;wxe3e}z| t6TMP% 1 Met hod and apparatus for high throughput nelmmummmm“““l
testing using true reference value Introduction The present i L

rel ates generally to the detection of nedia 5 defects during medi+eiee*
production, which is a necessary industrial quality control step in the
production process. In the nmagnetic nedia industry, nmedia has to undergo
glide, burnish and certification beforel being graded and eventual |y
qualified. The present invention provides an inproved testing nmethod which
potentially speeds nedia production. 1o Background of the Invention In
nmedi a certi {Metiodandidipdadii€forchich thebuphpai i@ druldefectitestinghisine, Bit
Shift and Modul ation. All these tests are run, based on user defined

t hreshol ds as a percentage of Ttrarkreferrmupevdimel itude (TAA). It is

t herefore IQ‘WS{(% to determi ne Track Average Anplitude before threshol ds
can be 15 set and tests conducted, Productjon testing apparatus typically
obtai n the Tradhemiesagkingeptionuglatengereiplytp dhe detactipaoiedip f or nul ae.
Thi s savesidfbd® dutidmeded byedudtibifwhied i3 hatdcebtmyageudinl quatey f or every
track but th?‘q\jalrue.d rived fromfprwlm}&?ﬁes not..reflect (ﬁh true Track
Aver age AfPRRUGLET ithBihPdyahion progessy magRetic madia QUSYor i ¢ testi ng
20 appar atmedmangs tesutdergo ghideabhriiish akdasedtifioapion ésfdrbdednvge gegiedadndil 1

bytes on t c 2f. OF e i ec I t.0 Cf I ith every
oyt o on ¢ 1TEnp AR uREhed 7 o3, il sl TR Hiat el i unibiRR el Uy
| ar ge anounethod whindr pofemtiadlyompeeds adddiefprofiuctiena for the respective
track, a *ﬂfﬁfkﬁé@ﬂﬂﬁiﬁ%é%@eﬂtﬂ) eep up with disk speed and a | engt hy

. 25

processing ti A nunper of different ways are known for determni ning
Track Average Awpnediagertiedionithgreorre:tgatsifer Miasingd ulgp Lxdra Pelsei B and
prefer ablt Shaftl dni ch{@hﬂélﬁ@ig.nhlpfhe%e gbs]&c‘cb %ﬁ-l%ﬂ[bh@,éﬁfdngﬁheﬁ'id’éﬁnedmg fﬁ' | owi ng
prior ar neci fications descri i fferen i e
corres pon&?‘&ﬁ%‘#ﬁﬁawr@éﬁ%qﬁﬁfwk ‘é‘?}ﬁ‘g‘%\@é%gg@“%ngltﬁtdggs 188Bat ent
No 474699Medessary e detersdgadirack dvepegead inplitut e bebyreahteshoddksambe written
first. and repr - : ' y gnal . This
has the. adsbaiaashts eRafise BBRLuBR A Sbahniialy Bt thOnTl .
that severliRckifiveessecAmmpitugeders patticulpfraskaning joroyilag his saes

el ectroni Giné ¢ tROGefivhMBn Jfth8FadlDAvERER AMPliesds Rer SRPEUradk HultaheWhi ch
35 uses fo%\wgar ri a(gﬁé) 0 onejéldr ve, eqcﬁ dotbg i t,z, wrlé\e-‘read in the sane
sequence. Y grve IR AP e cpesiiph aptiedd a;b‘é‘? ERGK A¥eE8Rknown st andar d
whi ch meansm ﬁamdarlaxdwmgﬁla@ersmm dfl€hd rrErau:alat Pafﬁngéﬂgﬁgtegﬁng Ieal tinme and
is not true for, every,track. Pat ent Nummber 4849 di es witing
2 sefl o5 SPPefmSFamblt BEbughaart Ktk o eRnp s P e Al B8R nannel <
one of whioshthia thekdbedorebysing the comipated vahe toatanepareswitbrevety bptecampar at or
circuit c e -qg\f: q{gg.t ' [:atd

si gnal s; girll%)t %élbc'gﬁge, tlﬁg and?’g?gm& @W@%?ﬁ%ﬁ%ﬁég? gﬁ%‘ﬁ@eﬁ&#g\h}? gtbpgm
both of whneROREY Eorjsterisarild e dabe forthiegrapeativeaiecs Gnitighasgmpling a preset
error threshobdeephep WtPARKNSpeRArRId 4 W@Woé@s&gﬂ?ﬁﬁ?m age of the

reva | i ng val ye of ,peak ,val ués of the.rea ack,signal generated by a peak
Por B no  meandonigbBE B dHrEEE s pis ki andoe dettan e R AbSGeRy ot o
r ef er ence Amplieydeyniepadding ondhe nesthbd tandntyperof évsting amdpkefesablequired if a
"true TAA | Lthis i n o) i time. 15
Us Pat ont NSRS BatBREoP R it by B ubffn SRS AhtolRAf il T L
aver age vapeeificatipns dastrikediffgrenhtympesraidestingend Vg gerrpspondipgural i ty of

tracks prignde? dfhﬁt&rlﬂﬁﬁﬁgwgcgp\%yagg%ﬁ gduds a reference value for
conpari son wth subsequent read back val ues to detect defe ts.hyTeﬂg process
; 420

i nclifes a r eadBrateBt No46085 Wescrbeany sequrnqing RPertionsyvages

par arkreL ri @Emgsm wgﬁgin Eﬁa_rasldf llcbfenrmhﬁﬁbksﬂ@reaﬂ@ad}lﬁthgtﬁ olbgmmlat %ﬂbuhtédﬂ each

trac ase 0 a a S n S, Nnenor.y. nean L Stori,n e _aver age

Level val §BRb; Thishes B sdveiitags avgiow ping A oraaling P cdegsh Y ARk "

Ari t hret i basisanghabseveoaipditivergcanbe peocageedvignaljendmsty uvalgudezased on t he

aver agel eyflotalitehodo dfife PHUA tb%alle bidEEksng 40aEhs Hikaghic means for
e ase - va

detecting ects on the average average-teve ue conpar ed
agai¥¥st r &aes kuyicagTiggrs onpne aives eaels dpng ity aukie-read én e Bomegi ves a nore
reliable Track Average Anplitude in the form of average average-|evel val ue
but at the expense of huge processing tine. Processi nggi Nmmm‘m;s t he
time to conpute average |evel value for every track prn“mmm ocessi ng
track; 30 store the values in nenory; conpute the average ayspade-val ue and
conpare with the read back signal of the processing track.



