>
Iy

I APPARATUS AND METHOD FOR | NSPECTI NG DI SKS Rrme cord
BACKGROUND OF THE | NVENTI ON This invention relates to an apparatus and
asmet hod for inspecting disks. More particularly, the invention relates to
an apparatus with which both surfaces of magnetic disks or substrate disks
of magnetic di sks arranged sequentiallylon a rotating turntable can be

I nspect ed conti nuously w thout cau51ng the turntable to rotate fully once.
Magneti ¢ di sks fb?PﬁgéTpﬁ ANPOMRBREPBNFPRENGPRETINGSDIFBSt rat e di sks and

ot her disks (which are herei o r Ny O sinply as "disks")
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packed in a cassette; from wh ey are sedquenti al
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surfaces have been inspect ed, respec
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defects or if they exhibit sufficiently good electrical
performénce to work as recording media. In the test, a
plurality of disks to be inspected are packed in a cassette;’
from which they are sequentially taken out and mounted on
spindles on the inspector; after one surface of the disk is
inspected, it is inverted and the other surface is inspected;
after both surfaces have been inspected, the respective disks
are placed into different cassettes or into a single cassette
in different positions according to the result of insﬁectign.

Fig. 8 shows a conventional disk inspector of a type that
is capable of efficient inspection .of both surfaces.of disks
as they are arranged on a rotating turntable and which is
described in Unexamined Japanese Patent Application No. Hei
4-301714. As shown, the turntable generally indicated by 1
has a plurality of spindles 2 arranged at equal angular
spacingé. In the positions around the turntable 1 which
correspond to the respective spindles 2, a disk pickup 3, a
first surface inspector 3, an inverter 5, a second surface
inspector 6 and a disk recovery 7 are sequentially arranged
counterclockwise in the order of I to V.

Disks D (workpieces) are sequentially mounted on the
individual spindles 2 by means of the pickupL3 as the
turntable rotates through a specified angle. When the
turntable 1 rotates through another specified angle, the disks
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Eirst surface inspector 3, an inverter 5, a second surface inspector 6 and
a disk recovery 7 are sequentially arranged countercl ockwi se in the order
of I to V. Di sks D (workpi eces) are sequentially nmounted on the
i*ndi vi dual spindles 2 by neans of the pickup 3 as the turntable rotates

t hrough a specified angle. Wen the turntable 1 rotates through another

speci fi ed pnghe, tLARs BbSKEQ to the subsequent functional devices Zafd 2 €
transferred to the subsequent functional “devices and, after 1 nspection of
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disks D are ejected sequentially ans the recovery 7. Shown by
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for power p : £4C o) e but also for control signals. This need
cannot be %%? %%u§$%§§tgafr?%giio the spindles since the turntable used in
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each spindle but also for control signals. This need cannot
be met by direct wiring to the spindles since the turntable
used in the prior art apparatus makes more than one rotation
to perform the necessary inspecting operations. To deal with
this difficulty, the turntable has to be connected to'each
spindle by means of contacts provided between the turntable
and each of the terminals for power supply ana control
éignalsl However, if this approach is applied to the
turntable equipped with many spindles, the number of contacts
increases and poor contact is most likely to occur due to
rotational contacts. In addition, the apparatus has high'i
possibility of failure.

One may think of dealing with the situation by rotating
the turntable fully once and then rotating it in reverse
direction to the start position. However, even in this way,
the wires will warp around the lower part of the apparatus,
potentially causing a failure of the apparatus and breakage of
the wires.

R ON

The present invention has been accomplished under these
circumstances and has as an object providing an apparatus for-
inspecting disks continuously without rotating the turntable
fully once.

Another object of the invention 1s to provide a method
for inspecting disks continuously without rotating the
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increases and poor contact is nost likely to occur due to rotational
contacts. In addition, the apparatus has high possibility of failure.

Gne may think of dealing with the situation by rotating the turntable fully
ence and then rotating it in reverse direction to the start position.
However, even in this way, the wires wiJl warp around the |lower part of the
apparatus, potentially causing a failu?e of the apparatus and breakage of
the wires. tyrntable fully once ,SUMVARY OF THE | NVENTI ON The present

i nvention has been acconplished under these circunstances and has as an

obj ect provi di nFhén Tgsdh fieForti Agednvegtarsksasohei atsadrgdnP¥héut

rotating thyg & dildompi&ng Anot her object of the invention is
to provide a nethod for 1nspéecting disks continuously without rotating the
3 turntable fuld uwnd@ble; The first object of the invention can be

attained by a dgggddggggncw conpri si ng: a turntabl e; spi ndl es:
at least five functional devices which are sequentially assigned in

correspondence @t R-43Rt spivellfamatsianady devdcgsowhnded arsufe@asatiaddvabl e
at equal spAdiNARLfiPAt@USHdidence with the spindles as they are

provided around the turntable at equal spacings of an angle of
2nx/(n+m) in a given direction and in the order of functional
operations which are to be performed on the disks, the
functional device assigned at the f£irst position being a
mechanism for mounting a disk on a given spindle and the
functional device assigned at the last position being a
mechanism for dismounting the disk from a given spindle and
ejecting it to the outside of the apparatus; and o

a turntable rotation controller which controls the
turntable to rotate either in forward direction by an angle of
2nt/(n+m) or in reverse direction by an angle of 2mw/(n+m)
such that the disk mounted by means of the disk mounting
mechanism on the spindle corresponding thereto is positioned
for the next functional device and that the spindle from which
the disk has been dismounted by the last disk ejecting

_ mechanism is positioned for the disk mounting mechanism, the

sum of fhe angles through which the turntable rotates in
forward direction being equal to the total angle of rotation
in reverse direction, except that the turntable will not
rotate fully once.

The second object of the invention can be attained by a
method of inspection which comprises allowing the disk
mounting mechanism to mount the disk on the spindle

corresponding to said mechanism, and causing the turntable to
rotate either in forward direction by an angle of 2nmn/(n+m) or
in reverse direction by an angle of 2mx/(n+m) such that at the

point of time when each of the functional devices has ended
its operation, the sum of the angles through which said
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2lerr]/(n+m in a given direction and in the order of functional operations
which are to be perfornmed on the disks, the functional device assigned at
the first position being a mechanismfor nounting a disk on a given spindle
and the functional device assigned at the |ast position being a nmechani sm
for disnmounting the disk froma given spindle and ejecting it to the
out si de of the apparatus; and a turntabl e rotation controller which
control s tiwrntabitenllias txotadtead dreifidvand dicrastrddndilseeguad iy &heangl e of

2n[err]/ (AP, 0r.d Ver jrection by an angl f. 2] err ]/ (ot h that
t he disk:%ﬁgﬁ%xfég}%éééifﬁﬁégﬁé?%ﬂ%ﬂ( 5h5¥%ggﬁ%%ﬁgﬁ%3nF%% t ggiﬁiﬁgle
correspondiaig tthuarmtabls hasindtonmttad thel e xindeunothiegradly ddvel dd.sdsd t hat
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being equal;tao i 0 I rofation in revers | recti,qQn, except
that the tﬂ%‘%alb!{% @/ﬁ#@%@%}‘g r% goes ?'Ji/edgnéc% sai sgé g‘é’(‘:ltgﬁg'%gbj ect of

the i nventmexharatsde attained by a method of inspection which conprises

al l owi ng the disk nounti ' ﬂﬁggrubﬁﬁgggethe spindl e
corresponding to said m%dlﬁrﬁggﬁg#l@%th D‘i’z to rotate
either in forwdigdiletsiandiggram anlflestofa Rifera |dilsktiinspectiimg ever se

di rection by an .angl e of err]/(n+ such that t he paint_ of. ti en
each of th I?atlf\%ﬁn on ?g%l%‘\g/%%st%a%n e%zﬁ%%élw%n%p%ﬁ gcheo ﬁ',n ﬁ?é:]'s?ﬁlml& “fri[‘r%‘é:%

angl es t hrfingh Mmeticmall devices are provided around a turntable;

Fig. 2 is a side view of the turntable mechanism shown in
Fig. 1;

Fig. 3 is a flowchart for the process of controlling the
rotation of the turntable; iy

Figs. 4a - 4f illustrate how the turntable rotates to
complete one cycle of the necessary functional operations;

Fig. 5 is a diagram illustrating another embodiment of
the invention in which seven functional devices are provided
around a turntable;

Fig. 6 1s a diagram illustrating yet another embodiment
of the invention in which seven functional devices are
provided around a turntable;

Fig. 7 is a diagram illustrating a further embodiment of
the invention in which eight functional devices are provided
around a turntable: and

Fig. 8 is a diagram illustrating a prior art disk
inspector.

