;e3ek(kT4 ~6T(?2 ~J UL 2002 MAGNETIC DI SK TESTI NG METHOD AND SURFACE
DEFECT TESTI NG DEVI CE BACKGROUND OF THE | NVENTI ON Techni cal WekﬁUthQPUZ
present invention relates to a nagnetic disk testing nethod and a surface
def ect tesNWMHMﬁﬂmmmmmand, particularly, to a magnetic disk testing method
and a surf esting device with which the throughput of test of
magneti ¢ di sks«geow* hi gh density recordj ng can be inproved. Background Art
A hard di sk device (HDD) which is one of external ' nenory devices of a
conput er uses a hard nmagnetic disk as its recording nedium The magnetic
disk is fabricated by fogg@ﬁ@Tﬁcng tdEstindMMrppur face of a circul ar

di sk of such as alum num or glass by painting, and coating the nmagnetic

filmwi th a protecti veAND| BURFAGE sDEFBECE TESTING ABVIWEar di sk having the
magnetic filmand the protective filmthereon is preferably a flat plane

having as small irregularity such as protrusions as possi ble and has a good
recordi ng performance. ThpasreRdinmeSSr ofut hevwNT@age of the magnetic disk
is tested by a glide tester and the electric recording performance thereof

i s test BB HerRiglidker. The number of tracks of a magnetic disk for high

recordi ng de Yin ‘ﬂ$ﬂ3¢ e fisci e 0 af Lt magneti c di sk
is | owered vmnﬁ] i%%%seéarg%g%} elcihecrgl(ﬁt(r;elg? ggsal %‘?Igggttl ed?rggneti c disk. In
order totéstpimyendttieod/iaid amhtflecd astfeeftl iteisénng devimgnende di sk in the

lide tester, if_|i t_tendency. id tical 2 ~J UL
3002 2 T AR YO RAGF DG W ST HASC REAo0: BBCafd a gf | de t st

step. Theugfdee derdct Scatify mRAyidfd erittefvddichvendi skgoagRpRtebEm narily
renoved by optically testing surface defects of the magnetic disks in the
surface ! eaaneltiep dimky v deasiientesraiingbFrEaPfon and test
‘steps improved.

Background Art

A hard disk device (HDD) which is one of external
memory devices of a computer uses a hard magnetic disk as its
recording medium. The magnetic disk is fabricated by forming
a magnetic film on a surface of a circular disk of such as
aluminum or glass by painting, and coating the magnetic film
with a protective film. The surface of the circular disk
having the magnetic film and the protective film thereon is
preferably a flat plane having as small irregularity such as
protrusions as possible and has a good recording
performance. The smoothness of the surface of the magnetic
disk is tested by a glide tester and the electric recording
performance thereof is tested by a certifier.

The number of tracks of a magnetic disk for high
recording density is large and the efficiency of test of the
magnetic disk is lowered with increase of the recording
density of the magnetic disk. In order to improve the yield
and the test efficiency of magnetic disk in the glide

tester, it is a recent tendency to provide an optical

[
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of a magnetic disk. First, there is a magnetic filmformng st ( [
which a magnetic filmand a protective filmare forned on a dig% OHJLUQQOZS

al um num by painting, in the order, and, then, in order to make the
irregularity of a = surface of the magnetic di sk having the nagnetic film
and the protective filmforned thereon as small as possible, protrusions on
the surface are renoved in appearance 2 hrough a varnishing step (2). Then,
the surface defect of the magnetic disk is evaluated in a surface defect
test step (3). In the surface defect test step, disks having defects whose
Si ze excastfade MefiRiteriadted deqf Pedneenval varaishengl sies amdl,at hen, tested
inaglide test step (4). In the glide test ste é4), t he existence and the
number dFliftottarl oHeRy ShfetEHcds] B8P ta 15 P&éng’é} dhabter THeL fF e t est
step (4)g4 uges s I ko : N Sk t fpanetic

di sk. V\h%lné,mas a rlzrsu tﬂor?g%ﬁr}%s%eg%t‘{e% tb Iy: g%%ﬁﬁgﬁ?hg&?&tz% e:hgrre resi dual
prot rusidefect®s olintiee mEgntiich dxedeseds &her susfacai defleatinbest the result
of test becones no-good (NG and the magnetic disk is returned to the

var ni shih I%’tep of the glide test step (4) to varnish the magnetic disk
agai n. Magnetrigdi skshodis ch deewsrecigned (febrikatiengbhdetesstssépp (4) are
processed in a certifying step (5). Incidentally, an invention jn which a

glide te?f arfepgnetic disky \Fing Fhesenilshiengegrepiar E1 e FoFMERE by one
and the 11.?’15’)‘4'h£r?svtljl'r‘iﬁf$ﬁ‘eaggﬂ?eﬂi%s'[fﬁtn?%nﬁ‘l)a ; t@SE?Géegiﬁﬁ o Patent

No. 5, 423, ace ect test step nentioned above 1s intended to
i nprove fémemgd edml af dhsignef i such sds iglunhaugl bde peésténgandnt thelo not test
magneti c_di sks which_may be certainly disqualified | he. gl Lde test step.
iHovvever,o‘f‘%%rhu% roe glhrét?%&ecﬁ%Wec#%ﬁeég%gai?%%gg% ?Jlfed in the
'surface gheffade t €51 t1sé efadnse i @cdigialHavivey themalabnetib EeTenand mpr ovenent
of manufacturing preciseness of magnetic disk. Therefore, t{he test
throughpﬁrtle(?%%’?e%ﬂﬁ’%iM)f%?eqraﬁ}?éﬁo@ diSs KTede RSgRO8&8MRTEy recor di ng

Ls not i gpEeMes SHOSEANEAE! i BYED AN idRfedS Uhf %?Eegﬁﬁﬁéé tesbughep is
i ntroduced. SUMVARY OF THE | NVENTI ON An obj ect of e present invention is

t o ‘provi devarmbghtny cstepk (2 kst Then hoha apatflaseodeifggto?fnghehe t hr oughput

of test t] i sks ' ensi ordi t e sol ve such
pr obl emlg%g{;r%gﬂgo&rllgseﬁt?%n%%ﬁ%%%l%b% %ro EE:(eér ofj%ggt %g%gt }%gg%r esent
invention3)s In phevideface defegnetest ditdp,defistds hestinggddégcte capabl e
of i nprovj ng t he throughgut of t‘ESt of, rraognet' c di sks é)or high density
recor di nROFR Bt BBr S¥OTELRi RVRL FFRESBHRE tﬁ%ﬁ?,ncg fagh&t PESdi sk test

net hod agge1diBd hAd! henBhesesstédvantd alide frealtulsedpby 4¢0Npai €hBY a
surface defect test step of optically testing a magnetic disk to detect the
si ze of gLif@ctedbf eEep (fhe, cgh%i%ﬂ?e@ert%r% LEhenhaurkgBePfof surface

defects gugciie; ARS bEaNaBlectedaF HoJFtde Wddt Mallier rhgCYigay than that

test step (4) includes a varnishing step for lightly
varnishing the magnetic disk. When, as a result of this
test, it is found that there are residual protrusions the
number of which exceeds a predetermined number, the result
of test becomes no-good (NG) and the magnetic disk is
returned to the varnishing step of the glide test step (4)
to varnish the magnetic disk again. Magnetic disks which
become good (G) in the glide test step (4) are processed in
a certifying step (5).

Incidentally, an invention in which a glide test and a



4 a test of an electrical characteristics of a magnetic disk in a
certifying test step to thereby obtain a defect data and a c si i cahnon
step of classifying magnetic disk on the basis of the defectzqgﬂéﬂ$bzgp2ed
in the surface defect test step to first magnetic di sks whose surface
defects do not provide any problemon electric characteristics of the
magneti ¢ di sks and which are to be pagsed through the certifying test step,
second magnetic disks which require a further certifying test for
determ ni ng whet her or not surface defects thereof provide a problemon

el ectri ardrihdiad ey a6 PlerirBemeBIBet bhe dasH Stiddds drd rdbvmgNetd ¢ di sks
whi ch have el ectric characteristics to be certainly rejected w thout
necessi tihefglddauriasdr sten i(dyi wgst estentfdres nUihe Fatent Miynetic di sks
are decggqgﬁgﬁj_eing qualified and the second nagnetic di sks are deci ded as
to be tested’i ‘he certifying test step. Wth using this nethod, it is
possi bl e to Ty averfidue efdfadtenestoktepr mehyiogedieabowd eps Furt her, a
magneti c di sk, testing device accqrding_to the present jnventiagn conprises
oot rea I & [ TG YenETa SoE LHnhE! BABRSEEY { A0k it date et bp. and
classi ficain JRANS IR dRAldesiththaghetebagsbks cahi @ wdPoe By the way, the
mai n di fference between the optical test of surface detect of a magnetic

di sk andetteigdiy idisanpiidfgedofing thegadife Bpsk step hdlowerer ortth® detects
t he conf ] [ f SUr, ti i sk [ j e latter

el ectri c%%%ecf%;c asgnc?glé:gt%? S?(fnsf I%E’g‘%gl hécg #ﬁ% %?%é‘fl‘glf#%%&aﬁa%tet eﬁrél]sti cs of
magnet i csult fSdcdydaaits tafsta stegndlsi prheadcalbereéoy esmalY esith of the
former optical test is not always coincident with a result of the latter

el ect ri GHCHs (IMPIREERGRE A MENYSaSTtHFengoPERFEEENCTH ¥n MAGNSELL U L 2p02
S5 opticadi SUI facs d€sle, MINGHsE dnThaghBheh (cest aéftychacope gual ified in
al so the electrical test by nmaking the preci seness of the optical surface
test hi ghagnetlipréddkleer Riigh sensditivorecetdid@cds onofubpPreeRr nagnet i ¢

di sk. As ect f ce, th ' o] o h i nuity of

def ect, ?éégﬁéﬁﬁﬁéi%#”§ﬁ§%a:é?ﬁa% C%hgu%gé?Figﬁgg%gdé %%tggéén%%ed inthis

i nvent i cintddduced., in the above nentioned test nmethod and surface defect

test device, a magnetic disk_i sifie of three kinds of
magnetic disk, that is, fiﬁgF@ﬁgéLg ngthN%gﬂﬁngnagnetic_disks accordi ng
to surface depgcébpéct her nBgestddertt Shvehtiohdes te pkassiéyat he magnetic
disks in this manner, the size of defect of the magntic disk, the

cont i nuiRgORAtHefdktk %ert Mmaihad sergdlecrs ARBTPHENposRei on of defect are
obt ai nedyj A, § fey$LIT § ACE H8T £ tnd i§;%ﬁsk€a%gﬁcﬂkgﬁlﬁenéb€ size of defect
i s obtai hed Under nofe severe condition than the conventional surface
def ect trstordind tiontldmweby isplfig.sw@h Byoblemspfyihg aeagventitomibks under
test to %hﬁgégiee classes in the surface defect test step, magnetic disks
whi ch betd u3¥Yfied are determined in this step without using the glide
test and the BRothéyidigjéestof | they ipvesentd Hevileattionhhds tbepnowbde af
gual i fied nagneti .disks_is dom nant w th reggeﬁg to _the nunmber of
di squal i PFRERCREGnEt sk WERet WS isVdESpraPRBhsl §f LFPFeVEREsHR®e to
Obta!n_QHﬁfbﬁbﬁguﬂﬁgﬁeﬁé§tdBﬁKﬁadHBﬂﬂb Qﬁ%%sek%gth&%hcﬂéﬁéﬁﬁgr'St'CS to be
qualified and which may be about” 30% or nore of a total nunber of nagnetic
di sks whrefsord¥eJeoptical defects in view of the defect data obtai ned by
perform ng the,syrhage;del gt obestndl bl Wb RUAY, S:0hachledr a3kt 1t IS
possi ble to reduce

test method according to the present invention is featured

by comprising a surface defect test step of optically
testing a magnetic disk to detect the size of surface defect,
the continuity thereof, the number of surface defects and the

