1 DESCRI PTI GN METHOD OF EXAM NI NG APERTURE DI AMETER OF DI SK SUBSTRATE
HAVI NG Cl RCULAR APERTURE | N CENTRAL PORTI ON THEREOF AND .APPARATUS
THEREOF FI ELD OF THE | NVENTI ON The present invention relates to a
metthod of exam ning the aperture dianmeter.of a 10 disk substrate
having a circular aperture in the central portion thereof, and an
apparatus thereof. In particular, the gresent invention relates to an
exam nation nethod which is suitable for examning the aperture .

di ameter of a glass substrate for BREHRWEION recording nediumthat is
used in a hard di sk apparatus, -and an exam nati on apparatus thereof.
This application.clains the priority benefit of Japanese Patent
Application No. 15 2007-082170, filed March 27, 2007, the contents of
whi ch are i ncMPHQD&EF EXAMNIYG APERFUREINAMZIECODINEK GUBRIRATE

| NVENTI ON 201 n recent years, production of disk .substrates has

i ncreased due HAVENG CIRCUDAR APERFURSTNTCENTRAL PORTESN THEREOFCANTI Ng
device in a hard. disk apparatus. In general, a hard di sk apparatus

i ncl udes a shaft that concentrigppARATUE BiegEQRe or a plurality of
di sk-1ike (i.e. doughnut-like shaped) magnetic recording nedia having

a circular aperture in the central portion (that synchronously
rotates if the plurality of nmedia are equipped therein); ’

FIELD OF THE INVENTION

The ﬁresent invention relates to a method of examining the aperture diameter of a
10  disk substrate having a circular aperture m the central portion thereof, ‘arid an ;'clpparatus
thereof. In particular, the present invention relates to an examjnatit)ﬁ method which is
suitable for examining the apertu;'e diameter of a glass substrate for a magnetic recording .
- medivm that is used in a hard disk apparatus, and an examination apparatﬁs thereof.
m application claims the priority béneﬁt of Japanese Patent Application No.
15 . 2007-082170, filed March 27, 2007, the conterits of which are incurp;)raled berein by .

reference.
BACKGROUND OF THE INVENTION

20 ' In recent yéa.rs, production of disk substrates has increased-dué to an upturn in
the dema;nd fof its use asv a recofding device in a hard disk appararus.. In general, a hard
disk appa;rétus iricludes a shaft that concentrically rotates one or a plurality of disk-like
(ie. doughﬁut—like shaped) magnetic recording media having a ci:culair aperture m the
central portion (that synchronously rotates if tﬁe plurality of media are equipped therein);

25  amotor that Totates at a high speed the magnetic recording media connected to the shaft



25 a notor that-rotates at a high speed the nmagnetic recordi ng nedia
connected to the shaft 2 via bearings; a magnetic head that is
utilized for recording and/or recalling the data on the both sides of
the'magnetic recording nedium a supportive armthat is equipped with
the magnetic head; and a head stack assenbly that synchronously
actuates a plurality of supportive arnszwhereby the magnetic heads .
can be noved to any position on the 5 magnetic recording nedia. In
addi tion, syirbearingspoeguetiovessd that s dtilizsd foraenoedingandioe scalling tha data on
recalllng the data is generally a-flying-type head where the head
noves over thedothegidesof ge magmatid revgrdingditedmng 2 sapportesers that iseduippddghith
Such a magnetic recording nmediumis produced by way of forming a
magnet i ¢ | attemagactiprheid ahd ¥ Beddaiaek assanblyithii syackirodoaylg actastek 4 gleralifyled on
t he. surface of the disk substrate 10 having a circul ar aperture in

.. the central syypbitive BrmsAltersbh v BdgneiciRadseuiBs mdeddo adyepositide by tesed as
the di sk substrates. Al um num substrates have advantages in that the

processapi | idayneitis rdtbihg remh. t Mabdditysueh £ Bheddlistd\@r 8h hchand

gl ass substrates have an advantage in that they have excel

strength, andoAHROhPRALARN e bR i RAGIR a fiyify- %gé ﬁéﬁ%heie"ch@ﬁéaﬁbfo‘%& r

m ni atur| zation and densi catl on of disk subsStrates have been
urgently so es that have a
smal | er sur?ﬁgghelrr% ﬁﬁgg%r%ﬁ%%ﬁtﬁﬁﬁr}g%gﬂbi 5en3| Igttatl on have
attracted o |l RabIDre e tggnetdfst%&%%o feoat%qngﬁca
'technlque o ol ishing.the i ner |rcu nce of e
havi ng a ol a%fﬁ%tt‘%r‘eeﬁ 21 b R R R o st B Sk

exanpl e ane 20 Unex m ned Patent i catl on i catl on
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technl que in, which, a r.al of gjass su stra e Ia and
then, they ﬁt‘dg r‘ﬁ?daztsége‘g “hgy i ?FW? Hffe’%tﬁh
-rotates to the o 051 dlrectlon of t he ass su strates erted
into the ceffPesss ﬁ @s%ﬂl@@%@%ﬁﬁsﬁe 9iss &ppd gl gaa%lmgave-

back and forth in the axi al_ direction whereby the inner.
an advaptage in that they have excellent strength, and smoothness or flatness of the

surface.- In particular, miniaturization and densification of disk substrates have been
15  urgently sought in recent Szea:s, and glass substrates that have a srqa]ler.smface
roughness and that enable depsification have attracted all the attention.

Asa technique that relates to production of such glass substrates for magnetic
recording media, a technjque of polishing the inner circtt'mference of a glass substrate
having a center apemlre.has been conventionaily proposed (for example, see Japanese

20 Unexamined Patent Appﬁcation, Publication Nos. H11-33886 and H11-221742), These
patent documents describe a technique in Wltich a plurality of glass substrates are layered,
~ and then, they are rotated .on the axis, and a polishing brush which rotates to the opposite
' direction of the glass substrates is inserted into the center apertures while the polishing
brush is also moved back and forth in the axza] direction whereby the inner |

25  circumference of each gia_ss-substréte can be polished.