EFERRED [0]3] N T NVEN

Let us start the description of the invention by assuming
that a turntable has k spindles arranged at equal angular
spacings of 2n/k (k 1s 5 or a greater positive number) and
that devices for performing the necessary functional
operations on disks are provided around the turntable in
positions corresponding to the respective spindles in the
order of the of the functional operations to be performed. In



4 turntable has rotated in forward direction is equal to the total angle of
rotations in reverse direction, provided that said turntable has not
rotated fully once, whereby the disks are positioned for the next
functional device and the spindle fromwhich the di sk has been di snounted
by said last disk ejecting nechanismisSpositioned for said disk nounting

mechani sm F PT.,ON T DRA Fig. 1is
a di agram ?If?%ls.ttr-‘% Fn?g 2P %ﬂ?@kgl %‘gg"g.&cﬂrhgt%eppg%}f llfs a{%ocu\(?{%%gisf 0 an

enbodi mrenttodnsfierredefitomnone fimctidnak dembde ormalthbeviecds cvee, prtowi ded

around a turntabl e; Fig. 2 is aside view of the turntable nechanism
shown in FrgFniable may; Be Rotated by @hAR9}¢ % /8 &%ess of control | ing
the rotati nt apl e | - Af ]

turntabl e ‘?g%g{'—%é ?gégghp?gt@a% nbee C‘S:/"l’c:#%é%?A%ei%e%%éésfa%&%%c]t?%vnéa "2 /i
oper ati onsin eithérgfobwasdaori pgverse |disectiomg anbtttes twndmdiblentimf t he

i nvention jn which seven fupctional devices.a rovi ded_ around

t ur nt abl e;HEe prﬁfa.SSGO?sragﬁfzhﬁ?a#‘if?ﬂ‘%??%t‘?f@gflﬁo%rfﬁ oéfﬁ)cgdtr%nt of
t he i nventtobtate nhi reveegenditectiomaso deNateshar®igk avs dssk bt tomsld ain

t urnt abl e;

Flg, 7_1S lagram i) lyustrating, a . further_enbpdi nment of
Lhe | nvent PORERRPRARERCE: BRERT iR Rk LGRS MePIAR T GetF dFbtha o
turnt abl e; pesdltioningi gan8besaecompyishied| wishoat i ngtatixig othartuthtible
I nspect or. PREFERRED EMBODI MENTS OF THE | NVENTI ON Let us
start the GBLLYi BBFBA of the invention by assuming that a turntable has k
spi ndl es arranged aheeqtthbrangnfarthe functional devices have to be

provided around the turntable sequentially at spacings of a
specified angle. This is because each time the turntable
rotates by a specified angle, the subsequent disk must _
simultaneously come to a position in correspondence with thé-
functional device which is just upstream of the device of
interest. If, under these conditions, the respective
functional devices are provided around the turntable at equal
angular spacings of 2x/k, one may first rotate the turntable
by a ceftain angle in forward direction, then reverse its
direction and bring the disk to a position in correspondence
with the next device by causing the turntable to rotate in
reverse direction by an angle of (2% - 2x/k). In this case,
the turntable will not rotate fully once but yet the total
angle of rotations is close to 360 degrees.

In the present invention, the turntable is adapted to
rotate in reverse direction by smaller angles. To this end,
the respective functional devices are provided at spacings of
n X 2x/k (n is an integer of 2 or more), or 2nn/k, in the
order of the functional operations to be performed by those
devices. The turntable is rotated in forward direction by an
angle of 2an/k and, in the process of that rotation, the

turntable is allowed to rotate in reverse direction by an

angle of 2w - 2mwn/k so that the disk 1s positioned in

correspondence with the next functional device. The angle of



- Spacings of 2[err]/k (k is 5 or a greater positive nunber) and that devices
for perform ng the necessary functional operations on disks are provided
around the turntable in positions corresponding to the respective spindl es
in the order of the of the functional operations to be performed. In

5 order that a spindle on which the disk is nounted is transferred from one

functional device to the next one, the " turntable nai be rotated by an
angl e of 2FRFRAFARRoAR TEVe&sRafliveryion: thay be reguiegdpoi Rawgr the

nul tiples giskl ¢splihldle) @omBenntor wagdseky' RLChSEnEi hegti 8inctiohhe
turntable in the process of rotation in forward direction is allowed to

rotate in devdreeidi 2acti annél wvhicht he smaskléx poantthmdeeretofore
correspondence wi th_the next functional device, the disk positioning can be
acconpl i shEGTRLERGUL™ 6t &% g the turntable fully once. On the ot her

hand, the functirgpal, device@s phavenko 1h¢eRtI¥hdeenar spiddtBeisuppsabligned
sequentially at spacings of a.sB?C|f|ed an%le. This_I's because each tine
t he turntabPeCP6F&§@§n%FQ§QSH@6' it8e As¥te fungEionplcdavhredbykEaFst

Si mul taneously +9ARE the &uRtai1@N 1n" FoRvasaranderesoW khdt kRehunetheRal
device which is just upstream of the device of interest. If, under theSe

condi ti onsitt A8 reyp&ee viregidorosad Jek ¢be AnEnsabirdegedr BakdPehe |

turnt ZEIE 2htated £ HeeS ARC IR Ot o? briEbirh 2218 tHBY nblkskakgt ate the
functional operations on the disk. What is more, the disk can
be transferred from one functional device to the next one in
the predetermined order even if the turntable is rotated in
reverse direction and, as a result, the disks sequentially
mounted on the spindles can be subjected to continued

operations. This is because the position obtained by rotating
the turntable in reverse direction by the angle 2% - 2in/k

from the position of the present functional device is equal to
the position of the functional device which is spaced from the

present position by the angle 2mn/k in the forward direction

of rotation. 1In other words, when the turntable is rotated by

the angle 2% - 2xn/k in reverse direction, the spindle on' 
which the disk is mounted can be set in the position of the
next functional device that is obtained by rotating the
turntable in forward direction by the angle 2:mn/k. Therefore,
as long as the respective functional devices are arranged in
the ordet of their performing the required functional
operations on the disks, the disks can be positioned in
correspondence with the respective functional devices in the
order of the functional operations to be performed.

Given the combination of the above-mentioned angles for
rotations in forward and reverse directions, the disks mounted
on the spindles are allowed to transfer from one functional
device to another and although the turntable does not rotate
fully once, the disks can be loaded, inspected and ejected in

a continuous manner. The angle of oscillation (pivoting) of



by a certain angle in forward direction, then reverse its direction and
bring the disk to a position in correspondence with the next device by
gausing the turntable to rotate in reverse direction by an angle of
(2[err] - 2[err]/k). In this case, the turntable will not rotate fully
once but yet the total angle of rotatiofs is close to 360 degrees. In

the presenihd NMEHt e tWieL Iy ﬁteaﬂe% AP ARG QORI frd) HeRMRse

direction by snmaller angles. To s end, the respective functional devices
are provi diddrexttpesi bgssdllar xXi¥reran /-k Ao ki.s am addddgdonof theomrngdee) ,

or 2[err]nlk, in the arder of the functiaqnal_.operati.Qons be nperfqrmed by
t hose devmqué}hewr}}h%ht@b? PR TREE &F | q?abtr%rtcf oq]?qéﬁ% T Bﬁ's%q:oarﬁl e
of 2[err] ddsstibhn i in tderpemastende tWidth riiatiexnt fudmrctiondlakiesriice ald owed
torotate in reverse direction by an angle of 2[err] - Z%err]n/k so t hat

u

the di sk a8 pbAF9¢ RRRTH kAT Hpondehds @dh theTRERT SR unbei GRRFTAdyilBe.
The angl e ﬁ%&ping the moving turntable cap be ac%cfine PiHd LY th HGH Se

di rection IsTrequired t ave the (sprn come into redgistry
with the ressitienal oppeclsion qven f okt Jhas Frerinereassd dpss. s [khe

than the f r ' rde - 117 Nus nd he present
i nvent i on@lﬁ%f)slg%ﬁ%l ef?gt%ﬁg?ﬁ%e%f rdtdiidiles small drt
turntable cannot be brought to the correct stop position with

high enough precision.

If the turntable is divided into k sectors (k = n + m),
the angle of rotation in forward directibn is 2nn/{(n+m) and

2mx/ (n+m) in reverse direction. Therefore, the individual

functional devices are sequentially arranged around the

turntable at spacings of the angle 2nr/(n+m) which is equal to_
the angle through which the turntable is rotated in forward
direction.

The arrangement of the functional devices should be such
that the position of the device to be assigned after the disk
has circulated around the turntable does not coincide with the
position of the device assigned previously. To meet this' 
requirement, each of n and m should be a positive integer of 2
or more, n + m being 5_or more, and n being an odd number when
m ¥ n and n + m is an even number. Details of these
conditions for n and m will be given later in this
specification.