position of surface defect with higher accuracy than that of



2 4J UL 2002 6 the nunber of nmagnetic disks to be tested i Lhﬁl&glelﬂfﬂ
test and the certification test by 70g or smaller of the totil n I 2
magneti ¢ di sks. Thus, the nagnetic disks to be tested becone 70% of the
total nunber of magnetic disks to be tested by the conventional nmethod and
it is possible to inprove the efficiency of magnetic disk test as a whol e.
According to anot her enbodi nent of thef present invention, the surface
defect test nethod conprises, in addition to the steps nmentioned above, a
defect data output i step for providing at | east defect position data of
the second-d@gnst i 4n didetGlassichiaedckBribeickassi i i maihoti stejsiand an
identification information for identifying the second magnetic disks as a
def ect ¥t ot re@FHE YD eant Isteed tion tbﬁéegMbQEEﬁé%tat@%ie%*’é efata and
Cor r espondi . 4 t oG 1 @l t Vi C&: SCC i t o anot her
enbodi rreé]ngéic])%%/#elr%{r%soginté%é%vg%?ir&?%sgé%?# e@ggneggjé% %161% %lfj?iplﬁétg means for
real i zi ngasie aboskee Mefcecnethtdeicbtbidatiaioutheat sstace Bjyepeovitesty t he
defect data of the second magnetic¢c disk for use in.the subsequent test

step, sRHCRsIY Hitfe MAERCGESH %&/ Hioéecéllﬁ???iﬂﬁP?EE?),S‘?g“?this manner ,
it 1S pOSSbP] &e ton | G5holIRE &N d1GRithY ca cRashELEPi fids EgNERd ¢ disk in

whi ch a surface defect is detected while roughly testing or not testing the
remmi ni MAMeREi¢ ohsskd antk whighetdire doskei pasgedstibsedgenthe est step. Thus,
the thro t f on [ ' e ' oved. A
magnet i 08%12#%%? nﬁéééstorrsgtr et %&%@g%ﬂf}éﬁt@ F;Ebggglﬁgsw%géérgﬁﬁ% i%al ly by a
provi si ofunthet t esntat f wing reecdts for aettermahing shetbes or iyt aswrnbade t

error correction, etc. 2 4 J UL 2002 7 In yiew of this, anong the three
cl asses %?F%‘ﬁe??%r%‘?%k?rq‘fl CorELCp &M PBuFi?F ifportant to classify and

test thec§2690Ee FRONEL CoflitHeS maddneRMer dikksi anéli thisdl haphideis caldysto
precisely classify the second nagnetic disks separately fromthe third
magnet i cwiail glkshaiee op e elgr 1@ haraqtierisitiesatia pesFerbalnty deeeetetd t he
nunber of . t ngqgr f Y4 ti i LS. | ar ge,

t he vyi elvélgt?&grgg%%?%/%g%%ﬁ rs]'yre t}:chceé E%St{lggaﬂagggr%bf&%%%%@i%ﬁ%i sks
whi'ch befbnetwasgestis diskeansd.deébialed s beeéngeduelibnedfapiethlei s a
probl em even i f the test efficiency i,s, inproved, i Therefore, . in order to
| npr ove ?ﬁ‘éofb?léﬁ?%%ﬁ%% %]fs}%%rfarrea_t i d5d taﬁe\ége%n&eﬁgﬁﬁef‘?ct}a?sks fromthe
third mgastifythgkeest hetgontiiud usioly dafiachmednddf hett ypepossdeiect are
enpl oyed in the present invention in addition to the size, position and
number ofCderREPSe tRecetblaikendy £f FartidvdagaltPstt REeBurface conditions
of magnetic di h as . by, t4 ; ti konki gs. 7(a) and
7(b) are det egtﬁgaﬁgg’s%r?‘i@%%‘?e%%?{iﬂn@ttﬁg{gggﬁvgg% g g(]::%i tdst. Fi g. 7(a)
shows a theepuheertt hevenibom cinptices dests mepps deterealismangythal | ed
"dinple"_in di sk.substrate includi a _pl at lLaver..and. a. ic film
s for medbPre HoRC HEE B Ford SRy et BUGR R R CRERGD

magnet i cméehssfdet eeh ez isg hietvé NGl SBEIF itadlilodwstepess, neverthel ess, can
‘guarantee data read/wite thereto is_not snall altho#)g an electric data

output |evel P¥ FBReMad: nbhe BRLP LLEL&FERGR RATEETHARE, OBt4Ca#(b) shows a

case wheggsthgkes|isracdegqerbet eoneP?méi?{@ch:[c WL Iayldc%be@e}e&%&ihg a di sk
substrate on which a magnetic filmis Torned: In the case of suCh deep hole
type def &6t afnagmegheti¢| diskses fthat the former detects the

configuration of surface of magnetic disk optically while
the latter electrically detects defects influencing the
electric characteristics of magnetic disk by means of a
magnetic head. Therefore, a result of the former optical
test is not always coincident with a result of the latter

electrical test. However, it is possible to select, in an



2 ~r J UL 2002 s becones thin locally or there is substantiglly no
magnetic filmformed |ocally on a surface of the nagnetic digk4 LHJEp@@U
case, data read/wite with respect to the magnetic disk is not guarantee
frequently. For these reasons, the preciseness in the optical defect test
step is made higher and the continuity of defect and the aforenentioned
type data are enployed as defect datafn addition to the size and nunber of
defects. That is, in order to nore precisely separate the second and third
magnetic di sks from nmagnetic disks disqualified in t the optical defect
test, nmagreical dwkfohitdsthawagaetfiacdidiefewhsch nceheaimiynldcaiml | ow

recesses cal)ed dinples such as shown in Fig.,7(a), are excluded from
qual i fi c&f¢ Jreéfe’rr;gr‘f’géi.o |t§1eore§&ctlr&cahj §8,sgtﬂg(13%]ﬁf?91u? Y of defect and
the typeppéctiediecds ase iRl epnead. shirrhsedeBStahibRet Neo OptdErde def ect test

that a dinple appears as a surface defect having a relativeﬂé%short | engt h
and a soniglreeledicn dEfanence efciaudddiipdnmagoe e cdisiatis fidre

cl assi fyj gﬂg QPQ t hi,rd netd Lsks Lt r g ned
whet her %gg%dgﬁFﬁgg ef'ec eg%ﬁﬁgq%%o ?egggkégfhgﬂgu%éggﬁ%ﬁféfé$§ifying
test stepefént] hehe atuniverste, defecit st wne ahedpbettibrcofiedefectinmest ai n

defect to be descrjbed later. On the other hand, the pit type defect has no
cont i nui BYeAntR apbeir R Whort discrete defect. A disk having deep pits,

data read/ wri{gaf 0fs Wi £ 184 eapifife GEH YRR tWisthmnk@BBAChnEOsBrfBEaEt i C
di sk and the nunber of which exceeds a reference nunber, is classified as

the thirdefeghetest diewicon madgiramietigi sléskhiiehchassafpredee e?®e nell nunber

of |ong ts; Wl C al 1y di s i fied ¢l ie t continuity

;and t he ?@%%gigla %oggiﬁg%c%eglééé?%tﬁﬁ% +53 EE?S ’L§§8§éd99ﬁ%gnetic di sk

‘A magnet thidd skadnawt g dieflectaoduichi ncatsesutrifacal tefaati & thack or

alternative sector 1o be_inpossible is chgs%hied and extracked.as athird
t

magnet i cPAPRRICHRedtflssit I i thiass EsBAgREhEE; AL akS ki ¢l assifi ed
as the tghid RABAREE] Ctigl SkSzd ol ditned her aRgatiBgdibR, ceréi fying

operation for act ual magneti c di sks having these types of defects.

‘ continuity of defect, the number of defects and the position
of defect are obtained in the surface defect test step.
Particularly, the size of defect is obtained under more
severe condition than the conventional surface defect test
condition shown in Fig. 8.

By classifying magnetic disks under test to the three
classes in the surface defect test step, magnetic disks
which become qualified are determined in this step without
using the glide test and the certifying test. In view of the
fact that the number of qualified magnetic disks is dominant
with respect to the number of disqualified magnetic disks,
as mentioned previously, it is possible to obtain qualified
magnetic disks which have electric characteristics to be
qualified and which may be about 30% or more of a total number
of magnetic disks which have optical defects in view of the
defect data obtained by performing the surface defect test

with high precision. As a result, it is possible to reduce



In concrete, magnetic disks which are judged as the third magnetic di sks
are those having, as detects by which data read/wite Wth%@sgﬁ%k?ﬂweto
can not be guaranteed, 1 pit type defects |arge enough to nake

correction inpossible, which nmake alternative track or alternative sector

i npossible in view of the nunber of the pits, the positions thereof and the
continuity thereof, those having such git type detects the nunber of which
exceeds a value with which usual alternative track or alternative sector is
i npossi bl e, those having conti nuous type defects |onger than a reference
val ue anghor,iioee JAAhA IR KSher Foned faBugy oh €RB!LIvAUSLype def ect s
havi ng Iengt% exceedi ng a predeterm ned value. The renai ni ng magnetic di sks
are deci aed tse t dersietiorat irag reetsitc bgi K. oThembbhgrcofit theotistaype def ect
may be a_qroove fype scnat%p, etc. On the other hand, when the preciseness
of the oPEFREF W sd4%Srade high, the nunber of the second and

third magnetighgl skshahadhdracessianid obeeoresteddyakbhkedow bh £gepect to
the first, qualified nagnetic di sks becone increased, causing the

separ at | batat nuebele cwhdnaanptdd digikskof bentergedhbydthtgnetic disks to be
di fficul r i t:i,.on, e. netic disks are
further SoRetutlpfl SifHod BERRSCs BRNENRRL, LOCLSBRE0E FRENS 7 1 2% 10
certifyi effstegncy of evagrfettilte ddistk ttyse dsf acwhoheaddition to the defects

whi ch usual | y_cause, rel at ed netic dj.sks,to_be disqualified, as nentioned
above. By ext?ﬁﬁffé&PQTﬁftﬁﬁ? , Qﬂ%ﬁhﬁﬁﬁqﬁquoﬁagﬁgtp €8F8ks from the

magnet i Cigekeidh saued | duethde ddfe@pites! ndeheat cbppkikasyi ew of the
nunber of pits, the size thereof and the continuity thereof, the remaining

[magnet i caddikior gk behe | Heans inantdonerse abovend andghectcdataksuppPeei sel y

and, thu Jtel ' to i v t ctest I glce by testing
only the%% oﬁ%én}ggﬁ‘z}f%ﬁ%i%sl%s% Eigtfggrtt ?%)glhﬁ%g?egtg{:gl %(E:I gg%t ally, in
Fig. 7, aecefiérmageemiaetidks cldeysidiieda idi shesohsssafécat2on pteped | ayer
of such as _ nickel allpy, 13 a sputtered neti.c fil.mand_14 a | ubrication
Tayer . TRBAAREy SURRELF YA T T G e 208, fERRI RO EJFeoaRPRTc o i o

al so appinh?ﬁét_e.ct@i@wtéy% e fedie dfaeiatifn te BegamilezBHOLAUShEN type
defect called "nmound”, there are many nagneti c di sks havi ng such, protrusion

type def EEPSCURERR B ghefRint @F TRARLCEAI N FhETRIEPh FBSpBRENEHEFet O,
since a peLpl LuetYqbd LK JBANRI 1y ‘;ﬂd [)Bdo%hfe%r RBoAiREAE bRerfgund. However,

as to protrusion type defect called "bump", a magnetic filmitself nmay be
| ocal | y brekentbynvért bompcempek issgsstdafidcl Idatiosoutput| meansyfohi nned.

Ther ef or here a n es,_wher r W i espect to a
magnet i cgaiaﬁs'ggfﬁg i %lgesu %V%y eentclec?neeccf Q%?e%c?t %%%/gr gh{t@gg tsg;?&éonsi dering the
nunber of bunpyg, ptbeidize thereéefeanddtere abrhenwdopnidhaaemietdict h usi ng t he
magneti c di aving,the latter defect as a .reference simlarly to the

di sks h
case of CRSKpEPTPRE HBIERE SUBSeMiehind Shfs SteFe CUH &5 2el 188parat e ¢ he

third magesti stdpskadyerbe &ésgrptyfieddamithensecarchnergneti ¢ sdi sks
Whi ch have defects to be tested in the certifying 2 ~r JUL 2002 n step.
| nci dent 8PPy ibiRetADLATL t PRCVRE B2 Het npPsifdon of a magnetic

disk in which a surface defect is detected while roughly
testing or not testing the remaining positions of the
magnetic disk in the subsequent test step. Thus, the
throughput of test for one magnetic disk can be further
improved.