25 circunference aof each glass substrate can be polished. 3

The above-described gl ass substrate for the nmagnetic recordi ng nmedi um
is attached to a notor shaft inside the hard disk apparatus. If its
aperturé dianmeter is even slightly smaller than the dianmeter of ‘the
shaft, it -is inpossible to connect the magnetic recordi ng nmedi um
thereto. .On the other hand, if its aperture dianeter is |ager than
the 5 dianeter of the shaft, then, the nmagnetic recording nediumis
.connect ed eccent rTheabove-describbdgladsathsiratardor thévnsgneticnsesrdinginfedingt sonal
fluctuation thereof when the magnetic recording nediumrotates at a
hi gh speed. affdebedetd @amentorahdft ighide the bird diskapgamtac y 1f its apertpure dienheienis even
processing the aperture dianeter of glass substrates for magnetic .
recor di ng nlifihdly stsllet tan dRrdumets ofht Hedsit of imgyaibliiorgnibehapsets €
di anmeter of a disk substrate 10 having a circular aperture in the

central por fdeaing HRERE! thedeb) AR JURE WML Irels Bpdrhife BAAEL 8 lagQfthdnhiBe

aperture is analyzed by way of inmage analysis based-on the picture of

the apers ur giak@lese i i Andt e SRR rech R m BB AL MRS cbociicaly to

aperture dianeter is nmeasuréd w an 1 nsi nmeter-i1nspectin
appar at us ugi - ' - se
Choxan ned Beeith 45 s kbt bl QRER0d (g MR CaBBl; HORRRETS
a nmet hod wher el h i ter is ur ed. of inserti-ng.a plug
Gage fnto Pz ls Ml Bhed " THEGR SheRY O B I TERLRE 0

t he above-nenti aned net hod,.(1), has, di sadvant.ages i.n which th

oas ar onont DIOSORES G PRI CiRGerah Ba0S SIPARS T APt SO e e
nmeasured erroneoysly as smaller. than the actual sjze. if .the substrate
el ines even o) FaRMEHores faneibids b HBmiTioR: o B eR 5 : Ak SHRa

di sadvanpt ages.in which the peasurenent ,accuracy thereof is inpferior,
the. meadlr oL ACHRUET sperR it FETAL Ao herpety/dke REpop @hRFisdin: on

t he substrate where the stylus probes touch. The, above-nentioned

met hod ( 3) . $lampferofdhy apamice israprlyzeddy Byay of uaage apalysh bagsd pughe pigture of the
measurenent takes a long tinme, and it is difficult to quantify the

i nspect ed r%mﬁkemﬁemn%@@m@ﬂh%%amﬁga&mea@e in

which it is likely to 25 cause scratches on the inspected substrate.
| n parti cul @easunch withen insifs diameterinipCihe anpewis asing two or more stylus probes

(for example, see Japanese Unexamined Patent Application, Publication No.
15 H7-198303); and (3) 2 mctﬁod wherein the diameter is measured by way of inserting a
I;lug gage inté the aperture have been used conventionally. .

" However, the above-mentioned n;ethod (1) has disadvantages in which the
measurement takes 2 long time, and that the aperture diameter is measured erroneously as
smaller than the actual size if the substrate inclines even slightly. The above-mentioned

20 Iﬁethod (2) also has disadvantages in which the measurement accuracy thereof is inferior,
the méasurcment takes a long time, and scratches may be present on the substrate where
the stylus probes tonch. The above-mentioned method (3) is not suitable for the process
| contro] since the measurement takes a long time, and it 1s difficult to quantify the
inspected results, Moreover, the method (3) has a disadvantage in whicﬁ itis likely to

25  cause scratches on the inspected substrate, In particular, the methods (2) and (3) require



4 along time for tha neasurenent, and therefore, it is difficult for
the nethod to measure all nunbers of disk substrates. SUMVARY OF THE
| NVENTI ON 5 _ The present invention was achieved in order to.

sol ve the above-descri bed technical problens. The object of the
present invention is, to provide an exam nation nethod wherein al
nunbers of di sk substrates having a cirfgul ar aperture in the central
portion thereof can be easily inspected in a short tine wth respect
to the aper &lpng timg fofi thenmeasprepent; ansithaygforegit isdiffisnlt o theiraathashte seasre s,
and it is unlikely for the substrates to have scratches or the |ike
t her eon andalbmgehersaf digksvhsttetenn exami nati on appar at us t her eof .

The present inventors conducted extensive studies to solve the
above-descri bed technical problens. Consequently, they discovered

t hat the exam nation can be easily achi eved w t hout damagi ng the
substrates by eval uati ng wheSUMMARYSORTE IVENEON for 15 the
aperture dianeter can pass through the aperture in exam ning the
aperturesdi aneter of the disk substrates having a circul ar aperture
in the central portion thereof, and this resulted in the present

i nvention. That irhe plefifit BvERRHWab BHGREL Abra&hAldiw thOadobEadLlibM NY

aspects. (1) A nmethod of exam ning an aperture dianeter -of a

di sk subst rglin: ieybfene CiteoUlcAlor i I;gp?%%?ﬁt%%ﬁﬁ&ﬁs,ttggmgﬁg%g#aétﬁg%:ohon

t hereof, the method | ncluding: atte I'ng to pass her e

f h I an ure:. i i
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a state hat

have scratches or the like thereon and also, to provide an examination apparatus thereof.
The present inventors conducted extensive studies to solve the above-described
technical problems. -Conser_luently, they discovered that the examination can be easily
achieved without damaging the subsirates by evaluating whether a standard spheie for
15  the aperture diameter can pass through the aperture in examining the aperture diameter of
the disk substrates having a circula_f aperture in the cenfral portion théreof, and this
resulted in the present invention.
That is, the present invention relates to the following aspects.
(1-) "Amethod of examining an aperture diameter of a disk substrate having a cirr;:ular
20 aperture in the central portion thereof, the method including: attempﬁﬁg to pass a
standard sphere for the aperture diameter through the apertire; and inspecting the
aperture diameter of the disk substrate, based on whether the sphere passes through the
aﬁérnue or not.
(2) The method of examining an aperture diameter of a disk substrate having a circular

25  aperiure in the ceniral portion thereof according to (1), wherein, in a state that 2 plurality