When each disk has passed through all functional devices,
the spindles on which the disks are mounted have to return to
their initial positions. To meet this requirement, the sum of
the angles through which the turntable has rotated in forward
direction must be equal to the sum of the angles through which
it has rotated in reverse direction. If this condition is
satisfied, the turntable need not be rotated fully once to
perform all functional operations without causing the wire

connections to be twisted on account of its rotation in either



in correspondence with the next functional device by first rotating the
turntable in forward direction and then rotating it in reverse direction
and yet the turntable need not be rotated fully once in order to perform
all the necessary functional operations on the disk. Wuat is nore, the disk
can be transferred fromone functional ¢evice to the next one in the
predeterm ned order even if the turntablle is rotated in reverse direction
and, as a fezward oheréveksesdigueatian| gndoyeatedit ocan hbe spéhdtrredchn bbe

b ected : . This | o tained b
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fromthe poempiletiedf. the present functional device is equal to the position

of the functiongl, dey [ I R4 C fro pres POSLL] t he
angl e 2[err]n/kifngtﬁggﬁéﬁaagged?%ég?i§%no§eP%%g§Fo%8 ﬁ%ggtg§#5g§$d§¥lmhen
t he turnt afhiscitionafladeyiloes bgethrgbsc2)lating Rpiéveling)i actiopref the

di tion, .th i,nd ich,t di, sk, i t b in th
bosi ¢ 1 on oFiEREERAR PR 1, EPchE8aC LR haEn BB Rha Aa EeFSESE ng ' he
turnt abl e dartotdand dutestithoullymbkéngngl ulllervtatkonThelaf pespoasel aag
th ti f t] I ' ' d f thei
Dorf or g Chfe SHERSTPAN S AREACIARE BForhe; BHERLRDIRe SheKaLofRoShi BRe Can
bﬁ posgtiom?dfﬁctfmwmfgpmmdanadem,thnbb?ctﬁapanﬂ}uge&nadtinnalcdntin?subn
the order o e fu ion operations to.be perfor e ven e
Conbi nat | oReBRSEHe SIASE Hon EAseRna bEkRS, B, PRFLBAELIRS: (PRLPERR)
rever se di metionnsondistlimkofmrotiaedons fhefopwadiicandr eeabksaed to

transfer frQmo f unctional devi.ce éo anotger gnd akthough t he hu%ntable
does not r8tAEE Sy EET SRPPYSRINESn3BE PERGE YT REpEEIRETERA ) ect ed
-in a conti dndve rdhenespinilesangine bef disecklgt connepitedt kogkhef spindles.

Fig. 1 is a diagram illustrating a disk inspecting
apparatus according to an embodiment of the invention in whibh
five functional devices are provided around a turntable; Fig.
2 is a side view of the turntable mechanism shown in Fig. 1:
Fig. 3 is a flowchart for the process of controlling the
rotation of the turntable; Figs. 4a - 4f illustrate how the
turntable rotates to complete one cycle of the necessary
functional operations; Fig. 5 is a diagram illustrating
another embodiment of the invention in which seven functional
devices are provided around the turntable; Fig. 6 is a diagram
illustrating a modification of the embodiment shown in Fig. 5;
and Fig. 7 is a diagram illustrating é further embodiment of
the invention in which eight functional devices are provided
around the turntable.

In Fig. 1, reference numeral 10 designates a turntable
mechanism. As shown in Fig. 2, the turntable mechanism 10
comprises a main motor (M.M) 12 secured to a base frame 15, a
turntable 11 to be rotated by the main motor 12, and five
spindles 2 which are arranged on the turntable 11 at equal
spacings of an angle O (= 2n/5 = 72°). The respective spindles
are rotationally driven by motors M that are positioned

beneath and which are supported by the turntable 11. The

motors M and the main motor (M.M) 12 are driven as they are



f the turntable which is rotated in both forward and reverse directions is

smal ler than 2[err] - 2[err]/k. In addition, the angle through which the
turntable is rotated to bring the disk to a position in correspondence with
the next functional device is as large as 2[err]n/k or 2[err] - 2[err]n/k

and, therefore, the control in stopping)the novi ng turntable can be
acconplished with high positional preci’sion even if it has an increased

{rassi g? &h@pmubarwhandelbéttme ﬁaﬁéﬁ @ﬁr?@b?ta0ﬁ1r§?§naéb;?ﬁ1ﬁ¢avyhe )
ur nt apl e canno correc ST O (O] on W | enQu
precision.turn QR gFuFﬂP;BPiePE H?VFB%dtpﬁgngfgett%?%W?kig ﬁgﬁ'ng;g
the angl eeftepet zahactn the WareatdnfleéeebhOBoi 8adh[ spihdle+iy afflectly

2merr]/ (n+m verse direction, _Therefore, .the ind]vidual functional
devi ces aPétég&géhFﬁapwy Pr §R5&E é?oﬁﬁds%ﬂgn ?Hrﬁ?g -at spacings of the

angl e 2n[err]/¢ﬁ+whgwhuqhth§ eamgbnéﬁtghﬁnaaalarbhtaugbamelab theskurntabl e
is rotated in forward direct rrangenent of the functional

devi ces sABOFE B8 £deh @héFetﬁéeﬁﬁéfiFﬁanfl%ﬁ@ BEULERLS 02BE aREPGRed after

the di sk {asicnotulat adsaraved hBeet Bhnhakheidoes not coincide with the
posi tion of the device assigned _previously. To neet this reqU|renent each
of n and m sh&® Fhse LREHSEPLery & vnFB@eﬁiUP spdpdigse2 ATe APEBPR§LBLAY

more: | andeRolaing ot ahAuTRe WRENCR LEERL B R0d75e)* dRd Sufdueven nunber.

Details oP t'hese condi tions n-an ven I Inthis
speci fi capositions ndyebecdelsidnakeda®lpas®é&d rhspaghiublytunfheodask

devi ces, pickup 3 is set at position Pl in correspondence with the
spindle 2 in position P1l. With Pl taken as a reference
position, the other functional devices are assigned clockwise
(which is hereunder designated "in CW direction") at equal
spacings of angle 26 (= 144°) such that the first surface '
inspector 4 is positioned at P3, the inverter 5 at P5, the
second surface inspector 6 at P2 and the disk recovery 7 at
P4.

The arrangement of the individual functional devices
differs from what is shown in Fig. 8 in that they are spaced
apart by angle 26. 1In Fig. 1, the second surface inspector 6
is shown to be located upstream of the first surface inspector
4 in CW direction but, in”faéf,-the second surface inspector 6
is downstream of the position attained by 360° rotation through

successlive assignments of the individual functional devices at

equal sﬁacings of 206. Therefore, the second surface inspector
6 follows the first surface inspector 4 in the right order.
Similarly, the disk recovery 7 which is shown to be located
upstream of the inverter 5 in fact follows the latter in the
right order.

In order to ensure sequential inspection of the disks
which are loaded on the turntable 11 continuously, the
individual functional devices have to perform their functions
in the predetermined order, i.e., the disk pickup 3 is

followed by the first surface inspector 4, inverter 5, second



‘the spindles on which the disks are nounted have to return to their initial
positions. To neet this requirenent, the sumof the angles through which
the turntable has rotated in forward direction nust be equal to the sum of
1 he angles through which it has rotated in reverse direction. If this
condition is satisfied, the turntable neggd not be rotated fully once to
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positioned in correspondence with the associated disks on the
turntable 11 such that detection signals picked up with a CCD
and other components in the inspection optics are fed into the
respective inspectors. The inverter 5 positioned at PS5 is'é‘
device for dismounting the disk from the spindle 2, turning it
upside down and replacing the inverted disk on the same
spindle-z; having this capability, the inverter 5 mainly
comprises a disk inverting mechanism.

In the embodiment under consideration, the turntable is
divided into five sectors and the respective functional
devices (disk pickup 3, first surface inspector 4, invertér 5,
second surface inspector 6 and disk recovéry 7) are arranged
in such a way that when the disk moving from one functional
device to another by the angle 20 has completed two rotations

(covered 4m) on the turntable 11, it has passed through all
functional devices (have been subjected to the necessary
functional operations) to return to the initial position.

In this case (360 degrees or 2x is divided into 5 equal
sectors), the disk can be brought to a position in corres-
pondence with the next functional device by rotating the

turntable either by angle 20 in forward direction or by angle

36 in .reverse direction. 1In addition, in order to ensure that
the spindle from which the disk has been dismounted by means
of the disk recovery 7 will return to the correct position in



[otation of the turntable; Figs. 4a - 4f illustrate how the turntable
rotates to conplete one cycle of the necessary functional operations; Fig.
$ is adiagramillustrating another enbodi nent of the invention in which
seven functional devices are provided around the turntable; Fig. 6 is a
diagramillustrating a nodification of ghe enbodi rent shown in Fig. 5; and

Fig. 7 1s adiagramillustrati a rther. e dijyent__of t | hventjon in
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detail. pickup 3 (in the initial position) and ending with returning
the same spindle to the disk pickup 3. In the embodiment
under discussion, three rotations in forward direction are
combined with two rotations in reverse direction (26 X 3 -
30 X 2 = 0). ’

The turntable 11 is allowed to rotate in this way by
means of a controller 20. The controller 20 controls the
rotation of the turntable 11 wvia a turntable drive circuit 14.
The controller 20 has a MPU (microprocessor) 21, a memory 22
and an interface 23, which are interconnected by a bus 24.

