
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
23  to manufacture a magnetic-disk glass substrate with a small inner diameter {|D}
dimensional error.

[0085]

For such combinations, the combination determining unit 319 may



the state (ill), the conmbination determning unit 310 determ nes,
based on variations, chem cal strengthening treatnent baths 130,

whi ch perform chem cal strengthening, so that the inner dianeters,
after the chem cal strengthening 15 process, of a plurality of glass
substrates 102 whose inner dianmeters were neasured becone a desired
val ue. [0084] In any state, the optimal conbination between
the gl ass substrate 102 and the chem cab strengt heni ng treatnent bath
130 is selected for finally 20obtaining the glass substrate 102

havi ng the desired inner dianeter. Therefore, even if the inner

di anet er of detmmifathe chebital strendid2ningftieatnémidatiee hBE alhish pergiheni ng
process chan%es_or even if the chem cal strengthening treatnent
condi ti on ofchemécat pepRRenisg r ¥nGehe sty of snereme! di¢reprembetveendnal
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perform chem cal strengthening, so t e sum of squares o
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conbi nati ons when tenporarily conbining the glass substrates 102 and

t he chem calchstnicahsirévegihegng mept edetebnibatl e ti8ahe auh dfsgudessiafed
val ue of the_ inner dianeter becones mnimum Alternatively, the
cheni cal st déiggennesibegveere mspeativepcarmnaBmsyi tieh Meesewdinedicliamaters

strengt heni ng ,nay be determ ned so that t sum of squares of
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di amret ens aré)rq i}lﬂﬁ‘lvari ations and the desired value of the inner
di anet er "be oPre ‘0O m ni num

[0086]

Fig. 9 is an explanatory diagram for explaining a combina{ion
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, ii combinations between the glass substrates and the chemical
strengthening treatment baths are set to A-F, B-E, 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.



[ 0086] Fig. 9 is an explanatory diagramfor explaining a

conbi nati on determ ning process by the conbination determ ning unit
310. For exanple, it is assuned that the inner dianeter neasuring
devi ce 210 nmeasured the inner 15dianeters of three glass substrates
A, B, and Cin three lines and the inner dianmeters thereof were

20. 003mm 20. 006nmm and 20. 009Mm respﬁftlvely, and further that the
graspi ng device 140 estimated variatio é of three chem cal
strengthening treatnent baths 0, E, and F to be bum- 71.im and 3um
respectively. Assunming that a final desired value of the inner

di ameter is 20 2d008%nm if comnbi nati ons between the gl ass substrates

and the chem cal tren t heni treat ne bat hs are se

and C-D, the sum %élpﬁéa@g dgper %@rde"ir‘b@é@ Cﬁ@i@r@a@e Hlsm%tﬁﬁe of
2p, m2. [008 ne of. c l.hat | e
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using the nmetoRee nLiask (@)oamﬁlﬂéuvéﬂmé Set@gﬁﬁd Hevdratibadu e dgen-lobp! e
i nner di aneter di nensional error. 34 The variation

t abl e descr cti@cblabove can be obtai ned by st oppi ng the feedback of the

magneti c-di sk gl ass substrate manufacturing system 100 and deri ving
the correl ation HEP&Hen the reference value ((a) concentration, (b)
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10  strengthening process and the concentration of Li ions in the chemical

strengthening process are measured at the same timing and the difference
between the inner diameters is mapped as a variation to the concentration of Ui
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 {o (b} the cumulative number or (c) 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



10 strengthening process and the concentration of Li ions in the

chem cal strengthening process are neasured at the sanme timng and
the difference between the inner dianeters is nmapped as a variation
to the concentration of Li ions. By perform ng such nmapping with a
plurality of concentrations of Li ions, arelational expression or a
variation table of the concentration of Li ions and 15the variation
is derived, for exanple, as in Fig. 7 d¥5Fig. 8. [0090) Wth
respect to (b) the cumul ative nunmber or (c) the cunulative tine being
anot her reference value, a relational expression is |ikew se derived
by measuri ngrovided. tiihés sageetid-disk glass tshbsthate inmredadudmpietivddanclatieges
before and 20 after the chem cal strengthening process and then

mappi ng t hem ahenmieal istrengigeningmrecass cERYING iat pluralifyrad idégkashaped igiass
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gl ass substrate” manufacturing system
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provi ded. This magnetic-di sk gl ass substrate manufacturing mnmethod

i ncl udes a teatmetlisokfivasghbreby themicatle sgendthbning ghenglaas plibstediéd yORf
di sk-shaped gl ass substrates 102 each formed with a circular hole in
its center PAgdEwiiealedeg eha stegsinaredng e bamicsl sirergthening
solutions of a pluraJity of chem cal 5 strengthening treatnent baths
130, r especPlARER, a1 GNELHREIR TBRRtroD AreReSs Al MaRcHARS AR N1RE GAmRteT

coluti oil. Phésetbls hRafrelly b8ty Slbitfains hF BRSNS LlED: ol es 102,
and further g8 tHQﬁﬁg pPbocRsSE Q%ﬁﬁgﬁﬁg‘%@% aépﬁlﬁggﬁ%ﬂéﬁ%?f{ of the inner

strengt heni ng process, an I nn sur process

neasuri ng agidnigier oidhagRisesubOpitee@ho ok dererRedbkihd ynedthical ass
substrates 102 before the chem cal strengthening process, a grasping

process of ghrasghagna pyvaosisatfororaohfof tiepluraligyr ofdiremeta strefigthkeingl ass
substrate 102 to be generated by the chem cal strengtheni ggaﬁpchess
for each of repEgtdains 3P, and aramiyaztion dalemrinivginiecassad detasmingag e

heni cal 3t PRRGLACHISG S A R BABROS130, Tk B8 PBYAREheni oal
Lt e fndiE e ISR \EhBIR SnbE 0B R e o
measured, ahheaiity Bfegla_ss 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 dimensional error of a
magnetic-disk glass substrate.
[0093)

As describe above, the combination between the glass substrate and



chem cal strengthening process becone a desired value, wherein, in
the chem cal strengthening process, the plurality of glass substrates
102 are 20 chemcally strengthened in the determ ned chem cal
strengthening treatnent baths 130, respectively. [0092] Herein, by
conbi ning the gl ass substrate 102 and the chem cal strengthening
treatnment bath 130 so as to obtain the3gredeterm ned i nner

25di aneter, it is possible to reduce the inner dianeter dinensional
error of a magnetic-di sk glass substrate. [0093] As describe above,

he combi natd i ' '
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strengt hening treatnent usted to 1

di amet er diiFRASiphesbr GficMsiophl &rdrdRehhendticsksiobass sebhirdie at Although
Al t hough sufficient processing accuracy can be obtai ned by perform ng

such processaffisient progessieg sesuracctarabe obajrad] sperfgmidresiadhemrbeedses, if
strengthening treatnent condition 5in the chem cal strengthening

process an@guRpSeRIFUdt & A )tadiusing desehergicamiigmgiheningigeaimest condition
peri phery processing proceﬁg,, which wil |l Ee escri bed herei nbel ow,
are added tbtherderleR sUeRgRPRAY NGRS RLRI AGIUET A RRTPCRISHIA 3T B!
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such adj ushidi@sBss) s 8RErsbflthe BRiIsH EB&tNE dselfl 88PHe chemical
strengthening treatment bath iiself can be reduced to some extent and thus it
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 omitting 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 magnatic-digk 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



