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1 DESCRI PTI ON METHOD OF EXAM NI NG APERTURE DI AMETER OF DI SK SUBSTRATE
HAVI NG Cl RCULAR APERTURE | N CENTRAL PORTI ON THEREOF AND 5 APPARATUS THEREOF
FIELD OF THE I NVENTION The present invention relates to a nmethod of

eXxam ning the aperture dianeter of a 10 disk substrate having a circular
aperture in the central portion thereof, and an apparatus thereof. In
particular, the present invention relatlkes to an exam nati on nethod which is
suitable for exam ning the aperture_dianeter of a glass substrate for a
magnetic recording nedium that i sPESEBIBHON hard di sk apparatus, and an
exam nation apparatus thereof. This application clains the priority benefit
of Japanese Patent Application No. 15 2007-082170, filed March 27, 2007,
the contents of which are incorporated herein by. reference. BACKGROUND OF

THE | NVENTI OMEBTHOD OB BXAMINENG APERIURE DDAMETER Ok DISKNUBS ERATIRS _
increased due to an upturn in the demand for its use as a recording device

n 2 hard di siagRRaIaRetT ARAGBREUN: PCERT Ak OKTRAPITERIDE ARHdCs 2

shaft that concentrically rotates one or e (i.e.
doughnuyt -1 i ke shaped) magnetic i J aving a circular aperture in
the ceéntral portion (that san@Tw if the plurality of nedia
are equi pped therein); 25 a notor that rotates at a high speed the nagnetic
recordi ng nedia connected to the shaft 2 via bearings; a nagnetic head that

is utilized for recording and/or recalling the data on the both sides of
the magnetic recordi ng nedi unfIEABOF3dE INSENTKNhat i s equi pped with

The f)resent invention relates to a method of examining the aperture diameter of a
10 disk substrate having a circullar aperture m the central portion thereof, and an apparatus
thereof. In particular, the present invention relates to an examination method which is
suitable for examining the aperture diameter of a glass substrate for a magnetic recording
- medium that is used in a hard disk apparatus, and an examination apparatus thereof.
This application claims the priority benefit of Japanese Patent Application No.
15 2007-082170, filed March 27, 2007, the contents of which are incorporated herein by .

reference.
BACKGROUND OF THE INVENTION

20 In recent yéars, production of disk substrates has increased due to an upturn in
the demaﬁd for its use as a recording device in a hard disk apparatus. In general, a hard
disk appﬁrims includes a shaft that concentrically rotates one or a plurality of disk-like
(ie. doughﬁut-like shaped) magnetic recording media having a circule;x aperture in the
central portion (that synchronously rotates if tﬁe plurality of media are equipped therein);

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



the magnetic head; and a head stack assenbly that synchronously actuates a
 plurality of supportive arns whereby the magneti c heads. can be noved to
any position on the 5 magnetic recording nmedia. In addition, such a nmagnetic
- head used for magnetic recording and recalling the data is generally a
flying-type head where the head noves over the magnetic recordi ng nmedi um at
a predeterm ned height. Such a magnetic2recordi ng nmediumis produced by way
of formng a magnetic |ayer, a protective layer, a lubrjcant |ayer.and the
| i ke on t h&lasheefiagsea pragnéiis hend thatishwilizesk fer resmyding\andigr secalling thedatagrer t ure in
the central portion. Al um numor glass substrates are wi dely used as the

di sk subst tlethesh siddsufithreurmagmelic tecatdis hediempastppdaiye arm that sadquipped with
processability is high, and that they are cheap. On the other hand, gl ass

subst r at es tHeaMmeAOhady AU A9Ad sick BREMbIYeNat BB EaY b8 Qktesi ?l@fmﬁiﬂ of and
snoot hness or flatness of the surface. In particular, mniaturization and

densi ficatg omvegﬁgﬁ%@[h?h}i%ﬂﬁ%@eag§§a%%5n&ueg?@%ﬂf&o@ﬂféﬂ%ﬁ thd) recent

years, and ass I'er “sur roughness and t hat
enabl e densification,.have attracted all.the attention. a techni que that
el at o5 t OTBERTICEREABMEE o Ty FUAER0r, BB ASARENS B G PR or di ng
nmedi a, a technjique of polishing the inner circunference of a glass substrate
havi ng a c@qp@n&%ﬂeqaﬁ@mb%dﬁé@rﬂﬂé@rﬁl}éﬁﬂwﬁm@wo’fbégeefae beadrmeNesnpl e, see
Japanese 20 Unexam ned Patent Application, Publication Nos. H 1-33886 and Hi
1- 221742) . oWdrébemagietie racorivng mreditis afie pradetonniaed beiphti que in which a plurality
of glass substrates are |ayered, <and then, they are rotated on the axis,
and a pol i shi ng icHmaghaeidrecoidaipagedigm ifwodRpd b Wy ofifdretid Omaghetiche gl ass
substrates is inserted into the center apertures while the polishing brush

|5 al so moped Q?Pdfecﬁﬂéla &, b Mutirfladt18yef ¥ Pihe Hic %%Q&%&Q&f%ﬁh@ﬁlﬂsﬂﬂ@r 25

circunferenCe of each glass substrdte can be polished.
10 having a circular aperture in the central portion. Aluminum or glass subsirates are

widely used as the disk substrates. Aluminum substrates have advantages in that the
pfocessability is high, and that they are cheap. On the other hand, glass substrates have
an advantage in that they Ahave excellent strength, and smoothness or flatness of the
Sﬁrface.- In particular, miniaturization and densification of disk substrates have been

15  urgently sought in recent -years, and glass substrates that have a smaller surface
roughness and that enable densification have attracted all the attention;

Asa technique that relates to production of such glass substrates for magnetic
recording media, a téchnique of polishing the inner circﬁmference of a glass substrate
having a center aperture has been conventionally proposed {(for example, see Japanese

20 Unexamined Patent Application, Publication Nos. H11-33886 and F11-221742). These
patent documents describe a technique in which a plurality of glass substrates are layered,
and then, they are rotated lon 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 axial direction whereby the inner

25  circumference of each glass substrate can be polished.