S of the disk substrates is arranged where the main surfaces of the
di sk substrates are spaced out parallel to each other and where the
center axes of the disk substrates are the same, the attenpt-is nmade
to pass the sphere fromthe aperture of the disk substrate at one
side to the aperture of the disk substrate at the other side; and,
while renmoving the disk 5 substrate thag the sphere cannot pass
through, a plurality of -the disk substrates is successively inspected
wi th respecef thedisheabsrasestisprengedwiare the majryrfies ofithe Hisy selfstratedart ni ng
an aperture dianmeter of a disk substrate having a ci-rcul ar aperture
in the centsmbedpot parale! towacleatheracd vhele iy ceutey & ofithe disk snbstratesdirsthe
substrates are noved back and forth in the direction parallel to the
mai n sur f acenef the benfit $kmaishs pasatie spieerd Hom drediperturt bLthodisk sentrato bt dnse
sphere through the aperture of the disk substrate. (4) The nethod of
exanm ni ng agidegaakd dpeturd bBike Hik sebistrite 8 thkothétRRlef AldewhidareRQviag Gerdgslt! ar
aperture in the central portion thereof according to (3), VWnherein the
di sk subsst r abgfathe (RE $HRGE eshnbtpas miyaeiﬁ&al&g@mem%ﬁs&h@% whi ch
an upper cover and a | ower cover are taken out from ‘and.the disk.

substrates ﬁg&smfgfﬁg@gf?&q%%gawﬂ& Bodrfdfe dididGl i on parallel 15 to

the nmain surface.o bstrate while the disk substrates are

not taken o4f GHORLALEYexbh M Cp SRS oA E: FLHAISHEON RS cirol1B)

The net hod exam ning an ap Iameter o

?2“223 in?%D?“%‘??n@Eg%ﬁff°$%%&§°fﬁﬁé$§%&i@w&?¥ﬁ‘29 PR
i (4 FHereri ¢ i
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the ce al rti,on thereof.  according t9 any, one. of .(1) .to.(5),

wher ei Elt({ hecogg%clih?ﬁ?&?‘% ghhg e@ﬁ‘h’g@&%ﬁlﬁﬁ’ e&tge%‘%gu,kﬁmé par at us
for exam ni aperture di aneter of di sk supstrat.e having a

e conar adP B BBESS o Sl et Stk e ik B G v B cfoutar
including: a guide.in whjch, 25 a pluralit f disk substrates is
arranged WF&“P%*%?WW%E@%T%&“@%S(%@V Bty ‘fg’éﬁs strafgscare
spaced.out c'ﬁaral lel to each other and where the center axes of the .

di sk subst rdiheseddp a sybsate-gigrage oni3iasr WhIGh I UPRY COVE &P9 & [QVeRBRVEE e he

plurality of the disk substrate, which is_arranged. in the guide, back
and forth itakeppat Eem.aad thsdisksphytates arlecsuq"ﬁ@b%maf? fogthin the o ‘%"Hé’a’dﬂ?k

substrate fromone side to the other side in the arranged direction;
a syst e t @ the main surface of the disk substrate while the disk substrates are fiot taken out

completely from the substrate-storage container.

" (5) The method of examining an aperture diameter of a disk substrate having a éircular

aperture in the central portion thereof according to any one of (1) to (4), wherein the disk
_substrate is a substrate fora ﬁagneﬁc recording medium.

20. (6) The method of eiamjning an apertur; ciiameter of a disk substrate having a circular
ape_mﬁe in the central portion thereof according to any one of (1) to (5), wherein the disk
-substrate is a glass substrate.
(7) An apparatus for examining an aperture diameter of a disk substrate having 2
circular apeﬁure in the central poﬁon thereof, the apparatus including; a guide in which

25  aplurality of disk substrates is arranged where the main surfaces of the disk substrates



5 attenpts to pass a standard sphere fromthe aperture of the disk
substrate at one side, to the aperture of the disk substrate at the
other side in the arranged direction, and that detects the disk
substrate which the sphere cannot pass through; and a systemthat
removes fromthe guide the disk substrate which the sphere cannot
pass through. (8). The apparatus for exgm ning an aperture dianeter
of a disk substrate having a 10 circular aperture in the céntral
portion themrecpa@doormiraigl theadhoiher alvbwhdreitha candrsikesalf dreslishrsabsirates are
cont ai ner which an upper cover and a |ower cover are taken out from

is used as tlieeag) Ostem(tbyt sudaessaplp afovtsibe plraligxehodiskgubytrat) ehich i
di aneter of a disk substrate having a circular aperture in the

central por birgped REME Pkida GEAN Al BEHIL IR HelirecWAPRAIIE t6 B nEMBhefmLs fake 15

noves the di sk substrates back and forth is a systemthat noves the

substrates bagkuaRste ko dhe Wdb RAME oth8KEdiGn BidlanbilRd Bir&ioBWASLEARR

conpletely fromthe substrate-storage container. . . descri bed
por tur oa S Epl iR lerd A N Bl RS NABREAR o 0%
Subst rate. RPN B e R W i BB b Pl B
0 o910l 88 BI5GBl AR5E: B0 S 020
removes from the guide the disk substrate which the sphere cannot pass throu'gh..
(8) The apparatus for examining an aperture diameter of a disk substl;ate having a
10 circular aperture in the central portion thereof according to {7), wherein a
;ubstate-storage container which an upper cover and a lower cover are téken out from is
used as the guide.
(9) The apparatus for examining an aperture diameter of a disk substrate having a
circular aperture in the central portion thereof according to (8), wherein the system that
15 moves the disk substrates back and forth is a systemi that moves the subsi:atés back and
fﬁrth without tajdng out the disk substrates completely from the substrate-étorﬁge
container.
As described above, according to the_ present invention, the examination of the

aperture diameter of the disk substrate can be completed by fast and simple procedures

20  without damaging the aperture of the disk substrate.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 is a diagram explaining a process of grinding the inner and outer

25  circumference of the disk substrate.