The turntable drive circuit 14 and the individual functional
devices. are connected to the controller 20 via the interface
23. At the start of its operation, each functional aevice
clears the associated flag in a built-in state register 23a in
the interface 23 to "0" and at the end of the necessary
functional operation, it sets the associated flag to "1".

The memory 22 stores a turntable rotation control program
22a which contains a rotational sequence data region 22b and
the like.

The MPU 21 executes the turntable rotation control
program 22a and periodically reads the content of the status
register 23a in the interface 23 to determine whether all
functional devices have completed the performance of their
operations; 1f the answer is affirmative, the MPU 21 then
causes the turntable 11 to rotate (in either forward or
reverse. direction).



On the turntable 11, the five spindles 2 are sequentially provided at
equal spacings of angle [err] (= 72[err]) and their positions may be
designated P1 - P5, respectively. The disk pickup 3 is set at position Pl
in correspondence with the spindle 2 in position P1. Wth Pl taken as a
reference position, the other functionahadevices are assigned cl ockw se
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register 23a (step 101) ang MPU 21 determines whether each
functional device has ended its operation (step 102). If the
answer is negative, MPU 21 waits for the operation of interest
to end such that the next INTERRUPT occurs. .

Initially, only the disk pickup 3 is operational and the
other functional devices are considered to have completed
their operations since no disk is mounted on the associated
spindles. Hence, at the point of time when the disk pickup 3
has ended its operation, the associated f£lag in the state
register 23a is set to "1", whereupon all data in the state
register 23a take the value "1". 1If this is the case, the.
next periodic INTERRUPT is started and the result of checking
in step 102 becomes affirmative, in response to which the MPU
21 concludes that each functional device has ended its
operation. In the next step, MPU 21 references the data in
the rotational sequence data region 22b (step 103) and in
accordahce with this data, a drive signal for rotating the
turntable 11 by a specified angle in a specified direction is
sent to the turntable drive circuit 14 (step 104), whereupon
the turntable 11 is rotated by the specified angle in the
specified direction. In the next step, the MPU 21 outputs an
operation start signal to each functional device (step 105)
and when the necessary operation ends, the next INTERRUPT 1is
started.

As a result of these steps, each functional device starts



10 surfacé inspector 6 and di sk recovery 7 in that order. Wen one cycle of
functional operations end, the disk pickup 3 cones into play. The di sk
pi ckup 3 positioned at P1 mainly conprises a disk mounting nechani sm having
a handling robot, and the disk recovery 7 positioned at P4 mainly conprises
a di sk ejecting mechani sm havi ng anot hegz handl i ng robot. The second surface
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In this cary (B60 thegrdesa oin 2{se rtotatibhnallesequdncsd dmtml region 22b is
referenced and rotation in either forward or reverse direction
is repeated in the following order of 1 - 5, the data for
which are stored in the region 22b:

1. rotation in CW (forward) direction by angle 20;

2. rotation in CW direction by angle 26; 3. rotation
counterclockwise (CCW or in reverse direction) by angle 360;
4. rotation in CW direction by angle 20; 5. rotation in CCW
direction by angle 30.

As the result of the control of the rotation of the _
turntable 11 by means of MPU 21 which is performed in step 104
in accordance with the rotational sequence data, the turntable
11 will be rotated in the manner shown in Fig. 4. Let us
describe how the rotation of the turntable 11 is related to
the functional operations to be performed on the disks. 1In
the initial state, the MPU 21 causes the turntable 11 to
rotate by means of the main motor (M.M) 12 via the turntable
drive circuit 14 until a selected spindle 2 on which no disk
1s mounted stops at position Pl. The handling robot in the
disk pickup 3 takes a disk D-1 of interest out of a cassette
and mounts it on the spindle 2 at position Pl (Fig. 4a). When
each functional device has ends its operation, MPU 21 rotates

the turntable 11 by angle 20 in CW direction (Fig. 4b),
whereupon the disk D-1 comes to position P3 as shown in Fig.



sectors), the disk can be brought to a position in corres- pondence wth
the next functional device by rotating the turntable either by angle 20 in
forward direction or by angle 3[err] in reverse direction. In addition, in
order to ensure that the spindle fromwhich the di sk has been di snounted by
means of the disk recovery 7 will return4to the correct position in
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direction (Fig. 4c), whereupon the disk D-1 comes to position
P5 as shown in Fig. 4c. At position P5, the inverter 5 turns
the disk D-1 upside down. In the meantime, the disk pickup 3
mounts a disk D-3 on the spindle which has come to position
P1l, and the first surface inspector 4 inspects the top surface
of the disk D-2 mounted on the spindle which has come to
position P3. '

When each functional device has ended its operation, the
MPU 21 then rotates the turntable 11 by angle 30 in CCW
(reverse) direction, whereupon the disk D-1 comes to position
P2 as shown in Fig. 44d. At position P2, the inspection optics
in the second surface inspector 6 is provided in corres-
pondence with the disk D-1. As the spindle 2 is driven to
rotate in a controlled manner via the controller 20,-the
second surface inspector 6 inspects the bottom surface of the
disk D-1. In the meantime, the disk pickup 3 mounts a disk
D~4 on the spindle which has come to position P1l. The first
surface inspector 4 inspects the top surface of the disk D-3
mounted on the spindle which has come to position P3. 1In
addition, the disk D-2 which has come to position P5 is turmed
upside down by means of the inverter 5.

When each functional device has ended its operation, the
MPU 21 then rotates the turntable 11 by angle 26 in CW
direction, whereupon thé& disk D-1 comes to position P4 as
shown in Fig. 4e. At position P4, the handling robot in the
disk recovery 7 dismounts the disk D-1 from the spindle 2 and



[otation of the turntable 11 via a turntable drive circuit 14. The
controller 20 has a MPU (m croprocessor) 21, a nenory 22 and an interface
23, which are interconnected by a bus 24. The turntable drive circuit 14
and the individual functional devices are connected to the controller 20
via the interface 23. At the start of iﬁg operation, each functional device
clears the associated flag in a built-in“state register 23a in the
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2 has per fipsuesh | 6t 266% ath&Nturntable 11 by angle 38 in CCW direction,
whereupon the spindle 2 from which the disk D-1 has been
dismounted comes to position Pl as shown in Fig. 4f£. The
handling robot in the disk pickup 3 takes a disk D-6 of
interest out of the cassette and mounts it on the spindle 2.
Thus, Figs. 4a - 4f show one cycle of operations that are
performed on disks by means of the functional devices.
The above-described operations by the respective
functional devices may be summarized as follows:
(a) Disk D-1 is mounted on a spindle;
(b) Turntable is rotated by angle 206 in CW direction and the
top surface of disk D-1 is inspected while at the same time
disk D-2 is mounted on a spindle;
(c) Turntable is rotated by angle 20 in CW direction and disk
D-1 is turned upside down, the top surface of disk D-2 is
inspected and disk D-3 is mounted on a spindle:
(d) Turntable is rotated by angle 38 in CCW direction and the
bottom surface of disk D-1 is inspected, disk D-2 is turned
upside down, the top surface of disk D-3 is inspected and disk
D-4 is mounted on a spindle;
(e) Turntable is rotated by angle 26 in CW direction and disk
D-1 is ejected, the bottom surface of disk D-2 is inspected,
disk D-3 is turned upside down, the top surface of disk D-4 is

inspected and disk D-5 is mounted on a spindle;

(f£) Turntable is rotated by angle 30 in CCW direction and



The foregoi ng procedure taken by MPU 21 will now be described specifically
with reference to Fig. 3. First, PERIODIC INTERRUPT is started to read data
fromthe state register 23a (step 101) and MPU 21 determ nes whet her each
Punctional device has ended its operation (step 102). If the answer is
negative, MPU 21 waits for the operatiogpgof interest to end such that the
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of the turntable 11 which is divided into seven sectors. The

arrangement of the individual functional devices is shown in

Fig. 5a. A first burnisher 4a for burnishing the top surface

of a disk mounted on a spindle 2 is provided upstream of the

first surface inspector 4 and a second burnisher 6a for

burnishing the bottom surface of the disk is provided upstream

of the second surface inspector 6. As a result, a total of

seven functional devices are used in the case shown in Fig. 5

and they are arranged in the order of disk pickup 3 (at

position P1l), first burnisher 4a (P4), first surface inspector

4 (P7), inverter 5 (P3), second burnisher 6a (P6), second':

surface inspector 6 (P2) and disk recovery 7 (P5).