((A) Adjustnent of Chem cal Strengthening Treatnent Condition in
Chem cal 15Strengtheni ng Process) Fig. 10 is a functional

bl ock di agram showi ng a magneti c-di sk gl ass substrate manufacturing
system 100 capabl e of adjusting the chem cal strengthening treatnment
condition in the chem cal strengthening process. Herein, in order to
facilitate the understanding, a descriggtion will be given by 20
omtting the adjustnent of the conbinati on between the gl ass
substrate and- the chem cal strengthening treatnment bath having been

descr bed i doligh 9B iy 39 1S RO EAI 1 ATId e A YL EENG, B
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gl ass substrates 102 shown in Fig. 10 is formed by 25 adding a

gri ndi ng atmredf isletrdited anddemsin tha @oinding = golt ideterminiagronint 60 and the

determining unit 170 to the magnetic-di sk gl ass substrate
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substantially the same as those of the inner peripheral end face

gri ndi né rrgégﬁ‘»rl’?@dilo, t he i nner peripheral end 37 face polishing
ngﬂhcal strengthening treatnent bath 130, the

machi ne 120, the
grasping unit 148 the menory 150 described above, redundant

grasping unit nd the mem : ove,
Getermni ng unit a0 gt A Btk 1 d P B iy
whi ch di f f @bterRiriid Uit Y76 seiblds PEcRINY mBuieRtshiagy UhR99R]

The grinding anbunt determ ning unit 160 and the polishing anmount

det er mi ni ngeteninine]l BAsskon @ graspydoceistoma grivling adeuer inithe trigheuni ts and
determ ne, based on a grasped variation, a grinding anmount in the

i nner 10pepeppiaral ershidce gdadiggipnatasy apdecealishingdracyidlin #1siingeranount
in the inner peripheral end face polishin% process, so that the inner
di anmet er oPe’E'WEerﬁll glykiach polishireprogesasd tel ttifeinpekdiapieern of dhe glass
strengt henin O s..becaones desired value. Then, from next, t.inmne,
Lhe glass SUDLE 02 269" 118 b Euatitel si(prolientia piogetshrncils® 3 Aesiedt
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end face grinding process and the inner peripheral end face polishing

processs Santh afpetishing oyt e te thieni eThalit, herindsatatdmeter pefeddayk Wt h
——thi-s-configuration, even if magnetic-di sk gl ass substrates are

mass- pr odugefdgsponding tpdle variaiondo 02 e datheofithe inneneeripheraberel face

di mensional .error anong the plurality of glass substrates 102 as

conpar ed woTRAIBYRIRERES %ﬁgﬂhe [nogvegripheral end face polishing process.  Such
feedback may be carried out per batch or per day. With this configuration,

gven it magnetic-disk glass substrates are mass-produced, it is possible to
20 reduce the inner diameter dimensional error among the plurality of glass
substrates 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
26 inner peripheral end face grinding precess 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



Fig. 11 is a table show ng processi ng anounts (grindi ng anount and
pol i shing anobunt) when a variation is fed back, in a shared manner,
to both the 25inner peripheral end face grinding process and the

i nner peripheral end face polishing process. For exanple, when the
grasping unit 140 grasps a variation to be 15.00).1m the total of
processi ng amounts for causing the inner_dianeter to be a desired
val ue becones 15.00m Therefore, referr?%g to the 38 processing
anount table of Fig. 11, the grinding anount determ ning unit 160
adds a grindi ng amount of 13.00pm (+13.00vm) and the polishing anount
det er mi ni ng protessitDamddst tablealf iFshi 1 gtherpindingofmaudeiemiging LoD UAP .
Then, the inner peripheral end face grinding machine 110 and the
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| arge, and thus the control is easy. Therefore, 1t is possibleto
achi eve an igqigaasiagiamaint aad @oishied ambantrpeepecatiialy.i ng processes as

conpared with the inner peripheral end face polishing process. [0098]
15The variation c4®%¢ fed back to only one of the inner peripheral
broceas. [0099]  The Inies Ry ipheral Snek e BSEIARIOHREs RN BLDREPERT
gﬁzﬁﬂ't bio? gt hgg?ﬁﬁigg %@%ﬁﬁ@%%%ﬁ%&&@ﬁthﬁg{eRgggcr%%d%rl\é/r p%ri%%r% Eer?
10 jace polishing process and further the cutting amount per unit time is large, and
thus the control is easy. Therefore, it is possibie 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 petipheral 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 js 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 sirengthening process is constant, grinding
amountis 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



20gri ndi ng process. Herein, since additional polishing in the inner
peri pheral end face polishing process is not carried out, an

adj ustnent for the variation is inplenmented only with the grinding
amount. Therefore, if a desired inner dianeter value after the

chem cal strengthening process is constant, grinding anounts take
val ues proportional to variations. In Bbe case of feedback only to
25t he i nner peripheral end face polishing process, it is possible to
use a simlar processing anmount table. [0100) Fig. 13 is a table in

e a si cessing amunt table. [0100) F i i
Cable, et avePRe i e Bl Hdnl o bigiapied s BERITETY o B org
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as a basis of a calculation, i.e. the concentration of Li ions

herei n, andbddisief 4 belcplaticeds, thge toradneativorbe L fohsdraeinbhOd fhlks the

Wth the above cl osed-1o0op configuration that grasps a variation and
f eeds back piocessing logdaapbet redticed.he i nner peri phery processing
process,_the inner dianmeter dinmensional error in the chem cal

st rengt Heni ng prd@&Ed can be absorbed in the process at the preceding
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substrate manufacturing system
absorbed in the process at the preceding stage. Thus, it is consequently

10 possible to manufacture a magnetic-disk glass substrate with a smaller inner
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



descri bed above, a magnetic-di sk gl ass substrate manufacturing nethod
is also provided. This magnetic-di sk gl ass substrate nmanufacturing
nmet hod further includes, in addition to the process of adjusting the
chem cal strengthening treatnment condition in the chem cal

strengt heni ng process descri bed above, a 20 processing anount

determ ning process of determ ning, basd@ on a grasping result of the
graspi ng process, a processing anount of the inner dianmeter of the

gl ass substrate 102 so that the inner dianmeter of the glass substrate

102 after thgmsmhtichestiveah 1 QI@QQ%D@Q%&?@&L% HESeBsRhghetaR] r ed
val ue, wherein, in the inner peériphery processing process, the 1nner

peri pher al etrahtm@nebarh, by the2ibayeatasesitibsyy catfiguiflibn thapgrasps aedrigised
on the processing anount. [0103] | f the adjustnent of the
processi ng aanslieeds hachthis var@tiopasi padidingamossidniige et pedphiasigriched
above is added to the adjustnent of the 40 conbination bet ween t he
gl ass subst riaPR JHRENG REOGEEE BF @10lIShing RFINBAINTIGe inneaPRERbeBaeHd fa5§ t he