The above-descri bed gl ass substrate for the magnetic recording nediumis

- attached to a notor shaft inside the hard di sk apparatus. If its aperture

dianeter is even slightly smaller than the dianeter of the shaft, it is

i npossi ble to connect the magnetic recording nediumthereto. On the other
hand, if its aperture -dianmeter is lager than the 5 dianeter of the shaft,
then, the magnetic recording nediumis &onnected eccentrically to the
shaft and this causes nmal functional fluctuation thereof when the magnetic
recording nedi uRheabose- -descabechglisghbsirptedar thy magastintecordingimadiveisel  of
accuracy is required in processing the aperture dianeter of gl ass

subst r at esattavhedegnastor shaBdnsids the haddiisk appamtoler Iits aperase diahtetai s ofen

exam ning the aperture dianeter of a disk substrate 10 having a circular

aperture i gidh¢ sﬁlﬁﬂ'érrtﬁdn tB@Hiairﬁféer@rE@@iﬂ it(id ImFosEBicte doniier @k mdgh&ic di aneter

of the aperture is anal yzed by way of |nage anal ysi s based on the picture of

the apertyr glﬁﬁ ime[ ture

di anet er .% ok ure#:tﬁe[% an |ns| g &émﬁ igsré-ﬁfé%t[silgce&é néﬁgp ar a ug{ using two
or nore st f.or see Ja ese, Unexani.ned Pat :
ool oci ot P e ash %5, 5 BMBhiradSs b o SEPTRETE ¢ he

di aneter is neasured by way of inserting a pl.u age into the aperture have

been used %ﬁb@hﬂ@tﬁma}mesrqwﬁwronatﬂw@@@uéh tWhsA&he magneld recosdings

di sadvantages in which the measurement takes a long tine, and that the
apert ur e dinadismevtates atneh‘@hrspebderﬂbcteﬁmsla;higislevcirmﬁhmeracyﬁanqnineiiact ual size
I f the substrate inclines even slightly. The above-nentioned 20 net hod (2)

al so has dpasviap ot diteidt of BRsORMS QRN Mmapetidraydihfaleant is
inferior, the neasurenent takes a long tine, and scratches may be present

on the substrat q?df‘ﬁ}%&x?oretag‘ﬁle%i&ﬂkHPeﬁhﬁtﬁﬁ?tﬂe%@Hmeﬁb&é&%‘f%d@(&bﬁfh@@ met hod

(3) is not suitable for the process control "since the neasurenent takes a

Long tjgre dhz?z%% 4 dircafor Bhdhar Ot aée%n%ﬁ%e{e@? (ﬁﬁgﬁpgq,h%ﬁy{hgs Mor eover,

diameter of the aperture is analyzed by way of i unage analysis based on the picture of the
aperture taken with a CCD camera; (2) a method wherein an aperture diameter is
measured w1th an inside diameter-inspect:ing apparatus using two or more stylus probes
(for example, see Japanese Unexamined Patent Application, Publication No.

15  H7-198303); and (3) a method wherein the diameter is measured by way of inserting a
;tlug gage into the aperture have been used conventionally. |

~ Howevet, the above-mentioned method (1) has disadvantages in which the

measurement takes a 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 rx:tethod (2) also has disadvantages in which the measurement accuracy thereof is inferior,
the measurement takes a long time, and scratches may be present on the substrate where
the stylus probes touch. The above-mentioned method (3) is not suitable for the process
control since the measurement takes a long time, and it is difficult to quantify the
inspected results. Moreover, the method (3) has a disadvantage in which it is likely to

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



25 cause scratches on the inspected substrate. In particular, the nethods
(2) and (3) require 4 a long tine for the neasurenent, and theréfore, it is
difficult for the nethod to neasure all nunbers of disk substrates. SUWARY
OF THE INVENTION . 5 The present invention was achieved in order to solve the
above-descri bed technical problenms. The object of the present invention is,
to provide an exam nation nethod wheredn all nunbers of disk substrates
having a citcular aperture in the central , portiqn_thereof can be easily

i nspect ed # Io0g tietedot theipasup At addheretors it iRet ﬁéﬁoaﬂsq ol RrAB%AEHISt her eof
by follow ng concise procedures, and it is unlikely for the substrates to .
have scrat@ggwnbrsﬁﬁ@ﬂiﬂwéﬂﬂﬁbreon and al so, to provide an exam nation
apparatus thereof. The present inventors conducted extensive studies to

sol ve the above-described technical problens. Consequently, they discovered
that the exam nation can be easily achieved w thout damagi ng the substrates

by eval uating whether a stardagiasphereHPINGENTiGNaperture di anmeter can

pass through the aperture in exam ning the aperture dianmeter of the disk
substrates having a circular aperture in the central portion thereof, and
this resulted in the present invention. That is, the present invention

relates to the fgllow ng aspects. (1) A.nethod of exam ni an aperture

di aneter of a did% PEGFEYL O%Mﬂ%“%?eéﬁer&%‘ic’ S"%’Gtgep%"f’%'agscpﬁe‘fhe centr al
portion thereof, the nmethod including: attenpting to pass a standard sphere
for the apefhnigabrioblemst efbe Rbigtigh tersesepinvention is ieipiovids B ekamneRRY apert ur e

di aneter of the disk substrate, based on whether the sphere passes through
the apertmethodwhemin all numbers of disk substrates having a circular aperture in the central

portion thereof can be easily inspected in a short time with respect to the aperture
10 diameter thereof by following concise procedures, and it is unlikely for the substrates to
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. .Conse_quently, they discovered that the examination can be easily
achieved without damaging the substrates by evaluating whether a standard sphefe for
15  the aperture diameter can pass through the aperture in examining the aperture diameter of
the disk substrates having a circulaf apertu;e in the central portion théreof, and this
resulted in the present invention.
That is, the present invention relates to the following aspects.
(15 'A method of examining an aperture diameter of a disk substrate having a cir(;ular
20 aperture in the central portion thereof, the method including: attempting fo pass a
standard sphere for the aperture diameter through the aperture; and inspecting the
aperture diameter of the disk substrate, based on whether the sphere passes through the
aperfure or not.
(2) The method of examining an aperture diameter of a disk substrate having a circolar

25  aperture in the central portion thereof according to (1), wherein, in a state that a plurality