US Patent No 5532586 describes an Extra Pul se testing nethod. An erasing
nmeans erases all information on the disk in one revolution. A testing neans
tests every track for defects. A witing neans wites data on the first 35
track before erasure. A reading neans read data fromthe first track before
erasure. A data maki ng neans cal cul ate fromread back signal the reference
value to be used for defects detection #or the first track. In short there
is the initializing process to generate reference data; erasing process to
erase all information on di,sk i.n pne revokution and, testi rocess to test
every 1 racteticRefbayeverriie fukial 5hel 15 caipiiet Wil s BUalet i on i s
required tstasdaskwhidh meéearfsahabTrark Averigs lAmpljaide isherteolitained iprwal si on
for using {iffd hd(l)’ﬁoe‘g[leq%ﬁeé‘yergrt%%si ng track. US Patent No 4929894

descri bes a ne or perform Sssing Pul se and Extra Pul se tests
si mul t aneousl y. USHlaseigNnaer Na nt4848dliselosphwaiting s seuighplisisnal di sk

Cecerzoue! g‘-“ffﬁﬁf‘%“?%%ﬁ%%%&%ﬁ;%%eﬁigéﬂ‘g’%“:ﬂﬁzﬁf@ﬁ“ Gfio Bf MY im0 - vl
@eye«? by B’afe 3 @Wapatt%namefréq% néé%lafﬁ‘ toeriaryit Faled Hae

to one per
di f f er enceCyaavipl ddtecte sunysli welerd dvigtiche baweckatick tinslelgaybd anofher si gnal . A

conpar at or a res.the differenge in amplitud i th reference

s onal - anc AL R BERALRE cheul dHEHE it eI 1875 oieB Ao T

anpl i t udesinshicatisdi ofjahdreatiafscarsher ¢dmpated oithThpraves sirny thnesbeld:. eEhei s
per f gpmed b ; I ' i esting
P e D ory hiosthEnsATRhAR @3 bleohlF of YRelpre &ifhg VAN praCHalRBe of PO

fP or dtetﬁlg %irzgggggwag ggvea%cébxﬂfq ¢ oxgegdaggﬁ- b“é@a;;gﬂgt Plg;(ath‘lpd o:‘ u]g,
aten b@®dishi Bva faefce @ , ©fel; tiog4lK Si gnal o
every track u'th t eeknq\/\ﬁ bg.ue. The ﬁﬂ:‘esg{,h‘od ﬁiérL]JS Pat.eﬁt No1 532586

per forms. aVPHYGThIaTAREY BasRds leauiredsita TrieckAAniR G doad 2oAdhH 15k
A\é_eragedArﬂ:tluhble_d@elhw ?f padd ugtiektimEhat SEHE Tr aﬁk Ave_ragef Arrplki tude will be
adj ust ed accor nt _tracks gn si.s _aof, . a _kno

el aff onshi p_oa agrfentate SERTEE FierteR a1 td A% BRR RS Py e
changes withie meaie kvexagbenlucToempetdtbbased wsapaverageNevel2adgeforescri bes t he
cal cul ati : T Is . i of
Cracks pr i Dl RS0 {nﬁ‘@‘?r@‘éﬁéﬁ%%?%ﬁ‘% i 4o o8 t%%e?éeﬁ@lﬁ%mé124849
descri bes fORECRMABIECRWER sypsequandvand bagk vahussdadetectidadedid Theere is no
account ofpilewssdimcliidds & adddgwirite aeemdttodvriftend beadebark st sighalioes not show
a ma% od tPFllat u esC 'trsue TAA% f?)r v‘errn% tlrlack in the tlestli ng ﬁ r does it
descflbe PHRERIHE modniremenl pmishbs fpcpas i ah dypiee BILYHSE PLey | nat ed
TAA' , her edachdahdlebasedotre rdddalbacde signals; meinmawi mgamhfaristotieg tiwaeeragal -
errors' ar riif.l : ' i £ r ein

ool Ped * 1 rogStaIbl 56r RRTGRUN of WEEEs Bigfto the BockSling (HLLE ARFEIRES, T
aspect, thHeepneiEmompyidng pbRverageiavesage-lewehvwlugtbaged oatthegveedgects in a

sel ected tléﬁﬁkvﬂﬁeﬁfﬁ%b%l@fﬁﬂyﬂif tRicks; dEreet 84REABR rﬁ@é&is?f%)rid'é‘%éd{ﬁ{ﬁ the
steps of: Q) ermni ng an es

de i mat ed 'Ll'rakAveraeA litude whijcC
appr &i matEdettidased on cﬂé’eﬁﬂér%’&éagﬁﬁlﬁl"laf&%ﬂé‘e&ﬁ)f’gp%fégggé}r&ﬁé?fm] btk a track
under t estsigialtdfehspdocessimneatk. Whisdwetingl fivesta meyoialiabde Todck he nmedi a
el ement, Y)Kx'/%h”@ A%géﬁt_&&eir} IR i el S averfgldve AR Wl'a BbtS of 2
pr edet er mne %a n,
expense of huge processing time. Processing time includes the time to
compute average level value for every track prior to the processing track;
30 store the values in memory; compute the average average-value and compare
with the read back signal of the processing track.
US Patent No 5532586 describes an Extra Pulse testing method. An
erasing means erases all information on the disk in one revolution. A testing
means tests every track for defects. A writing means writes data on the first
35 track before erasure. A reading means read data from the first track before

erasure. A data making means calculate from read back signal the reference



1o c) during a second revolution of the nedia el enent, reading back the
streamof .data bits witten to the track under test during the first
revolution; d) conmparing the read signal anplitude of each bit of the
stream of data read back fromthe track under test during the second
revolution with the estimated Track Average Anplitude; 15 e) generating an
error signal when the anplitude of a bit in the stream of data read back
fromthe track under test during the second revolution falls outside a

[y, st ori g aberog el et ab e B T MR b N MGe AR | %7 20

st orage rreanslahgl)ngqanocai;mq genezaterneéertnee Hatay erasgeg Anpdass dderdseat t he

anpl i t udes; x%uh?ﬁoﬁtoﬁ &ﬂkgﬁ dat, vélﬁﬁ%rpﬂf&tésﬁﬁf@ Oél%%ﬁésf t%cﬂésf'é'ﬂﬁg during

t he second revol ution e second r uti on,
exani ni ng fhdledestsr T qﬂ\@@éﬂt@ @ttbﬂte@lnlfyo@nq ol niien iy rresrredetn erape ailhe

storage ”E?ffféuﬁﬁdoﬂlo%%rsﬁ' Pk adi Yhérk Q8 %@ Iﬁ"oﬁz@ioﬁlf&n@éﬁ taé TAERIEEENt a bit
anpl i tude t did not &ﬁfﬁ* out side of a tol erance band defined relative to

the true T?‘é"diY PAQET S8 itude cal cul ated fromthe stream of data read
bﬁg kdf rom-t hef tIUSQiatamctédj 49298941||désdm)érs]faenﬁf d@@h&)ﬂ}eabﬁmmm(grl\/hs%mfr ef erably,
enbodi ment Crk Y n_include the i ur r r,mng a

m ssi ng puﬁgg ?H&quﬁ 8F89f18 rhpﬁén%%%@dg eﬁldteﬁ t?shol d for
the m ssi nqllrmrl@etlmelsghmm fog dd@t drive qedlify mmhletee’sngrrathednwthod Aver age
ATl ijhude RN QU ixlaghhekied 1Bt Rke BbliydR utglgr?]ﬁ%ﬁs%%e@éy thg

i nvention, 1nclude t perform bit shift test

urt her st ep
duri ng secﬂaaa#M@|mri%Lquéowmr# OEH%mm%rﬂgrbﬂ sé\ fiHEgreBe. t he

fﬁrther Etﬂ:@aﬁﬁ, detelaiméslthmalffdibﬁ@b rrﬁmlpwlttu@@s befrsnhel da andecor ded on
the trac un