pack thi & varatRg a5 ndibme heshiee Bindind Aokl SRiefa s " ena
face. o1 i nd! e RO E85od o PRUIGARLA Sy RONB Br s RS oRRIGEIA it

end face 5p 'ng praoc 0SS Set the grin |n

anount ant i ciip@bied AirhOfsid] et Bﬁsé@éﬁﬁ%u%etr @?Prer@%tﬁ@ in the chemical
strengt heni ng process and a change 1 n inner dianeter dinmensional

error based siengtheniresrooéspedrabebbssrbed irf the ivmePeciphesl eed ¢idaeni ng
process can be absorbed in the inner peripheral end face grinding

process. Thuginding precesms ddwenit isycqnssgitdritly possiblntofrastufaetuee a

- 10magnetj c- di sk %,I ass substrate with a smaller inner dianeter

di mensi oifal rBagRRtic-qigk glaps substrate Wil apsraeiies dnsr digmelst dimpensipsal error.
processi ng anount he i nner periphery processing process described
above can be carrl[(@g)4 ut al one without performng the process of

chem cal st rengt hanbrs trsal ASREIL R MoBSSur s U ME iRl p Rher
g?g?eg?) St ey ﬁ]ﬁc@ése@é%ﬂﬁéd Gooek EarPBe bAEhIT RneSiftREt heni ng
performing the process of adjusting the combination between the glass
15 substrate and the chemical strengthening treatment bath.
(0105]
((B) Adjustment of Chemicai 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 facilitate the understanding, a description will be givén 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.



Fig. 14 is a functional block. di agram showi ng a magnetic-di sk gl ass
20 substrate manufacturing system 200 capabl e of adjusting the

chem cal strengthening treatnent condition in the chem cal

strengt heni ng process. Herein, in order to facilitate the

under standi ng, a description will be given by omtting the adjustnent
of the conbi nati on between the gl ass sibstrate and the chem cal
strengt heni ng treatnent bath having been described in detail and 25
paying attention to only the adjustnent of the chem cal strengthening

treat ment %ﬂ;&@gﬁé%cgahga PO darg,a gng Qn@éaﬁ%é%ﬁ#&mﬁ@%‘é:ﬁﬂﬁ%i ng

system 200 ing a strengthening co tion

det er m ni ngnhdfdde g%f%@iiﬁ hHﬁngﬁ}ﬁlOth%r@r%\énﬁh@‘éﬁer@ﬁ%b@@bﬁ‘nng machine
manuf act uri ng sys 0 descri bed above. 41 Since the functions are

subst ant i alt kg, thbehemioal asetdinsringtrehineent iatr 130 the henadry 60, datthe
grindi ng machine 110, the inner peripheral end face polishing machine
120, the chesr d@m@errr@agsufm dryicer &l d@wbmahomaameduw@nhﬁﬁwmmo
and the_inner dianmeter neasuri ng{Edew ce 210 descr.ibed ab

i

r edundafit H@é@fllﬁﬁmﬁ%@%ﬁéfﬁm e gHPpglaNRAgOD @P%ﬂﬁter'ﬁ‘%ﬂg unit 220,
strengt henl condi.tion deter uni 0, which differ in
structure, \/\,1%1h GO@% 'PrﬁﬁH?tyr%@é 'Vﬁﬁ%ﬁéedme st rengt heni ng

condi tion deterr‘Tb gﬁg unit 220 determ nes a chem cal strengthening
treatnment conditionin the chem cal strengthening 10 treatnment bath

130 based on a difd er@nfikelity WeRIA A BARNIAY FHIBARY ddiBatiHeSd Dy the

i nner di aneter neasurlng device 210 and a déesired inner dianeter

after the chemicapdirerigtiargitdesaingnptoadition inHie ehamidal siséngthérang nner
di aneter of a glass substrate 102 is neasured by the inner dianeter

measur ibig treatmesnt 22 t{iibades ah & Héterere tpdveeraninneidianéter Meaalired
desired inner dianeter is derived. Then, the 15chenical strengthening
t r eat ment Ebﬁtﬁ W%fnd'ﬂg'leé%’tr@@%ﬁl#ﬁ‘éa deyiceRd0 andvafesiisddrnenriameter after
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by adj usting the variation and thus it 1s possible to manufacture
- 16 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  a desired vaiue 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 treatmenti condition may be one or
twa 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.



a magnetic-di sk glass substrate with a snmall inner dianeter

di mensi onal error. [0107] Herein, the chem cal strengthening
treatnent condition nay be one or two or nore conditions sel ected
fromthe group of (a) the concentration of a 25specific conponent
contained in a chem cal strengthening treatnent solution, (b) the
imersion time of a glass substrate 102,in a chem cal strengthening
treatnent solution, and (c) the tenperdﬁ%re of a chem ca
strengthening treatnment solution. 42 [0103] In the chem ca
strengt heni ng process using the chem cal strengthening treatnment bath
130, mainly (a) t{E08bncentrati on of a specific conponent contained
in a chem cal strengthening treatnment sol ution, t he i nmersi on

b
5tinme of a glass YubEtGNeMical giengihaning Srecess L@tﬂgf(stﬁ)@tché'ﬁ‘f]‘?%SW%‘ﬂﬁfﬂ‘ﬂﬁ
| ution, d h ' f hem cal, strengt i
Creat ment oQATER L H0VERTIY (b RGN ALY SRR BIOTERb f ass
substrate 1Q2-hayey 3 acﬂ{én‘ﬁtgitéér%ﬁgfhgﬁfngﬁfég% "tfe irﬁ?ﬁ%&iér&o the

. SﬁtsDoTL'ﬁfcfneftﬂ
chemical strengthening process 1S carried out by T1xing one or or
more of §ne GReON £ glas LBAEIETNENTa LHERCEPIorkhEaRSIlbi L sbibfon,

vari ation can be adjusted by changing the othér one or two or nore of
t he chemi calangt(ceihgttaepergurerd atghentica eréngthenipgaraimbntsoldtionsnd a
possible to further reduce the final inner dianmeter dinmensional error
of the gl asyagalizt ofdhe in@2 diametheolithe glassisubsiratedghORerdved portalats.
[0109] _ 15Wth respect_to (a) the concentration of a specific
conponent , tih@eBpeen; c TheigiReAverchierdenical sHengieningHEOGASEdS

[sg?ig]r ate 1%%rriesd gﬁ%?/ f&{ngaonneaér%mono?%clurie%?tthee grllear%i?;alcs rr(]atn%{hr{]ainpn% tlr‘e;atringgts '
10 conditions, the variation can be adjusted by changing the other one or two or
more of the chemical strengthening freatment conditions and thus it is possible
to further reduce the tinal inner diameter dimensional etror of the glass
substrate 102 in the chemical strengthening process.
[0109]

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

[0110]
When, for example, 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 10 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