A magnetic disk having some defect frequently becomes
usable practically by a provision of alternative tracks or

alternative sectors or by a one-bit error correction, etc.



uncertain defect to be described later. In the recent surfaceqdefecf; t ,
the type of defect, such as dinple, pit, nound, bunp and scrazgh}?@JCZﬁaz
a magnetic disk can be detected, respectively. By taking the type of defect
into consideration, it becones possible to precisely classify the third
magneti c di sks fromthe second magneti c di sks which have defects to be
tested in the certifying step, except quncertain defects prior to the

el ectrical characteristics test in view of a relation between the size, the
continuity and the type of defect and, thus, it becones possible to decide
t he secand Jx ' Isks,_t e .THE DRAW NGS
Fig. 1 s om‘fszaegpﬁtfov%c%ésrs’t %F%nggtﬁer%é?ggr g?éggF%§gﬁh%%%%dl§]§k, to which
t he magnet iveabnds tpesttimetllaed yofimppreéahodioeolaséifheand elsest hvention i s
applied: Fig.,2 is a.flowhart of a general processi of magnetic disk, to
whi ch_ arRRGRIId SRS bich A Eker hEOHETEENt LFnyEnEr BRLFLL B3 S Cy &9 i s a

Fl owchardydi 1901268 1961 6e kBSbnHPhAGHe0l ct A8sRE Cspd rdtvBpld Rl Fig. 4
is a flowchart of a glidé test in the magnetic disk defect test nethod of
the presé thirshiagnetiig d.sks actbsddéngr toomesecthei syiqgndst of the

magnet i .5k def ect, fes th of pr.es Lhyent. lg. 6 is a block
di agr amcpo?délzé&rélgnogffidce%éstkgglgf (%gte Pé‘lénpgaeelgcgg%?(%?%én@#%geﬁltlgi nvention Fig.
7 shows maidenloLross 3edd agneftitydielts dsrflacgedetiret giold aofagnetic
disk, in which Fig. 7(a) shows a 2 ~r JUL 200z 12 din€|e type defect and
Fig. 7(BRERwE dink ISy gedpsede andafliernymbsrsasBagne tbachtt S of a

convent i,gialy d Guallts MaNYhatlukRg #Rdet 881 ShEPreMEIA &Rt

DESCRI PTI ON Cgﬁ%%égPREFERRED EMBODI MENTS

( yield is a problem even if the test efficiency is improved.

‘ Therefore, in order to improve the preciseness of separation
of the second magnetic disks from the third magnetic disks,
the continuity of defect and the type of defect are employed
in the present invention in addition to the size, position
and number of defects.

Describing this in more detail, the surface conditions
of magnetic disk such as shown by partial cross sections in
Figs. 7(a) and 7(b) are detected as surface defects in the
optical defect test.

Fig. 7(a) shows a case where there is a shallow recess
type defect usually called "dimple" in a disk substrate
including a plated layer and a magnetic film is formed
thereon. However, the number of magnetic disks which have
magnetic films detected as having such shallow recess,
nevertheless, can guarantee data read/write thereto is not
small although an electric data output level is lowered more
or less. On the other hand, Fig. 7(b) shows a case where
there is a deep hole type defect usually called "pit" in a
disk substrate on which a magnetic film is formed: In the

case of such deep hole type defect, a magnetic film itself



In Fig. 1 which is a flowhart of a whole processing of magnetic disk, to
whi ch a magnetic di sk test nethod according to the present ingenti i
applied, capital letter A depicts a surface defect test proceZﬁlfeJm-i-&i)OZ
corresponds to the surface defect test step (3) shown in Fig. 8. This
procedure A is conposed of a test step A-1l, a defect data - sectioning step
A-2 and a qualified disk decision steg A-3 and a disqualified magnetic disk
sectioning step A-4, for classifying tested magnetic disks to the first,
second and third magnetic disks. The test step A-1 is to obtain the size of
magnet i gedionlesdeheqt aptcaﬁlgoa&' RHELY tBesepitatbeaiylies ddgioofc the type
thereof and the position of defect of nagnetic disk,” as the defect data.
The def détlmddoamedciliocalay snep suzfacet of stharmagnetioniiske. tFius obt ai ned

ol wr SN ER o o SRE TEBL RAGRCrLEn of SREPEr ab et R PR e e il 1y

whil e i tid siotheriairantesdeifitecuentdot it is a defect in view of the
el ectrical characteristics test in the certifying test step and data of
certain def e@OinhnEss Fe@songi nlthedPErgedenssSaetBcEndnoPhecC@tectri cal

charact ‘?:féf.%tdtc%es@e%'t%?aoEsofnahgehﬁﬁﬁéi" ?nEi.eEﬁ&t cOhtiNe: tPCoE t gdPedef ect
depends upon whether of not a data’read/wite wth respect to a nagnetic
di sk r elanidedheharforenentjdoacdntypd datai aneoémpheyegpas oflefiedecdatach as
dimpl e, pit, und, ,bu or_.scratch, etc., th ption thereof and/or the
cont i nuity adc{ﬁ:&o 59 60513 rE eBPI.“f’?ﬁaPtfi §?9§§#%tts with which a data
read/ wite wWiHat €33edin torder eloaedenpgeeticel ¢ skpaaataothbesgoanant eed
are the certain defects and ot her. defects becone uncertain defects. The

cert ai n At Qi Mg LG QigksdErpmeTAIPPRGCadLPER M TR HbE S hotRal | ow
‘1-bit COJHee‘&gitﬂ’ba&a%‘%fe%‘%t t¥skh wabeRriReqdaka LRAdAVRAYE Yhibagespect to a
rel ated magnéti c di sk can not be guaranteed in view of the position and
| engt h tdedrestifs dmd theddfognt ofhisblaldont rrgessésr calliedt dimplésirgecht han a
const ant_ di stance rgatar dl e(s of the ﬁo it gnot herg?f géﬁl Sel ecting
condi ti GF VMR ff Gaf &8s SHTHORMI ERCRaRIFEEUFHF 22 with respect
to rel atwsFarmgited.l ardiciddrs todogdar, atheedohsifaitgedf bjerepeasndl y witing
data of practi calégl exi sting defects on magnetic disks_and e|lectrically

t

readi ng the iYvRe deheE At BPIEERPLRA ngtwhEt ABRSHRIndR FRE defects’
guar ant eg il A IRAHW id  heke! @ dI]fhﬁlguégFEh?Q dsk 9gerabenaskepLA-3 is

to determne, on the basis of the defect data acquired initially, the first
magnet i draiigks avnelatiaied \nshprsblengkht Andegpeemet arede 8heltric

h AN Lifi ! i q
qual | Ty SHEETT s ST SrRE R BBt P cer ehECRIRRNI AN, B8 207 e
first mepwnd alidkhasg] defonetd o bdskenbad at whi detesminmad| whethan a

pr edet er m ne nbe a predet erm ned . nunber whi ch _are _pot concentrated
e et MRt (HhR AefStth Saaipee: I L8R S0 s Sbeo FUPREREER Eand w th whi ch
the dat acee@dyird ecadd segspae! the ke tergReeb; dusk tgpguarant eed.
(Further, the selecting condition of the defects with which the data

read/ wr | 4EeFE e tan e erdiade defegtetrc bgi dRSFEibed lptgry | 2p02 14

guaranteed | Sofletied et Had EPAAHE Bit Wildd HARE Bla3Chil ELY nheRE N
data of practically existing defects In the certifier and confirmn
whet her and ippeRts aeal/sante disquedeadiededt. A disk having deep
pits, data read/write for which are not guaranteed with
respect to a magnetic disk and the number of which exceeds a
reference number, is classified as the third magnetic disk.
A magnetic disk which has a predetermined number of long
defects which are usually disqualified in views of the

continuity and the type is also extracted as a third



The disqualified nmagnetic disk sectioning step A-4 is to extract, fromthe
magneti c di sks which becone disqualified in the qualified disgégeggjLo

step A-3, the third magnetic disks which will be disqualified r Mat |2UUZ
the defect data sectioning step A-2, to separate the remaini ng nagnetic

di sks as the second magnetic disks to be tested in the certifying test from
the disqualified nagnetic disks and t@ make the second magneti c di sks as

di sks to be tested again. The magnetic disk which will be certainly
disqualified is decided in view of the certain defects, the nunber thereof
and t he maesickiendiBer eaf maBaeticulask Ynavhey pastddworwitfcrdeffelesdepends upon
the nunber of certain defects in one and the same track or sector of the
magnet i &hgi s tgFaathzecsmarkupryadferneEivecieciar B ke, iMgessitde nunber

of the gqerigla qefeqt apexgﬁegaceeafs eée%ﬂlf‘&%? Pé“dj]"sﬁ}{).u%hea” .
alternative track or alternative sector becones nhot avallable, the nmagnetic
di sk i s dastsdifylingdeondétdtian bd bbese sgaghetfiedidien dlesifiileer asf t he

certain defects exceeds.the, predeternjned, value. Further, the nmagnetic disk
s cor { 4T JFdGE: HBGTAL L CHBKS S8 APFFFBHIER fh JARIS Ao e nunber o
conti nuestdehReleS oplairaR idhe rbengetubNanagnéef £r@NNes i Prenaet her the
position theréof makes the alternative track or alternative sector

i npossi Biveeso ofr ef@etskurt her, the magnetic disk is.certainly decided as

to be disqualjfi r di tQ.the. ree. cen i cont i nuous
defects Iongé%lfﬁgﬁggﬁg?eg%%EF%%%eglgg%g?ﬁl?% ggg iuéégﬁtggﬂ@%als a

speci f i c:Hirac khagmhetdet diskSapreakhbstt ravingn & gdeflestw\isy awtgldide t est
step which corresponds tq ,the glid est ste 4) in Fig. 8 whichis to
pert or mAtE A Rage Fthn FeSPRREK ERERRED coaty hat dye (it iEng
‘magnet i i skperkicHedts 1arke tashed a0ainAkeCapbiel cobetéeridn shows a
certifying test step which corresponds to the certifjcation test step (5)
in Fig. @porsiidblsyephich aker pdtRrRateve| Fyaaly ¢estliernalyive racks (whol e
surface) t et j:c. di.sk i e.gqual i fi i e glide test
step B. |&OJ£%§%%\%5%§)1%IB%\%CH§%{N 81"5' gﬁghg@bgﬁbggiﬁﬁe%tﬂng?s’thnteﬁé;urface

def ect tpesti tifonsh thefdeafs ahkorthehabnshouwntiyntkeégeof, | thedmthavidef ect dat a

out put step A-5 i,s add to the disqualified mgnei c disk sectioning step
A B Pik ORE [Sfetred PEnBIBET The "RUIRISECRIIR & TL4% tbut an
i denti fivgatdromddd) dderatard dehewt odahacedabeivé gdetest psior to

extraction of the data of certain defect data) of the second magnetic disk

to be tRAFLART (hose dOHAGNGOREAPURNSUENPRsIEfOPRY PRICY HIHAN The
def ect datg, QUL SEARA mtrp%g%s@ehseanga%agggdgsegﬁﬁ@ean St

subsequent test step, I ch 1'ncludes uncertai ect data and certain
def ect ddft cquiigruaus s dleif@ctisn helvéndeflebothaexnceedingning step A-2, to

the flo i .Qge ro.wth.the . er _of d ghetic disk. In
this ca@eﬁié&aﬁé%%%;l’eatlhu\g 'u% S trae#“%lﬁgggc{“aﬁawﬁeag% % %ngt he certain

def ect adecisied exk ithd eddmpmaghieti csepakat eltiie Ibagdebrtindads® out put to
the recordi ng diumingludes at | east the posjtion data of defect on the

magnet | cc¥RSKIetect may g POV type scratch, etc

On the other hand, when the preciseness of the optical
surface test is made high, the number of the second and third
magnetic disks which necessarily become disqualified with
respect to the first, qualified magnetic disks become
increased, causing the separation of the second magnetic
disks from the third magnetic disks to be difficult. In the
present invention, however, the second magnetic disks are

further separated from the third magnetic disks in the



The I D nunber of the magnetic disk is managed by the manufachuyi I
nunber of the magnetic di sk, the nunber of disk cassette in Zhgcq?'“h?(}oz
magneti c disk is housed and a nuneral indicative of |oading position of the
di sk cassette (for exanple, a sequence nunber of the disk cassette). The

| ot nunmber and the di sk cassette nunber are specified by a bar-code | abel
attached to a side surface of the disclassette, which can be read out
optically by the magnei ¢ di sk defect test device. The | oading position of
the magnetic disk cassette corresponds to the sequence nunber 1 since the
sequencecettibpinggstéerenfviey nahages it & ypendlefiegtaim efidihéonaboetic

di sk def gct t ice.. Aglide test st in.Fig, 2 diff f
the ol | dEnPeserepEs Wifen qushiaflly s A iatsth Witmediv, dhakecbo Bengal n
(second AmgRghL£fdbaKsas ORIt afdivd hasyiesdiraldtfingd thBOBRL kG, di sk

sectioning ste£.A74 are processed as_in the case of the enbodi nent shown in
Fig. 1, theqgpidéiedsnagnetssiiiks nfide Giepagnetic gisksis perforned not

for a whql o] g i i i 0 in Fig. 1 but
for a po§#§9§%i£?§§%i%ﬁagﬂgegéé*&?g %éﬁ%ﬁﬂg%ﬁﬁﬂq?hﬁaﬁﬁgﬁg g?ethe def ect
dat a out putnbérooft hitsef the shta thepedf Aned theé cantiaungiybeherecfind behi nd
t he defeiﬁ position includigg the latter orcgrsect r_or tr%ck in ich a
def ect ex§t STMNPHENPEIPTbLEs 335 %ﬁpeﬁ?i 1A e a8alfe SGRRC