(&i‘gl dur.i nﬂ t};e second revol ution 3 prg llal)i fourth
revol uti on¢E8Y? énlf)‘étc%gfl e FQW%%@@FH‘?%C%H €54 ﬁﬁr Pead back
signal w tzimphdaudml witheet mfefémehlgﬁuﬂélaad%eﬁemtpk ahedsor sllgnairséloahbd)hhment of
th t f (] f
T I T e R
under t estpualseitess is ml@rf%mdmtrtbe@amﬁtunem th@ hméi@éayeldwsmﬂmsuﬁgi 'bh@k dat a

stream Coe(}YcFEés'tl gtﬁﬁﬁhs RIS Fortéh e di g| tal value 1o representing the
anplitude of th pr QCESSI e digita thg%sal uecfenr epresenting the

sanpl es to cal 6111.9 %.‘f@%ﬂ%‘l Pﬁ@ls"’&ﬁﬁ 9 pwing gie grinpipg the ck
Aver age A”Didcku‘ﬂﬁla d,ﬂ Aanglitiele @eliedtfibad. Qﬂletlhgfhddvﬁ’fmsq?ateﬁmos'[ep of

SISk e T
second r evwithttherkriosviaghlivev ethdmethdhnfiky Batdnt Noes&325@Airshfarhe aread back
data is feiﬁltl&llf'% gﬁ)‘fbﬁé‘ss%f Pﬁe ‘%facﬁ%gd%&xﬁ};gﬁ? ft%”iﬁ%ek ‘Aﬁ%ﬁé@ Rﬁlﬂli{ﬁﬁk' on on

the anplitud t he rea S|gna for use

as the truer Th%?ctka%e'rhgfes%l Iraglgdverage lﬁrI@Pgﬁ%ﬂﬁ Wﬂlk&ﬁ djustedpr ef er r ed

enbodi mentgcebdinsy fd}\/stfb%é@be{th‘éﬁk@ dxﬁ}ﬁr%w&f@knmn@lla&oﬁ}ﬁﬁs in which a
conplete revolution of, t isk is nd ted by, mﬁgx si,gnhal s ich are

prod&%ed finigg apprexim 5§ aHﬁ‘EFe‘tn W‘HP&G AeRR %eﬁl’ﬂé‘ nbodi ment
of the i nvemtk rmmbbheTénetmﬁﬁiodcbﬂlﬂﬁ@latdh/ta‘ﬂ@§280395 describes the

calculation of the average Track Average Amplitude for a plurality of tracks
prior to the processing track. The method of US Patent No 5124849 describes
the calculation of a prevailing reference value and there is no account of how

30 that value is computed. The above prior art does not show a method that
uses 'true TAA' for every track in the testing nor does it describe a method in
which errors are first detected, based on 'estimated TAA', herein called
'potential errors’ following which the 'potential errors’ are verified based on
'‘true TA A', the verified errors herein called 'true errors'.



25 Anplitude is calculated by an Initialization Process in which data is
witten onto one track and read back fromthe sane one track to cal cul ate
the estinmated Track Average Anplitude for all tracks on the disk. In

anot her enbodi nent of the invention, the estimted Track Average Anplitude
is calculated by a Known Val ue Process |n which an estimated 30 Track
Average Amplitude is read froma set of4data representing a typica
relatlonshlp of Track Average Anplitude against tracks. According to a
second aspec t he E{esﬁﬁ’ i.nvention provides an apparatus for detecting
nmodul ati on EFPB?EYB he TyentoD enent of a mass storage device, the mass

st orage device hemmm@mgnnampmtmqmtpuheqnanﬂnmhyeMUGﬁ;momdedasnaﬁmmbsfto a
head read ng i nt and
eoess o abﬁs%ﬁglg‘iﬁarfgé’t's Haééﬁé)cft?@ttfa%ﬁl Jf%ax‘?lep aogneiﬁbf%ot Gatllﬁliggégt il
onto the nddV@eén@hﬁhﬂgEM%S@ppa#atus |nclud|ng, a) envel ope detection neans

to degect the %Vcﬁit@ﬂﬁlrﬁflgtalﬁeesﬂ%@éjteﬂeﬁﬂcﬁ'ﬁﬁfé@é%e151 niplikMereRichg means to

Col Fect ot BUBIoATgG B o SeiassVBRRTIY OF Broah “Ral B 8 ‘LG ¢

converter andapg;gdof md)ﬁfedwelé&hdm, sanpl e and di gl t| se | ocal values in the
i tude of t he Gt di,gi t al
converter navi 1 ShehPERoRualdon LS B BP R PR GRS o of
a sanpl e hasdéetst caspeated d{td)bits cpfraepradeltmmlmdumt&tmr to conpare the
I de of t i | with
anpl i;pude o [tﬂre% %\ééédb}ﬁfré%lﬁgg?%@\fﬁé Adile lélﬂgnp?\g%(lhg%cﬁ'tﬁé‘a W

predet erm ned rmned froma predicte verag

anpl i t ude; stregmpfdasa kits widiten i@ the track smmdies testphring thealirsgirgyelukien; sanpl e
0; the i5 ePVe|c]9FLQ)rﬁE&” tﬂméaldtﬁgnﬂraﬁpﬁtﬁdé@?pmbﬁwrthé @qbtﬁﬁ{@fs an oult

of range val ue ariicu n e convers status signa

i ndi cates tHA&tTe (p@ﬁ zlr 5h ?Fﬁf Gfﬁecé’"ée'@t r“HZHWéﬁlto store
a sector ntlﬂx&;ttlmﬁtedahfackammheg&qulmﬂet he track error buffer. 20 In a