When, for exanple, it is not desirahlle or possible to adjust the
20concentration of Li ions as the chem cal strengthening treatnent
condition for the reason that it is not desirable to affect the
lifetime of a chemi cal strengthening treatnent salt, the
strengthening condition determning unit 220 can adjust one or both
of the immersion tine and the tenperatdBe to thereby cause the inner
di aneter of the glass substrate 102 to be a desired value. 25[0111]

Li kewi se, in the case of perform ng chem cal strengthening treatnents

using a pl ugidriging 1k Hatnh tale &tonendtieshargichlr RRinge et dmeibbathé
it is not desirable or possible to adjust the imersion tine for the
reason t hat 13Myhe #8isk hienegilifigrstfoen Hedof thg dhercheimicalstehgtleainghem cal
strengthening treatnent baths 130, the finish tinme differs fromthat
of the ot helre@ient balhssoribalhadimaepriiotaverdhe eptteHsasWachang sheist i ne
control over t one .or
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P emper atir <ONdpe bille? PBARLARTT AR efirRiia B RRRS 1 BSH IRlpbRBetwgfor
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concentration and the inmrersion tine are adjusted. 10[0112]

The st r engt theried gxcassiiety wralet genemtiog otipartic22 @f FreySUE er imerlike aone
chem cal strengthening treatnment condition using a strengthening
condi ti on temhahichtherasseairaticn antibe imaaigien timenee ag .ers measur ed
by the jnner dia %e measuri ng device 210 and a desired inner

di aneter” after t em cal 15 strengtheni ng process and chem cal

BT B et el A AR RTARE o 3R e b B b 1
S Fafinen ERSRSHARShoR] Sodhl B SN FLTL BRI MR
st rengt heni @aplecARHicH Oiffeterebe befween inner diameters measured by the inner
diameter measuring device 210 and a desired inner diameter after the chemical
18 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 Liionsis 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 Sum shorter than the desired

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



Fig. 15, the imersion tinme and the temperature are constant at _
180m n and 3500C, respectively, and only the concentration (ppm of
Li ions is a changeabl e chem cal strengthening treatnent condition.
Accordingly, the difference necessary for reaching the desired inner
dianeter is derived based 25 on the inner dianeter neasured by the

i nner di ameter neasuring device 210 anfidthe Li concentration is

adj usted for changing the inner dianeter by the derived difference.
For exanple, in the case of 5um shorter than the desired inner

di anet er, idiamstepogseidiend! @robiraths sabgdasest shdisicabstengtitanicyg proakss
inner 44 dianmeter dinensional error in the subsequent chem cal

st r engt henibychangingdbe by cencandietion tchtb0ppnt onldehehanginmottbeiboppm
Thi s changing of the Li concentration is perforned bg@discarding a

gi ven anourfCNEENRORdRPEHPTSY B iSRRI SVeR et 858 GIeBIFaand
addi ng a nol.ten,salt of sodi A trate, sdpatassium.ni.trate. lithium
i trate. orts R lod e Rab ot A feemd 8RR ot ol
st rengt eni ik s WMt : fng, inreal tinme, a
conplicgte re atlghgﬁ’JQ@EEEQF%%’Egg&ggﬁkﬁﬁgﬁ%#Tference and the
chem cal strengtpﬁﬁm?g treatnent condition, the chem ca

e

strengt hening 10freatnent condition can be easily derived fromthe
difference only By thelesbf Bgch a strbegthéming gbhditiom thbig ndioubealtdiirg,
prepared in advance. Accordingly, the processing | oad can be reduced
and, furt hen realtimes apmesplichiedire/aivnilexpraseivnaidtoacnthe didereheeinadkhe
strengthening treatnent condition due to roun?}i?ng error when deriving

a nul ti di mENEMigRisIreleiaeneg repipeatiapndition, the cherical sheRgNRIAPng
diti bl . obt ai,ned by st.oppj he,feedb f the.
rmgnet 10 i R0Gp St Fasll cBLPEF Y hO BiteRASRS ) riffvesg
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vari ati on can be obtai ned by
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 glass substrate manufacturing systerm 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 to
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



measuring a difference between the inner dianeters before and after
the chem cal strengthening process. [0116] Fig. 16 is an explanatory
di agram showi ng the correl ati on between the 25 concentration of Li
ions, the imersion tinme, and the tenperature and the variation in
such chem cal strengthening treatnment conditions. In order to produce
a final strengthening condition table, 48 many sanpl es as possible
are obtained by shifting the concentration of Li ions, the imrersion
time, and the 45 tenperature within respective allowable ranges, so

that it is pegsrdluce Whiprredysdive aNBreblatandet eo Hidtangbbegiblado produce
condition table. Then, when using it as a strengthening condition

t abl e, conséaanire coeunatadiratgtieargtd eondition rabiEt maimencwehen usiogst as a
(imersion time and tenperature in Fig. 15) are first cited and then

5 only dat aSiregieening cendtonabia, canstant dhegtiead siraggthesmgrtmatment
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of Fig. 16 ghpwhneidmemedr 1ebmin & a k&dddkilds ongs5eie armenelidtad i M.
gl ass substrate manufacturing system descri bed above, a nagneti c-di sk

gl ass subst téttee srendtbetingicogditiet ketde bbFigl $Dislfopgnead. détiheThdjsisting
magneti c-di sk gl ass substrate manufacturing nmethod further includes,

i n addi t i onother ehimigaigyengtisningireatineng coniliansniinpegsine bepioseae ahe
gl ass sybstrate and the chenical strengthening treatnment hath

descri bHl aBRABITENTG, RN Bpjehi eBriTR g meErARIAN BiREPTTG fom the
determ nin 0 ; 1.N] . chem cal strengthening treatnent
condi tion ?%B[ehégﬁieﬁ%I%%@@Eie%égﬂeé@%hi ng process based on a

di fference betwegggymeasured inner dianmeter and a desired inner

di aneter after the cllem' cal strengthening process,

Using the magnetic-disk glass substrate manufacturing system
described above, a magnetic-disk glass 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 treatrnent bath described above,
a chemical strengthen.ing ireatment 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



wherein, in the chem cal strengthening process, the glass substrate
102 is chemcally strengthened based on the determ ned chem cal
strengthening treatnent condition. 25[0118) I f the adjustnent
of the chem cal strengthening treatnment condition in the chem cal
strengthening process is added to the adjustment of the conbination
bet ween the gl ass substrate and the ch cal strengthening 46
treatnent bath, even if the inner dianmeter of the glass substrate 102
before the chem cal strengthening treatnment is deviated froma

predet er m ngdamesit athy averif thd ket drimdtansthe grresabsttdte tibe tefaeshe
substrate 102 can be nmade to a desired value by adjusting the

vari ati on anbemicakstrangtizerpussediment s daviriéd foar & peedbbargrieed desigs k
gl ass substrate with a smaller inner diameter dinmensional error.