Further, mbhfcleteali si3t probl senedahy, theus) iide LPodsIpaut put ilprbhre floppy
disk for use in a subsequent test step. In concrete, in the glide test step
B in Figthe tepRaldépsbtcfEicieREn RY ¥9lirg o hrddifetsiccoadsRagBesified in

t he def egt: ta.o u =5 | ead fromthe floppy disk and 2 43U
L 2002 1§EF%§ ?B g&%b%?§%$9¥£%§n%§%%iic disk to be tested is read out from
&he bar - code ahctidendaikycasneFie. ahd & heeperdénamp rpostalod lofdephetsassette
and the detailed glide test _is rforned for the defect .positi of the

def ect d&tgfskhﬁugﬁéﬁaﬁgfo&% ﬁnﬁfﬁgﬁ?n Y% %%f%%ﬁiﬁﬁéﬁﬁc L gﬁﬁgrng t he
latter on3thesphaekretl meghetibnticind hes def padrinesildronaydegnetic di sks
disqualified in this test are tested again after varnishing themin the
glide test std&pe PROVEREGRECIFAPAicR qhafhei BacesSs tHVRe tad hol&p HY®e oaded in
a disk cazseths 30da1LBeny,i0ah16088 bAYEtu O ha drdeges agf gbhe di sk
cassette%%% %ggd,gaaﬁga ?Bp%ﬁﬁger ig béoduaggﬂ%ron1the Iggﬁing posi ti on of
t he casset gentilke pretriiaiohDtypebdefebereatiled 'fepiratod therehargewhpy
produced | D nunber,.and the.latter.is itten in the floppy. di.sk. ILn this
hce. e BB R RS heRing: SRR SedFIt fd DR P aet Rl e | <
any specigplarepfdet data reatiigrieet wiyhngespept Glsawemsdigigideo at he gli de

test step B, the_defect data detected in the glide tes tep Bis read from
the flopffiditdvednd thRERcBRAEPEYLAgT &8t 19 sfﬁﬁﬁ?%rmq%rt & &o¥eect

posi ti on mfudifee, dalsetl Babrubienatepebgbsestr apsh hedindnide @ef ect position
including the 3 latter or the track™or sector in which the defect position,
magnetic film itself may be locally broken by the bump and

{ substantially lost or locally thinned. Therefore, there are

many cases where data read/write with respect to a magnetic
disk having such type defect is not guaranteed. By considering
the number of bumps, the size thereof and the continuity
thereof with using the magnetic disks having the latter

defect as a reference similarly to the case of the pit type
defect, it becomes possible to precisely separate the third
magnetic disks to be disqualified from the second magnetic

disks which have defects to be tested in the certifying



on the basis of the defect data thus read out. In concrete, int
certifying step C, the defect data detected in the glide teéizskESLBZng
read fromthe floppy disk, the ID nunber of the disk to be tested is read
out fromthe bar-code on the disk cassette and the cassette pick-up
position and the detailed certifying test is perforned for the defect
position of the defect data, the areaijlpefore and behind the defect position
i ncl udi ng the 2 ~J UL 2D02 latter or the track or sector in which the
defect position, according to the position data. Magnetic disks

di squal ifd&d, ithditRerR@liy,Yithe #oeRdaitgpabasdepedpebbfies 3thé a flowchart of
the surface defect test nethod according to the enbodi nents shown in Figs.

1 and 2.umxexidis defent flobeofdeasisaibedodpifelit shown in Fig. 1, a bar-code
is read out f j S of ti [ asse ugh the

var ni shi ng st%rgml(]% ?f%&%rg?_%?ﬁa%les dreteflé%tg&gg?{o%nhg E’ngcé eg?kagéf' of a disk
cassett eswdtd &8 atiaghle) PitenMuoundst eumpOihd acmagor}i etdi skofoabe tested is
set on a spindle of a test table (step 102), and_the surface defect test is

)
start ed AT O ILskiran be defeatadevEFPSBRCFR¥SH¥tect detected and its
position on tge ChiSi @ EnfCAd ¥ (RRtlQhk AREnkRBeckg¥ebndaie and the

position data of the defect "signal are stored in the nmenory (step 105).
Then, t Heecines gabsidnte Mo wresfisely ddbsst fyr shdethbintinbageetidie basis of

the | evel. data.and position data of .the.defect .sigpal f themare
br oduce i el T cts el e e g o i Py PRre 280858 Bd ner -t e
above nepd | peethd Ot | the tae i iy tstee , ofexdebecunaretdehedefaets by, for
exanple, one of the two light receiving detector systens,to be descri bed
Wit h ref%?%‘?ﬂf:et‘f otli%e?%?ﬁmicr?elntcm rﬁsltil(j’.s_ Geéét ¢p Yb?‘)’.ogh%n, certain
def ect dat ot Sonlaferyldiedhy o UdiHg dapeantaky deheehs pppthsrbasis of

the size of defect, the continuity and the kind of the defect and stored in
t he nmenvd§fg¢st epndOsihusthel b drstanasy nosstidile deof decddanicbh aAtgon@ dinple or

nound as | oned. previ ousl y, e stored in another nmenory area as
REBE RY “EPES 17 0% 1Y

uncertain € magni tude, the continuity, the nunmber and
the 2 4 J UL 202 19ppasFt DERCRIPTHEN def eTHE SDRAWEINGS t he defect data
before the classification of the certain defect data i ncl gdi ng the

not
kind of defect}d-it 7ROWRt2rHt piEdhdetHerd FoUF1RL REFOTEFFEPPcCdisk is the

first mgaghéeidi gkskstep HPn tMemddndtSd A s kebtmraRBbUCodi 8K, it is
qualified in this state and the glide test step B and the certification
step C apEbadinmeRt f of nele haeesent yinveERians 1st R@PAdgAéti c disk is basically
i nspected by | bng.i i S eB]_cé : if ying test step
Cor in the cg?g}‘)f%/i %a ?eg?&g(tg%%gﬁoéﬁoénfﬁrr?n%%e reél%%i]ﬁa{ >t9fof deci si on of
magnet i cmags&t foadli$kedto whiheh oo ttedr tasstodimenteneadd thredprasentdi ng to t he

result thereof, the judge.condition is changed such that the judgenent
becones ﬁﬁygniﬁ??abfeépgfle&

Fig. 3 is a flowchart of a surface defect test method of
the present invention;

Fig. 4 is a flowchart of a glide test in the magnetic
disk defect test method of the present invention;

Fig. 5 is a flowchart of a certifying test of the
magnetic disk defect test method of the present invention;

Fig. 6 is a block diagram of a magnetic disk defect
test device of the present invention;

Fig. 7 shows partial cross sections of typical surface

defects of a magnetic disk, in which Fig. 7(a) shows a



For the magnetic di sks which were disqualified in the step 102 dy Jrszpz
determ ned, with reference to the determ ned defect data produce g
step 108, whet her or not they are the third nagnetic disks which are to be
certainly disqualified and the remaining magnetic di sks are determ ned as
the second magnetic disks to be tested again (step 110). Then, for the
first magnetic disks which were qualifl2ed in the step 109, they are put in
di sk cassettes, and I D nunber (lot nunber + cassette nunmber + storage
position) is produced by the acquired storage position data and stored in
t he menodimylse tt@qmﬁédmanobmmmta(@stepowslp pEbrtype defectmegubtic

di sks whi ch red uallfl gtﬁlnth 110, those_,disqualified are
stored in di sk*%as%e Cé"%s fOr fq (? &°§V§n£h8nﬁ}o‘8% B as

di squal idi &g hadefadtidind And h;%sscecs@é@ magneti ¢ di sks which were qualified
by the judgenent in the steglllo I D nunbers (Il ot nunbers + cassette

numbers + st or R§EREHEPt PBASRIBT IOROFpbiet FRE FRRED EM@()DFMEN@SL 2002 20 and
t heir defect t de t 5o rat ef ect
data) are sto?lzdﬁlléu t%gﬁtﬁ;é&rrgr@sg%s ‘“Ls ":ltsﬁgclog’eﬁa:aeg’tﬁg?ite Bg:&r:lg no1 3). And,
by det ermgmerglm\héid:ﬂe,r o widitch raemmee:magluskl tedtsinethondaacpn@diatre;m ned
cassette i s_determned whet her or_nat the su%f ig{_’efec test is

conpl et eﬁo(glﬁ‘aeppﬁiﬁ?nt VHEFETH 19T Ao 2RPdhSCet £6P4 $e rocessing is
retur nedd%l@léf@ st epridde Wit agyetibeddieequal thi edriadonds the step
111, the defect data in the step 112 are tabled together with the ID
nunbers &g Bt Hrce t &Lt oRRL ditap (FD) showapini8)g. WhenTRhe qualified
first a ghet t LR the i nal disk
casset; oo EaEe oot i LS L R aRT BrobPEL K

‘tasset t eseattoneag $veprivedicand meymalde?ruadf idd.aki dacnaionmatep)nA Al t hough
the determ nnation o er_or _not netic dis e lified is

per f or me@*dnd tﬂ%s%‘ég%%\@b? trﬁ%g%'?tfecoc{‘ g‘efsé3 t1OPABYC§ ?Pn% f?féreof and

t he nUWb@I.a@élﬁI?iﬁﬁt§e§&<éditmékﬂ1é‘d‘hc fdirs iex ampltde h&éagsks@toﬁ@c&m as

ment i oned above udgenent of uncertain defect in the step 108 is based
on 't he t?béréfmﬂwéé%caﬁw%iﬁe cont i nU| ty thereof. Incidentally, the size of
defect is det theqs a |nF|g 3
and descri bed%hergl n te j|§‘|slfj(')$ or%jlt-r%ﬁt SZ%\QS’E Fn%gélegw

ment i onedipkedebasty. tlha d:cbnatms:etxoftndmacefnbadmemnmbshomemOFl gthe t he

pr ocessi in_the ste 1 |s & | aced by r.ocessin n_a,step 1l15a as
shown byggpao{:%‘gae?% gn% e $dea§/ﬁ%é‘:h° fﬁagga&?d%as?h the step
114 that thBedkestti aae@rrpmé e@eféd‘l@ defededtfbion il shepsaeandsmagneti c

di sks acquired in the steg 112 is tapbled together with the |D 2 ~J UL
2002 21 AERBERTEnefEeM ERe Phes tApFained ARIRAT CG3ene dPFEppY disk in the

step 115anchkRthRg gkkdett gRicRIR E’t{uéfaenﬁ@eblt@fé drfact-edayariger ead out
fromthe floppy disk and the glide test is performed concentrically in the

posi ti onWélthdéﬁ§§?C§bt9| aemagn©m¢ hél glefrskatha athelr@rtphénlecrcﬁlt:ﬁélgl i de

fest SteRgliet e defehkedatanl anlaRledod oant har i th ddickDigughey of the

rragnetl c 5\ R and out pu oppy di def ect data is
read out offr ahnet Iaéef:ltmmpyldchhraoteh:estms |tfg,smg.rsttéx|@ Ceand fyhagcerti fyi ng

Eﬁzt('l Zeggégo(rig?g %%gcgn ri C%| gr{:girtlhgepocsé tvlﬂ?lnchoflsdecfeer%t ogt ai ned from

decided as defect on the electrical characteristics.