FIG 2 is an enlarged view of the ground inner circunferential portion
of the disk substrate shown in FIG 1. - - FIG 3 is a diagramthat
shows an, exanpl e where the shape of the lateral cross section is
asynmetric to the center of the substrate. 5FIG 4 is a di agram
showi ng the exam nation nmethod and the exam nati on apparatus of the
present invention. FIG5 is a diagram showi ng an exanple of the
substrat e-st orage_cont ai ner. ) The nunerical synbol "11" refers
to a di sk subst r dtle;2 isgecraged viewpf &g gtognd mner cieurpigreatial pogionef the disk
aperture (inner circunferential surface); the numerical symbol "1 |b"
10 refers teubstiaie shoverin EIG dunf erenti al surface; the nunerical synbol
"lle refers to a main surface; the nunerical synbol "21" refers to an
inner ci rcunf er erii6 Yis adideram thitehowsranrexaaple sherb die shgge'of itlef leteml trosan
outer circunference grinder;- the nunerical synbol "41" refers to a
sphere; t heseatitiels ag@imancahe cebitt oftthd bstrated a bar; and the numerica
synbol "61" refers to a substrate-storage container. 15 BEST MODE FOR

CARRYI NG QUT THE FIésMENS ifabtam showkg SetithRationtdhe@h @I Hha dhd Bakmatbn t he
present invention are described in details with reference to the

figures. 20parafliskhspReddt alventtavi Ng @ circular aperture in the
central portion thereof is produced, for exanple, by grinding the

i nner and outer Gi&oustan %h?@ﬁgﬁﬂ%'ﬁbfﬁ{eguﬂsua@s@&ﬁ%é&ﬁ r an

aperture (inner circuntferéntial sarface l'a that is provided in the
The numerical symbol “11” refers to a disk substrate; the numerical symbol

“1 ia” refers to an ‘apermre (inner circumferential surface); the numerical symbol “11b”
10  refers to the outer circumferential surface; the numerical symbol “11¢” r:fei‘s to a main
surface; the numc;.ﬁcal symbol “21” refers to an inner circumference ‘gr'in'der; the
‘ numericai symbol “31” refers to an outer circumference grinder; the numericalisyﬁﬂjol
“{11” refers to a sphere; the numerical symbol “.5 1”. refers tb a bar; and the numerical

symbol “61” refers to a substrate-storage container.

15
BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the embodiments of the present invention are described in details with
reference to the figures.
20 The disk substrate having a circular aperture in the central portion thereof is

produced, for example, by grinding the inner and outer circumference, as shown in FIG.
1. Specifically, an aperture (inner circurmferential surface) 11a tilat is provided in the
center of a disk substrate 11 shown in FIG. 1 is grouﬁd with an inner circumference |
grinder 21 while the disk substrate 11 is rotated on 1ts central axis, and an outer

25 circumferential surface 11b of the disk substrate 11 is ground with a outer circumference



center of a disk substrate 11 shqwn in FIG 1 is ground with an inner
circunference grinder 21 while the disk substrate 11 is rotated omts
central axis, and an outer 25 circunferential surface 11b of the disk
substrate 11 is ground with a outer circunference -8 grinder 31. In
this case, the inner circunferential surface and the outer
circunferential surface of. the disk subgtrate 11 nmay be pl aced
between the inner circunference grinder 21 and the outer.

ci r cunf er engendgr 8 hddn thisicase thei inner ciasvedershial purticeans! théreuter circumferential
circunferential surfaces. Accordingly, sufficient concentricity of

t he i nner dsafaet effthadick substratet lomaybbechlanrs betweerathe naeradreuhiferentd grinded .

In addition, different types of grooves 2la and 2 Ib are provided in
the outer citgdthennatciraimBtentogmdeaf3 it sinulatsousdy povesk deehcenigtentider’
21 while different types of grooves 3la and 31b are provided in the

outer circusirReant hodor&ibigll, 268 cRht doREenBiHiIg of Gl GPiGRABCAI K dutter 31.
These grooves correspond to those used for both. rough finishing and

fine finkshiBgeredQEe £1936n8eE! iIRRdAfiod, B8l RANGpestf bW 8B4 Bl are
portion of the disk subsirate 11 produced by the above-descri bed

met hod becopggs; DOWE b L f LGSR Eﬁﬂﬁ of
roundness O?ﬁ?ﬁ%&‘%&{%&?@ﬁ*ha |’seh%15 t?gc%éfat&gggtgﬁ%&aper%%? ar%ﬁ{'ﬂuee
di sk’ subst r g ' ' ' ILs 1
and the | nnomststrb oRpagRa sl St b Bhe bGP Echo R B ec
the | ater al St Qutcrpeh Sl doter AT EL Brook p PR Bl BaRiBRAY o
center of the (dis .sub%t ai.e.%% when the disk substrate 11 is
processed b?m?h %&é%@-?% ,& met hod. Consequently, a main problem
to be s ed in am ning.the aperture di aneter .of e dis
Substratbs 11 hadPngos EFIAR 41 s FEceeia preior DS SRk Fhrrsse it f on

t her eof

produced by the above-described method becomes the shape shown in FIG. 2.

. Specifically, the level of roundness of the ape@e 1ais high because the aperture t1a of
the disk substrate 11 is processed while rotaﬁng the disk substrate 11 and the inner
circurnference grinder 21.  Moreover, the processing of the aperture 11a will be very

15 accurate. Furthermore, the shape of the lateral cross secﬁ on of the aperture 11a will be
' - symmetric to the center of the disk substrate 11 when the disk substrate 11 is processed
by the above-described method.
Cbnsequently, a main problem to be solved in cxatfliﬁing the aperture diameter
of the disk substrates 11 having a circular apérture 11a in the céntral poﬁon thereof
20  correlates to how disk substrates whose aperture diameter is slightly smailer than its
acceptaEle limit can be dealt with. Specifically, such substrates c_annét be connected to

a spindle of 2 hard disk or the like. Such disk substrates are likely to be produced when

the inner circumference grinder 21 is worn out, and therefore, a sufficient grinding rate is

not attained in the process of grinding the inner circumferencc.

25 In the present invention, an attempt is made to pass a standard sphere for the-



20 correlates to how di sk substrates whose aperture dianmeter is
.slightly snmaller than its acceptable Iimt can be dealt wth.