[0119] valugribe finabisser grmaty e thaglasheulaiahe 8% cat pertadRlitg
shove.can o4SUitt e b GeERE T el AR RA-EHBR R RSaEGHS

ove ed” Ut b _
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Exanpl e of the enpefyments described above will be described. In this
Exanple, a magnetic-c}i sk gl ass substrate and a nagnetic di sk were

Procees and Fi TSt Lapstng. broceen e ot e ol en ol i natl T eate"
gl ass was nodritiibr intthe ahelinidal sineqgdhdning process described above can be carried
out alone without performing the process of adjusting the combination between
10  the 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 moids, 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 method, a downdraw method,
or a float method.  As the aluminosilicate glass, use was made of a glass for
chemicai strengthening which contains, as main components, Si0O2: 58 to
25  75wit%, Al203: 5 to 23wi%, Li20: 3 to 10wi%, and Na20:; 4 to 13wi%. 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,



di rect pressing using upper, lower, and drum nolds, thereby obtaining
an anorphous plate-like glass. As the alum nosilicate glass, a glass
for chem cal 20 strengthening was used. O her than the direct
pressing, a disk-shaped magnetic-di sk gl ass substrate may be obtai ned
by cutting it out, using a grindstone, froma sheet glass forned by a
fusion nmethod, a downdraw nethod, or a4¥loat nethod. As the

alum nosilicate glass, use was nade of a glass for chem cal

st rengt heni ng whi ch contains, as main conponents, Si02: 58 to 25
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soda-lime glass or the™li ke can be used Instead o

al uni nosi | i mateingl adeublé8tRAkpAihe machirpimployag sasiphétad gearbot h mai n
surfaces of the plate-like glass, 47 thereby obtaining a disk-shaped
gl ass base medianism Thid theppe whalwkinehasédiieoabrasbiergrainsdobptaficllde

| appi ng machi ne enpl oyi ng a pl anetary gear, mechanismw th the use of
al uni na- badBa 13RS WBF S3ITieE Qut BY peessEisElapping surfgce plates AppiLRl was
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| appi ng, there was obt al ned t he gl as aving the flat
mai n surf acesach GiHEE23By (3 14ppird, feré&wasRibegess tHe@asdigasehaembeg)

Then, the gl ass base nenber was cut using a dianond cutter, thereby
cutting outhaxirgi tbkflehapédsiyfeass. substrate fromthe gl ass base nenber.
Then, using a cylindrical dianond drill, a circular hole was forned
at a céfter porti®¥3l5 of the glass substrate, thereby obtaining a

doughnut - SNaPEub5 SHBSL RckinGoRLiRY (01241 (3) End Face
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 cylindrical 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 chamiering (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 pofishing process as a

preceding process can be removed in advance, so that i becomes possible o



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 chanfering (formng). [0125] (4) Second
Lappi ng Process Then, second | apping was applied to both nain
surfaces of the obtained 25gl ass substrate in the same manner as in
the first |apping process. By perforniA§ this second | appi ng process,
fine irregularities forned on the main surfaces in the cutting-out
process or an end face polishing process as a precedi ng process can
be renoved ¢ompldiceansehsessmehhmbin durizee atshipppsickbeint @shd@timenpl ete a
subsequent mai n surface polishing process in a short time. [0126] (5)
End Face Polishi ng1%#8locess Then, the end faces of the glass substrate

were m rror-b)ol i shed %y E\ 5brush polishing nmethod. In this event, as
pol i shing a5 E8AJECE8EINOIIacER$s nade of a slurry (free abrasive

. as . o ( STy e B

201 | ot ng-pr ocess e e e S el Be e PhBeRam B pled PBHENNA s
. ! t at’ :

Such as Sar PEEh EORNIE FeSad i Fi e PR A oleRRGARALTS bR Lo Rl

A first polinghé BgaRIAEEGR MTadild SlairkEOABMIRY Eerifn BxidBidbrasvd Gams.

pol i shing process. Thi's first polishing process mainly ains to renove
cracks or sBy #iisiend exvei pulisbing prédess herensiiat@ceishd gidsegubbigatb appé ng

processes descri bed above. 15In this first polishing process, the
mai n sur f aclEEshesite spuirtsisedfacs siade 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 lapping 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 [PA (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



doubl e- si de polishing machi ne having a planetary gear . mechanismwth
the use of a hard resin polisher. Cerium oxide abrasive grains were
used as a polishing liquid. [0128] 20The gl ass substrate having been
subjected to the first polishing process was i Mmersed in respective
cl eaning baths of neutral detergent, pure water, and |IPA (isopropyl
alcohol) in turn so as to be cleaned. #9129] Then, a second poli shing
process was carried out as a main surface 25polishing process. This
second polishing process ains to finish the main surfaces to a mrror

surface st aédﬁshi_hg libhikS uSE GAB thRR dideting IR asRsivbRpaifBiinesHah dtes
were mrror-poliShed using a doubl e-side polishing machi ne having a

pl anetary geaunn®dideabsmiveidrhinseed setheffirst (sdihing@sdeessoam pol i sher .
As a 49 polishing liquid, use was made of cerium oxi de abrasive

grains finer thaf0t3% ceri um oxi de abrasive grains used in the first
pol i shing process, [0130] The gl ass substrate having been subjected

to the second poilh§KaiaRs BsHS Ingeea R acien [niheestert POBW%ani ng

bat hs Ol nEubLal gt B 88Tl RI RS Len RS bR dLaBOBEOR eI

¢l eani ng bagdter, RATBA (5 CProb IR i AR ROCIBERSE S IPfalRE | N
wave was applied to each cleaning bath.

[0131]

(7} Chemical Strengthening Process and Cooling Process

10 Then, chemical strengthening was applied to the glass substrate having
been subjected 1o 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 fayer 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 mixiure of potassium nitrate (60%) and
sodium nitrate (40%), heating this chemical sirengthening solution to 4000C
and preheating the cleaned giass 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, Liions 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 200um and a variation was 15um or

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



10Then, chem cal strengthening was applied to the glass substrate
havi ng been subjected to the | apping processes and the polishing
processes described above. By performng this chem cal strengthening
process, it is possible to generate high conpressive stresses at
surface | ayer portions of the glass substrate and thus to inprove the
i npact resistance thereof. 15[0132] 30  The chenical strengthening
was carried out by preparing a chem cal strengthening solution in the
formof a mxture of potassiumnitrate (6099 and sodiumnitrate
(40% , heat@agndldiise ©oBAGaHestdmadh ienempogiaiants.on to 4000C and
preheating the cl eaned gl ass substrate to 3000C, and imersing it in
t he 20chem cal s{08dyt heni ng solution for about 3 hours. [0133) '
By perform ng the imersion treatnent in the chem cal strengthening
sol uti on adE¥@®8ple] bed above, Li ions and sodiumions in the surface

| ayers of the glass substrate are replaced by sodi umionsI and
pot assi um i ons. | AVQRETREFRCERPS YBA A8 NRLLTHEPDGIbsvael giass
tivel : : ' in
i cknegs. oRPsT sk b itk BFeugh R e En B e R |

gl ass substwabeogtanéaﬂ.i STIRY Rho¥ES FRAU DRI HIEDRTD, 80Fadd a target

variation was lbgmor less. It was possible to significantly inprove

the yiel d baiemplopbirdsian ibhersdiahetdoohapbecBmntechni que described in
t he enbodi nent s. [0134] [ Exanple] By conparing cases with and

wi t hout mappi ng B&t38en gl ass
Table 1

Ratio within Target Value

Example 100%
Comparative Example 83.6%
10
[0136] |
- As shown above, it can be understood that the vield is significanily
o 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 subsirate having been subjected 1o the
20  sulfuric acid cleaning was immersed in respective cleaning baths of pure water

and IPA (isopropyl alcohol) in turn so as to be cleaned.  An ultrasonic 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