Pr et g6 ed_embodh IRALariCa R BRBE et LR RS ApIRGH B 48R S 5@ lahCt O

nmeans” arr anged ccarr s an or each
occur r enceof datardad haek fiesre the tnacbﬂm@lemb@mcmnmg\tle& $Qﬂ0ndvﬂti§f>bltl¢n falls user

det er m nedout@f gtdle c@lﬁmﬁrdef?ﬁ&gg& V\ﬁ{/é{té"tl%é)estﬁﬁﬁtéﬂ)ﬂﬁ&%%lag%rOr

detector includes a st counter increnents for every-bit error
det ect ed aftE lt éond counter which increnents when the count on the first

counter exceeds) btdrfhgs é@méﬂmnﬁgﬁam@ulh%bm a@f¥lgich thBeriorioetufoind er being
reset after everé N bits of head signal conparison. In the preferred

enbodP ment S18128CHES M ent i on, Extra Pul se testing is 30 conbined with
M ssi ng Pul se, gymdldtﬂaﬁmgnaartcheB’i[‘rac&hAffmagesﬂtmpgmezbhatheadimpmadémgfs for

convent | onal P obar e PAlpck SRR RoR AUINTE e o
concept ofleiVP @tomaﬂé‘ct ing errors based on 'estimted TAA and storing the
errors as ' pot gf)idfad c%&ﬁ;ﬂéﬁonamh@%eé&ﬁl R dlatieh, Stadmisg hakhog said
"potential .errors

25 signals stme&‘fm the frack uﬁﬁm test, in the storage means and discarding
any stored error signals that represent a bit amplitude that did not fall
outside of a tolerance band defined relative to the true Track Average
Amplitude calculated from the stream of data read back from the track under
test during the second revolution.

30 Preferably, embodiments of the invention include the further step of
performing a missing pulse test during second revolution, the comparison
threshold for the missing pulse test being determined from the estimated
Track Average Amplitude previously obtained.

Preferably also, embodiments of the invention, include the further step

35 of performing a bit shift test during second revolution.

The preferred embodiment also includes the further step of:



Thus, enbodi nents of the present invention have the advantage of both being
able to use "true TAA' and to run tests at no extra expense of production
time. This is achieved by running Extra Pul se testing concurrently with all
the other tests. In addition, within the tinme required 5 for Extra Pul se
testing, which is four disk revolutions , '"true TAA' can be determ ned
during the second revol ution and used f&r Mdul ati on, M ssing Pul se and
Extra Pul se testing during the third and fourth revol ution, respectively.
Brief Descriptign,of the Draw.ngs 10 Enbodi ments of e inpveption wWll now
be descri bed byﬁv%‘i}l%g BE&@%YC&“%\?A{H ﬁlqsé[f%ﬁbenn‘g%tatlgc?rﬁgﬁa%%%Qﬁff?%ﬂﬁgure
1, which itdstduriaigehezegendrevolstidnbhndk di agram of a Media testing system
according to a e(EP[Q b PEN r [ i i | scription
of the Pref errgocf rrblg%l mn?gé‘i@nﬁgpér??&ﬁggltbggﬁ%é g‘?&%%?%it%g a@?awi ng,
Figure 1, epmprusgrtbaireadibaeksigoal wittethe cdculated dyagledvaiageh is used to
per f ogm mgﬁhlﬂﬁﬂtﬂ@. error testing as described above. In the foll ow ng
description of the apparatus jllystrated in.Figure .l and the nethod of
operation of thi O%Fp'g‘g‘SQaHE“?n{ﬂéﬂ'feo‘WS 188 F@a%?ﬂé’gc\ﬂﬁmqaiﬂ’égﬁ Y ven to the
t er ms UsedTiatki Aeerdgs eyrnplitwte fioeh thecavinpdisudd of Heabli®s gméhes sifpddn ofetts t he
read back sj i e j 2. L on. ) neans
t he envel o%eag(r}ga{%c érglrr?htgr{f%%kl @%%{gégdplgﬁgé%%éﬁ%&lcgl‘%zgﬁéggihﬁglaeg&%i gnal s
and to i sobpsemphiag tbe date gireney coBventingorasht sangpleAoar digitahTalveui t (14)
meangot he AYRLAGING e’ GHplifvddsEhe Qi E IR sAKE B R Stal RPhedEAN
squar%e val ues of ]?%e ﬁeﬁgmsli%dnal Fglfglgg@l ti ve%orrpgr gor (1 )Ealre &e(?s to the
conpar at or 'epresemting theamplgs 4o cplepdate aanppragosamplevalug fetusq s ¢

positive sirggqlraélhﬁ%mge%hqﬂﬂhde,% 5. NegativeConparator (38) refers to
the conparator circyitr of. Si | evel conparison with respect to the
negat i ve_ s, gnallnAap AmbPisaral |l hediSenfigh fieMeh o sl Ry § arie

t hr eshol d; Track' Areerapge dshplitlidenfranstheegaplitedd of dehotsin the Goegacdtdats (28),
(38) ,refer gtk ' 'v&@é% [ or %giaip woul d
be dé%ot edl%gg%taﬁlé&%etgggié dlkve nu géﬁl%?mgfth%gean gﬁﬁﬁ?@g%%}qﬁeend
(13) neansbnakiaghwermdeviag te arkichithe sgad baek drteais fedntherdassice being

arranged to perform an averaging function on the amplitude of the bits of the

read back data to produce a signal for use as the true Track Average
Amplitude.

20 Preferably also, the preferred embodiments of the invention relate to
production magnetic disks in which a complete revolution of the disk is
indicated by index signals which are produced as index marks pass under
index mark detectors.

In one embodiment of the invention, the estimated Track Average

25 Amplitude is calculated by an Initialization Process in which data is written
onto one track and read back from the same one track to calculate the
estimated Track Average Amplitude for all tracks on the disk.

In another embodiment of the invention, the estimated Track Average
Amplitude is calculated by a Known Value Process in which an estimated

30 Track Average Amplitude is read from a set of data representing a typical
relationship of Track Average Amplitude against tracks.

According to a second aspect, the present invention provides an
apparatus for detecting modulation errors on a media element of a mass
storage device, the mass storage device having an input/output means which

35 provides access to a head read signal carrying information read from the



10. OR gate (39) refers to an electronic gate with logical "or" function;
11. AdcFIFO (16) is a first-in-first-out nmenory system 5 12. SectorFl FO
(17) is a first-in-first-out nenory system 13. DSP (22) neans digital
signal processor; 14. CounterskE (24), (34) are counters that count

nodul ation errors; 15. CountersR (23), (33) are counters that count nbit
errors; 16. SystemMenory (20) is a systemnenory used to record bad 10
sectors; 17. LowSpeedCd ock (27) is a | ow speed clock; 18. H ghSpeedd ock