(2) The nethod of exam ning an aperture dianeter of a disk substrate having
-acircular 25 aperture in the central portion thereof according to (1),
wherein, in a state that a plurality 5 of the disk substrates is arranged
where the main surfaces of the disk substrates are spaced out parallel to
each other and where the center axes of the disk substrates are the sane,
the attenpt is nmade to pass the sphere $romthe aperture of the disk
substrate at one side to the aperture of the disk substrate at the other
si de; and, okike sk sehisadienly armmaged whergtheawain pustasey ofhe disk substrates a€annot  pass
through, a plurality of the disk substrates is successively inspected with
respect t ospabed apeaklieldo dichmtherand (\BreThecanter hxek dffthediskiutistigenare dper t ur e

di aneter of a disk substrate having a circular aperture in the central

portion theneotheatieapl RAdé f fads thewbldre fromithe atirtuke slths Hiskbaistrakat o®ved
back and forth in the direction parallel to the main surface of the djsk

b : ~ ‘ f
Pubt 2 4 AHESRARL o S ENBIEAL b bl SHESHE IO L ca Ve ©
di sk havi ' | ' h | ' h f
0K A0SR0, 0 b, BRG Bl P5e P R 0 10

substrat e- st orage contai per. whi ch an upper ¢over and a | ower cover are
t aken out ?“Fﬁﬁﬁ“’%!ﬁéusﬂ]%e%kr§ﬂﬁ“§lt9%‘Fégggif%gm?@'& back and forth in the

direction parallel 15 to the main surface of the disk substrate while the
disk s ubst@&t dde meghod ol examiameantapetwadiantesdrpt £ disn subdrat nyinea drcylagr age
container. (5) The nmethod of exam ning an aperture dianeter of a disk
subst r at e dyertiegn shecientral lpartionahaedfiaceordmgtid €)cehdreml the disk subsiratesareof
according to any one of (1) to (4), wherein the disk substrate is a

substr at e hevedebabRartElorth i 8@ Mrditith piedielh the halbgurfibeontht AR s@Hstr@teani ni ng an
aperture dianeter of a disk substrate having a circular aperture in the
centr 6_1'0 PQohbiad tﬁé}ﬁév%ﬁien@&ﬁﬁé CpiHagk ffv@R YnepRrtidk _oﬂﬁe difk fpdtrariherein the di sk
(4) The method of examining an aperture diameter of a disk substrate having a circulaf
aperture in the central portion théreof according to (3), 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 disk substrates are moved back aﬁd forth in the direqtion para.llei
15  to the main surface of the disk substrate while the disk subsirates are not taken out
compl'etély from the substrate-storage container. .
~ (5) The method of examining an aperture diameter of a disk substrate having a circular
aperture in the central portion thereof according to any one of (1} to (4), wherein the disk
substrate is a substrate for a rﬁagnetic recording medium.
20 (6) The method of examining an aperture diameter of a disk substrate having a circular
apermie 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 a

circular apefture in the central pdrtion thereof, the apparatus including: a guide in which

25  a plurality of disk substrates is arranged where the main surfaces of the disk substrates



substrate is a glass substrate. (7) An apparatus for exam ning an aperture
di aneter of a disk substrate having a circular aperture in the central
portion thereof, the apparatus including: a guide in which 25 a plurality
of "di sk substrates is arranged where the main surfaces of the disk
substrates 6 are spaced out parallel to each other and where the center
axes of the disk substrates are, the sgne; a systemthat successively noves
the plurality of the disk substrate, which is arranged in t he gui de, back
and forth iare sphesddiut paralicdrio paohaithes and @herdedheaeenter gxasfol the diek subetrate ak
substrate fromone side to the other side in the arranged direction; a

syst em t hathdsanict & 8ptean tat ArREGsEClyREaLE pBahkyef tHealRl fibstee Higteis of the
di sk substrate at one side, to the aperture of the disk substrate at the

Ot her i de airthdeln Ao AANHC ucloh Bk eheibhcliB ara kP B Gurlc o iubSt r at e

whi ch the sphere cannot pass through; and stemthat renoves fromthe
gui de the t ate he,s annot Ss..thro The
appar at us ﬂ S}%légésé%?ﬁ?enﬁrmm 5 dgg)t %Ptemgsqgen@t G‘Pgﬂe tlmsluaoésig\{éq aving a

10 circyl ar aperture |nthec portlont cordln o, (7),

wher ei na. a8 UeBRIp fupass 2 sBndd s @emg?rﬁéhe YR Jﬁhﬂﬁ bges thicds Poner

cover are taken out fromis wused as the (9) The apparatus for

exam ni ng e appevie@l ﬁledhmgrat@ﬁthe@ﬁ@w&méhqma@gmﬂmom andithag ul ar
aperture in the central portion thereof according to (8), wherein the system
that 15 ndetests thHealisk s:bstsaﬂé)whichtlmeaelcamwpissmrbug'lsaadsyﬁtam:}iahat noves the
substrates back and forth wi thout taking out the disk substrates conpletely

fromthe sphsdved EBmSthe Gade theCddM shbétfite wikh d@SphireREhmP e thraGaRr diing to the
present invention, the exam nation of the aperture dianmeter of the disk

substrate gan f& @B%ﬁ@tf&dem& it dRh&ePSAHA Y uBSrate having a

10 circular aperture in the central portion thereof according to (7), wherein a
substrate-storage container which an upper cover and a lower cover are taken 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 system that moves the substrates back and
forth without taidng out the disk substrates completely from the substrate-storage
container.

As described above, according to the present invention, the exatﬁinaﬁon 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.



20 wi thout damagi ng the aperture of the disk substrate. BRI EF DESCRI PTI ON OF
* THE DRAWNGS FIG 1 is a diagram explaining a process of grinding the inner
and outer 25 circunference of the disk substrate. 7 FIG 2 is an enlarged
view of the ground inner circunferential portion of the disk substrate
shown in FIG1. FIG 3 is a diagramthat shows an exanpl e where the shape of
the lateral cross section is asymTetri?: to the center of the substrate. 5
FIG 4 is a diagram show ng the exam nation, method and the exam{l tion _
apparatus of t hel'l6s &sweniangasiew Al theigrsundignep cigpusefersntialRoRianPlhe ditknpl e of
the substrate-storage container. The nunerical synbol "11" refers to a disk
subst r at e; subisgataghem tdllGslinbol 11 a" refers to an aperture (inner
circunferential surface); the nunerical synmbol "11 b" 10 refers to the
outer circunfereFlG als Sdisframahatishewdan@amph wisretie!shipe dfatie lagfrdrcsodso a mai n
surface; the nunerical synbol "21" refers to an inner circunference grinder;

t he _num?rEé‘cﬁlmﬁﬂﬁﬂm&ﬁb%ﬁ%ﬁéﬂ)ﬂh@&&ﬂ&t@r circunference grinder; the

nunerical synbo ers to a sp ere; the numerical synbol "51" refers

to a b , and t " f t orage
cont ai ner 15 BE@'@M %ﬁ“éﬁw W@W&@]{%} gll%!rl\ag er, the
enbodi nents of th resent.invention are described in details wth

ref erence ?RPafEﬁ‘és %Nt BYEBARR- (i sk substrate having a circul ar aperture

in the central portlon thereof is
FIG. 5 is a diagram showing an example of the substrate-storage container,