In the case under discussion, 6 = 2r/7 (= 51.4°).
Positions P1 -~ P7 are taken by rotating the turntable in CW
(forward) direction. The angle of each rotation in forward

direction is 30 and that in reverse direction of 46. As shown
in Fig. 5a, the respective functional devices are arranged
sequentially at equal spacings of angle 36 in CW direction,
with disk pickup 3 being located at position Pl.

Figs. 5b - 5h show the way the turntable is controlled in
rotation and the order of operations to be performed by the
individual functional devices. 1In Figs. 5b - 5h, the order in
which the first mounted disk circulates around the turntable
to pass through the seven functional devices 1s indicated by



13 to performthe assigned operation on the disks. Wen the next | NTERRUPT
node cones into play, steps 101 - 105 are repeated all over again. The tine
to the next |INTERRUPT node is sufficiently shorter than a tenth of the tine
reqU|red for conpleting the perfornmance of necessary inspection procedures
on one disk. In the usual case, detecting either surface of the disk takes

a |longer tine an operations to be perforned by the di sk pickup,
t he |nverté} %f%%e %mgégﬁétovery. The sequence of the rotation of
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21 which is perforned in step 104 in accordance wth the rotational
sequence ditaCCWhaitechiabl byldngle | 4be 6 otdeaition tire Chinbiresthom by Fig.
4. Let us describe howthe rotation of the turntable 11 is related to the

funct i onal 22$Ee a89 ond- tBOERLHRR 1 el GHLEREIPRKRY 3RFihectbnitial state,
the MPU 21 causps th@ E!EBt ?iﬁs@fai@sreﬁ@t8a9¥ 8?38§n9£oiffn§3tﬂenbtor

(MM 12 via the urntab e drive circuit until a selected Spindle 2 on
whi ch no dt@katéonngﬁtEbestbpgtéblﬁo%lthhChﬂiSTﬂéVﬁéﬁﬂlihsor%§3?n|n t he

sectors. The arrangement of the individual functional devices
is shown in Fig. 6a. In the case shown in Fig. 6, the
turntable is assumed to rotate in forward direction when it

rotates counterclockwise (CCW) and the angle of each rotation
in forward direction is 20 whereas the turntable rotates in

reverse direction (clockwise or CW) by angle of 56. As shown
in Fig. 6a, positions Pl - P7 are taken by rotating the
turntable in CCW direction, with disk pickup 3 being located
at position Pl, and the respective functional devices are
arranged sequentially at equal spacings of angle 20 in CCW .
direction.

Figs. 6b ~ 6h show the way the turntable 11 is controlled
in rotation and the order of operations to be performed by the
individual functional devices. The encircled numerals have
the same meaning as defined in connection with Fig. 5. The
following sequence data are stored in the rotational sequénce
data region 22b which is to be referenced in step 103 shown in
Fig. 3:

1. rotation by angle 26 in CCW direction; 2. rotation by
angle 26 in CCW direction; 3. rotation by angle 26 in CCW
direction; 4. rotation by angle 56 in CW direction:

5. rotation by angle 20 in CCW direction; 6. rotétion by angle

56 in CW direction; 7. rotation by angle 20 in CCW direction.



di sk pickup 3 takes a disk D-1 of interest out of a cassette and nmounts it
on the spindle 2 at position P1 (Fig. 4a). Wen each functional device has
ends its operation, MPU 21 rotates the turntable 11 by angle 20 in CW
direction (Fig. 4b), whereupon the disk D-1 conmes to position P3 as shown
in Fig. 18 14 4b. At position P3, the
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each functgopal74evice RS €866 dundsr APESAid O on | N8 ndR) ddtdded ryd at es
the turntable 11 b ,anfle 2*%5%% in CWdirection (Fig., 4c), whereupon the
disk D-1 m&ht@%b%? 8 LPHBVHE PFSILNCR O t9BNERE  t he

i nverter Zpdpi eofli tKe DadsknfbEiet@VWh 4 Nspirear@antigeprdPeasy sk pi ckup

3 mounts a disk D03 on the spindle which has cone to position Pl, and the

d
first surfYRELTPRPeRE obhR ?ﬂgﬁ'g%teum%sl%% &ar f A% JFTEHLYI sk BRI RFt ed

on the spidihier Whsbr188aL08BvifeHO0sté  @Sed3in the JHES £R6Gwn fimcrignay
devi ce has ended its operation, the MPU 21 then rotates the turntable 11

by angl e FPEntReYy2Fe aFERYoed LRt Fhd, OT@RF b Al hPIFEWP 32 1(2bmes to

position position P1l), first burnisher 4a (P4), first surface inspector
4 (P7), inverter 5 (P2), nick detector 5a (P5), second
burnisher 6a (P8), second surface inspector 6 (P3) and disk
recovery 7 (P6).

In the case under discussion, 8 = 2r/8 (= 45°). The
turntable is assumed to rotate in forward direction when it
rotates counterclockwise (CCW) and the angle of each rotation
in forward direction is 30 whereas the turntable rotates in
reverse direction (clockwise or CW) by angle of 50. As shown
in Fig. 7a, the respective functional devices are arranged
sequentially at equal spacings of angle 30 in CCW direction,
with disk pickup 3 being located at position P1. -

Figs. 7b - 7i show the way the turntable 11 is controlled
in rotation and the order of operations to be performed by the
individual functional devices. The encircled numerals have
the same meaning as defined in connection with Fig. 5. The
following sequence data are stored in the rotational sequence

data region 22b which is to be referenced in step 103 shown in
Fig. 3:

1. rotation by angle 38 in CCW direction; 2. rotation by
angle 30 in CCW direction; 3. rotation by angle 50 in CW
direction; 4. rotation by angle 36 in CCW direction;

5. rotation by angle 50 in CW direction; 6. rotation by angle
30 in CCW direction; 7. rotation by angle 30 in CCW direction;
8. rotation by angle 56 in CW direction.



P2 as shown in Fig. 4d. At position P2, the inspection optics in the second
surface inspector 6 is provided in corres- pondence with the disk D-1. As
the spindle 2 is driven to rotate in a controlled nmanner via the controller
20, the second surface inspector 6 inspects the bottom surface of the disk
D-1. In the neantine, the disk pickup 3 gDunts a disk D4 on the spindle
whi ch has cone to position P1. The first?surface | nspector 4 inspects the

top s_urfage o1|‘ I&%ﬁﬁ%ﬂ&%&ﬁﬁiﬂi&hﬁ%%ﬁcﬂ@ miy<h hass ,cmﬂpag 7,
position : addifion,_the dis ich has cone to positian S
turned ups %&ﬁ?%%%st THA IR Qe the t“rnt% )g]aé'i‘f“}f ti onal
devi ce hasrearsitskd tin aney PoLitidhaas MA@ lad ey 1ot ahd Rerdeudd add e 11
by angl e a%frr ' i rect] wher eupon_the disk D-1 comnes tq@gosition

I n CW on, |
P s shodPIAH e 10 FOTatb P TRRE IR | HE i | TRE GO EHS THA ek
recovery Anlirdpards diedttdn B dqoivdtensptdiditee Zrdtdtion in forward
15 places it into a cassette which Is to contain inspected disks. At the

same time, dAFREHAIK IR KRRt PAuATE LRWVLD F Arieing HASKnER R has

come posi tieeh #ilon An f @dridépsiidtde Wit ti@sn&ofeedrctPsidl Aedike t he
first surface inspector 4 inspects the top surface of the disk D4 nounted
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has come to position P2, its bottomsurface is inspected by neans of the

second sur¥hcEPTRELcEbreqtion be \p@inkth Ffict?ombl 2Rete F ERtaRtRY its

operation,id hfeverse direction and that the turntable be allowed to
rotate in reverse direction in such a position that the angle
of oscillation (pivoting) of the turntable 11 is made
adequately small. If these conditions are met, disks can be
subjected to all necessary functional operations without
causing the turntable to rotate fully once or twisting the
wire connections to it and yet the turntable can be returned
to the initial position.

We' will now describe the general relationship between the
conditions for arranging the respective functional devices and
the way to control the rotation of the turntable. For the.
sake of convenience in explanation, let us write the angle of

each rotation in forward direction as 2nxn/(n+m) and the angle

of each rotation in reverse direction as 2mr/(n+m). Also
assume that the turntable 11 is divided into k (= n + m)
sectors, with the individual functional devices being arranged
in the order of operations to be performed on disks. In this
case, the turntable 11 is divided at equal spacings of angle
2/ (n+m). Needless to say, spindles 2 are accordingly
positioned at equal spacings of the same angle. In order to
inspect the disks continuously, at least five functional
devices are required and, hence, k (= n + m) is 5 or more.