5 substrates and chem cal strengthening treatnent baths, the
followi ng results were obtained. The nunber of glass substrate
sanples is 10,000 and a target value in a table is an inner dianeter
of 20.00.05mm [0135] Table 1 Ratio within Target Val ue Exanple 100%
Conpar ative Exanple 83.6% 10 [0136] As shown above, it can be
understood that the yield is significabtly inproved. [0137]
15Subsequently, the gl ass substrate having been subjected to the

chem cal strengthening process was inmersed in a water bath at 200C

so as to befigmhgBrocdiad, HBichkAIIRE dybegthakay broddss] snd 88 coblifd prdclss
cool ed gl ass subStrate was imrersed in concentrated sulfuric acid

heated to asaidscAbaCabowe, dsereavaseohibinad adlat, Rurddilerand figh-gigatity
substrat e havi ng been subjected to the
magnetic-disk glass substrate.
[0139]
5 (8) Precise Cleaning Process
vThen, precise cleaning of the magnetic-disk glass substrate formed with
a texture was carried out. This is for removing the remnants of the abrasives,
iron-based contaminants of foreign origin, and so on that would otherwise cause
head crash or thermal asperity failure, thereby obtaining the glass substrate
10 with the 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 substraie obtained through the
processes described above, an adhesive layer of a Cr alloy, a soft magnetic
layer of a GoTaZr-group alloy, an underlayer of Ru, a perpendicular magnetic
recording layer of a CoCrPt-group allay, a protective layer of hydrogenated
carbon, and a lubricating layer of perfiuoropolyether were formed in this order,
20 thereb'y 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 magnstic disk.
[0141]
With respect to the obtained magnetic disk, it was confirmed that there
23 was no occurrence of defect on the films such as the magnetic layers due to
toreign matter. A glide test was performed and there was observed no hit (a
nead 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



20 sulfuric acid cleaning was inmersed in respective cleaning baths
of pure water and |IPA (isopropyl alcohol) in turn so as to be

cl eaned. An ultrasonic wave was applied to each cleaning bath. [0138]
By perform ng the first |apping process, the cutting-out process, the
25 second | appi ng process, the end face polishing process, the main
surface 51 polishing process, the chemiZal strengthening process,
and the cooling process as descri bed above, there was obtained a
flat, snmooth, and high-rigidity nagnetic-di sk glass substrate. [0139]
5 (8) Preci %r%%i&hrtgsﬁﬁé’eﬁﬁ&%rmed usmgﬁ‘ﬁi&gn@fo@éﬁ@ﬁ/eme%@'hﬁwth@fe Whe
magneti c-di sk gl ass substrate fornmed with a texture was carried out.
This is forobssrordng rdiunctommviepraafuctitve dad tathieyrasl, adgpeaty: based
contam nants of foreign origin, and so on that woul d ot herwi se cause
head crash or thelddl] asperity failure, thereby obtaining the glass
substrate 10w th the smooth and clean surfaces. In this precise

cl eani ng process, e dre Prqﬁ@r@fbe@be@m% afﬁ815|1mrﬁlpem\fﬁ@esn@@é@%§

wer e car |ed gut after

Ieanln n al kal |ne ueous S h
'oLa0) 0 5) il el o g Ayl e esesaeﬁaaf A"
surfaces of BRigH A% maawrst bﬁﬂ%%ﬁ@@.@ﬁﬁf%{}oéfa L DEASERSAS art can

descri bed above an a heS|ve gnetlc

layer of a WMV&WQ@QPno'ﬁﬁé%b’exa?v?}olﬂé‘@?fév@é%rex@hd%bwﬁhlﬁ‘ﬁﬁé@ jecul ar
magneti c recording | ayer of Pt-group alloy, a protective |ayer

of hydrogendesdlibedribelaimaadd & i$ ubdérsatodribal thyss natiraigrdidcicelonpio/beher
were formed in this order, 20 thereby manufacturing a perpendicul ar
magnet i c retﬁmhdlcagsttnpgmftmhllm!eﬂtltblﬂ;cture is one exanple of the
structure of a perpendi cul ar magnetic disk. Magnetic |ayers and so on
may be 1®rnmed as [Bh49ln- pl ane magnetic di sk.

This invention is applicable to a magnetic-disk glass substrate
manufacturing method including a chemical strengthening process that
lon-exchanges part of a glass substrate to carry out chemical strengthening
thereof, a magnetic disk manufaciuring methed, 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.



[0141] Wth respect to the obtained magnetic disk, it was confirmed .
that there 25 was no occurrence of defect on the filns such as the
magnetic | ayers due to foreign matter. A glide test was perfornmed 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 52 reproduction test was
performed using a nagnetoresistive head5and there was observed no

mal function in reproduction due to thermal asperity. [0142] Wile the
preferred enbodi nents of this invention have been described 5 with
reference to the acconpanying draw ngsLAIMSi s needl ess to say that
this invention is not limted thereto. It is obvious that a person
skilled in the artl.cahmaghelic-dgk glass sulssinatalinkieidclexegrpietwdasompisinge d

exanples within the scope described in clai nd it is understood
that those nawﬁmrqa&ss?&shwgﬁappgb@wa %8%21535139‘%&'6%%5‘5?5”@@ grmed

I nvention. 10014 . RS, ] nt i ' PRI .

magnet i c- di sglltgljaaés)h]swlsaﬂ glter'%i%b%%%m@c{dﬁ#ﬁgﬁﬂ%tcﬁ‘ghﬁ%ﬁ%ﬁ?ﬂiﬂ?%%"ég
chenical str gagiienspBLEY SRR aNAdralig bf eXSHRBNS®NERERING fircdt@b@S S
substrate to carry out chem cal strengthening theréof, a nmagnetic

di sk manuf acbaths g exstange pad ohivga ebntaingd 3k said mthsa shibstreag feetions-idisakl

gl ass substrate manufacturi n? system [0144] _This application
i s based upoRhtiRigalstigngihening tisakagntsobtion thereby ghemisalystingewsinmat ent

pased _ ‘ | yo _
b7 So6ror MRS GBS el PORER T BaRBRELGS 95400, 111 ed on
20January 31, 200%n ihhg dhmiétePsidhsuri s 6Mmbasurig AR dRfndtsr & N 11

its entirety by reference.
said glass substrate before said ¢chemical strengthening step;

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

a combination determining step of determining the chemical
strengthening 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 siep;

wherein, in said chemical strengthening step, sald glass substrate is
chemically strengthened in said determined chemical strengthening treatment
bath,