The numerical symbol “11” refers to a disk substr‘atc; the mumerical symbol
“ lia” refers to an aperture (inner circumferential surface); the numerical symbol “11b”
10 refers to the outer circumferential surface; the numerical symbol “11¢” rcfei's to a main
surface; the numerical symbol “21” refers to an inner circumference Agri.n-der; the
numerical symbol “317” refers to an outer circumference grinder; the numazical‘ syﬁlbol
“41” refers to a sphere; the numerical symbol “5 I”. refers to a bar; and the numerical

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

15
BEST MODE FCR 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 circumferential surface) 11a that is provided in the
center of a disk substrate 11 shown in FIG 1 is ground with an inner circumference
grinder 21 while the disk substrate 11 is rotated on its central axis, and an outer

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



produced, for exanple, by grinding the inner and outer circunference, as
showmn in FIG -1. Specifically, an aperture (inner circunferential surface)
11 a that is provided in the center of a disk substrate 11 shown in FIG 1
is ground with an inner circunference grinder 21 while the disk substrate
11 is rotated on its central axis, and an outer 25 circunferential surface
11 b of the disk substrate 11 is groundSvm'th a outer circunference 8
grinder 31. In th| s_case, the inner circunferential surface and the_outer
ci r cunt er edHndr 315 ukthissasss theriensaicisusprstiplaigaceanddle gEersuadretisheen t he
i nner circunference grinder 21 and the outer circunference grinder 31 to
si mul t aneoswiace pf the dssk stbstratsi Fiouay by placdddictwesntiicaioner. cirdumbareticn grinder
sufficient concentricity of the inner dianmeter and the outer 5 dianmeter can

be easily obtad thedutet circudttiehengrirdief 3 Efosihultaneess|Pprogdse teasrcdhfdetiall 21b are
provided in the outer circunferential surface of the inner circunference

grinder 21gwaicke Abchs tdlﬁ{ggf”sufﬁﬂéﬁtscdﬁf:?rﬂﬁélg)’&ﬁh@ﬁm@r @itetdlard (B¢ Gieby OVi ded in

the outer circunferen surface outer circunference grinder 31.

These groo Ll t hose. U &9 h sh| nd fine

fini shlgng &%%l %ﬁ eﬁeg‘%%ﬁj%‘ibq?‘ &) glfl ?ﬁg ey rgnt r#gmoﬁ?riaaaﬁo ?on of the
di sk substrate, 11 _ produced h ove es_crl bed t hod he s .t he shape
Shown | n_ FP@VEd Inghe o ¢z erew@ SRt I%Feﬂaageag‘i e 11 a

i s -high because the aperture 11 a of the di sk substrate.11 is processed
whi | e r ot agifsrent pedvisioayigh 3 s ended Lberapevided in tha enter eirquanfreatid sudaggr i nder
21. Moreover, the processing of the aperture 1la will be very 15 accurate.
Fur t her nor ef the betestizpmfertndelprindert Hr. alThesagreows coirespond tot thesearsed fombeth1la wi | 1
be symetric to the center of the disk substrate 11 when the di sk substrate

11 i s procemgktinishig e fiabfiniehidgscri bed met hod. Consequently, amain pr obl em
to be solved in exam ning the aperture dianeter
_1 0 The cross-section of the inner circumferential portion of the disk substrate 11
produced by the above-ciescribed method becomes the shape shown in FIG. 2.
_Specifically, the level of roundness of the apertﬁre 1ia is high because the aperture 11a of
the disk substrate 11 is processed while rotating the disk substrate 11 and the inner
circumference grinder 21.  Moreover, the processing of the aperture 112 will be very
15  accurate. Furthermore, the shape of the lateral cross secﬁon 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.
Cdnsequently, a main problem to be solved in exa.rﬁining the aperture diameter |
of the disk substrates 11 having a circular apétture 11a in the central poﬁion thereof |
20  correlates to how disk substrates whose aperture diameter is slightly smailer than its
acceptable limit can be dealt with. Specifically, such substrates cannot be connected to
a spindle of a 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 circumference.

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



of the disk substrates 11 having a circular aperture 11 a in the central
portion thereof 20 correlates to how di sk substrates whose aperture dianeter
is slightly smaller than its acceptable linmt can be dealt wth. o '
Specifically, such substrates cannot be connected to a spindle of a hard
disk or the like. Such disk substrates are likely to be produced when the

I nner circunference grinder 21 is worn %ut, and therefore, a sufficient

grinding rate is. not .attained in.the ocess_of. gr.i ndi the i nner

ci rcunfer eaﬁg%fm%n?e ert‘ﬁ@ ?%’?&H{enklﬁ’\fétﬁﬁeoﬁe cg#%tﬁ'p tﬁ%dlﬁé%bs e ldss-a
standard sphere for the 9 perture dianmeter intfo the gperture 11 a, and the
aperture df HiBecsd baeed e B4t s Hberegeases hroy hasERIeSE ega@gﬂn&)éemhet her

t he sphere passes through the aperture in exam ning the aperture dianeter
of the di sipesurgslianstes of thetrisk substeate | I baying 2 eipuiar gperturd 1 ka inrthe ¢pmtrelnt r al
portion thereof 5 In particular, the exam nation nethod according to the
present i rpogtidd thereefan be preferably applied to substrates for magnetic
recording nmedia. This is because, as described above, a nagnetic recording

medi umscannot  be; girkidahethelcR@hBGtich fgthdd dklin@RNGE Blebdht ifvehiih &N al
aperture of the substrafe is even siightly smafler than the dianeter of a

shaft of g, {aﬁfg aggﬁgi &%ﬁbé&?ﬁés ‘fﬁ}g@ﬂg{i@fﬁ?gﬁdbﬂgm&ﬁ% B! |sHeDhRe, A0

Fur t her nore, am natl on ne sent” invention can be

preferably, applied to glass substrates. This.is becguse,the inner

G r cunt or GIEEIER FRYE < BYERIC SSROFToE MAERTR R B RPHIE SR R ARE | nner
circunference, thereby easily causing an error in_processing the inner

ci r cunf er éRPaTas i thgresngal aperiie of e SyBstERis ¢vert slighgy smaller (han the dismeter hj gh.