Specifically, such substrates cannot be connected to a spindle of a -

har'dl disk or the like. Such disk substrates are likely to be
produced when the inner circunference grinder 21 is worn out, and
therefore, a sufficient grinding rate ¥s not attained in the process

of grinding the inner circunference. In the present, jnyention, an
St t anpt | o RGeS G158 peetin o epi i dnribre Brasegpt gk st I

di aneter into the aperture | la, and the aperture diameter of the
di sk subst riingpepted sgsefi A8 Wi&&h@dﬁ%@a pesiesthwnglitihe appsiuze p examiping dhes
through the aperture in _exanm ning the aperture diameter of the disk
substrat e |ApeTEY Higgetsr of the dislasubsipte Hlihawing p girfanapertuse hkaria thegertdl on
thereof. In particular, the exam nation nmethod according to the
present i nwerfiondheresdn be preferably applied to substrates for
_magnetic recording nedia. This is because, as descri bed above, a .
magnet i & recor di hgariiaiay thecaxamiatitremethécbacberdinig s thel @resenin mventitinehn be
apparatus if the central aperture of the substrate is even slightly
smal | er t hapeferbkly dbpieg tedubsitatead fahradohetitf recording fediaanThis Rdetansd, wence
thereof is not negligible. 10Furthernore, the exam nation nethod of

t he presenideicA¥@Idbots) aGaipnétR ridotdiey mbdivm caplt bogdiatied Hak e BrhEi at es.
This is because the inner circunference grinder 21 is easily worn

down dur i N@pgHraistic 1 cbitRl bpbn@fe oFiHeGURSEI 8GR sHAAY SRYT1L Bthlthe GaHSEHNT
an error in processing the inner circunferential dianeter since-the

bar dness_ ofof 3 6398 pSiddhEiniifentld @breofiPhs} (IBASHEI NG an aperture

having a | ow | evel of roundness, accurate neaSureénent cannot be

achi evgg unl ess, pfQEm8%a -

appl i ed. However, since t e%%@@a@égﬁhﬁg%ﬁ%ﬁ ﬁéef&f%@'
pr oduced b}é{:élﬂ-lﬁ é@%&éﬁ%ﬁﬂ%&&&' bEgk QUG hRndrR b AOtk-RAS e@gﬁém ik ga\égir of

roundness, ot necessary to adopt such a neasur nt met

20When 't he vﬁ)Px?(?onnocIndEE Grihh A8 bl QRAmBEEE, Werly ullfy ARSLS dH Sroldh 1 S

not bilatera

processing the inner circuinferential diameter since the hardness of a glass substrate is
" high. | |

15 In measuﬁng an ﬁpertu:e having a low level of roundness, accurate measurement
cannot bé achieved unless, for example, image analysis using a CCD camera is applied.
Hdwev_er, since the aperture 11a of the disk substrate 11 produced by the above-described .
ﬁrdduction method has a high level of roundness, it is not nec;assary to addpt sucha
measurement method.

20 ' When the shape of the lateral cross Asection of the apertnre 11a is not bilaterally
symmetric to the center of the substrate, for example as shown in FIG. 3, evena sphere
having diameter “b” slightly 1a g-er than, an actual aperture diameter “a” may pass through
the aperture 11a. On the other hand, it is not necessary to consider measurement errors
with respect to aperture diameters “2” and “b”, as shown in FIG 3, in the measurement of

25  the aperture diameter.  This is because, with regard to fhe‘aperture 11a of the disk




symmetric to the center of the substrate, for exanple as shown in
FIG 3, even a sphere having dianeter "b" slightly |ager than an
actual aperture dianeter. "a" may pass through the aperture | la On
the other hand, it is not necessary to consider neasurenent errors
with respect. to aperture dianeters "a" and "b", as shown in FIG 3, in
the measurenent of 25 the aperture diaggter. This is because, with
regard to the aperture 1la of the disk 10 substrate 11 produced by

t he above- debstrdidEdprpduoetlicy the abavetdeedbed fredustiapmethod, tteshhyset of ithel lateral
cross-section- thereof is bilaterally symmetric to the center of the
substrat e 1drosstsacittidhdréofis, bilat%eallp spamesic agtha eenisra theahbsitae 1apet ure. 11
a is very high. Consequently, a main problemto be solved in the

nmeasur enent adaftidnl@e @ﬂ@@e’stlu% BccliadyBL tBE aphitiiled 198 vnaagie TorbRuentlyhe

aperture di ameter is slightly smaller than its acceptable limt. That

i's, this rabRnsHidn 1% b‘é%ﬁ%d’\ﬂﬁ%@méﬁﬁ‘mﬂbﬁt lof ﬂiéla?érﬁﬁ‘é SarhdteF AONObe PEase

connected to a'spindle of a hard disk or the Tike. Accordingly, wt

regard tg th 2B g atémaeahlt)ggay%aﬁrauhﬁtmtcﬁabtéhattodm% By, the

above-descri ed production me I's not necessary to conduct the

other 10 Teami STR0L yilerd REGAPERLILE: CLATRYELoARIE o piRaRUR LA

that the stand here ure di anet e to pass
t hrough th c}ﬁ . It is pref erabl e that for exanpl e, a
ceramc baI rbm al um na (Al 203), sil | con carbide (SiC, glass

Si 02 the | d t h 1
EENA Bt R AR SBRFR bt
e o™t e SRSk Ged e cﬁllf""rd'%w‘?%ﬁ’oﬁ%s%@me“ oepfigl ofer | S
Furth _its h h d.th a hi
smoot held me}sar?w%roi‘@ééﬁe@%&%m?nﬁaws Faftire o ety St nes
“on the disk substrage 11 : t he certﬁ\mc bal | hardly abrades the
aperture 11he grEpsiamss ‘?’Hé’a%é Serture and generation

of dusts.
It is prefereble that, for example, a ceramic ball made from alumina (Al;03),

silieon carbide (SiC), glass (Si0O;) or the like be used as the sphere used in the present
invention. Because such a ceramic ball is lighter compared to metals, the disk substrate

15 11 ishardly damaged when the ceramic ball is passed through the apermré 11a of the
disk substrate 11. Furthermore, its hardness is hlgh, and the surface can be highty |
smoethed. Therefore, such a ceramic ball hardly causes any scratches on ﬂ:te disk
substrate 11. Also, the ceramic ball_hardly abrades the aperture‘lla, thereby preventing
wear of the aperture and generation of dusts.

20 With regard to the size of the sphere used in the presént invention, it is
preferable that the size be identical to the size of the aperture 11a of the disk substrate 11,
which is considered to be a standard for an acceptable product'thereof. This is because,
if the sphere having such a size can pass throﬁgli the aperture 112 of the disk substrates,

' the disk substrates 11 can be unﬂoubtedly comnected to a spindle of a hard disk. |

25 .Furthermore, the examination method of the present invention preferably adopts



20Wth regard to the size of the sphere used in the present
‘invention, it is preferable that the size be identical to the size  of
the aperture |Ila of the disk substrate 11, which is considered to be
a standard for an acceptable product thereof This is because, if the
-sphere having such a size can pass through the aperture |Ila of the

di sk substrates, the disk substrates 11 can be undoubtedly connected
to a spindlte floRingPrstedirek . TRRAY it NQEE VL pluPtyDfME Nk subdtrafBt Dd Of
- thOpresent invention preferably adopts 11 ?he ol | owi ng procedures.