2. A magnetic-disk giass substrate manufacturing method comprisiné
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 in said. glass substrate for

fons in said chemical strengthening treatment solution, thereby chemically

strengthening said glass substrate, said method further comprising:



53 CLAI M5 1. A magnetic-disk gl ass substrate nmanufacturing

met hod conprising a chem cal strengthening step of bringing a

di sk-shaped gl ass substrate formed with a circular hole in its center
into contact with a chem cal strengthening treatnment solution of one
of a plurality of chem cal- strengthening treatnent baths to exchange
part of ions contained in said glass substrate for ions in said

chem cal strengthening treatnent soluti &t thereby chemically
strengthening said gl ass substrate, said nethod further conprising:
an inner dianmeter neasuring step of nmeasuring an inner dianeter of
sai d gl ass subst r ags Wyt shameiai degheing shdp Gtmessytihg an mpes diepyeter of

a grasping step,of graspir variation of the jnner dianeter of the
gl ass substr &t htoésg'él Fﬁ&é@‘g&?@ésﬁ) Haips belorg saisihentisal strermiBeniagi ng
step, at eactgt&;_ said plurality of chem cal strengthening treatnent
bat hs; and ' a conbination determ ning step of determ ning the
chem cal strengthegi ¢ : \

st rengt heni ng, basg(gﬁq%r?vl i%?gﬂegér?gfﬂ?%ﬁghggﬁ%rﬁgtﬁfmgf %E@@%?g%t i%Ssof
sai d gl ass s.snbstrate ¢ belcassed tonecurdiyastie eneniisalnrasgthesing bepoaws a
desired value after said chem cal strengthening step; wher ei n,
in said chem cal s®femginasan Agiesnialiy stef of dptersBnisg bt glagsesubstrate to be

chemcally stren din said determned chem cal rengt heni

Creat mont ” batHoecked 18 88y et fial afiiofiem bielp Retech et keon sd hek
manuf acturin el S i I en of
bringi ng one%ﬁggg{%@% I tt@é%ﬁ%g?g:ﬁz_@ g%]g%gﬁée%f'gggés]gg%ﬁgsyﬁ%{%@ %ach
formed with atremgtheriag stepte in its center into contact with a

chem cal strengthening treatnent solution of a chem cal strengthening
treatment bath to ‘Wh&REniesaihehengealisoasgibeningistepd said determineg|glass
substrate for i(%n in,said,chem (ial st.rengt henin trea}'grrent sol ution,
Cher by chenPtstiae ShBRAIE AT restened tpSEBCheMia sienathanipairealneat
further conppigi ng: 54 an inner dianeter measuring step of
measuring an I nner dianeter of each of said plurality of glass
substrates bef or e FHaiAimahesticaidk gissenisheri ManEhEing method cBNFaRET NY
step of grasping a variation of the inner dianmeter of the glass
substrat e t o2iseenigasetenothaningatepyf wingihgcehpiniality ofdliskesigbheéglasy st ep;

d i nati on_deternining step of determining the gl
Substrate t oSHBVEIED; SAEheY T W AICEAHNOR indle CnE Hsh PATEANES based
_ Substrate to'b R e J

Gosired val P sftehfbnhl febtiiih sHRTT & ARG RERREFS § o

in said chendeigiehigneddieBhi i, efpeiVdlly, €ebainahhe ﬁa@ bfRfs Eshgihbat e

is chemcally strengthened in said chem cal strengthening treatnent
bat h. inZaidglassgmubisiratedifekons iassidurestica ste ngtheding traathrat met hod
conprising a cfh_em' CE| ét rengt hening step of bringing a plurality of
di sk- shaped SRHOESINBEOY shadicalicslransihnaingsaitolase pulaitatas, Raitlendthod t s

center i.nto it h, chem cal strengthening treatnent solutions
of a plural i’ﬁﬁﬁ%"?‘“’%@\gﬁ]&g’a| strengt heni ng treat nent bat hs,

respectively, to Qﬁﬂﬂ@ﬂﬂ&nﬁ@éﬁm@ésuhﬁ@%teﬁ%ﬁiééﬁﬂn' Bn §iftlef aBhf%s of
| “ st rengt t

substrates for ions in said chem ca enl ng treatnen

sol utions, téashebgaidipluraiipbf glast sidnghietchye saldbhehass sBemahsratEs,
said nmethod further conprising: an inner dianeter measurlng
step of measiffing an inner diameter of each of said plurality of

glass substrates befobg AL oFRgiseh oSN ng, SE8Rter of the glass
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



a grasping step of grasping a variation of the inner dianeter of the
gl ass substrate to be caused to occur by said chem cal strengthening
step for each of said plurality of chem cal strengthening treatnent
bat hs; and, a conbination determ ning step of determ ning the

chem cal strengthening treatnment baths, that perform chem ca

strengt heni ng, based on 55 said variations so that the inner

di aneters of said plurality of glass sub$Prat es, whose i nner

di anmeters are measured, become a desired value after said chem ca
strengt hening step; wherein, in said chem cal strengthening
step, said pl weid varigtions go Hes theibrerdiarasters of saltbplindityl of glass snipstrades: d

in said detern’iﬁ]ed .chem.cal st re?ytp:]t he ech'B’ treat nent baths, .
respect i vel y. WNOSe inneriamelaeaare riqasyiedk Pegome 2 dgpiEqd wale after said

manuf act uri ng Hﬁ&ﬁi i .claim3, wherein said conbination
determ ni ng stdgi% de g?%n@éé“”ﬁgse&@hem cal strengthening treatnent
baths for perform ngheR@iie 8did shémral SIRMLMENINGEté) Bhid K18rafly B Blass
squares. of differences becones m ni mum bétween the desired value of

t he i nner di ampbetratesdrd ¢heaticallytsirangibenddinesriddsiemtieesciresiokit i nf from
respective conbi nati ons obtai ned when said gl ass substrates and said
cheni cal st r eSYERSAPHGY fieatnent RathsatesBedlivelYt enporari |y combi ned.

oy ome ot Lt e ¥ RipeBRR ARk el SRl R e lEAG e i fthing &
variation basegifm, #heaNeenNl tabratisH d@teﬁmﬁ@gzs?@n&é&mm@@ﬂqe%%@aﬁ'ed

in said chemcal strengthening treafnment so

magnet i c- di sk sgbregibersng treatrient bathe fargiedoimigg mhedivad! sieemtishingso that

an inner diameter processing step of processing an inner peripheral
end face of athfi 4 shepseyPiditerenmestiesemes sinBwnvbetvean dia desirad vhlbee

D S b e AR e TR B BB
treatment sol ng'p@aixf_e%wi?ﬁg oB@fr{ed%hén%ﬂ]@%Q Qe sk rerafh @Je?:;ﬁgar;

substrate for ions in em cal strengthening treatnent solu

t her eby cheni stedrigghesiingeingdtinent irghs atedegipagsilysetrsiingd.e, sai d net hod
further conpri sing: a grasping step of grasping a deformation
of an inner dianet& dJfMagretigidiskslassosbeuste mgnuladtdringveathedlaccording to
strengt heni ng in saisq i nner di anet er