151 n nmeasuring an aperture having a |l ow | evel of roundness, accurate
measur ememf a shatheite mbier, act itevietivenat thessof fsarot esgligile, i mage anal ysis using a
CCD canera is applied.

10 Furthermore, the examination method of the present invention can be_ preferably -
applied to glass substrates. This is because the inner circumference grinder 21 is easily
worn down during griﬁding the inner circumfereﬁce, thereby easily causing an efror in
processing the inner circuinferential diameter since the hardness of a glass substrate is

 high. |

15 In measuﬁng an aperture having a low level of roundness, accurate measurement
cannot be achieved unless, for example, image analysis using a CCD camera is applied.
However, since the aperture 11a of the disk substrate 11 produced by the above-described
i:rdduction method has a high level of roundness, it is not necéssary to addpt such a
measurement method.

20 When the shape of the lateral cross section of the aperture 11a is not bilaterally
symmetric to the center of the substrate, for example as shown in FIG. 3, cvena sphere
having diameter “b” slightly lagér than an actual aperture diameter “a” may pass throuigh
the aperture 11a.  On the other hand, it is not necessary to consider measurement errors

with respect to aperture diameters “a” and “b”, as shown in FIG 3, in the measurement of

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



However, since the aperture 11 a of the disk substrate 11 produced by the
- above-descri bed production nethod has a high | evel of roundness, it is not
necessary to adopt such a neasurenent nmethod 20 Wien the shape of the
| ateral cross section of the aperture 1la is not bilaterally symretric to
the center of ‘the substrate, for exanple as shown in FIG 3, even a sphere
havi ng di ameter "b" slightly |ager tharigan actual aperture dianeter "a" may
pass through the aperture | la. On the other hand, it is not necessary to
consi der nadsatefeprodasaddyshe gltavis-dessibed productinnanethed thy shape efthe tateraland " b,
as shown in FIG 3, in the neasurenent of 25 the aperture dianeter. This is
because, wrbks-seetiar iletcof i beaapdly tsyuhmefri ta tlef cehtee ofithslsulisbratesiibsfx at e 11
produced by the above-described production nethod, the shape of the |ateral
cross- sect jdatidh) He§RbcelsindddeRlaby 8f th apetinet 1a i§ véi9 Hidle ik&fueiy, hhe _
substrate 11. In addition, the processing accuracy of the aperture 11 a is
very hi gh. -[T6y] ' Vv ' ment of
mgﬁgﬁgigrl%&ﬁ % by solf?eg lggi&e’}né’ésﬂ&h%ﬂ% V\%ﬂh@%&ﬁt@l‘e GmbAdr %gl.d;%%fcg%ee-

t he aperture er wou a case ere aperture IS

slightly smpller than its acceptahle |jmt. .That i .hi.s ef.ers. to a case
where the HPER e peiita daeieras ity smelinfoge e ba ot e nar a0 ok
or the like. Accordi ngly, with regard to the aperture | |a_ of_ the_ disk
substrat e relerpiograsewhery the gk subsiyae HE%@PP%@CF%P%?&@inm #Hadhard ¢ i s not
necessary to conduct the other 10 neasurenent of the aperture dianeter once
it is confdisledthelibe. t he standard sphere for the aperture dianeter is able
to pass through the aperture. It is preferable that, for exanple, a ceramc
bal | nmade from aAdtoidivgly, AMEBYard teihk iapature Ardofdke disk G)bstragledd prddicéd®y or t he

| i ke be used as the sphere used in the present invention. Because such a ‘

cerani ¢ bakhk absveldesdibed prAaBRiaethed, YEk abSnecksifrydb Shndebeik biHee

10 measurement of the aperture diameter once it is confirmed that the éta.ndard sphere for

| the aperture diameter is able to pass through the aperture.

It is preferable that, for example, a ceramic ball made from alumina (Al;O3),
sﬂiéon carbide (SiC), glass (8i07) 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 is hardly damaged when the ceramic ball is passed through the aperturé 11a of the
disk substrate 11. Furthermore, its hardness is hlgh, and the surface can bé highly |
smoéthed. Therefore, such a ceramic ball hardly causes any scratches on tﬁe disk
substrate 11. Also, the céramic ball hardly abrades the aperture 11a, thereby preventing
wear of the aperturg 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 through the aperture 11a of the disk substrates,
the disk substrates 11 can be undoubtedly connected to a spindle of a hard disk.

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



15 11 is hardly damaged when the ceram c ball is passed through the aperture
11 a of the disk substrate 11. Furthernore, its hardness is high, and the
surface can be highly snoothed. Therefore, such a ceramic ball hardly
causes any scratches on the disk substrate 11. Al so, the ceram c bal
hardly abrades the aperture 1lla, thereby preventing wear of the aperture
and generation of dusts. 20 Wth regardtto the size of the sphere used in
-the present invention, jt is referabl e that the size.,be jdentical to the
Size of 1 Hae B RoteuEesor Thftds i & KAt g £ iy of o RS IGH dered to
be a standard for an acceptable product thereof. This is because, if the
spher e havimapessirera thsimain senfecpa bls therefunghsnaned e prralieldo eachoothar apde di sk
substrates, the disk substrates 11 can be undoubtedly connected to a

spi ndl e ofwigrdithe demersdkes Bferdofi niehity snregthe htenpidamadata mass tdetshinoe 61 t he
present invention preferably adopts 11 . the foll owi ng procedures. That is,

in a stat ffrc;n!ilﬁ{ea?erﬁhum bt the ﬁfsk%ﬁ'@mgﬂgQK aBbRSdid A e dpbrtin® 1120F 8RARG Where the

main surfaces | [c thereof are spaced out parallel to each other and where
the cegter,axes { t: Sa@ﬂﬁ t i Is RE§S the sphere
41 frgm he ai?)te(alrl?i Epgeoéﬂégrsgdfe ]Jt}ﬁlee |s%8dsdt§%g®ﬁét%g@fvﬁl%tr£%§§né ?lge to the

aperture 1 of ¢ | sk.5 substrate at, the ot her. .si I n the ar.ranged
di rection™® ?e Wq'ﬁ"ftgh‘? Gt z#jrgc paqsif.ému @Spﬁyra.{itg of tF Cﬁﬁ%&“%i“ﬁgessﬁﬁar e 41

cannot pass through, a plurality of the disk substrates 11 is  successively
i nspect ed SHfaepsiyebs wepsctadovitespastiorths apctvzg AEtBpicer, asshon® i Figiretgure 4. 1t is