Decision of the certain defect or the uncertain defect
depends upon whether or not a data read/write with respect
to a magnetic disk related thereto is guaranteed in view of
the type of defect such as dimple, pit, mound, bump or

scratch. etc., the position thereof and/or the continuity



The glide test step B in the case of the enbodi mrent shown in Fjg. 2 mnll be
described in detail with reference to the flowhart shown in ' . guﬁz
the defect test data stored in the floppy disk in the step 115a |s ¥ a

the nenory (step 201), the barcode of the bar-code |abel of the disk
cassette is read and stored in a nenory (step 202), the nmagnetic disk to be
tested is set on the test table (step £P3) and an I D nunber (lot nunber +
cassette number + pick-up position) is produced by obtaining the pick-up
position of the cassette 1 and stored in the nenory (step 204)) Then, the

glide teshergogtarhad (8} ecne286ts Mot whHith & idld esladreadteeqksna track
of the magnetic disk corresponding to the position of defect data and

perfornsrﬁﬁ@e@éféétaté@ﬂaﬁﬁdtMQgﬂétb%tdk%ElQﬂﬁnﬂQﬁ h@h@“@éﬁ@@?eéaﬁae t he
area bef qh Andaell A ke dShac cROS! 4L 0i 20 e kaper or the
rack or Sector 1n fec posi

I on exists and t he test
data i s aefeictad (I‘sfeepezﬁz).n thEectlim]sucthiQﬂ omehhx@rleohamngt he 2 4]

UL 2002 22 test ck is ended 8 en there is fur her defect
dat a, th@lﬁﬁbééé n§°P§ P@Fu@ﬁéawti g %%%5¥%@6“hn§'FW5 i #&thest head
seeks a ngxlch HAEK AW REadelstte andrRCABES &d %'Stré?l%tt%d HRigheks cr epeat ed
until the test of all tracks having defects is conpleted. Wien the glide

t est dat slistk aa ot bﬁa@?@@rhmﬁﬁg tef etew %lfetfemmsfléaon tands deci ded on

t he basi It _af t nggnet i i IS
qualifieg %@F %Eﬁgi%f ag %féggnaﬁicg léﬁ%% housgﬂdﬁﬁ%ﬁé§8ectlve
di sk cass&um@& amdnldenbh%teatldmsnunbersequnlenﬂﬂnﬁ'thecqss&ttennunber +
storing p Sltl ) thereof are produced according to the housing position

‘data acq& c210) and, then, it is decided whether or not the test
i's conpleted (ﬁl%%t%ﬂg) cotheR ibhebe LScR ABERRLA Cadkadtd Ariha tasied next in

the cassette, the processing is returned to the step 203 and the tests are
perforrmxﬁaﬁanﬂeadéwrrmﬁewlﬁhlr@ﬁpeﬂé testeldrd trgnfigiedickdilsk nottor ed i n

t he cass e, te n the step 211,
the ID nﬁh%%ﬁ'o %gﬂg té%%%ggg b% ?g88§?§£f§ﬁﬁ :ﬁﬁg t%%?ﬁ% in the nenory,
is reWW|tpnacﬁnmaﬂhyId@lmm&hqrdpfedbsednlmagmmtfnenlékﬂ)aﬂduaI D nunber in
the floppy disk s the defect data js_updat (st 1 and, A when
t he magnétigetdhigial %épﬂpﬁé&t ﬂﬁeanﬁﬁﬁt%F%g %ﬁﬁig¥sﬁ§héi§£ﬁﬂge subsequent
certifyi RghesitRly G oAl hele WelfdctBegdhskntass@it£. rLu e tof her hand, when
the magnetic disk is disqualified in the steps 206 and 209, the

dlquM|fﬁh§FQﬁﬁﬂmn|c disk is stored in another disk cassette and handl ed
n a di alif a alified
i | Saual | O GmRItas it bRcdbSaHaLELY A0 PLOSES Stedditdisanal I

magnetic disk 1s varnis step and
t est ed agai rehehrags tdfe tsteepisefm tlhteughqadeed Vit tdlel yvaghet i ¢ disk is

dlsqual'fflrstlﬁaéheégéﬂgigis which have no problem with respect to
the electric characteristics thereof and become qualified in
the certifying test and to qualify the first magnetic disks
without electric characteristics test. The first magnetic
disk has defects the number of which is smaller than a
predetermined number, a predetermined number of which are
not concentrated in a specific track of the magnetic disk or
sector thereof and with which the data read/write with
respect to the magnetic disk is guaranteed. Further, the
selecting condition of the defects with which the data

read/write with respect to a related magnetic disk is



predeterm ned nunber of times, it is treated as wastes. In returning the

magnetic disk which is disqualified in the step 209 to the va S
in the glide test step, another ID nunber related to the init?gl gﬁyﬁdawzf

thereof is attached thereto. Further, as nentioned above, when the
qualified magnetic disk is not stored in its original disk cassette, the
readi ng of the bar-code of the disk c gsette in the step 202 is perforned
for a new di sk cassette which stores the qualified magnetic di sk. Now, the
certifying step Cin the enbodiment shown in Fig. 2 will be described in

detail wth referenc o Fig. 5 .First, e .t es ata read fromthe
fl oppy gééﬁr%ﬁ%%égih%ﬁ%?ﬁ?ﬁé%q%ﬂ1q%ﬁ%? ﬁgkgg%giggg%éége%ngn the step 212 is
stored i sléberieably fei®inadta tdfe practdedelyecagibtonyt defdets cone | abel

of the disk cassette is stored in the nenory gstep 302), tgg nﬁgnetic di sk
to be t e5hedCPELLEiepARGCoREHIMIgS dNESDES 983 08nHaEReTPRAAGRDE? (I ot

nunber +iga§§§£%ﬁt@g@per + pick-up position) is produced fromthe pick-up
position dafa of cassette and stored in the nenory (step 304). Then, the
certifying teShei disgualefi¢dimparsds)c dilsd ssfataoningestegndricineld seeks

a track of .the_magnetigc di sk correspondi ng .t si,tLan def ect
data read*FFafitth r??oﬁ%@ Tﬁ%ﬂ??%?tiiékﬁnﬁﬁigﬁe%?%P%g 9%888%$25%g§osition of
the defegh €nbaqubbefdeeadbsit cdecinicbrbaitiopd N-3¢ dakechipdasmbgastiocl udi ng
the latter or the track or sector in which the defect Bosition exists (step

306) anddifEstWBicRavhl] sPacdiseal ikieh cRFrpintNeAn 08 defREFded whet her
or 2 '“%lé’ecry égggggngﬁl ggﬁeélhﬁ-é,esﬁo A AR %&@e@eﬁiﬁﬁ@néoﬁkgn@éﬁe there

is a fur ect the processing Is returned to the step 306 and
the gliddiskst anetileseekend megnetiaoki skevitig beeftestedndnatheires a test

data. This_ is.repeated uptil the test of. all tracks.hayi.ng_defec IS

conplete&?rbﬁgxlBHeESEthfg?néh é%%s %%%é%ﬁd'gﬁgn?iégkélﬁgsiﬁagdéﬁects are

conpl ﬁt ethaket the gee'ﬁdadm@@niéh?c brﬁcBé(]Gs ofs tdis)ldse&ro fb@]E aeglutedi aqeliwhgt hEr or

not the magnetic disk is qualijfied (step 309). alified magnetic disks are

stored in resp8€t PRENEFIR é&%%e??é%hd%kii[9?uﬁﬂ£g$§nﬁybﬁlﬁ ¢t t+efassette

nunber +i§t8%bﬁﬁe€0§ht898% éfetﬁéoééﬁﬁﬂnﬁQgﬂﬁﬂgﬂﬂ P et RPle@r i Ng posi tion
eci de

data acquired (step 310) and, then, it iIs whet her or not the test

i s conpl éhegepst epd3the. pYnehienctkereoh REptddud agilyk thepeosésied next in
t he cassetdt [ [ LS t t Q- t t: d.t.h ests are
perforneg%s?EF%§$Igéggﬁég ﬁﬁ%ht%ég #%ﬂﬁgﬁéﬂ%é%ﬁ% H%P |g%§%§tébe§n%n t he

cassett eands thenshekedratkecdeseston of tlestmaprgtiet iddsk sndaddei n t he step

311, completing.the certifyi test. alified netic.di sk e sent to
an appegE§H5 nﬂé%? 8 eﬁhFB eE%E?CEEtrﬁ THes éﬁ%ﬁr%g§%§@FP@§.o%n%bﬁe ot her
hand, nagRetiagndidelcecwi eRcaegs dhsgradéete efindd tdmstlaen FHQuareaatored in

ot her disk cassettes for disqualified magnetic di sks and processed as, for
exanpl e, AldSraatipegtrgckhons24teORBEITRITIFEVT REGARPTeiOL di sk test device
of this kind. detact t QCE$ ST NPs PES £ iRd, RediRdBgnely §edi sk test
devi ce WFW%Q%SL g%c?%%eﬁaﬁgfg?g ?néﬁet%j€%vf%%03{ defhil of the Szanning
oper at i odlitsipreddffieBuehesuthacautbércoft e caiain fdafeafdise &xicegdshe ki nd

of def eCtthies pdreeS ertiebr?nq.nie ' VBQ{JG?X?'HPLEér ,U ' t%e Fx)%gerpettil\cb'disk is
certainly decided as to be disqualified dependently upon the
number of continuous defects which are longer than a
reference value or whether the position thereof makes the
alternative track or alternative sector impossible to
provide. Further, the magnetic disk is'certainly decided as
to be disqualified according to the degree of concentration

of continuous defects longer than a predetermined length in



2 ~r J UL 2002 25 4,794,265 and Japanese Patent Application Laid-open No.
Hei 3-273141 "Defect Detection Method of Magnetic Disk Magne@ & glim

Det ection Optical Systeni, etc. The surface defect test device 10 has two
detection optical systens. In Fig. 6, a magnetic disk 1 to be tested is
rotated by a spindle notor 2 and helically scanned by a laser light. A
projecting optical system3 includes agfirst |laser projecting |ight source
3a and a second | aser projecting |light source 3b. Laser projection angles
of the first and second |laser projecting |ight sources 3a and 3b are about

70" regprFEyghgé ?ﬁgkaﬁfsﬁ%éa&g?d perpendicularly to each other in a

hori zont al ane, oug wn differently for conveni ence of
il lustration. CAplicght LettervBninsysgen 4shows espridiendietsts shepl i ght

j ecting. t 3 and.i d, of first light. Vi t 4
For receify SOFERBPARLF oFP cblt i qyreniatP <40y dfiettdd By the first

| aser proheehi 1§ kbOpbrsoHhCEnSag ik rafdteded f1v thackeInghbtedi sk 1 and a
second light receivihg system4b for receiving a regular reflection Iight

whi ch i ssprépeel edfbhehsecend magnatic Heksc mbdgh ightosber ses8pdand

reflectegggxn' the magnetic disk 1. Light receiving angles of the Iight
recei ving systenms 4a and 4b are the sane as those on the |ight projecting

si de and abouCapltalr @epeetri Cesjowdhe ceftfifenge Heatbvestept Waithr st |i ght
Prol ot 19 SYSLeM S, a0, L1, SeEOD, L Qi £101.SCLl 1 Y51 g 30pr o5ides 11
projecti ngisystem hs 8ot peRrbanes bepmm £pldd tdsad RS BUGhtagcressible. In
this point, |aser beamenmtted by the second |ight projecting systemis a
wi de 2 (wholeysurfege) of the second magnetic disks which are
\ -qualified in the glide test step B.
Fig. 2 shows a flowchart of another embodiment of the
surface defect test which differs from that shown in Fig. 1
in that a defect data output step A-5 is added to the
disqualified magneic disk sectioning step A-4 in Fig. 1 as
the last step thereof. The added step A-5 is to output an
identification (ID) number and defect data (data of defect
prior to extraction of the data of certain defect data) of the
second magnetic disk to be tested again to a recording
medium such as floppy disk (FD).
The defect data output step A-5 outputs defect data to
be used in the subsequent test step, which includes
uncertain defect data and certain defect data prior to
separation in the defect data sectioning step A-2, to the
floppy disk together with the ID number of the second
magnetic disk. In this case, the data of the uncertain
defect and the data of the certain defect are stored in the
floppy disk separately.
The defect data output to the recording medium includes

at least the position data of defect on the magnetic disk.