27) i h'h d cl 19. L IAd t, 9), 29 | t I I
e o ool SRR Kbty 081 PRt Al Vot 0" o
ﬁomﬁar at Or?lf?ﬂxﬁaﬁﬁﬁl t@be Wwhigbh@mhb (R6 me(cﬁ@ble&nenm}fecag}iaﬁattthahclltidlhgSelnd aI

i gh signal |ev ut nsecut|ve ence, 0 evel s
at their respecfi Cfpp%‘?%tec Pty tqueg &Z‘\?oﬁ%ﬂ%?‘%fthtehg 6‘?2 C{mder
test, for $1gaahurrent track, a 20 test patternis witten to the current
track to provi t 0, keyol utions.
HeadSi gnalos 11 rom %lﬁgrﬁé&%tﬁ 5111(1";&?981%%& E%@g@@?ggggpf@%t are then
fed into agy@iop¢ eptrehead signals fﬁcz,llﬁoﬁedmvaltapﬁ@%éémm cb(ﬁ@@@@ond
[I_ﬁVO:EUtI I0n of t(Bﬁ‘aﬂ'I':lh\iﬁ)guﬂaﬁﬁrgltgig§én\(e%['lﬁffl@'l[ﬁ%ﬁﬂqr?a}%lldlﬂcalﬂﬁ glleﬁﬁ)dl Uél on).

e Enve n_.circui ctifi e hea a
(1Tt ers ouRERies feghonriss dts AnutHigHea e srisbpacr hdtalodro pedlona a1
of the heathesimplag td digiHeosmvséphavinggnain@isivs stetstomtpuhigsigapkeed anal og
to dygital BBH‘{:%R/S%MSH@&@I@ @’))%Eﬁ‘%' E{gﬁ’egg yrtry 14 and the

Posi ti veCo The threshold of the
Posi t i veConpar ddpa pzsdxcélv@mmamr tp@qrmma thamenplimdernf skt docalof t he 30

Negative ﬁé@h?fh@@nIxe‘lo £0PRInBY] Read ﬁﬁhgi w1t€h eH@?e?rﬁuﬁQaftEFd%Bﬁis
respectively to th estli gcﬁlpyecIZOSItIVEt res and the "estinmated

negati ve tcffﬁt@b‘ﬁlﬂeﬂi TONA, &P Hack averRge S ‘I ive threshold is 110% of

estl nmated TAA(g) @ﬁ«écar@rrcﬁaiuffattetitmgﬁpmﬁumr&gh@iaﬂi sdripROGp e ' esti mat ed
and theie t hr eshol ds Ile%re cgr&ute based an ,f or.nul ae. The

est F?mt edPPELRG V80phMEERIPE PTELIHYS Ge R M RALE S %éb‘ﬁﬁgi‘%&ﬁ?r 28 is
del i ber at etalué dowethedparticatri sarrgdeannldﬂie @@mverson lstatus h%nad:lmhlcatwrthet of

9 errors ?%ﬁ‘l;gﬁﬁ quifoge%]rp,f%nﬁfét&@d positive potential errors'. The

‘estinated negative or the NegativeConparator 38 is

del i berat el y i Abf Sasty hwgfaditestersta eaobel pumber ok paelt sampkhsavied léildthﬁal
nunber of @4d1060PREfENESe are called 'negative potential errors'. Both
estimated threshol ds .are. us s defipable. In t referred system users
can éhoose thei?ad%"? Eflé%fagl {RENL the apparays llﬂ‘ﬁfﬁﬁéﬁ Wﬂgu@&?ﬁ‘iﬂ‘?‘i ng

sof t war e. dgtectiort mﬁan@falid]@e@qmﬁm&@b&uﬁBnC&Boﬁlegq&énﬁl&l&)lﬁbgbﬁp&ﬁdAdC 13

12,20, CR GG ALV, SOABLE OIS PR G BB o
It isinp a | e &

ot herwi se @teodagﬁumlaqdl pm@ﬁmdvmmbeme 10 I ar ge and processing tinme woul d
al so i ncrease W@ﬁ?{ﬂﬂ&%@éd’ thd ?x?‘ocﬁﬂ‘éﬁbﬁ%?rdrﬁie?@é@l ?ﬁ’clﬁﬂgs Bfff‘rs%‘cm}h@rva' ues

are kept in the AdcHFI 6 bu arators 28, al so_output to
t he #icFI pehich, ingrqipenisdop sy Rik exieq dzemctﬁ%@afh%e@pﬂdaoq%n VAigt s each

taking up 1gaﬁrﬂeﬁtsquzlt1ﬁ:aﬂke 6@{11& it el ﬂfst:d@@neéic EkEdadbN tb bighifypaght i ve
error' is dete e Positive rator
positive PP atst’ioéln%ﬂmﬁfﬁ i‘r%trﬁé’ ngpﬁ?mﬁﬁgseétﬂfééﬁtvefﬁﬁhltﬁﬁf ?Cfem of the

AdcFl FO 16Gigwilloemparisdomegative error' is det ected, the NegativeConparat or

3 outputs & " 188 pRe AR EOER A O M0 ARiA0 6 PLlse sty ﬁiir out put
of t¥e Hi gqq)spi@@gs&d@thédmmgmlseohvﬂpdmtmrsam@Bleghﬁhtqstmﬁe sodhaf glhSpeedAdc

13 out put 13 gid A¢hbnd tPAK éﬂe\(ﬁ)nﬁ?le&@ﬂﬁf fog r@(rél%"tlon-ﬂlﬁléﬁﬁﬂirﬂﬁ& data |tem of
t he Hi ghSpeed d(ﬁélB out put ositive error' bit 41 and negatlve error'

bi t 42 ar ée%I”d‘é ??ﬂ‘@%ﬂ%’@l‘ i’ ge {954i08konver si on status' signal 43
i ssuing fromt memlgfﬁmbdehﬁenAhséMeaﬁnmpt G’Efusftllwﬂé(ﬂ:[ngl&r@fs(mked by

t he encod nal ead to t he SectorFlF te the
ddr eos obasrib et dRrL TRy 8 stirkng Mo FREl bR ARt andGh Bhe
Count%er 18afies stagaddmyparieg ssdt’ poﬂélnlﬁ@l gitoad’ wikie teenFAA' e as the val ue of
the output of the H ghSpeedAdc 13, is read by the AdcFlI FO 16, both the
AdcFI FO 16 and the SectorFI FO 17 are enabled by the sanme 'conversion
status' signal 43 of said H ghSpeedAdc 13.




30 At the end of one revolution, signalled by a'track end" signal 44, a
control processor DSP 22 stops all acquisition. If the user selects

"mappi ng node', the contents of a SectorFIFO 17 buffer will be read into a
Systemvenory 20 which in this case can be external DRAM or conputer menory.
The Systemvenory 20 is, however, also enabled by signals 46 35 from
positive and negative N-bit error countérs Counters(E) 24) 34. The N-bit
error counters Counters(E) 24, 34 are increnented by one after a series of
N 10 increnenis on error unt 33. The
counts in N bit &% al%%ﬁﬁfeé"ri }Zlﬁhe BIFSER i’b"é’t“g %éfq?:éntl al N
bi t error sholt leeing cbby td hee EruedT AR andaumUBrtestz&t n&?extta‘ expesmqﬁntl al bit
errors were, 0 ] ave occurred.