possi ble for the exam nation nethod of the present invention to inprove the
exam nati on ef f ligs pessipldrbor thesamingtioremithdd of thegiresenittinyention tojimpreyscthbe nany
di sk 10 substrates | | with respect to their aperture dianeter. In addition,

i f a plurakishinatién effisiencycbdestsealicanethod canssimpultagosdlicinspdeainagpdik mai n sur f ace
11 c¢.thereof conmes into contact wwth each other, and subjected to the
exam nat i Qfibsttald N1 Wi rBFYebt 18 WiditipBrtvied @ianf¥ildeC Nin addition, if a plurality of disk
| substrates 11 is piled such that each main surface 11c thereof comes into contact with
each other, and subjected to the examination, then the main surface 11c, which
corresponds to a data-recorded side, will be abraded by another thereby causing scratches
thereon. Furthermore, in such a condition, it is difficult o detect and remove disk
15  substrates 11 that the sphere 41 canot pass through.
With regard to a system for passing the sphere 41 to the aperture, 2 method in
which the central axes of the apertures 11a 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 whereby the sphere 41 rolls down due to the gravity; or 2 method where the
20 sphere4lis mbved by applying external force thereto can be mentioned. However, in
the present invention, it is preferable that ﬂe disk substrates 11 be moved back and forth
in the direction parallel té 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 a movement can be achieved by using a hemispherical bar 51

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



corresponds to a data-recorded side, will be abraded by another thereby

* causing scratches thereon. Furthernore, in such a condition, it is
difficult to detect and renove di sk 15 substrates 11 that the sphere 41
cannot pass through. Wth regard to a system for passing the sphere 41 to
the aperture, a nmethod in which the central axes of the apertures 11 a of
the di sk substrates 11, which are arranged in a state where each main ‘
surface 11c are spaced out parallel to each other, are slightl i nclined
wher eby t heirspiferential surfagk [15h dbthe diseubstraten d1 grranged parabel ta eadt dtbet witilsy e t he
20 sphere 41 is noved by applying external force thereto can be nentioned.

However, i the bbh® 9GBS eitived Bae Hiréstioniparallel] tp tief @ntil aged bifthe Uik sdbstltes
substrates 11 be noved back and forth in the direction parallel to the main

surfaces 1 foffonk BRe RHRS bR} §dc thlihé Sr@zDA BN Ectiol whePBY SREMEK Qlbsiites sphere 41

in the aperture 11 a of the disk substrate 11. Specifically, such a novenent
can be achjeved by using a.hem L ﬁ[a‘{ . gm ' - The tip
of the barilSTeF-sccgﬁsgﬁg'hﬁwer#’g‘%%ﬁ{yg’gﬁ@é Oh“gl%(%@grd ﬁg cda?aéﬁel etrﬁ%ntial
surface 11 b, of the di substrates_11.arranged,parallel to,each other while
the bard 51MAY syifess lr}BG’ngleisﬁbspﬁ‘@ ir&gﬁﬁwﬁbg&aﬁpﬁg@ 4?6“‘!‘7%2%@&“?13? axes of
the disk substrates 11 fromone side to the other side in the arranged

di recti on direstienss thpbardil ghoves Jug tosthe sxtemalforcedraasmiiief iony thewwadlsugaesk and

forth (up and down) in the direction parallel to the 5 main surface 11 c of
t he subst reaftibe dgertuteni 1ahi Thenas plurdlite of dikle substtdtenrblvis sutcesstively smpeeteddi r ect i on
-as the bar- 51 noves due to the external force transmtted fromthe wall

surface okith REpaPey the!ferthie damdteeiheredf Whilé Alnidvingahe disk kulstastiabhashell i s
successively inspected with respect to the -aperture dianeter thereof while

removi ng t ex‘éH%'&ar%db@éés"s%ﬁu 1 that the sphere 41 cannot pass through. 10
By using the above-described nmethod, it is possible to appropriately control

the 49 By using the above-described method, it is possible to appropriately control the
moving speed of the sphere 41.  Therefore, the aperture 11a of the disk substrate 11 is
not &amaged due to the movement of the spheré 41, and the detection and removal of
disk substrates 11 that the sphere 41 cannot pass through can be efficiently accomplished.
The examination apparatus used in the exa.minétion of the present invention
15 includés: 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 same; a system that successiveiy moves the plurality of the disk substrates
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 other side in the arranged
20  direction; a system that attempts to pass a standard sphere 41 for the aperture diameter
from the aperture 11a of the disk substrate 11 at one side to the aperture 11a of the disk
substrate 1.1 at the other side in the arranged direction, and that detects the disk substrate
11 which the sphere 41 cannot pass through; and_ a system that removes from the guide
the disk substrate 11 which the sphere 41 cannot pass through. By adopting this

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



novi ng speed of the sphere 41. Therefore, the aperture 11 a of the disk
substrate 11 is not damaged due to the novenent of the sphere 41, and the
detection and renoval of disk substrates 11 that the sphere 41 cannot pass
t hrough can be efficiently acconplished. The exam nati on apparatus used in
t he exam nation of the present invention 15 includes: a guide in which a
plurality of disk substrates |I 1 is artanged where the main surfaces 11 c -
t hereof are spaced out parallel to each other and where the center axes

t her eof arsabstrate Hlaped it sapesaiblaiarastiyrenges the disksobaiste Hehgithe sherey of the
di sk substrates 11, which are arranged in the guide, back and forth in the
direction ﬁmaaﬁdt@hsstthrougle nAcoordingly,fihe epettice ditmtteeofths Hisk stistrmetd cha from
one side to the ot her side in the arranged 20 direction; a systemthat
attenpts tR dPRGEH Xaag@rd sphere 41 for the aperture dianeter fromthe
aperture Ila of the sk substrate 11 at one side to the aperture Ila of the

di sk Substra.te,g;l eckhS ALRBE SlsfSyh b f1kEs Al LgEAUikRYd @Y, and t hat

detects the dis e spher cannot pass through; and

a syst mth es fro ui,de . the disk sub 11 which the sphere
21" Landor At b dretesy S e e C%tﬁh%ﬁi BB A PR e bl e t o
prevent scratches to the main_surface 11 ¢ of the disk 13 substrate 11, and

it is al s@nfadeve ceveraretaken o foppond thatthg ﬁ%b@uét%él F’%l?’é’vidlbﬁ‘cha*{l £t spher e
41 cannot pass through. Accordingly, the aperture dianeter of the disk
subst rat e it theqhirectidpepagdlicl toi thatiajn supettced the disk hubstated bmhile theedisk on, as
showmn in FIG5, it is preferable that the disk 5 substrates 11 be arranged