26 | aser beam Wth such difference, the first light receiving systemd4a is
used to detect pits and the second |ight receiving system 4b a quH_ 2
detect dinples and nounds. A defect detection circuit 5 includes a frrst

defect detection circuit 51 and a second defect detection circuit 52
correspondingly to the first and second |ight receiving systens 4a and 4b,
respectively. The first defect detectijgn circuit 51 is conposed of a filter
circuit 5la for receiving a detection signal of the first |ight receiving
system 4a, an anplifier 51lb for anplifying an output signal of this filter,

a differa!m AlHdd I8 e ddinfAWAIRI N naHbGEL BLORRL of Lhe

anplifier a predetermmned thre d valué UTHL and anplifying a
porti on mdnufectouting Isitgmainber off @heemagnebectdnekhotuevaumberaopeak hol d

circuit and a A/D convert er. cir.cui The _second ,detection circuit
52 is co%p%%e%a%sf i3 &PA5h %L]ﬁet n?)agge;t 5&8&.% Ogsggt g%ﬁi %n si gnal of
the secomgnétaghtindiced divey ofy Slcaidle, pasigtiphi Bfethézblénrcaspétwi ng an

out put si naI of the filter circuit 52a, a differential anplifier 52c for
conpari nfE@Hh SIATREE sidyrE8IUSNaen QumbSK Pifeithe 938knreasatprideTRBemi ned

t hr eshol 0 o] ngl which
exceeds the t%%%ﬁ%émgﬁ ﬂg’é%eﬁgﬁdhg?nrﬁgal %r&zgpan%?gﬁd&a% %onverter
circuit Eﬁmrcddmalabe&ﬂaﬂthchﬂdnhp'HTHidandquHzeapé tbgutlasabl e and are set
to appro rlate val ues .correspondin to t.at of the detection signals of
e T oS poRHFRET 1 AL Sbdn iy Sy et REIZaLlyopy. e BRESSER t he two
systens ahéehd@féct ek Jddilel0Gh2T odetioet @dsceibaspendhagly to the

heli cal scan of the nmagnetic disk 1 are held in the respective peak hold
circui t SMBIREEHY K MRS USORTAPORAS ke FBEpEEHANPRCBRKMABFd circuits

are CO”@%&@@' ¢ Os S Oc?@'l%”a% b tt'ih%r%/ ol ‘igniﬁﬁh% BaChycyits 5le and 52e

correspondingly To a“contr S|gna ta proces Ing Uni't 53 and taken
in the dhaadbxm@essmrqﬁthe mﬁgnéMuE\dﬂS$e§eﬁeb& bysthdepeah hold circuits
51d and 52d are t he sugn ) fron1 he re iLve nverter

b
circuits 5le 9£§§ Eﬁ%tpigip T SESS|§RE gre hel d by

them regpegéivesy.stedhen deid, pm&ea—.&iaw larlltho'é hi gligm@stoupeed With a
m cro processor unijt ngU) 53a, a nmenory 53b, a display 53c, a printer 53d
and an i heeFfAcaIBTR %ﬁ%PndeWQﬂ?Q%QaQﬁﬂﬁﬁélPPtééﬁﬁécﬁéathFBth a bus 53f.

In the nBIREY. PBP; @ MEdSSE deienl 's%%b‘lro?ig.h%msgéi Aa4d‘§frécgr§b€§s@8d

continuity judge program 54b, a defect type’judgée program deci ded
def ect sastinnthg pasgrain el %mhbdimpnﬂ|Shqu|um1ﬂi@dgé,p¢®grgﬁn§¢e, etc.,

are storggFg g %%gﬁéherﬁggégﬁfecée %;9%%%35$fi%n%e%f%ﬁ%k%?%o%e%%%t dat a

area 54g
a whole surface of a magnetic disk unlike the case shown in

Fig. 1 but for a position at which a defect is detected on
the basis of the defect data output from the defect data
output step A-5, an area before and behind the defect
position including the latter or a sector or track in which
a defect exists. With this processing, an efficient test can
" be done. Further, the defect data obtained by the slide test
is output to the floppy disk for use in a subsequent test
step.
In concrete, in the glide test step B in Fig. 2, the
defect test data of the second magnetic disk obtained in the
defect data output step A-5 is read from the floppy disk and



The MPU 53a drives the spindle nmotor 2 through the interface 53e
executing the defect detection programb54a | and starts the%bld&m by
controlling it to nove in an X direction (or a Y direction). An anount of
this control is stored in a predeterm ned area of the nenory 53b as a scan
position information. Then, the data of the A/D converter circuits 51le and
52e are taken in through the interfacd753e with a predetermned timnm ng and
the detection levels are stored in the nenory 53b correspondingly to the
detectors of the first and second |ight receiving systens together with the
scan posthe AID dainber espertid walgnetic2 disk] td be2t@82ed8isheeddf eat size and
conti nuin%j]?/%tudge tF)rogra 54b i s executed to read thg defect data of the
first a CHHRY BIGHOIR & iRy P SRS SEititen aRre tREGRIFETYBNd stored in

the memdiys fidfon I9r Ml ddfbcicParpotresoRAdingA g150e keag defect data, to

rise a flag in a range in Ich defect data of thé respective first and

second |pepforratifondhy sdefactamesidionnedushet defgatt datsi z&henf or mat i on

(data indjcat,ve of the.si.ze).ther dta.stare. Lp .t defect data
area 54fa]f%%elﬁ1€?r%vi ?rhftl?%%ﬁg et?}e ?&%ee%%l gr?%ﬁgts%lgb i 5%‘@3@?%%\%%, anong the
data storgegken dhecieflecdcklain st O4h whiehe the defeet gakatibnt.he A/ D

converter circuit 5le whose level is within a predeterm ned val ue range and

whi ch hddegnebhe i disksy dA4adid e 10y therelesdatsi heEREIARBALBNVert er
Circuit peeek Osg‘al%ﬂi Ligi 81 @fdn dat anihas deeuels tdeeepnorneXaggfetic

predeterm ned value), the defect typ€ judge program 54c riseés a flag

i ndi cat i &gsk heualki £oed din atlass detithpterord sndwadedThns aj dliske def ect data
which is cted in o the firs i r.ecei yving t for . detecting
di mpl e O?Q%eﬁ%e o, rr'%l‘%rh’d g 4a% hCIeOAceonqbr?uli t%% ¥ s3h, 2AEER, e |tg’\e/ee| .

Ther ef or@iskheasodetd i D tded, tdheter iTO mundefredls gelbeticed ifrothehgecond
i ght receiving system4b for detecting pit is necessary. The level of the

defect dhPAAT AT t HeS W PR b erhercas sy he winthila Lt ﬁ@_ BPE‘H_@Fer m ned val ue
range i syysedof Oi@xfé%ﬁﬁcp@aj,w' n & dBMe padded 48t aeibe? Shanahebecones

hi gh when there 1s a . Further, the bunp has al nmbost no continuity. The
certai n Hetter Sacvibvhteny prothanfnby dlistecdiredhtis @aseactthet ROt def ect

than t heng\%lt)gg tal\f\h{:ﬁg &lislgeé%{%@%g ]% n(ggpéhean%r&gfnglgx[&%sgy th@%gd fseCt type

j udge program 54¢ as certalrn romt ata in the
def ect dahg apeaidifcéngetbeti. with the size and continuity thereof and to

store it in the certain defect data area 549, together with jts paqgsition
data. In suchlBakBe Ffrﬁﬁgyb’égp%g%?bq es‘f%cee‘%artﬁé:q ﬁé‘ecéqltlé#en%(?eﬁf ct data
fromthesdapapst ehedybetheqsed agdtdiay alea i igiantd tesrmkefatm i that

area as uncertain defect data. The qualification judge program 54e
det er ni n8saghéremr she nfi§pePy cdisk kandrthe cadsifyigg UestddSer mi nati on

performed for the defect position of the defect data, the
area before and behind the defect position including the
latter or the track or sector in which the defect position,
on the basis of the defect data thus read out.

In concrete, in the certifying step C, the defect data
detected in the glide test step B is read from the floppy
disk, the ID number of the disk to be tested is read out
from the bar-code on the disk cassette and the cassette
pick-up position and the detailed certifying test is
performed for the defect position of the defect data, the

area before and behind the defect position including the



references of the size, the continuity, the nunber of defects and the
position thereof fromthe data in the defect data area 54f ang Ipqgmmm
the third nagnetic disks on the basis of the determ nation references 0
the size, the continuity, the nunber of defects and the position thereof
fromthe data in the deci ded defect data area 54g. As nentioned previously,
a magnetic disk which certainly becond® qualified in the electrical test
can be selected by the optical test by making the qualification reference
of magnetic disk high by inproving the preciseness of the optical surface

test. Pragttenl oy, thoveyatk dhesdgtidrcaln siifchcehesiefeet pbdsidebagts is not
al ways guaranteed in the certifying test due to the difterenge in

char act eAFSPFELNGEQekhe t RS Hpkin Hata, Magpetds: diffst désgrattfiedl test
and thergnng%ebﬁefgfgygﬁ%fg{é?cgiéxgagﬁabnk@enlbecause the optical test
t cal tes

condition an e opt envi ronment which are varied to sone extent

i nfl uence on Fig.Faribea, floeckantyobethiefamiaashcedegltedesitcaiethnd opti cal
characteristics tests,do nat coincide.dependent.ly upon_the material and

t hi cknes%CS?r%C{h%gnﬁ%n‘é}??ce‘(ﬁ??‘iﬂr%‘?{btﬁ ﬁé‘%&e}?‘u gfl%ﬁde'pgﬂds%i'ng of the disk
substrate. Bedcdibihg20R2 BDowWhef efipd eembddinente 6eo%ar Y nagigesar,i bed
previously to confirmthe reliability of decision of magnetic disk to be

qual i fi e@ PArrfedepischeadeqyt piremed Eris 1GASHE Htes o fotNea MBS tAFr st

mgnet! cadbgksagial! thegusl! e PRLACAlIRIIdALe HSt Ohahianae the ! est
condition cortespondingly”to the state of” test such that the decision
becones meed owti bbe. aHoarveode t habeglualf tay difs kmagssteitd ediagkls stesedd bef or e

the nore.reliable condition.is set_ becones rQbl em ,However., it .is
possi bl e1fo2dBEROR ¢ Stﬁeh??ﬁ'gbl%nﬂ‘%@? L gt e d itk S By
preventi ag degpadaleonfoh tbetquabié y(ofepralod)actanednmgnetfiacedi sks by a

sanpling certifying test, a certifyigg test at rough pitch, a_certifying
test fordgfgete ?Sgoéﬁtﬁéﬁrﬁﬁ@ (FtePel Qe MhsRt RerfddRadr 18V&dnditnat i on of

these teghga. dzﬁecﬁaaa_h%eeea%ﬁdd S P41 CaUS Sraftheedisadaticon of the total

test efficiency even it the sanpling anount is increased to sone extent,
provi dedackhatiradl (stepha08i rsndnblymel évedidda quwl itheedasi ttilone dgysiai cal are

not sanpl ed,,Th est. for_only_the vicinity..o ect i i\s perforned
for the S&c5RI ﬁggﬁg%iélapg SXF% ?E%r eg%?i Qéié%ﬁggg %ﬁgﬁ g%géfforned for
the firstrheagnehiecsdzekagdatohteguitytde tipd idafecturdmceldtestmintdat i s, the

defect position_and the area_in th& vicin'é¥ t hereof are tezﬁfd on the
basi s of SPhéPGePBELSata e LAECE Heta reRhAIT: th Bk SatayXheRe ( ho
certifyi g@greest sWighB1! odgl baRgKopi tkémi sraiodiddLigam ddtan that of the
conventional whol e surface test. The above nentioned matters are inportant

in view fhegeafansestoredngnethe BEBRIYUESTER IR dFWIthaSubdential Iy
degrade LRQEeHentlibheheREKtPRERLGCAAGCLEO WY | Hefect are

determined by, for example, one of the two light receiving
detector systems to be described with reference to the
embodiment shown in Fig. 6 (step 107). Then, certain defect
data is determined by excluding uncertain defects on the
basis of the size of defect, the continuity and the kind of
the defect and stored in the memory (step 108). The
remaining certain defects which may be dimple or mound as
mentioned previously may be stored in another memory area as
uncertain defect data.