If the respective functional devices are assigned

sequentially along the circumference of the turntable 11 at an

angle of 2 X 2x/(n+m) or more and if the angle of assignment



f/PU 21 rotates the turntable 11 by angle 3[err] in CCWdirection, whereupon
the spindle 2 fromwhich the disk D-1 has been di snounted cones to position
P1 as shown in Fig. 4f. The handling robot in the disk pickup 3 takes a
disk D-6 of interest out of the cassette and nmounts it on the spindle 2.
Thus, Figs. 4a - 4f show one cycle of oﬂ@ratlons that are perforned on

di sks by msaaxpmbssbd fognctngiiakmievhcand m areTbacabauneidésgerbed 2 or

operations b ective functional dev es be sunmarized a
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spi ndl e; Turnt a is rqotated hy.angle tlon t he
bot t om su#;é'gnﬁfl diosiE qué'qlr‘??ﬁegﬁé %Yzlqlé’q‘ldﬁg g&’@p t@@\%ﬁ

the top sunftack @lectiods.D-3 is |nspected and dISk D-4 is nDunted on a
spindle; (e) Tur abl e is rotat b e err] in CVNdirection and di sk
1" e ot b L R SR b 151 O S¥eB. BDRT FESHGITSR S O L8 o
turned upgiugetdonal tdarﬂcsus ¥ fiagpsefibllesk fOrd < wm.i namfeer@mnd thiesk D-5

i s mount ed onasplndle Turrg[ablels rotate(é<ib\T/l e30|nCC,W
directi ona58 °f 'is e clud If k is an is in no

case equal to m. In the case where k is an even number and

n ¥ m and if n is an even number, the functional devices
assigned after the disks have circulated around the turntable
11 will overlap the previously assigned devices. To avoid
this situation, n must be an odd number.

In the embodiments shown in Figs. 1, 5, 6 and 7, all of
the functional devices assigned in the manner described above
perform specified operations 6n disks but this is not the sole
case of the invention and a "dummy" device which makes no
effective operation on disks may be provided. The disk pickup
(disk mounting mechanism) may include a disk recovery (disk
ejecting mechanism) using a common handling robot. 1In -
addition to those employed in the foregoing embodiments, other
functional devices may be used such as a disk cleaner, a disk
dryer, an electromagnetic characteristics certifier, an
optical certifier, a glide tester and an optical glide tester.

A prior art disk inspecting apparatus which is an
integral assembly of a glide tester, a burnisher and a
certifier is shown in USP 5,423,111. A prior art surface
inspector is shown in USP 5,245,403. A combination of a
surface inspector and a nick detector is shown in Unexamined
Published Japanese Patent Application No. Hei 7-190951. These
prior patents are also incorporated herein by reference.

As described on the foregoing pages, the disk inspecting
apparatus of the invention has the following characteristics:
the functional devices which will perform various operations



16 disk D-2 is ejected, the bottomsurface of disk D-3 is inspected, disk
D-4 is turned upside down, the top surface of disk D5 is inspected and
disk D-6 is mounted on a spindle. As will be apparent fromFig. 4f,
when one cycle of functional operations have been performed, all of the
five spindles have a disk nounted thereon and the individual functional

devices will performparallel operati on& on the di sks nounted on the
spi ndl es Ggrr gay Al P estqmwa to an
i nprovenent in t?e& ef’l%lécl ency o 9%a\ﬁ%spe rﬁ;ﬁ?]xd ke lﬁ I ustrates

t he case efjuadnispaldings tdﬁaangﬂa;tlmﬂnh+mhe thbnn:alrheablevwnsclruimtadnided
into seven sectors. The arrangenent of the individual functional devices is
shown in Eogwazsd dAneatshonyhivhiathangde fofr 250/ {ndh)ngndhdn G'ﬁvmeace of a
di sk nDunt d

i nspect or & gigns%ggdr#fel?é}drﬁsespﬁg Id%&r"&afjieﬁn@%t & fl : rfa](czgce of

the disk Itnrbﬁ:@w dmidmaiﬂeeamxfhftatﬂl% 3eC et atied ace ﬂdﬁ\ﬁﬁﬁi mfacu‘fmﬁ is
result, a total of seven functiaonal devices are used in the case shown in

Fig. 5 an8%Rdy ta &he tHGN anglenefHrddatdong b Fiviarses ddredeny on

P1), first bur missraerréhan(ﬂ)uné Idri%ucssttrd‘aféemw dhr(li?ass iHedge 5
(P3), second burnisher 6a P6 second surface |nspector (P2 and di sk

recovery pldpgpe neces ARAde Aeyigef 4o "F@rcrjif D 07 (=

S51.4[err] mtmﬁtt irfuiFing &h@r&ﬁxﬁé@lebytd Fld i fiay Wideade: igy CW
(forward) direction.” The aqgii!,e of each rotation in forward direction is

3[err] an@SGidlatine Qi gne.: ditoFigoughe mqtations, s §3F¥axs apd the

respectivedudidd @iteHBMESS Au! NG9E SQAHAIHE R IDotRitlUatne RBLd WS
of angle 3[err] iin CWdirection vvlth di sk pi ckup. 3 being, |ocated at

position AR be lqadad o)y spiflafow infpashed NG BIRSHAD 3% Fontrol I ed in
rotation aihtiificid HafePPerfidN e RE-PRYEIN BsbPhdtherotate fully

once but oscillates in both forward and reverse directions,
power supply lines and various other wires necessary to drive

the spindles can be directly connected to them.



i.ndi vi dual functional devices. In Figs. 5b - 5h, the order in whj
first mounted disk circulates around the turntable to pass thro m I"""I"“I
seven functional devices is indicated by e

17 encircl ed nunerals. The followi ng sequence data are stored in the
rotational sequence data region 22b whicgh is to be referenced in step 103
shown in Fig. 3: 1. rotation in CWdirection by angle 3[err]; 2.

rotation | WHATWLSI CEAIMED Bp:angle 3[err]; 3. rotation in CCWdirection by

ono g, ALOTEL i BB Lol PN L0 L R e Lt fon 1

CCW di rection by ang on n angl e
3[err]; 7.tunvhiebde.i @ OdWraldéyt odn spindigise fofremopnting disks Goakeo

illustrate e of. co ol_Ll e _rotati r e 11 which
S dividediPﬁpgcggééﬁagééﬁgéé.a%kgggkpaﬁéekgﬁt%gfgﬁﬁéagn%iv?éﬁg functi ona
devi ces i ssphoingisnofi @ specifietdhangise ashdwfunctiionaltdeviiecesuwhtiahl e is
assunmed to_rot I forward direct| It _rot nt er cl ockw se
(Ccw and Pﬁg ?%%PQ%SF'Séc“%PbFa |0%ggpgg$§F Pd93%>§§F§§§ is 20 whereas

t he turnt abbzrespeandence witheisad.ddispdadiles suchc ithiate theyCwilly pergloemof

Sferr]. ASs%Q%@%ied operations on said disks mounted on said spindles,
said turntable being rotated as said functional: devices
sequentially perform the specified operations on said disks to
thereby inspect the disks continuously, wherein:

said spindles are n + m in number and provided in
correspondence with angular positions that are determined by

dividing said turntable into equal portions at an angle of
2n/(n+m) (where n and m are each an integer of 2 or more; n +
m is 5 or more; when n ¥ m and n + m is an even number, n is
an odd number):

said functional devices are at least five in number and
sequentially assigned in correspondence with said spindles as
they are provided around said turntable at equal spacings of

the angle 2nw/(n+m) in a given direction and in the order of
functional operations which are to be performed on said disks,
the functional device assigned at the first position being a
mechanism for mounting said disk on a given spindle and the
functional device assigned at the last position being a
mechanism for dismounting said disk from a given spindle and
ejecting it to the outside of the apparatus; and

saild apparatus further including a turntable rotation
controller which controls said turntable to rotate either in

forward direction by an angle of 2nn/(n+m) or in reverse

direction by an angle of 2mrn/(n+m) such that the disks mounted
on sald spindles by means of said disk mounting mechanism are
posifibped for the next functional device and that the spindle
from which the disk has been dismounted by saild last disk
ejecting mechanism 1s positioned for said disk mounting



fn Fig. 6a, positions P1 - P7 are taken by rotating the turnt
direction, with disk pickup 3 being |located at position P1, 4 Iﬁﬂu I Il"""
tkespective functional devices are arranged sequentially at equale spacen

of angle 2[err] in CCWdirection. Figs. 6b - 6h show the way the
turntable 11 is controlled in rotation aad the order of operations to be

per f or med H. di al s have
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di scussi omountedlonicd egiven S5pindle, a disk inverting mechanism with
which said disk mounted on a given spindle is dismounted,
turned upside down and remounted on the same spindle and a
second surface inspector which checks for the presence of any
defects on the bottom surface of said disk mounted on a given
spindle are provided as functional devices between said disk
mounting mechanism and said disk ejecting mechanism and
wherein said disk inverting mechanism corresponds to the
position of the spindle which is downstream of said first
surface inspector in the circulation in said given direction,
said second surface inspector corresponds to the position of
the spindle which is downstream of said disk inverting
mechanism in the circulation in said given direction, and said
rotation in either forward or reverse direction is performed
by means of said turntable rotation controller after said ;
functional devices have completed all of their operatioms.
3. The disk inspecting apparatus according to claim 2,
whereln. said first surface inspector, said disk inverting
mechanism and said second surface inspector are provided in
that order between said disk mounting mechanism and said disk
ejecting mechanism as functional devices in correspondence
with the positions of the associated spindles in the
circulation in said given direction and wherein after the
rotation of said turntable either in said forward direction or
in said reverse direction, said disk mounting mechanism mounts
the disk on the spindle corresponding to said mechanism and
said disk ejecting mechanism ejects the disk to the outside of
said apparatus.