i nsi de a subsiaredt] &afint &fen ooidodipiesly Grbmndhi clibstraterdirege €lovee and a | ower
cover are taken off from and that the substrates 11 be npbved back and forth

|0 b s lace, i s st ot 2
subst gt e-aiPLRABE: Bho ufff cover guides 66 and 67; and two frame plates 68 and 69 that hold
the supportive piates 62 to 65 and the upper cover guides 66 and 67. 7
In general, the substrate-storage container has a structure including upper and
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 examination method of the present invention by
only removing the upper and lower covers, thereby simplifying the examination steps.
Furthermore, the examir_lation method of the present invention can be raccomplished
without taking out the substrate 11 completely from the substrate-storage container 61.
Therefore, the examined disk 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 lower covers attached.
As described above, according to the present invention, not only can one
hundred percent inspection be achieved in a short time using the easy and srmp]e method
with respect to the aperture diameter of the disk substrate 11 having a circular aperture

[1a in the central portion thereof, but the examination can be also completed without

25  damaging disk substrates 11.




substrat e-storage contai ner 61 includes four supportive plates 62, 63, 64
and 65 that are 10 strip-shaped; two upper cover guides 66 and 67; and two
frame plates 68 and 69 that hold the supportive plates 62 to 65 and the
upper cover guides 66 and 67. In general, the substrate-storage container
has a structure including upper and Iomer covers whereby substrates can be
easily taken out fromthe container. h&cordlngly in the substrate-storage
contai ner 61 of the present invention, the disk 15 substrates 11 can be
subjected to the exam nation nethod of the present invention by only
renDV|ng t he u&ﬁgr and | ower covers, thereby sinplifying the exam nation

st eps. t he exam nation nethod of the present invention can be
acconpllshed wi t hout taki ng out the substrate 11 conpletely fromthe

subst r at e- st or afflersimaticy itheeattests of thEipeesefitdnesntioh avild ke demenstdtedibynsingtanat es 11
can be sent to the next step while they are still 20 installed in the

subst r at esinplegelmaiditRinE pfelentitventineisuppinitaht thowemplewadaddtivashed.  As

descri bed above, according to the present invention, not only can one

hundred pPeLGi&ns! NBRREGIRLRS RS Roa¥RA b Bn R Re iRy Hféﬁ'a]ﬁm Ehene@dsy and

sinple method wth respect to the aperture di aneter of e disk substrate

11 having a in the central portion thereof, but the
exam nat i oﬁmg Ec'éég&‘l'rﬁg%re%é’nt et eoovmthout 25 danmagi ng di sk substrates 11.

14 Exanpl re| nafter, the effects of the present invention wll be
denonstra ®lsing an exanple. In addition, the present invention is not
limted to the exanple, and additions, 5 om ssions,_ substitutigns, and.
ot her nodi fi cat frothe cxamp b@sﬁﬂlf@wwbﬁéiﬂrﬁ? the gxapimatioma cresalizad or scope
of the present invention. (Exanple) :

glass for a magnetic recording medium, manufactured by KMG Corporation was used.

10  The size of the disk substrate was 48.0 mm in outer diameter, 12.0 mm in inner diameter,
and 0.508 mm in board thickness. The twenty-five substrates were set paralle] to each
main surface at 6 mm intervals in & 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 container,
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 other side. The moving speed.of
the up and down movement of the disk substréte. in the arranged directio_n was 0.2
second/disk.

20 _ Ten thousand disk substrates were inspected using this method with respect to
their aperture diameter. As a result, three unacceptable articles thereof were insiaected.
With regard to the time required for the examiuatidn, an inspection period required for
the movement of the alumina ball was about 35 minutes, a period required for
exchanging the storage-substrate container 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



In the exanple, as a disk substrate subjected to the exam nation, a
crystallized glass for a magnetic recording nmedi um manufactured by KMG
Cor poration was used. 10 The size of the disk substrate was 48.0 mmin outer
dianmeter, 12.0 mmin inner dianmeter, and 0.508 nmin board thickness. The
twenty-five substrates were set parallel to each main surface at 6 mMm
intervals in a substrate-storage contaifer. Additionally, upper and | ower
covers were taken out .fromthe substrate-storage container. Then, an al um na
bal | whoseomplate thgiexzminationmas 12. 0 nmwas inserted into the 15 aperture of
the di sk substrate that was set at one side in the substrate-storage

cont ai ner ,(CoampdratieExiropte)na bal | was noved by noving the di sk substrates up
and down by 5 nmin the vertical direction, successively fromone side to

the other side. bR coRphrative QA HiskistigsirdRs Aneingltanaie vigie s itthet he di sk
substrate in the arranged direction was 0.2 second/disk. 20 Ten thousand

di sk bst X ) e ) _ thei
Spertur e SEnBR WL fobdRISAUPRsH BN ARrTR QB dlind ERRRRIGGRL LN T e

i nspected.. Wth regard. to the tine required for the am pnation, an

: n:Bec i oﬁmbeérdf%t?g’& unation ala{' %én%g’guh'gﬁ{jb%?ﬁ?lﬁ? o3 O)é?ﬁrﬁ%onbgl | was about

35 mnutes, a period required for, exchangi ng the storage-suybstrate_ container
was about 15 mi %Mﬁ%ﬁ»@%ﬁlﬁ&%@lmﬁw ﬂﬁ\}ﬁrﬁﬁcqqﬁiép?reﬁugﬂaé% a&‘?fti cles was
about 1 mnute. That is, it took about 51 mnutes to 15 conplete the

exam nat i éeAuiredsheu8hiows teinspest é9n thensandediglosybairates. ve exanpl e, di sk
substrates having the sane shape as in the exanple were inspected with
respect to thei Asadpaphstrzeeddibave; aecordisg tigthe posent émtentios fthe Stamimation damnet er
exam nati on apparatus manufactured by Mtutoyo Corporation.