From the magnitude, the continuity, the number and the



2 4J UL 2002 sl certifying test is the whole surface test. fﬁtt1 h Al
t hese enbodi nents, the defect type data is used as the defect dﬁhiﬂio?ﬂb?

classify defects to uncertain defects and certain defects, this
classification may be to extract only certain defects fromdata of nerely
the size, the nunber and the position of defect by taking the continuity of
defect into consideration, since it ig9enough to obtain the certain
defects. Further, as also described, it may be possible to qualify the
uncertain defect as well as the certain defect by excluding certain defect

data frogséheisatsr i fhd e fediedi fgrha iy eheodereltt RatEeBREYreptRYi di Ng
only the position data of the remaining uncertain defect data of the defect

dat a ar ealassii Herdioron f tihe gantainestefecspdatandnpheisetvdingnghetep C
for the positien e uncert aj .ecl. ' s of the present
I nventi o]gf&%oéﬁ ???ée'itéc:)rft ﬁ%l st‘y%%efnceg:ﬁlglc%td 5}5%1:%’%2 t%%ggggﬁgét ect are

consi dermaignet D& deisk ol Priced Sl ns tchnastidtd d lid skedendpaaddy hi wHenagbet i c

di sks. However, when only the continuity of i.S consi dered, og!y t he

f ect
nunber ofSt HRe sEtERE %3¢ HiHes Tyt HaY 3 gége&.n FhérePERES RRY s

still poggkbheide tEPE WEed ¥ dnd 8le VdGIMARGEIDNNGRebNE hiEShofmgNeti C
di sks are not tested, and the consideration of the type of defect is not

al ways iperfponedbbasicaliy et iis t Hhgmegaeticnddski 65. bABLABLYH t he

managenen fect is perfarmed .b Si I y.disk in the
descri be#%ﬁ%%gg%%sg%ﬁ%%g p sthbef egqtlc@/euggsor?‘}gﬁtg:é%nén%?@ rt-fg&i um t han the
fl oppy deektapding vteyt ber@ossidd eid ald anbilf ihe dekecktdat aoto the
subsequent steps by utilizing an on-line network. ~r..J. UL 2002 32

|12 ne K 2
CLAI VB 1COREHEfnERE cr el 3301ty R MaHed Cohr MGG HRe %46&ps of : optically
testing gupidegedeifcife ObprRoeti&WdicikidMand and, according to

the result thereof, the judge condition is changed such that
the judgement becomes more reliable.

For the magnetic disks which were disqualified in the
step 109, it is determined, with reference to the determined
defect data produced in the step 108, whether or not they
are the third magnetic disks which are to be certainly
disqualified and the remaining magnetic disks are determined
as the second magnetic disks to be tested again (step 110).

Then, for the first magnetic disks which were qualified
in the step 109, they are put in disk cassettes, and ID
number (lot number + cassette number + storage position) is
produced by the acquired storage position data and stored in
the memory as the qualification data (step 111). For the
third magnetic disks which were disqualified in the step
110, those disqualified are stored in disk cassettes for
disqualified disks and processed as disqualified (step 112).

For the second magnetic disks which were qualified by
the judgement in the step 110, ID numbers (lot numbers +

cassette numbers + storage positions) of the magnetic disks



detecting the size of the surface defects, the continuity thereof, the

nunber thereof and the position thereof to obtain a defect t
classifying the magnetic di sks having the surface defects tﬂZéﬁﬂzgiegopz

the optical test step to first magnetic di sks, second nagnetic di sks and
third magnetic disks on the basis of the defect data obtained in the
surface defect test step, the first m#fnetic disks to be qualified in a
subsequent test step, the second magnetic di sks including nagnetic disks to
be decided as qualified in the subsequent test step, the third magnetic

di sks toahd theini défedtsdadi {defedtn ddta uisequenisepesatibapof2. A
magnetic disk testin thod as clained in claim1, wherein the defect data
further FHEIGﬂEEa%ﬁeg?gggtogaﬁ%ke%QQ %ﬁﬂquuﬂphégkbgﬁﬂpfgiﬁa gh8ksSt ep of
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perforneglbgﬁg @géktkgg)o?s%gé ffé{ ace defect of the second magnetic di sk,

an area in i ni o] position, a sector of the second nagnetic
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di sk including the position of defect according to the defect position data
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magnetic disks are qualified is performed on the basis of
the size of defect, the continuity thereof and the number of
defects existing in, for example, 1 track or sector as
mentioned above, the judgement of uncertain defect in the
step 108 is based on the type of defect and the continuity
thereof. Incidentally, the size of defect is determined by

f the signal level.

The flowchart shown in Fig. 3 and described
hereinbefore is for the embodiment shown in Fig. 1 as
mentioned previously. In the case of the embodiment shown in
Fig. 2, the processing in the step 115 is replaced by a
processing in a step 1l5a as shown by a dotted line in Fig.
3. That is, when it is decided in the step 114 that the test
is completed, the defect data of the second magnetic disks

acquired in the step 112 is tabled together with the ID
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glide test step and testing the defect position of the second magnetic

di sk, an area around the defect position thereof, a sector including the
defect position thereof or a track i ndluding the defect position thereof on
the basis of the defect position data obtained fromthe new identification
information. 6. A magnetic disk testing nethod as clainmed in claim 2,
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device as claimed in claim8, wherein the defect data further includes the
type of déedloxichagsii §howBseéBuUBRT-t&st device conprises a glide tester and

a certifier fay; tidy e ri h ri. st f Jd|gnhetic
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stored in a memory (step 202), the magnetic disk to be
tested is set on the test table (step 203) and an ID number
(lot number + cassette number + pick-up position) is
produced by obtaining the pick-up position of the cassette

i and stored in the memory (step 204). Then, the glide test is
started (step 205).

Next, the glide test head seeks a track of the magnetic
disk corresponding to the position of defect data and
performs the defect test of the defect position of the
defect data, the area before and behind the defect position
including the latter or the track or sector in which the
defect position exists (step 206) and the test data is

acquired (step 207). Then, it is decided whether or not the
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which was stored in the memory, is rewritten to the ID

number produced in the step 210, the ID number in the floppy
disk storing the defect data is updated (step 212), and,
when the magnetic disk is qualified, the magnetic disk is
sent to the subsequent certifying step C together with the
disk cassette.

On the other hand, when the magnetic disk is
disqualified in the steps 206 and 209, the disqualified
magnetic disk is stored in another disk cassette and handled
in a disqualifying process. In the disqualifying process, the

disqualified magnetic disk is varnished in the glide test



defect position thereof or on a track of said first magnetic dipsk wth a
pitch of the track being roughed. ' 16. A magnetic disk testi nz lﬂQJULeZQQZ
claimed in claim8, wherein the defect data further includes the type of
defect and said certifier perforned the certifying test on said first
magnetic disk and a classification condition in said classification neans
Is set according to a result of the ceggifying test. 17. A magnetic disk
testing device as clainmed in claim8, wherein the defect data further

i ncludes the type of defect and the certifying test step is perforned on

the firSEtepzaﬂdjthEe303g§In”@ﬂﬁ@&éﬁ Sk SPI R 1 rduh Pfect position

of the first magnetuic diSk and an area in the vicinity of the defect
posi ti onWhiear bk magnetictdiask b$ dbsgudliSiedeigndttiec sdiepls wWith a pitch of
the track eL0d.honaolunn® fr 4R, Ae AF chlatla T flsedd 2 A A
In returning the magnetic disk which is disqualified in
the step 209 to the varnishing step in the glide test step,
another ID number related to the initial ID number thereof
is attached thereto.
Further, as mentioned above, when the qualified
magnetic disk is not stored in its original disk cassette,
the reading of the bar-code of the disk cassette in the step
202 is performed for a new disk cassette which stores the
qualified magnetic disk.
Now, the cerxrtifying step C in the embodiment shown in
Fig. 2 will be described in detail with reference to Fig. 5.
First, the defect test data read from the floppy disk
whose identification information is updated in the step 212
is stored in the memory (step 301), the bar-code read from
the bar-code label of the disk cassette is stored in the
memory (step 302), the magnetic disk to be tested is set on
the test table (step 303) and the ID number (lot number +
cassette number + pick-up position) is produced from the
pick-up position data of cassette and stored in the memory
(step 304). Then, the certifying test is started (step 305).
Thereafter, the magnetic head seeks a track of the
magnetic disk corresponding to the position of the defect data
read from the floppy disk to test on defect for the defect
position of the defect data, the area before and behind the
defect position including the latter or the track or sector in
which the defect position exists (step 306) and the test

data is acquired (step 307). Then, it is decided whether or
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not the magnetic disk is qualified (step 309). Qualified
magnetic disks are stored in respective disk cassettes and
ID numbers (lot number + cassette number + storing position)
are produced according to the storing position data acquired
(step 310) and, then, it is decided whether or not the test
is completed (step 311). When there is a magnetic disk to be
tested next in the cassette, the processing is returned to
the step 303 and the tests are performed similarly. When the
test for the magnetic disks stored in the cassettes is
completed, the decision of test completion is made in the
step 311, completing the certifying test.
Qualified magnetic disks are sent to an appearance test
step together with their disk cassettes.
On the other hand, magnetic disks which are
disqualified in the step 310 are stored in other disk
cassettes for disqualified magnetic disks and processed as,
for example, wastes.
Fig. 6 shows a construction of a magnetic disk test
device of this kind. The detection processing performed by
the magnetic disk test device will be described mainly in
detail without detail of the scanning operation thereof.
Such surface defect test device for detecting the kind of

defect is described in, for example, U.S. Patent No.
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4,794,265 and Japanese Patent Application Laid-open No. Hei
3-273141 "Defect Detection Method of Magnetic Disk Magnetic
Film and Detection Optical System", etc.

The surface defect test device 10 has two detection
optical systems.

In Fig. 6, a magnetic disk 1 to be tested is rotated by
a spindle motor 2 and helically scanned by a laser light. A
projecting optical system 3 includes a first laser
projecting light source 3a and a second laser projecting
light source 3b. Laser projection angles of the first and
second laser projecting light sources 3a and 3b are about
70° , respectively, and are arranged perpendicularly to each
other in a horizontal plane, although shown differently for
convenience of illustration. A light receiving system 4
corresponding to the light projecting system 3 and is
composed of a first light receiving system 4a for receiving
a regular reflection light which is projected by the first
laser projecting light source 3a and reflected by the
magnetic disk 1 and a second light receiving system 4b for
receiving a regular reflection light which is projected by
the second laser projecting light source 3b and reflected by
the magnetic disk 1. Light receiving angles of the light
receiving systems 4a and 4b are the same as those on the light
projecting side and about 70° , respectively.

The difference between the first light projecting
system 3a and the second light projecting system 3b resides
in the thickness of laser beam. Laser beam emitted by the
first light projecting system is a thin laser beam
collimated as much as possible. In this point, laser beam

emitted by the second light projecting system is a wide
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laser beam. With such difference, the first light receiving
system 4a is used to detect pits and the second light
receiving system 4b is used to detect dimples and mounds.

A defect detection circuit 5 includes a first defect
detection circuit 51 and a second defect detection circuit
52 correspondingly to the first and second light receiving
systems 4a and 4b, respectively.

The first defect detection circuit 51 is composed of a
filter circuit 5l1la for receiving a detection signal of the
first light receiving system 4a, an amplifier 51b for
amplifying an output signal of this filter, a differential
amplifier 51c for comparing an output signal of the
amplifier 51b with a predetermined threshold value V. ., and
amplifying a portion of the output signal which exceeds the
threshold value, a peak hold circuit 51d and an A/D
converter circuit 5le.

The second detection circuit 52 is composed of a filter
circuit 52a for receiving a detection signal of the second
light receiving system 4b, an amplifier 52b for amplifying
an output signal of the filter circuit 52a, a differential
amplifier 52c¢ for comparing an output signal of the amplifier
52b with a predetermined threshold value V,,, and amplifying
a portion of the output signal which exceeds the threshold
value, a peak hold circuit 52d and an A/D converter circuit
52e.