4. The disk inspecting apparatus according to claim 3,



Which optically checks for the presence of nicks on the perip
di sk nounted on a spindle 2 is provided upstream of the secon Tﬂ“l' bﬂ!m IIlll”“I
Ga. As aresult, a total of eight functional devices are used

shown in Fig. 7 and they are arranged in the order of disk pickup 3 (at

position .P1), first burnisher 4a (P4) Parst surface inspector 4 (P7),
I nverter 5%%%% nleF gf éﬁﬁfﬂ P5), second burnisher 6a (P8), second
surface it 5 ‘ecovery 7 (P6). In the case under
gl SCUSZI gm [ erTie ﬁﬁmriﬂéﬁedﬂr@)appﬁﬁﬁdlﬁ iy aﬁswmd m@sotate }n
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stored in the r naI se ence data regjo mhlch |s to be referenced
in step 1068 o%# gme‘éh ism asl.f‘*?"lﬁ ‘?‘}ﬁ'f Werr] in cow
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Sferr] in direction; 4. rotation angle 30 in CCWdirection; 5.
rotation by? a"ﬁ'g? ec%:f‘é‘ll:f-?t?-?lndv?o‘ﬁ’e‘?:tg )it 6di‘?%ﬁ%&‘?lbn by angl e
6. The disk inspecting apparatus according to claim 5,

wherein n is 3 and m is 4.

7. The disk inspecting apparatus according to claim 5,
wherein n is 2 and m is 5.

8. The disk inspecting apparatus according to claim 2,
wherein a first burnisher for burnishing the top surface of
said disk mounted on a gi#en spindle, said first surface
inspector, said disk inverting mechanism, a nick detector
which checks for the presence of nicks on said disk mounted on
a given spindle, a second burnisher for burnishing the bottom
surface of said disk mounted on a given'spindle and said h
second surface inspector are provided in that order between
sald disk mounting mechanism and said disk ejecting mechanism
as functional devices in correspondence with the positions of
the associated spindles in the circulation in said given
direction.

9. The disk inspecting apparatus according to claim 8,
wherein n is 3 and m is 5.

10. The disk inspecting apparatus according to claim 1,
wherein said disk mounting mechanism includes said disk
ejecting mechanism.

11. A method of inspecting disks using an apparatus
compriéing a circular turntable, a plurality of spindles for
mounting disks to be inspected which are arranged on the
turntable at equal spacings of a specified angle, and



80 in CCWdirection; 7. rotation by angle 30 in CCWdirection;
by angle 5[err] in CWdirection. ﬁ ﬁlﬂl’ ﬁn”“l
kn each of the enbodiments shown in Figs. 1, 5, 6 and 7, the

the rotation of the turntable 11 may be reversed in any positlon as | ong as

it is in the process of rotation in foryard direction. This is because the
rotation in reverse direction is equivalent to the rotation in forward
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these conditions are net s can be subjected to all.  necessa

funct i onaldigiet H9 o‘i&eﬁﬁl?%()‘tﬂsﬁ%ﬁ}'sﬁr’@ tHS KU GRS T éﬁt@’ﬁﬁ;}y once or

twisting the wigsigupetdidiartd d t+ a0y sfunidr e v gD e returned
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the way t qoMiny d$4edreinitanOfidte daidt Fueeidiy dthan @ Ofor

conveni ence in explanation, let us wite the. angle of
2x/(n+m) (where n and m are each an integer of 2 or more; n +

m is 5 or more; when n ¥ m and n + m is an even number, n is
"an odd number) and wherein said functional devices are

sequentially assigned in correspondence with said spindles as
they are provided around said turntable at equal spacings of

the angle 2nn/(n+m) in a given direction and in the order of
functional operations which are to be performed on said disk,
the functional device assigned at the first position being a
mechanism for mounting said disk on a given spindle and the
functional device assigned at the last position-béing a
mechanism for dismounting said disk from a given spindle and
ejecting it to the outside of the apparatus, and at least -
three functional devices being assigned between said first -
position and said last position: said method compxrising:

allowing said disk mounting mechanism to mount said disk
on the spindle corresponding to said mechanism;

causing said turntable to rotate either in forward
direction by an angle of 2nzn/(n+m) or in reverse direction by

an angle of 2mr/(n+m) such that at the point of time when each
of said functional devices has ended its operation, the sum of
angles through which said turntable has rotated in forward
direction is equal to the total angle of rotations in reverse
direction, provided that said turntable has not rotated fully
once, ﬁhereby said disks are positioned for the next
functional device and the spindle from which the disk has been
dismounfed by said last disk ejecting mechanism is positioned



*rotation in reverse direction as 2nferr]/(n+tm. Al so assune

turntable 11 is divided into k (= n + m sectors, with the |n FVI
*functlonal devi ces being arranged in the order of operations to be
perforrred ?n di sks. In this case, the tagrntabl e 11 is divided at equal
spaci ngs of angle 2[err n+m . Needl s to spindles 2 are
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13. The method according to claim 11, wherein a first surface
inspector which checks for the presence of any defects on the
top surface of sald disk mounted on a given spindle, a disk
inverting mechanism with which said disk mounted on a given
spindle is dismounted, turned upside down and remounted on the
same spindle and a second surface inspector which checks of
the presence of any defects on the bottom surface of said disk
mounted on a given spindle are assigned as the functional
devices provided between said disk mounting mechanism and said
disk ejecting mechanism, and wherein said disk inverting
mechanism corresponds to the position of the spindle which is
downstream of said first surface inspector in the circulatipn
in said given direction and said second surface inspector
corresponds to the position of the spindle which is downstream
of said disk inverting mechanism in the circulation in said
given direction.

14. The method according to claim 11, wherein said disk
mounting mechanism includes said disk ejecting mechanism.



L case equal to m In the case where k. is an even nunber and n [err] mand if

» n is an even nunber, the functional :dewvi ges -assigned after the di sks have
circulated around the turntable 11 will overlap the previously assigned

> devices. To avoid this situation, n nmust be an odd nunber. In the

" enbodi nents shown in Figs. 1, 5, 6 and %7 all of the functional devices
assigned in the manner described above perform specified operations on
di sks but this is not the sole case ogasggébﬁgention and a "dunmmy" device
whi ch nmakes no effective operation on y be provided. The disk
pi ckup (di sk mounting mechani sm may include a disk recovery (disk ejecting
mechani sm using a conmon handling robot. In addition to those enployed in
t he foregoi ng enbodi nents, other functional devices nay be used such as a
di sk cleaner, a gdppARATUS ANDMEITROD’ PORIINSPECHINAPRSRSti cs certifier,
an optical certifier, a glide tester and an optical glide tester. A
prior art disk inspecting apparatus which is an integral assenbly of a
glide tester, aFimecbishel dsdicesefdrfigspeatingWaisks ebeSadzdngéd A
prior art surface inspector is shown in USP 5, 245,403. A conbination of a
surface i rRfRIMGraherptabLe ereqeal spashpds P epgkanPREd(PHB) | 4Reghe
Japanese F. Pl & aki i do The PE4 n are al so
incorporafgéﬁﬁ%rﬁgnkgﬁ %ggg?gg%%$bthzyl§§ggé§gfibggeoﬁh?ﬁgg?%gegéing pages,
t he di sk inspeetedngothpinafoswardtdbreoctrioni by bhagleh2nftp{hem) ngnd in

characteristics: the functional devices which will performvarious.
operationé‘everse direction by angle 2mx/(n+m) suchithat the total angle

of rotations in forward direction is equal to that of
rotations in reverse direction when the necessary operations
have completed without causing the turntable to rotate fully

once.