The nurrbersll@q@}Cﬁ) tg"élre- dﬂﬁ?ﬁ%% Pﬁ(?(?& Iruntr%égggﬁ Cﬁ[l?%r[éosglengsor DSP 22. The
N-bi t err ocorpuradtys with ald4hé¢ nthesrtests. aindtddmiabm;ewsm &dvbinay yeqroresk t he
sane ginme fo?ﬂx??adPﬁgglt%’cg{ rvﬁh'é[?lﬁo&ucﬁ evJL*ﬁ% ﬁcﬁt@ﬁﬁ'ﬁ%%%ﬁfer

content is_then rea i ndi cat sector nunber in
whi ch t he mwmq%ﬁuepgdheééwd gpol tm@m Migsingr

“pr ocessi ngphilse A9 Bar@PalRCesting dubitg th@&ﬁﬁﬁrtgld’fﬁﬂﬁth 1J\hﬂuﬁ@ﬂtr0| processor
DSP 22 trl%ﬁers a LovapeedCI ock 27 to enabl e reading of the Sect or FI FO 17
buffer as g‘m\/Ermry 20 has a slow access tine. Turning back to the

" producti oﬂrmf)Des(;rlphenccxﬁrlhe Drapringessor DSP 22 triggers a H ghSpeedd ock
27 t enable r 9[%?9 ot 1N of the
Ach O 16 buftﬁﬂ'ﬂb %%t%%?tﬁg? \'(é:%oénn?}i’ﬂ ong@ia}cﬁ?éechptv?%}’ f to conpare
with the 'eamepleawith rderencade thﬁeccqmnénml*‘lgamé whigh ﬂ@ﬁtm&eﬁaatm y

avail abl e g”énetrﬂ@se@n@lo@fc dﬁﬁ@an{ epd MdFigtoftlg Spieddcerding@itbher as a result
of a rel atlvs &ﬁ? w rate and hence I'ow processing tinme or as a
result of HEPAWARE! eterg‘?IthB%MF?%ck Average Anplitude. Since there

\lIJVi Il typi g]aéﬂayleﬂlel)esdriplidxedf ﬂlmbﬂ!fheﬁ‘%dﬁmﬁbﬁdlm&ﬁlst he AdcFI FO 36 Euf fer will
e enptied qui .relagive to the.ot Ss t8ps,and this step
will T%e conpl e?éeég]il h[e actcﬁglpca&éfbﬁl%afaovﬁ %%1 eﬁwﬁ?l 2$ CYRSI ution of the
di sk. For ddtbmmmach@ne is dkestfaded axldinhlie vaed éoipediommnmod nlatttmcérrohe

processin s 50ns. The point at which the test should be
25 abando%g%iﬁﬁga\/\grésgﬂﬁe&)é%&ﬁ FO 16 buffer contains nore than 64 Kbytes of

errors, but enpiyhedolbawiasg descrigitiataefathg apparalysi lilélsbﬁte)d i@ Figure d angk e t han

3ns whi ch g théthddestoidiafioh lbe tlﬁisr%rﬁa?eg‘th'sr an ffo‘l)l'blv\gislg r?t%faxﬁﬁgs “ﬁnmer d)

revolution., |f t AdcFl FO,16
revofditi orBiven ¢ %gé"'f fRumys frged gy 'g'ﬁéj{esF’rlBﬁﬁoflt‘?éldA@I@ﬁ—’Y‘ﬁég 16 buffer pr onpts the
control procesdor DPERAd3Zgrals Bl)l)anémmthecmhﬁbagk signdlé éronia pips regrdnwelige and

di spl ay a lj.ure message. The 'read’ (second) revolution is then repeated
to ach|re afa for mapping. Level Adjusters 19, 29 are user progranmable
t hrough softwae, &mye ctigre( 12 meesns| the enyelapsnietertion ciicuétyt o adj ust

the |evel \pbd BoRrhbd¥€latd fRaNMIShedd dgn B AR 16Fisblate BRI AP e uén@f' rof
corrparators MagConpare 25, 35 conpare %5 potent| al errors’ qt rue

TAA' 25 The COSRRRtlors 25, 35 output a'1l' if a 'potential error' is found to

fail on nodifiead tm\ﬁ$&§h§§1rbﬁﬂ€(d4pﬂlehh§thé ﬁu@fagl 1c1I<Aﬁt1 difee respective
conpar ator_ cl ocks,, one

t error cou%}lét](f?3 g he,val ue of N
defini ng t9PEPEEJPR AFPTagesTt roetmeerﬁssquar%v £k %Hﬁsﬁaw%e cont rol
processor (DSPj. 22 PositiveCoenparatur (28urefersso2Be cBtparhtorimrouésgtionfter every
N cl ocki nggep O:{l\rlﬂ‘?élr eéraglis%rf%?ﬂlt%%é‘& t8'thglﬂotsitH}e9§lg 51Nh%§shoiﬁl etects

occurrences e error unt ers 23 and
Cound®rskR 33 i AN Neegtlwc@@@araiaf (38 mafess de ke epmparatopeirsuiing fasr r or

counters, g fl@&éi'é aambncwuhtxeéﬁget% tﬁ@% aavesi@apﬁneshaﬂeleeér or bit
counters, ersR aﬁr]mlé;ount erskR % Wb er attain the value of Nif
mpRaRy Bpsitived fesélf? e and the N-bit error

there are Iess tharP
counters, 10 Oount gresthréshad'dneannhegttvedthredlidlidj n t hat case never record a

nodul ation err his, a d i er, det es th a _nodul ation
error is detec ed é:ﬁfn g Pc{lﬁ@)gé gﬂﬁ e&%k%%’cth?rﬁ LP’?@?H}}?&E &t ect ed where
N i s3quser Nm'a[twaﬁbmpalatm as would be denoted by their respective numbering of

28 and 38;