. 6 " H
processi ng st%@f grgéa%fecga'@ﬁ_ P gﬁ%iee{qglsé}gg[ﬂsprr@f FurPEsHe anglion kased
-~ the-+n j S Al te. | ; d
Lhot! Ther; PobPaeoftortiation BCE oA g it ahtiiied Biskid chefliBlines °0 ©°

step becones sirehgthentng tedadpent solution. 7. A magnetic-di sk gl ass
substrate manufacturing nmethod conpri si n([;;:
6. A'magnetic-disk glass substrate manufacturing method

comprising:

an inner diameter 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 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 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;



an inner dianeter processing step of processing an inner peripheral
end face of a disk-shaped gl ass substrate forned with a circular hole
inits center; and a chem cal strengthening step of bringing
said glass substrate into contact with a chem cal strengthening
treatment solution to exchange part of ions contained in said glass
substrate for ions in said chem cal strengthening treatnent

sol ution, thereby chenically strengtheni®y said gl ass substrate, said
met hod further conpri sing: a grasping step of grasping a
change anmount of an inner dianeter of the glass substrate to be

def orned by sai d chexheraln, stwmmnbembﬁ@t@tp%bes@mg step, bas@d Bi@cessi ng

anount determ ning ste f det mnln sed on a grasping result of
sai d graspi ng s¥'&pP"g rgﬁlgtc‘gssél %{ep ?‘et'ﬂ'éerlﬂ‘?ﬁ’@ er(ﬁg Ygaéfe ohfalgai d

gl ass substrat eglags édﬂﬁtral@@ prodeeked b8 Rt @e iRheSd@bMcHrafer figbstrate
after the subsequent ch em cal strengt heni ng step becones a desired

val ue: wher ei n, SUbgegusny chamigal 8‘?%(!%‘?%’!*"93?*88@§§‘P’ﬁ@5 §td§;§lre‘i fleaneaner
peripheral end face pof AsrﬁhgneQHcaogsﬁ( Q\g%aéﬂjé r%f"l f?]? Ctﬁﬁﬁge ased on

sai d processi ng anmount rate
manuf act uri ng reaMMEingcording to claimé6.or 7, V\,her ein said inner

periphery processin rlses an i nner erlpheral end face
grinding step of gr%nﬁ%’ﬁ%“ﬁ?{’é ehRECEFANS HFR % ProsRasiig @B Infied ParPhetRkr

peripheral end drddeceof & siskahapteplacs sPtiatdonsiell AGthi DERUIP PbiAASE!
end face and r%gbpg CH‘I of the grasping result of said grasping step
is carried out hme or both of said inner peripheral end face

grinding step and saloﬂenmwstrerﬁih@ﬁﬁg @f@?b@bnﬁ@ﬁg%ﬁi@ é%%'éu%@fr iftheP-
9. A mmgnetic-di Séﬁﬁ@é ubstrate manur act urin according to

claims8, whereifl" SO §V‘”é}9t@‘?’ﬁ'§)§e@tﬁ@” ¢lHtan terexchamgeapart

difference bet wemslcanmnedma@QM@éssoeTub%ﬁhQfsrlBﬁ§u§é§?§&ﬁ%ﬁ% petor e and
after said che]r%cal st.rengt heni ng step. 10. magneti C R gl ass

substrate manufUEISIPEHGY trertnnt spluliewi thereby chemlcally strengthening said
glass substrate, said method further comprising:

a grasping step of grasping a change amount of an inner diameter

of the glass 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;

wherein, in said inner diameter 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 8.or 7, wherein said inner periphery processing step comprises an inner
peripheral end face grinding step of grinding the inner peripheréi end face and
an inner peripheral end face polishing step of polishing the inner peripheral end
face and reflection 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



to any one of clainms 1 to 9, wherein said grasping step grasps the
vari ati on based on a concentration of a specific conponent contained
in said chem cal strengthening treatnent solution. 11. A

magneti c-di sk gl ass substrate manufacturing nethod according to any
one of clains 1 to 9, wherein said grasping step grasps the variation
using a variation table in which said cg?centrati on of the specific
conponent and said variation are mappedY¥to each ot her. 12. A
magneti c-di sk gl ass substrate manufacturing nethod conprising a

chem cal strengthening step of bringing a disk-shaped gl ass substrate
formed with apedpherelend lace polishinastepenter into contact with a

cheni cal strengthening treatnmen olutign,to exch i
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di amet er nMeaguhid iskERIRheBRASI WA @assibatete shiomeinelrafier saidictiemical
circular hole of said glass substrate before said chem cal

st r engt heni ngtrehgtheniandiep. a chem cal strengthening treatnent
condition determning step of determ ning a chenr;i cal, stren heniﬁ;.%
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st rengt hened gased on sal et erm ned cheni cal strengthening

treat ment corgehdgthening ¥8atment solutiord3. A magneti c-di sk gl ass substrate
manuf acturi ng nethod according to claim 12, wherein said chem gr%%qg
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strengt henin eatnent condition Is an inmmersion tine of said glass
substrate ingagdisdidohgaticrabreshapprgittbe@acngtter.eat ment sol uti on.

15. A magnetic-dis | ass substrate manufacturing.net cecording to
any one gf cl ai ns 1?2996“%{‘,9 'WE@%?'%S%%H &E@%e'maﬂr}gdgf'? ﬁ%tﬂﬂbeaﬁi ng °
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contact with a chemcal strengt’hening treatment solution to exchange
part of ions ssithmsthasfurtherseanaprifingss substrate for ions in said

chem cal strengt .h?ﬁi iﬁrgertcfi%%fé?mea%%hﬁ 5%9 of EREERYy &M Bt dlaheter
strengt heni ng sai d glass substrate, said systemfurther conprising:
an inner di aneftsaid ciesatarholegofdeid gless substiatesbefpregsaithchemeal di anet er of

said circul ar I ] Ss substrate before being subjected to
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chem cal st re?ji sard chem cal strengthening treatnment bath;
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
diameter and a desired inner diameter after said chemical strengthening
step;

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

strengthening treatment condition.



a strengthening condition determning unit for determ ning a chem cal
strengthening treatnent condition in said chem cal strengthening
treatnment bath based on a difference between said neasured inner

di aneter and a desired inner dianeter after a chem cal strengthening
step; wherein, in said chem cal strengthening treatnment bath, said
glass 59 substrate is chemcally strengthened based on said

det ernmi ned chem cal strengthening treatdent condition.

18. A magnetic-disk glass substrate manufacturing method according
to claim 12, wherein said chemical strengthening treatment condition is a

concentration of a specific component contained in said chemical strengthening

freatment solution.

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

15. A magnelic-disk glass substrate manufacturing method according
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 a chemical strengthening treatment bath for 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 system further comprising:

an inner diameter measuring device for measuring an inner
diameter of said circular hole of sald glass substrate before being
subjected to chemical strengthening in said chemical strengthening
treatment bath; and

a strengthening condition determining unit for determining a
chemical 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.