(Figure 1)



s

for inspecting disks are arranged around the turntable at equal spacings
of angle 2n[err]/(n+n); the turntable is rotated in forward direction by
an angle of 2n[err]/(n+n) and in reverse direction by an angle of
2nferr]/(n+m; and the sum of angles through which the turntable is rotated
in forward direction is equal to the total angle of rotations in reverse
di rection. As a result, the disks to be inspected can pass through al
the necessary functional devices in a spétified order wthout requiring the
turntable to rotate fully once but by oscillating (pivoting) it through
rotations in forward and reverse directions. Thus, as the turntable
rotates, the disks can be | oaded on spindles, inspected and ejected in a
conti nuous manner. Since 4he turnt Yy lonce but
oscillates in both forwad and reverse giredqti ons, power supply |ines and
vari ous other wires neceq¥ary to drive q
connected to them 0=
CLAIMED IS: 1. A disk i|Bsgdcting| appaf & as
turntable, a plurality ofl %gifretes fqr_[gd@ti ng disks to be ijnspected which
are arranged on e t@inté@ at equal § i d angle, and
functional devi Wnigh K e|provided a q HN respective
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¢orrespondence with said spindles such that they will perform specified
operations on said disks nounted on said spindles, said turntabl e being
rot at ed as said functional devices sequentially performthe specified
eperations on said disks to thereby inspect the disks continuously,

wher ei n: said spindles are n + min nunber and provided in
correspondence with angul ar positions ;ggt are determ ned by dividing said
turntable into equal portions at an an of 2[err]/(n+n) (where n and m
are each an integer of 2 or nore; n + mis 5 or nore; when n [err] mand n
+ mis an even nunber, n is an odd nunber); said functional devices
are at least five in nunber and sequentially assigned in correspondence
with said spindles as they are provided around said turntable at equal
spacings of the angle 2n[err]/(n+n) in a given direction and in the order
of functional operations which are to be perfornmed on said disks, the
functional device assigned at the first position being a nmechanismfor
nounting said disk on a given spindle and the fungi~ | device assigned at
the |l ast position being a nmechanismfor disnounti id disk froma given

4

spindle and ejecting it to the outside of the appfaratus; and said
apparatus further including a turntable rotation gentxoller which controls
said turntable to rotate either in formagp di rechN oq_by an angl e of

2n[err]/(n+m or in reverse direction byl{an angl
that the di sks mounted on said spi ng} esQby]neans
mechani sm are positioned for the negy f ianal fe
spindl e fromwhich the di sk hag beemdi _HE@d b
mechani smis positioned for safd di sk nou

~~

f»2nferr]/(n+tm such
id di sk mounting

e and that the

d last disk ejecting
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$3 mechani sm the sum of angl es through which said turntable rotates in
Yorward direction being equal to the total angle of rotations in reverse
direction, except that said turntable will not rotate fully once. 2. The
di sk inspecting apparatus according to claim1l1, wherein a first surface

i nspector which checks for the presence of any defects on the top surface
of said disk nounted on a given spindle,3/ disk inverting nmechani smw th
whi ch said di sk nmounted on a given S gl iségisnbunted, turned upside
down and renounted on the sanme spi ndﬂ%-n r&a cond surface inspector which
checks for the presence of any defects on the bottom surface of said disk
nmounted on a given spindl & &are” provicded” as-farct1 onar “deviTesT berween sai d
di sk nmounti ng necl§&sRTsPRRAGH CSENTERRUPEK ej ecti ng nechani sm and wher eiyn said
di sk inverting nechanisn13?rresponds1Qp]the position of the spindléd which
is downstream of said fir surfaceﬂ nspector in the circulation in said
given direction| st $6%%HRAu SYAFRCE] | NSP nds to th@4gdosition
of the spindle whi g&mﬁg ownstream of saifd disk invertimng nechan smin the
circulation in 4ajid given direction.}and [sai § sembafiGend for shivigy Farward or
reverse direction is perfq rreqotéy means of sai THEt TURNTABDE qorROTARE op |
controller after said f ~Qgl devices fhav all Qi _their
operations. 3. hardi g Neppalratus according to claim 2,

Bt fED e

sai d second surface ™spector
chani Sm as T unction evi ces

tlhe associ at ed |spi ndl es Si5n it he

mounti ng mechani sm and salNdygk
i n corr espondenge—w-t-h-the! positions of

circul ation in dai CREGER/ &0 RITATEORALON BN grern arter tjhe 10 X

: SEQUENCE DATA J !
END OF FUNCTIONAL !

OPERATION )
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rotation of said turntable either in said forward direction or in said
*reverse direction, said disk nounting nechani sm nounts the disk on the
;spindle correspondlng to said nechani smand said di sk ejecting nechani sm
.ejects the disk to the outside of said apparatus. 4. The di sk inspecting
apparatus according to claim 3, 24
wherein nis 2 and mis 3. b. The dlskdbnspecting appar atus according to
claim2, wherein a first burnisher for rnishing the top surface of said
di sk nounted on a given spindle, said first surface inspector, said disk
inverting nmechani sm a second burnisher for burnishing the bottom surface
of the disk nounted on a given spindle, and said second surface inspector
are provided in that order between said di sk nounting nechani smand said
di sk ej ecting mechani smas functional devices in correspondence with the

positions of the assoc@ated spindles in the circulatiofpin saifti gi ven
direction. 6. The dﬂék“ﬁnspectlng apparatus accordingyto cl & m5, wherein
nis 3 and mis 4. 7. %gectlng appar atys deet Qg t omcl ai m 5,
wherein nis 2 and mi i sk |nspect|ng.f ding to

claim2, whergiy1 a fiSt, i o
di sk nounted orf a gi i
i nverting mechani sm
on sai d di sk sgunt ed
t he bottom

FI1G

FIG 4 e

FIG 4 b

FIG 4 a
c
FIG 4 d
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£

Surface of said disk nounted on a given spindle and said second surface
rpspector are provided in that order between said di sk nounting nechani sm
and said disk ejecting nmechani smas functional devices in correspondence
with the positions of the associated spindles in the circulation in said
given direction. 9. The di sk inspecting apparatus according to claim8,
wherein nis 3 and mis 5. 10. The di sk _,nspecting apparatus according to
claim1l1, wherein said disk nounting necﬁgﬂisn1includes said disk ejecting
mechanism 11. A nethod of inspecting disks using an apparatus conprising a
circular turntable, a plurality of spindles for nmounting disks to be

i nspected which are ‘arranged on the turntabB’QD equal spacings of a

speci fied angle, and _ 8"’ = 25 functional

devi ces which are provi ded around s abPe in ctive
h& wif1 per™rm sgecgied
dl es, [said turntab §$I ng

correspondence with said spimdles <o
form the_ spe®i E?d

operations on said disks nmounted/fon said
| .
.ai NS
% AN 5

rotated as said functional ddQicis)
operations on said disks to ther&
wher ei n: sai d spindles
correspondence wi th angul ar ROSiti OR
turntable into equal portion t an a
are each an integer of 2 or nore; n
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mis 5 or nmore; when n [err] mand n + mis an even nunber, n is an odd
Aunber) and wherein said functional devices are sequentially assigned in
€orrespondence with said spindles as they are provided around said

turnt abl e at equal spacings of the angle 2n[err]/(n+m in a given
direction and in the order of functional operations which are to be
perfornmed on said disk, the functional dgwice assigned at the first
position being a nmechani smfor nounting said disk on a given spindle and
the functional device assigned at the |ast position being a mechani smfor
di smounting said disk froma given spindle and %ecti ng it to the outside
of the apparatus, and at |east three functiogal ,_evi ces bei ng assigned
between said first position and said | ast po®i®in; said method conpri sing:
all owi ng said di sk nmounti ng mechanis AN &i d di sk on the spi ndl e
correspondi ng to sai d nechani s®@ I
either in forward direction by a
direction by an angle of 2nf&&x]
each of said functional deviceg h
t hrough which said turntable

the total angle of rotations in re
turntabl e has not rotated ful |l§,. once,
t he next functional device and the spi
di snounted by said | ast disk efecti
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=26 for said disk nounting nechanism and di smounting said disk from
§Qgid spindle and ejecting it to the outside of the apparatus by neans of
i.sai d disk ejecting nmechanism 12. The nethod according to claim 11, wherein
.said di sk nounting nechani smcontinuously nmounts said disk on the spindle
correspondi ng to said mechani sm according as said turntable rotates and
sai d di sk ejecting nechanismejects said,giisk to the outside of the
apparatus continuously according as said'turntable rotates. 13. The net hod
according to claim1l, wherein a first surface inspector which checks for
the presence of any defects on the top surface of said disk nmounted on a
given spindle, a disk inverting nechanismw th @hich said disk nounted on a
given spindle is disnmunted, turned ypstdang m=and renmounted on the sane

spindl e and a second surface igpe S &ks resence of any
nagiv spingl e are
S . .
said dis .
-

defects on the bottom surface of g
assigned as the functional devidtees
mechani sm and said disk ejectin

mechani sm corresponds to the pﬁg
said first surface inspector iTrthe
sai d second surface inspector Berrespc
whi ch is downstream of said disk invert
said given direction. 14. The netho
di sk nmounti ng mechani sm i ncl ud

FIG 7 b FIG 7 &
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