It will be appreciated by persons skilled in the art that nunmerous 15 var
rati ons and/or nodifications may be nade to the invention as shown in the
speci fic enbodi ments without departing fromthe spirit or scope of the
invention as broadly descri bed. The present enbodi nents are, therefore, to
be considered in all respects as illustrative and not restrictive. 12
CLAIMS: 1. A nmethod of detecting defect8 in a selected track of a nedia

el enent of a mass storage device including the steps of: a) determ ning an

estimated Track_ Ave Irtude vvhr ch oxi mates the true Track Aver age
Armpl i tude of a eadilléﬁqgsr%rTB aﬁﬁ’@i} ngatggoa iﬂﬁir nt: b)
during firsbnvevelution of the rredr a eI enment, witing onto the track under
test , a streamof t redgt e I second
revol uti on of {T]H? Bg %tg egﬁeﬁfergt(gélar g&ﬁgéllr% é%hgwfgﬂcig}%agmoggug@ggﬁbr ts
witten to the 1t.ackdoRd®) (16ds acfurst-ngfmhteomhmmmg\ﬁabt@m,on d) conparing
the rgad signal 1?”D$éétHﬁQF®f(t1%Z? a*PflédﬂFlei%xﬁtxﬁ f% yéghe read back from

the track under test durin secqn volution wth the estimted Track
Average Anplitulfe; B$P é%?ﬂe’i’lﬁﬂpﬁélgifiﬂ SgEH IPERREPwhen the anplitude of a
bit in the stremn 1(50@1flteﬁi§E(32 ead) h@@&ouﬁ@m thet dorrmlmmﬂanoheﬁoﬁurl ng the
second revol utr A ﬁ qe@g, t ol er an ghag def i € relative to the
estimated Tr ack Ave %‘b‘éeﬁﬁ) .| 81“3 cerp 171 ﬂbé CidPnal and a
sector at whi chl@.heSytemMemory (20) s a sy tenagemegnesed2® wgroohbed| ati ng a
true jhrack %‘{8 age Anplitude fromthe anplitude of the stream of data read

back rom? r‘rck under test during the second revolution; and h) after
conpl etion of the dewshpesdorki{?Dris adpanspratoclorls error si gnal's stored for

the track underqg esfyjgh eEHGl&&O(Q?}J% gﬁ?%‘ﬁ dbsgar ding 25 any stored
error signals that rep ude that did not fall outside of a

tol erance band Hbf |Irf’é’& aluéf‘?r\?él?)o %Wear?r"l? tage devel eBPERRISANDI i t ude

cal cul ated frond heMagCenripadd (2] (85) adsl vbRege §igaal ifagnitudelke atdrest
duri Hg the s(econd revolution. 2. The nmethod of claim1, including t he
furthér of performng a 30 m ssing pul se test durr ng second

revol ut i on t heZI:orﬁb@hngnN (26w é@hel&jcﬂrcmm Heatrwibsemyl @rhllglestg@si ldyvel ng

o 1 1 e Ay e O T O R AR UMt 2 e
bit shift wassduring second revol uti on.
During a first revolution of the disk under test, for the current track, a

20 test pattern is written to the current track to provide data for tests performed
during subsequent revolutions. HeadSignals 11 from a réad write head of a
disk drive under test are then fed into an EnvelopeDetection circuit 12 at the
beginning of a second revolution of the drive under test (referred to as the
'read’ revolution). The EnvelopeDetection circuit 12 rectifies the head signals

25 11 and filters out the high frequency components to extract the envelope
signal 31 of the head signal 12. The envelope signal 31 is fed to a high speed
analog to digital converter (Adc) 13, an AveragingCircuitry 14 and the
PositiveComparator 28 and NegativeComparator 38. The threshold of the
PositiveComparator 28 is denoted by 'pe thold' and the threshold of the

30 NegativeComparator 38 is denoted by 'ne thold', and these correspond
respectively to the 'estimated positive threshold' and the 'estimated negative
threshold'. Typically an 'estimated positive threshold' is 110% of 'estimated
TAA', and an 'estimated negative threshold' is 90% of 'estimated TAA', and
these thresholds are computed based on formulae.

35 The 'estimated positive threshold' pe-thold for the PositiveComparator
28 is deliberately lowered to anticipate more errors than the actual number of



35 4. The nethod of claim1, 2 or 3, including the further step of 13 a)
during third revolution, erasing the data recorded on the track under test
during the second revolution; and b) during fourth revolution, readi ng back
the track under test and conparing the read back signal with the cal cul ated
Track Average 5 Anplitude. 5. The nmethod as clained in any one of clains 1
to 4, wherein the step of cal culating avtrue Track Average Anplitude from
the anplitude of the bits in the streamof data read back fromthe track

under test AU Afy bSeIRGRLL XOLY IRH S pBENEY BELRY, SHPLLLDe data

stream cofiVertih tgm ach val'ue represen
anpl i tude oega;th@ mhczidaﬁ@dtm mghvﬁomlmgﬁﬁas dehba@stelwelppw@ﬁd itag t he

sanpl es 1 0168l c?ﬁaece%ﬂ %V&Ji@%ecgﬁﬁﬁb %ci’x?sllgﬁuﬁl%l OS5 83 atdi'letHe%é'%lJ r aCk4

Aver age Anmp |tu | ar me ne clains 1 to 4,
wher ei n t hed queﬁesqttlzeapetﬂnéﬁ ggroas ¢ BeshpsHmated Zhla?@g 1?t‘l§8b‘ from the
arrgl I ts;Jdet @%ﬁﬁeﬂﬂebllh&hé Ijbré.féutelaes tdrtﬁaﬁ%es}% cdatchoveathdiaeky Ieﬁk@lstxhﬁlcgf ack t
under es utli on,Is ac eve dwar e evi ce (6]
whieh 1 he. mEshensek b i8S coRbRnhe S argothE Eip o OB PR L
aver agi ng L&t iriggeoihd¢ hdgladpdadiAdies3 via hlhlé)lbg&E 3ff andhéhueadalidack data to
broduce & S{rdfihe bRty UG Re tifeclbqCh @éﬁ{%@aﬁr{elmﬁgﬂﬁm&%? The

nmet hod as eint nmedi a el enent is
a magnet i ca@pyRrt afqda@ fél@tr}ﬁ @%l&eqt@i/@s otherwise storaserreguiresnenigiverldday i ndex

ZI QQEbs w{lﬂﬁﬁ%e & p Fé(ﬁéiﬂidi%dnﬁl}% wa@walafariitiﬁreaééﬁnu dsigitablyderhdBhiveldp é@ﬂ] org5
e net ho claimedin one o e rein the
esti mat ed SW%E@% anple Y%H%S fre keptdmt Fé%&&quénl ﬁ}lﬁgﬁwgﬁt i on
Process ikrcmﬁupelkmtdliad%l& motdx@pupmmeqm&inmks,awﬁhrmlacpdam andmhé he sarkre
one track to cal cul at est t Track Average.Anpl.i. r all tracks
on the di kS8 e'ler]iéorrf\’élflﬁ%ag Eﬁ??& PR O&ﬁ@”ﬁﬂg&}ﬁh (g?t ilﬁr%mfft ®8, wherein
the 30 estAdeFED Teadka m:’raqeemaﬂlm tatketéd thalPositateéibrhpamatdmBn Val ue
Pr 0cggs | louibiufdta 8 18! aggt]&agel;b@signrﬁ}qgmg nf'Bat b ngecﬁﬁ‘eﬁtil n_g)uftrd% a set of