The threshold values V,,, and V,,, are regulatable and
are set to appropriate values correspondingly to states of
the detection signals of the respective light receiving
systems.

As a result, defects of the two systems which are
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detected correspondingly to the helical scan of the magnetic

disk 1 are held in the respective peak hold circuits 51d and
52d. The values held in the respective peak hold circuits

are converted into digital values by the A/D converter
circuits 5le and 52e correspondingly to a control signal of a
data processing unit 53 and taken in the data processing

unit 53. The wvalues held by the peak hold circuits 51d and
52d are reset by the signals from the respective A/D
converter circuits 5le and 52e and peak values of next
detection signals are held by them, respectively.

The data processing unit 53 is constructed with a micro
processor unit (MPU) 53a, a memory 53b, a display 53¢, a
printer 53d and an interface 53e, etc., which are mutually
connected through a bus 53f. In the memory 53b, a defect
detection program 54a, a defect size and continuity judge
program 54b, a defect type judge program 54c, decided defect
sectioning program 54d and a qualification judge program
54e, etc., are stored and, further, a defect data area 54f
and a decided defect data area 54g are provided therein.

The MPU 53a drives the spindle motor 2 through the
interface 53e by executing the defect detection program 54a
and starts the helical scan by controlling it to move in an
X direction (or a Y direction). An amount of this control is
stored in a predetermined area of the memory 53b as a scan
position information. Then, the data of the A/D converter
circuits 51le and 52e are taken in through the interface 53e
with a predetermined timing and the detection levels are
stored in the memory 53b correspondingly to the detectors of
the first and second light receiving systems together with

the scan position data, respectively.
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The defect size and continuity judge program 54b is
executed to read the defect data of the first and second
light receiving systems which are acquired and stored in the
memory 53b, to rank the sizes corresponding to the read
defect data, to rise a flag in a range in which defect data
of the respective first and second light receiving systems
are continuous, to add the size information (data indicative
of the size) thereto and to store them in the defect data
area 54f together with the defect detection position data.

When, among the data stored in the defect data area 54f,
there is defect data in the A/D converter circuit 5le whose
level is within a predetermined value range and which has a
continuity and there is no defect data in the A/D converter
circuit 52e (or it is defect data whose level does not exceed
a predetermined value), the defect type judge program S4c
rises a flag indicating the defect data as a dimple or
mound. This is the defect data which is defected in only the
first light receiving system 4a for detecting dimple or
mound or bump and has the continuity and low detection
level. Therefore, the condition that there is no defect
detected in the second light receiving system 4b for
detecting pit is necessary.

The level of the defect data in the A/D converter
circuit 5le within the predetermined value range is used to
exclude bumps. The level of the detection signal becomes
high when there is a bump. Further, the bump has almost no
continuity.

The certain defect sectioning program 54d is executed
to extract other defect than the defect which is determined

as dimple or mound by the defect type judge program 54c as
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certain defect from the data in the defect data area 54f
together with the size and continuity thereof and to store
it in the certain defect data area 54g together with its
position data. In such case, it may be possible to exclude
the certain defect data from the data stored in the defect
data area 54f and to make data in that area as uncertain
defect data.

The qualification judge program 54e determines the
first magnetic disks on the basis of the determination
references of the size, the continuity, the number of
defects and the position thereof from the data in the defect
data area 54f and determines the third magnetic disks on the
basis of the determination references of the size, the
continuity, the number of defects and the position thereof
from the data in the decided defect data area 54g.

As mentioned previously, a magnetic disk which
certainly becomes qualified in the electrical test can be
selected by the optical test by making the qualification
reference of magnetic disk high by improving the preciseness
of the optical surface test. Practically, however, the
optical surface test for all defects is not always
guaranteed in the certifying test due to the difference in
characteristics between the optical surface test and the
electrical test and there may be some difference between
them because the optical test condition and the optical test
environment which are varied to some extent influence on it.
Further, there may be defects whose electrical and optical
characteristics tests do not coincide dependently upon the
material and thickness of the magnetic film and the material
and polishing of the disk substrate.
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qualified in the optical test by the certifying test of
sampled first magnetic disks qualified in the optical
surface test or change the test condition correspondingly to
the state of test such that the decision becomes more
reliable.

However, the quality of magnetic disks tested before the
more reliable condition is set becomes a problem. However,
it is possible to deal with such problem of the first
magnetic disks by preventing degradation of the gquality of
manufactured magnetic disks by a sampling certifying test,
a certifying test at rough pitch, a certifying test for a
defect position and in the vicinity thereof or a combination
of these tests.

The sampling test does not cause any degradation of the
total test efficiency even if the sampling amount is
increased to some extent, provided that all of the first
magnetic disks qualified by the optical are not sampled.

The test for only the vicinity of a defect which is
performed for the second magnetic disks in the described
embodiment is performed for the first magnetic disk
qualified in the optical surface test. That is, the defect
position and the area in the vicinity thereof are tested on
the basis of the defect data of the first magnetic disks.
Further, the certifying test with rough track pitch is more
efficient than that of the conventional whole surface test.
The above mentioned matters are important in view of
guarantee of magnetic disk quality and do not substantially

degrade the test efficiency because the conventional
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though, in these embodiments, the efect type data is
used as the defect data to classify defects to uncertain
defects and certain defects, this classification may be to
extract only certain defects from data of merely the size,
the number and the position of defect by taking the continuity
of defect into consideration, since it is enough to obtain
the certain defects.
Further, as also described, it may be possible to
qualify the uncertain defect as well as the certain defect
by excluding certain defect data from the data in the defect
data area 54f of the memory, providing only the position
data of the remaining uncertain defect data of the defect
data area and performing the glide test step B and the
certifying step C for the position of the uncertain defect.
In the embodiments of the present invention, both the
continuity of defect and the type of defect are considered
in order to precisely classify the second and third magnetic
disks. However, when only the continuity of defect is
considered, only the number of the second magnetic disks may
be increased. Therefore, it is still possible to improve the
test efficiency since the first magnetic disks are not
tested, and the consideration of the type of defect is not
always indispensable requirement in the present invention.
Although the management of defect data is performed by
using the floppy disk in the described embodiments, it is
possible to use other memory medium than the floppy disk and
it may be possible to transmit the defect data to the

subsequent steps by utilizing an on-line network.
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1. A magnetic disk testing method comprising the steps of:

optically testing surface defects of magnetic disks by

detecting the size of the surface defects, the continuity

thereof, the number thereof and the position thereof to

obtain a defect data; and

classifying the magnetic disks having the surface

defects thus tested in the optical test step to first

magnetic disks, second magnetic disks and third magnetic

disks on the basis of the defect data obtained in the

surface defect test step, the first magnetic disks to be

qualified in a subsequent test step, the second magnetic

disks including magnetic disks to be decided as qualified in

the subsequent test step, the third magnetic disks to be

certainly disqualified in the subsequent test step.

2. A magnetic disk testing method as claimed in claim 1,

wherein the defect data further includes the type of defect,

and further comprising the step of glide-testing the second

magnetic disks between the classifying step and a subsequent

certifying step, only magnetic disks of the second magnetic

disks, which are qualified in the glide test step, being

tested in the subsequent test step.

3. A magnetic disk testing method as claimed in claim 2,

further comprising the step of obtaining a defect

information including the data of at least the position of

defect and an identification information for identifying the

second magnetic disks from the other magnetic disks, the

second magnetic disks being tested in the glide test step or

certifying step according to the defect information.

4, A magnetic disk testing method as claimed in claim 1,

U& ()-Z 10G 10G 10GB10%X& () - z;
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wherein the subsequent test step includes a glide test step
and wherein a glide test is performed in a position of the
surface defect of the second magnetic disk, an area in the
vicinity of the position, a sector of the second magnetic
disk including the position of defect or a track of the
second magnetic disk including the position of defect
according to the defect position data obtained
correspondingly to the identification information of the
second magnetic disks tested in the glide test step by
reading the defect information obtained in the defect data
obtaining step and a defect information of magnetic disks of
the second magnetic disks which are qualified in the glide
test step is newly produced according to a result of the
glide test step.

5. A magnetic disk testing method as claimed in claim 1,
wherein the subsequent test step further includes a step of
certifying the second magnetic disks by reading the defect
information obtained in the glide test step and testing the
defect position of the second magnetic disk, an area around
the defect position thereof, a sector including the defect
position thereof or a track including the defect position
thereof on the basis of the defect position data obtained
from the new identification information.

6. A magnetic disk testing method as claimed in claim 2,
wherein the type of defect includes defect with which a data
read/write with respect to the magnetic disk is not
guaranteed, wherein the classifying step is to extract first
magnetic disks from the magnetic disks to be tested and to
extract third magnetic disks from the remaining magnetic

disks by referencing the defect with which the data
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7. A magnetic disk testing method as claimed in claim 6,
wherein the defect with which the data reads/write with
respect to the magnetic disks related thereto is not
guaranteed is a pit type defect.
8. A magnetic disk testing device for optically testing
defects of a magnetic disk, comprising:

detection means for detecting the size of surface
defects of the magnetic disk, the continuity thereof, the
number thereof and the position thereof as a defect data;
and

classification means for classifying the magnetic
disks having the surface defects thus tested in said optical
magnetic disk test to first magnetic disks, second magnetic
disks and third magnetic disks on the basis of the defect
data obtained by said detection means, said first magnetic
disks being to be qualified in a subsequent test device,
said second magnetic disks including magnetic disks to be
decided as qualified in said subsequent test device, said
third magnetic disks being to be certainly disqualified in
said subsequent test device.
9. A magnetic disk testing device as claimed in claim 8,
wherein the defect data further includes the type of defect

and said subsequent test device comprises a glide tester and

a certifier for certifying an electric characteristics of the

magnetic disk, said certifier certifying magnetic disks of
said second magnetic disks, which are qualified in said
glide tester.

10. A magnetic disk testing device as claimed in claim 9,

further comprising defect data output means for providing at

10m
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least the defect position data of said second magnetic disks
and an identification information for distinguishing said
second magnetic disks from other magnetic disks as a defect
information.

11. A magnetic disk testing device as claimed in claim 10,
wherein the defect information is read by said glide tester
and performs a glide test in a position of surface defect of
said second magnetic disk, an area in the vicinity of the
position, a sector of said second magnetic disk including
the position of defect or a track of said second magnetic
disk including the position of defect according to the defect
position data obtained from the defect position data.

12. A magnetic disk testing device as claimed in claim 11,
wherein said glide tester newly outputs at least the defect
position data and an identification information for
distinguishing said second magnetic disks from the other
magnetic disks as a defect information correspondingly to
said second magnetic disks tested by said glide tester and
said certifier performs a certifying test in a position of
surface defect of said second magnetic disk, an area in the
vicinity of the position, a sector of said second magnetic
disk including the position of defect or a track of said
second magnetic disk including the position of defect
according to a new defect position data obtained from the
new defect information.

13. A magnetic disk testing device as claimed in claim 9,
wherein the type of defect includes defect with which a data
read/write with respect to a magnetic disk related thereto
is substantially impossible and said classification means

extracts said first magnetic disks from said magnetic disks
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to be tested, extracts said third magnetic disks from said
magnetic disks said first magnetic disks of which are
removed, classifies the remaining magnetic disks to said
second magnetic disk, said classification means references
said defect with which a data read/write with respect to a
magnetic disk related thereto is substantially impossible
when said classification means extracts said third magnetic
disks.

14. A magnetic disk testing method as claimed in claim 1,
wherein the defect data further includes the type of defect
and wherein the first magnetic disks are tested in a
subsequent certifying step and a classification condition is
set in the classifying step according to a result of the
test in the certifying step.

15. A magnetic disk testing method as claimed in claim 1,
wherein the defect data further includes the type of defect
and wherein a subsequent certifying test step is performed
on the first magnetic disk sampled, on the defect position
of the first magnetic disk and an area in the vicinity of the
defect position thereof or on a track of said first magnetic
disk with a pitch of the track being roughed.

16. A magnetic disk testing device as claimed in claim 8,
wherein the defect data further includes the type of defect
and said certifier performed the certifying test on said
first magnetic disk and a classification condition in said
classification means is set according to a‘result of the
certifying test.

17. A magnetic disk testing device as claimed in claim 8,
wherein the defect data further includes the type of defect

and the certifying test step is performed on the first
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with a pitch of the track being roughed.