That is, iNy@nglddiRrd h&aik meahicwermga}emga&h%& PRHDSLh Bt ah

arranged where the main surfaces Il e theredof are“spaced out parall el

to each ot hﬁ{er@t'ﬂgcé%raﬁest &G tﬁé Sﬂ%,e%?%m }Z%%ﬂﬂﬁﬂ?ﬂ %Jrggﬂlﬁ?g&é?‘& hﬁe

attenpt is made to pass the sphere he apert

di sk substr 0 lde,. tur of, t disk 5 .
substrate ﬁtng?é%%ee 0 ﬂgr&gh%ghestki%ﬁgsi}%gﬁgﬁ%ﬁ6@5todtlh ?%Wﬁt}?agt%?%i l e
removi ng the, di sk.substrate.11 that. the.sphere 41 cannot. SS.,
Chrough o B 24 S pleRr Sodim e Bimard AP libns e, Wik enataf feripk
i nspected with ect to the aperture diameter, as shqown in Figure
4. It is p&g@lﬁ{egfﬁwh’?ﬁﬁh‘?@?&ﬁ tipgss thrap EIPWIM%%‘FPSWWgHH on
to inprove the exam nation efficiency. because the method_can
si mul t aneo eSS SRRPECtEd It apspict todhesapseivre glamster, s shopm R Bigyeet to
their aperture dianeter. In addition, ifs plurality of disk
substrates 11 i sttpinossblsfermbe sraminaterhmethodotdhe praseat inventiehisrimprove dive s
into contact with each other, and subjected to the exam nation, then
the main s@kapigetionpEicignsy becapwrthangbettn soudtakensdy inspast neny dilde, Wil |
be abraded by another thereby causing scratches thereon. Furthernore,
i n sucHOa euhstintes blrwith respest withdii apetnire tismgtet. e g additibny Fapleality okdigs
substrates 11 that.the sphere 41 cannot pass through.
substrates 11 is piled such that each main surface 11¢ thereof comes into contact with,

each other, and éubj ected to the examination, then the main swrface 11¢, which
cotresponds to a data-recorded side, will be abrade& by another thereby causing scratches
thereon. Furthermore, in such a condition, it is difficult to detect and remove disk

15  substrates 11 that the sphere 41 cannot pass through.

With regard to a system for passing the sphere 41 to the aperture, a method in
which the central axes of the apertures 11a of the disk substrates 11, which are arfanged.
in a state where each main surface 11c are spaced out parallel to each other, are slightly
inclined whereby the sphere 41 rolls down due to the gravity; or a method where the |

20 sphere4lis mﬁved by applying extemal force thereto can be mentioned. However, in
the present invention, it is pi'eferable'that -the disk substrates 11 be moved back and forth
in the direction parallel t_(; the main surfaces 11a of the substrates 11 to achieve the
movement of the sphere 41 in the aperture 11a of the disk substrate 11,

 Specifically, such éﬁovment can be achie{red by using a hemispherical bar 5 1

25 showninFIG 4. The tip of the bar 51 is brought into contact with the outer



Wth regard to a systemfor passing the sphese 41 to the aperture, a
srethod in which the central axes of the apertures ha of the disk
substrates 11, which are arranged in a state where each main surface
11c are spaced out parallel to each other, are slightly inclined

wher eby the sphere 41 rolls down due to the gravity; or a nethod
where the 20 sphere 41 is noved by applying external force thereto
can be -nentioned. However, in the present invention, it is preferable
that the di skcuafdpstinhudacelllbpéthadiss qutisaatks Hrrgrahgediphrallel te hachditheawbilon
parallel to the main surfaces 1 la of the substrates 11 to achieve

t he novenenthe bir 5 liwalspxheved indthe diredtine papisl tathe cdnkral axts oftke disks kubstrates
substrate 11. - Specifically, such a novenent can be achieved

by using a fefiirs phresideaathelodter Sde RGhsdeinted direBlida whercbehd digk sbsttahg bar
51 i's brought into contact with the outer 12 <circunferential '

surface || b1iofre fudgessivr@i movdisHatiohRifoddl (1prhd A0S iD Bledirk@lontpRraBalab iRt her

while the bar 51 is also noved |lathe direction parallel to the

central axegaRkutle 1t FiheSubstateal SinlthislkhRMhO RheRiad tndves 118e Buleer

side in the arranged direction whereby the di sk substrates 11 are

successi vel % npyed MS?}%QVJSQ{I@ £ th'BraRd relovdnsifitell BOnhE Gall s@Bice

parallel to the main surface lie of the substrate 11. I'n this case,

h h N . .. . . I
the oxtornal Fopagte ifh, CThAP TRRUEPES Gl Bl dd) PRl R EST 0
11 a. Then, ’ ' b I+ ' -
mspect od v ARRee tebpGhyd e B RELOAURR rionih BLGRERN 41t e
renovi ng the gi f subqut r%%re 1 that the sphere 41 cannot pass
t hrough. 1089 ﬁg FR PS8V descri bed nethod, it is possible to

PR OPLIF Y COB Ll WS R A0 APl RIS Wi U E5F
AR KN R RO N IR D
s ot | o oRarAE 4506 Bie oV EER oF £ sphors 41 BEEhS GetSortoR S5 refbovh of
disk substrates 11 that the sphere 41 cannot pass throngh can be efficiently accomplished.
The examination apparatus used m the examination of the present invention
15 includt.;.s: a guide in which a plurality of disk substrates 11 is aranged where the main
surfaces ‘1 lc thereof are spaced out parailel to each other and where the center axes
thereof are the same; a system that successive-ly moves the plurality of the disk subsirates
11, which are arranged in the guide, back and forth in the direction parallel to the main
. surface 11c of the disk substrate 11 from one side to the othér side in the arranged |
: _20 direcﬁoﬁ; a system that attempts to pass a standard sphere 41 for the apértm‘c diametex
from the aperture 11a of the disk substrate 11 at one side to the aperture 11a of the disk
substrate 11 at the other side in the arranged direction, and that detects the disk subsirate
11 which the sphere 41 cannot pass tbrbugh; and.a system that removes from the guide
the disk substrate 11 which the sphere 41 cannot pass through. By adapting this