be completed with respect to aperture diameter of disk substrates 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
denonstrat ed above, according to the present invention, the exam nation can
be conpleted with respect to aperture dianeter of disk substrates by a fast
and easy 10 net hod w thout damagi ng the aperture of the disk substrates. 16
CLAIM5S 1. A nethod of exam ning an apgfture diameter of a disk substrate
having a circular aperture in the central portion thereof, the nethod
conprising: 5 attenpting to pass a Gt4Rddrd sphere for the aperture di aneter
through the aperture; and inspecting the aperture dianeter of the disk
substrate, based on whether the sphere passes through the aperture or not.
10 2. The method of exam ning an aperture dianmeter of a disk substrate

having a i, circulRéthaPsf dxdienihdart é}ﬁnﬁ@ﬁléxﬁéteﬂﬁfatd@@su%@iﬁﬁiwﬁéeﬁaﬂﬁg to
Claim1, wherein, in a state that a plurality of the disk substrates is

arranged p@g{ strates are spaced out
parallel t0 ea "#ﬂ £ ra?gér(‘%ﬁ%&%fer? ?&eﬁlg@ﬁg(ﬁé I>'<l§isf£of the disk substrates are
the same, it is atte ted to t.he refro erture of the disk
15 suBstrate aF“WI%| i ofs) Sfﬁ@”ﬁﬁ@?ﬁf@%@tﬁﬁga ?ﬁgﬁuﬁgf@ at the other
side; and, while_ renoving the disk substrate that the sphere cannot pass

t hr ough, aﬁerBFBra&iilty of the disk substrates is successively inspected with
respect to the aperture dianeter. 3. The nmethod of exam ni.ng an aperture

di amet er of a thispicting Bwtapatere diamietey of theliskoiubsitata bassdontwhether thet he cent r al
portion thereof according to Caim2, wherein the substrates are noved back
and fort phete pdssesdhioagh thenpparabi &t. to the main surface, of the

10 2. 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, in a state
that a plurality of the disk substrates is arranged where the main surfaces of the disk
substrates are spaced out parallel to each other and where the center axes of the disk
substrates are the same, it is attempted to pass the sphere from the aperture of the disk

15  substrate at one side to the aperture of the disk substrate at the other side; and, while
removing the disk substrate -that the sphere cannot pass through, a plurality of the disk

substrates is successively inspected with respect to the aperture diameter.

3. The method of examining an aperture diameter of a disk substrate having a
20  circular aperture in the central portion thereof according 1o Claim 2, 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 thfough the aperture of the disk

substrate.

25 4. The method of examining an aperture diameter of a disk substrate having a



di sk substrate to conduct the novenment of the sphere through the aperture of
the disk substrate. 25 4. The method of exam ning an aperture diameter of a
di sk substrate having a 17 circular aperture in the central portion thereof
according to Claim3, wherein the disk substrates are disposed in a
substrat e- st orage contai ner which an upper cover and a | ower cover are
taken out from and the substrates arelfoved back and forth in the direction
parallel to the main surface of the disk su strat whj | e the di substrat es
are not taﬂkf@Hp aﬂ?&tﬂﬁd@ﬁ&ﬂ@p‘gﬂ OFﬁl%h@IﬁJ %9@%3@@%%6&?5% 5. The
met hod of exam ning an erture di aneter of a di sk substrate having a

ci rcul ar spbtttataserd disp m@rﬁmbstratmtmaug@nommﬂe@iﬂclamwnﬁ aeyer endr kawar1
wherein the disk substrate is a substrate for a magnetic recordi ng nmedi um
10 6. The coeéheltabén @M &ETI)and thersubyaids ufemovedrtatle andforth ialtskditeatiat r at e
having a circular aperture in the central portion thereof according to

Caimi, WheieiR hiieflssHacehind Gl Akt wiliodh SUABLIALS ard Botfakeh?

apparatus “for exam ning an aperture diameter of. a disk substrate having a
circul ar : f) ereof the apparatus conprising:
a gui dg in mﬁ&r@@@teifﬁén@ﬁe%ﬁg a?é%h&% EEU o%]%‘gr}at es is arranged where the main
surfaces of the disk substrates are spaced out parallel to each other and
where the center axes of the disk substrates are the same; 20 a systemt hat
successively noves the pI urality of the disk substrate, which is arranged
in the guide, b3BrmsHed PBP’EWM&@H@PW@@WWﬁﬁ?élské}lb&“@teth%% n surface
of the disk substrate fromone side to the other side in the arranged

di r ect i on:circular aperture in the central portion thereof according to Claim 1, wherein the disk

substrate is a subsirate for a magnetic recording medium.

10
6. The method of examining an aperture diameter of a disk substrate having a
circular aperture in the central portion thereof accdrding 1o Claim 1, wherein the disk

substrate is a glass substrate.

15 7. An apparatus for examining an aperture diameter of a disk substrate having a
cﬁcular aperture in the central portion thereof, the apparatus comprising:

a guide in which a plurality of disk substrates is arranged where the main
surfaces of the disk substrates are spaced out paralle] to each other and where the center
axes of j:he disk substrates are the same;

20 a system fhat successively moves the plurality of the disk substrate, which is
arranged in the guide, back and forth in the direction parallel to the main surface of the
disk subsirate from one side to the other side in the arranged direction;

a system that attempts to pass a standard sphere for the aperture diameter from
the aperture of the disk substrate at one side to the aperture of the disk substrate at the

25  other side in the arranged direction, and that detects the disk substrate which the sphere



a systemthat attenpts to pass a standard sphere for the aperture dianeter
from the aperture of the disk substrate at one side to the aperture of the
di sk substrate at the 25 other side in the arranged direction, and that
detects the disk substrate which the sphere 18 cannot pass through; and a
systemthat renoves fromthe guide the disk substrate which the sphere
cannot pass through, 5 8. The apparat 48 for examining an aperture di aneter
of a disk substrate having a circular aperture in the central portion

t her eof aé@&%ﬁﬂ%?Qi?ian 7, wherein a substrate-storage container which

an upper cover and a |ower cover are taken out fromis_ _used_as the guide.
10 9. The appar &tsygiemdhat ssmaenes fiogn ha gwide thadisk sibatrate hichithesphiesicasneist r at e
having a <circular aperture in the central portion thereof according to

Clai m 8, vfeeythronghhe system that noves the di sk substrates back and forth
is a systemthat noves the substrates back and forth w thout taking out the
di sk substrates conpletely fromthe substrate-storage container

5 8. The apparatus for examining an aperture diameter of a disk substrate having a
circular aperture in the central portion thereof according to Claim 7, wherein a
substrate-storage container which an upper cover and a lower cover are taken out from is

- used as the guide.

10 | 9. The apparatus for examining an aperture diameter of a disk substrate having a
circular aperture in the céntral portion thereof according to Claim 8, wherein the system |
that moves the disk substrates back and forth is a system that moves the substrates back
and forth without taking out the disk substrates completely from the substrate-storage

container,