25  configuration, it is possible to prevent scratches to the main surface 11¢ of the disk



15 includes: a guide in which a plurality of disk substrates 11 is
.arranged where the main surfaces 11c thereof are spaced out parallel
to each other ‘and where the center axes thereof .are the sane; a
system that successively noves the plurality of the disk substrates
11, which are arranged in the guide, back and forth in the direction
parallel to the main surface 1lc of thg disk substrate 11 fromone
side to the other side in the arranged 20 direction; a systemthat
attenpt s t gupsis® 14, sl diris alsapessibierte eadily femtove e chs,kesn'bstram 1d it aphere om
the aperture Ila of the disk substrate 11 at one side to the aperture
ha of the disknmipst thiduphllAsdordibgly, didupernst diaricter bithe disk subgesle 11 can
direction, and that detects the disk substrate 11 which the sphere 41
cannot pasaaereﬁ{cggﬂgpmp@@d_ a systemthat renoves fromthe -gui de the

di sk substrate 11 which the sphere 41 cannot pass through. By

adopting this 25 qg)ajlsrb&mﬁ%n%n, ak bhdwh IRTES s t?sﬁr@feﬁﬁl%‘ﬂﬁ”t‘&e%kat(:hes
to the main surfac ie of the disk 13 substrate 11, and is also

- Bannot BasSuFReL Y SATE ALY SE NP Snly ﬁ?@?&?%ﬁﬁ@ﬁm&. sk
ZS%LL&‘I;. %&F@*@p&fi%é%?%@%%gkl?%ﬁm bl BE ESERuLRARR Y
Zrnéaggiom}iﬁé@ﬁg?m‘é#g%@%%%h%h%aﬁwz ‘f?ﬁrgﬁ? %“H@ta ngvﬁl&%’@g‘a;f&c°ver
J”?Eeof ?ﬁes@?sﬁra | t eﬁﬁu AR PR B e Bpl e 1 T o ot
Lﬁbi?rzt‘teﬁ :téte" e 8 et ik Supba kit agleiﬁfﬁé%tsgv@ﬁ?#é?é‘?teff, d
63, 64 65 10 ' 6

ond i B P ke e AP o
to 65 and t he upper cgover. guides_66 and I n._general, the.
substr at e- &Wﬁ@%ﬂ‘@ﬂ%ﬁi@é?’65&%**%"‘-‘@9‘*&&‘%"6’?@“4%@5&8‘?% ‘upper and | ower
covers whereby substrates can be easily taken out fromthe contaijner.

Accordingly, in inigacesiighe pubsEatesiorgy eortangr hpsastusaueinclpding ‘&Péééfﬁ!t

i nvention, the disk
lower covers whereby substrates can be easily taken out from the container.

Accordingly, in the substrate-storage container 61 of the present invention, the disk
" 15  substrates 11 can be subjected to the examipation method of the present invention by
only removing the upper and lower covers, thereby simplifying the examination steps.

Furthermore, the examipation method of the pi'esent invention can be accomplished

without taking out the substrate 11 completely from the substrate-siorage container 61.-
Therefore, the examined disk substrates 11 can be sent o the vext step while they are still

'_ 20 installed in the substrate-storage container 61 with the upper and lower covers attached.

As des_cribed above, according to the present invention, not only can one .
hundred percent inspection be achieved in a short time using the e;sy and simpie method :
with respect to thel aperture diameter of the disk substrate 11 having a circular aperture |
11a in the central portion thereof, but the examination can be also completed without |

25  damaging disk substrates 11.




15 substrates 11 can be subjected to the exam natign nethod of the
present invention by only renoving the upper and | ower covers,
thereby sinplifying the exam nation steps. Furthernore, the

exam nation nethod of the present invention can be acconplished

wi t hout taking out the substrate 11 conpletely fromthe
substrate-storage contai ner 61. Therefldre, the exam ned di sk

substrates 11 can be sent to the next step while they are still 20
installed in the substrate-storage container 61 with the upper and
| ower covers attached. As descri bed above, according to the

present inEsapplen, not only can one hundred percent inspection be
achieved in a short tinme using the easy and sinple nmethod with
respect t.o the aHeeisfie, th efeetsef the forastrs imlientionsvill & demenstriteth by iisigg 20
circular aperture Ila in the central portion thereof, but the

exanmi nat i oexsayie.bdn alldifior; tigphet thvehiidadsitot 2imitdd eethe expnttils kndaddittonat es
11. 14 Exanples Hereinafter, the effects of the present invention

wi |l besdegpigions s@skiRyionts mddbtia moddaRt s cdn beatidlie ti@but depating R&e e
invention is not limted to the exanple, and additions, .5 om ssions,

substituti gRsi or0sheQir AR préf ifvefi@ini ONS can be made wi t hout departing
fromthe spirit or scopé of the present invention_ (Exanple) I n

t he exanpl BExapld di sk substr4e subjected to the exam nation, a
nmystal lind glass’for a magnetic recording medium manufactured by KMG

Corpor ati on was y$lxample, as a disk substrate subjected to the examination, a crystallized
glass for a magnetic rec.ording medium, manuf-actl.n"ed by KMG Corporation was used.
10 The size of the disk sabstrate was 48.0 mm in outer diameter, 12.0 mm in iimgr diameter,
and 0.508 pun in board thickness. The twenty-five substrates were set parallel to each
main surface at 6 mm intervals in a substrate-storage container.  Additionally, upper and
lower covers were taken out from the substrate-storage container. '
Then, an alumina ball whose outer diametef was 12.0 mm was inserted into the
15  aperture of the disk substrate that was set at one side in the substrate-storage coniainer,
~ and the alumina ball was moved by moving the disk substrates up and down by 5 mm in
the verﬁéal direction, successively from one side to the otﬁer side. . The rnov;ing speed_of
the up and down movement of the disk substrézta in the arranged direction was 0.2
second/disk. o
20 Ten thousand disk substrates weré inspected using this method with respect to
their aperture dia:heter. | Asa result, three unacceptable articles thereof wgré insi}gctcd.
With regard to the ﬁme required for the examinaﬁdn, an inspection peried fequired for
the movement of the alumina ball was about 35 minutes, a period required for
exchanging the storage-substrate céntainer was about 15 minutes, and a period for

25  removing the rejected articles was about 1 minute. That is, it took about 51 minutes to




10 The size of the disk substrate was 48.0 mmin outer dianeter, 12.0
mmin inner diameter, and 0.508 rnmmin board thickness. The
twenty-five substrates were set parallel to each main surface at 6 nmm
intervals in a substrate-storage container. Additionally, -upper and

| ower covers were taken out fromthe substrate-storage container.
Then, an alunina ball whose outer diankter was 12.0 nmwas inserted
into the 15 aperture of. I;dhe di sk.-substrate that was set at one side
in.the subs%oplgf%qtg?%’faﬁ]d%a &nt ai ner, and the al unina ball was.noved by
nmovi ng the i sk substrat up and down by 5 mmin the verti cal

di rection, &OPREALY péfom one side to the other side. The nmoving

speed of the up and down npvenent of the disk substrate in the
arranged directi W@?@V%@ﬁé%éi%ﬂbs%qséﬁmﬁgqﬁéﬂﬂwgﬁsmme
substrates were inspected _using this nethod with respect to their
aperture dic¥#feplewereABspactedwith respachiodhein argidure gamsies uipg 2 eqnyeptiopdr eof
were inspected. Wth regard to the tine required for the exam nation,
an i nspéct iner giepetstieyanatioe epractustpau pMigfosoH{eorpdrationna bal |
was about 35 minutes, a period required for exchanging the

st or age- subst r at b this mtethiodghe inapectitpoprriod Sasabout Hssecemid per speatiatedaddat 25
removing the rejected articles was about 1 minute. That is, .it took
about 51 mnirenuired alicot 28 oucsonrispécd tenhisoueatd mlishabbstrates.( Conpar ati ve

Exanpl e) In the conparative exanple, disk substrates having the
same shape as i nAs tenexangl sbows mecordispw dlieqttessht ihveneien dled exbiiriatien dan
aperture dianeter using a conventional 5 inner dianeter exam nation
appar at us frapothpleted wittl ridpediid apeaire dlaaleRp bBdiskonbstrates by a fast and easy

10 method without damaging the aperture of the disk substrates.



In this nethod, the inspection period was about 10 seconds per
substrate, and it required about 28 hours to inspect ten thousand

di sk substrates. As denonstrated above, according to the present

i nvention, the exam nation can be gonpl eted with respect to
aperture dianeter of disk substrates l%y a fast and easy 10 net hod

wi t hout damagi ng the aperture of the disk substrates. 16 The

i nvent i onried igl diRdn bBimedlis: A et hod of exam ning an aperture di aneter
of a disk substrate having a circular aperture in the central portion
t hereof, the nmethod conprising: attenpting to pass a standard sphere
for the aperture dianeter through the aperture; and inspecting the
aperture di,anete f the disk substrate ased on whet her the sphere
Phoses ¢ n duBRtohal ST Ene o oReties So Gt el S Rarr FETEr SR ok
substrates i s arranged where the in surfaces of the disk substrates
are spacePeBHE HRIeLFHEl DpE1oB daseat e Mmelivd CRHERSNE HECRBAREIO BERER. of
the disk substrates are the sanme, the step of attenpting to pass the
st andar dsstaydndrsphere fyrthe epertare dampetengraugh grapertwre; gghespectingdhe t he
aperture of the disk substrate at one side to the aperture of the

di sk subsipedure demetéref dichiisk sibsteate, dnstdoncdetsr thelsphera ppoet throggh the
plurality of the disk substrates with respect to the aperture

di amet er spedurcemyt Medin d pigralibeof ths giek hubamataniy afthsded SeHesd thabaid hat

t he sphere cannot pass through. 2. The nethod of exam ning an

apert ur e @ifases tof fheQfiskasubétiacsAvdsiat &t dut PavilEldo Sachioilted had whHSilideftel N
the central portion thereof according to claiml, wherein the

substrat &5 a5 EnIRUR duRAGks 2R4hd QbdiHeRech e afld Iﬁﬁgitﬁga£%§@étéxﬁ rd%o the

mai n surface of the disk substrate to conduct venent o he

Sp here t hgpﬂ&g Qoﬁpﬁﬁggﬁﬁgﬁr{%tgpaésr‘fﬁe §}Jé.|§}% f?d‘h? E-ltse:aﬁ&%.lre Hg’ th.eEPS% ) stth% tgj

exam ni ngran ape of "a sk™ su ate having a circu

aperture int ent r al tion thereof according to clai.m?2, wherein
the. i sk e fEdbe BP0k R L BBt RS B g
whi ch an upper. cover and_a | ower cover are taken out from and the
subst r at eaqualfaétyrﬁmﬁdlgaﬂwsraﬂas VB F93P5ch ta the aRprEcdipgRehaArmaYingy 17
the main surface of the disk substrate while the disk substrates are
not t akerflusing thegheetian apyidigraubsimtasilipicthe spheresrapnepassdbiovghner . 4.
The nethod of exam ning an aperture dianeter of a disk substrate
having a circular aperture in the central portion thereof according
to claim1, wherein at |east one of the plurality of disk substrates
i S a subsi. Tat encthox] od cxagingigian apator diangtareda dizk substrate having a circular

aperture in the central portion thereof according to claim 1, wherein the substrates are
moved back and forth in the direction parallel to the main surface of the disk substrate to

conduct the movement of the sphere through the aperture of the disk substrate.

3. The method of examining an aperture diameter of a disk substrate having a circular
aperture in the central portion thereof according to claim 2, wherein the disk substrates
are disposed in a substrate-storage container which an upper cover and a lower cover are

taken out from, and the substrates are moved back and forth in the direction parallel to



5. The method of exam ning an aperture diameter of a.disk substrate
having a circular aperture in the central portion thereof according
to claiml1l, wherein at |east one of the plurality of disk substrates
is a glass substrate. 17

the main surface of the disk substrate while the disk substrates are not taken out

completely from the substrate-storage container.

4, The method of examining an aperture diameter of a disk substrate having a circular
aperture in the central portion thereof according to claim 1, wherein at least one of the

plurality of disk substrates is a substrate for a magnetic recording medium.

5. The method of examining an aperture diameter of a disk substrate having a circular
aperture in the central portion thereof according to claim 1, wherein at least one of the

plurality of disk substrates is a glass substrate.