data repres t|n P o rac verag I'itude agai nst

tracks. Gtemrpfégﬂaﬁﬂ@( EOr B} wihdledé g 'negatiearaey bnd a medi a el ement
of a 35 NaNsgRIVIRELPAAYIICIS ohtputsasy a%tepﬁ@@ﬁméeatr&esl@ﬂam 4Egtoa<5hé BRWE/ out put

reans whi Ct'}‘lepcru‘%}’én ShpAfasRSittD & MSKalFIRO 1490 us 4R WAMIFO 6Ll ' On " ead

in the output of the HighSpeedAdc 13 and the Comparators 28, 38 mark the

20 HighSpeedAdc 13 output as either a positive or negative error. The
combined data item of the HighSpeedAdc 13 output, 'positive error' bit 41
and 'negative error' bit 42 are clocked into AdcFIFO 16 by the 'conversion
status' signal 43 issuing from the HighSpeedAdc 13. At the same time,
Counter 18 clocked by the encoder signals 45 are read into the SectorFIFO 17

25 to indicate the address of the recorded error. To ensure that the output value
of the Counter 18 is read by the SectorFIFO 17 at the same time as the value
of the output of the HighSpeedAdc 13, is read by the AdcFIFO 16, both the
AdcFIFO 16 and the SectorFIFO 17 are enabled by the same 'conversion
status' signal 43 of said HighSpeedAdc 13.

30 At the end of one revolution, signalled by a 'track end' signal 44, a
control processor DSP 22 stops all acquisition. If the user selects 'mapping
mode', the contents of a SectorFIFO 17 buffer will be read into a
SystemMemory 20 which in this case can be external DRAM or computer
memory. The SystemMemory 20 is, however, also enabled by signals 46

35 from positive and negative N-bit error counters Counters(E) 24, 34. The N-bit
error counters Counters(E) 24, 34 are incremented by one after a series of N



14 the nedia el enent and access to a head wite signal allow ng input of

informaticon to be witten onto the nedia el enent the apparatus including;

a) envel ope detection nmeans to detect the envel ope of the head read signal;
5 b) averaging neans to obtain an average of the anplitude of the envel ope
of the head signals collected over a period of one disk revolution; (c) an
anal og to digital converter arranged t otberi odical |y sanple and ° dlgitise
| ocal values in the anplitude of the envelope of the head read signal, the

analog to digital ,converter havin conve on st o] to sign
when gonve’r‘éq%‘BWGst %ngalﬁﬁP‘neCthvfsellBg‘eﬁlt@8 %“m(“’ kiaar gé‘:og{}ﬁ \fé)ué‘&%par at or
t 0 conpar eirt Nebiarplortcodatas 2I4I;164I1ndaiate/&iejnembtel pficequmrdiad pé bofertdns head

d si ' ted t k
ver age antp PRy PAELEOPLICATILESRE £ 195 ST iR ?%'rcd.eg. ti zed
sanpl e of @etectesl, anmelvlpsias gnar la/m1d¢f@dﬁpémvetq0@érr@drrﬁ%henum etidN cat es

an ouk of [ANGE ARIndBId BirobBR tBETbhfYI ﬁEoc%%E'&l BSPNG. Uite: KB gEwON Status
signal indicates that a con

er5|8 f eeng}a‘(/fnﬁ1 é% a Sector buffer
to store aCYEREHY ‘Fr&?o@ﬂr%meéééﬂ §§ﬁ§ oY § Oiihéotalt SEREIIMB Pt er. 20
él The aptbadathle$e@ftoﬁ1IEDm7lﬂufféurTh@lSebmFIR(D ng kmffmdmlnaémtqlu tgéﬂ(i)éad
etection a e ou ccurrences o it errors
and for eaﬁﬁ %@3%@@%@% ﬁjdﬁn@té?% ﬁﬁ?gs?’i%ﬁl ggb%{ é|h%n error, where
N is a usemodedaion agdr opcedtedi Adw leugtheof tine. leiﬁhaedﬁpapa@wsmg iglmegitm 11
wher gyn, t l:atdan ct whi ch
&b DEoHDAY 131‘11% ‘t"%@ﬁ’%ﬁﬂﬁfﬂ% "Phe %én ?b?@&%sé’r IfJSPSZtZ t‘h%{%ﬁfﬁ

|ncrenents or every bi tect ed a‘second counter whi ¢
i ncr ement sLeweReeHalogk At togrnabie reading Oééheﬁé@to&%éaz theg agithai fyi ng a

nodul at i onsgfteRMernbey bo hak acswwtaefceb@tlﬁga f'Bﬁﬁhnglfbh@k 6 Vigs 1b’dbd:t(t)1§n of head
;s ;B%gag; %Phlgi?ﬂe con 10f‘proc¥=ssor Dglg 22’ tuggels éb‘ngAl‘lSAéeeﬁ%,’lock Jizztéa\ eA/ | &AEUo

1;555 —% xslmaderng])fc&ieCAiicE]]F@]lG dhudferc A1t of cahtealcal tie) AACERIT 2 balffea) ca) cal c
a] cal ca] cal gal,cal c<a alca.,V]lc’a

V]| c"%caU] ﬁ (%h——']gq ﬁk&@%&ﬁéﬁ d&?%&%@e‘f&&%fﬁ Y‘J"thfggbﬁg\%r tggslﬁl &: " Z]ca]c
a] ca] ca] cat]lma}h@]tm ‘TA ahba] will balivahediptely capiableatah ealloef]tba]'walita] ca] c

f |
? ]QC gtrﬁll\(;v 4 r&?] f%gﬁ}cﬁf% gﬂ;lh%gg% a?g}{ég]dca g‘ﬁ)ﬁg }éflﬁv(\:, samé) hna% latTrc a?c a] ca] ca]
ca] calca]c IEF%S’] lex] Ebﬂ%ﬁi@&]tﬁf@éi]aéé]@ﬁjl éﬂ taprosess
: $109YXXE (AV@% & Mitplibude. - Sink@%huese Wil t 11-:@1’1’{,)11')& a( Dlmlted number of enols
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plocessmg steps and this step will be completed prior to the completion of
one further revolution of the disk.
For illustration, take for example an embodiment in which the
processing time for one byte is 50ns. The point at which the test should be
25 abandoned is when the AdcFIFO 16 buffer contains more than 64 Kbytes of
errors, but emptying 64 Kbytes of data will require only a little more than
3ms which is far less than the time required for the 'erase’ (third) revolution.
If the AdcFIFO 16 buffer is full in less than a full revolution, a 'status full’
signal from the AdcFIFO 16 buffer prompts the control processor DSP 22 to
30 automatically go to the mapping mode and display a failure message. The
'read' (second) revolution is then repeated to acquire data for mapping. Level
Adjusters 19, 29 are user programmable through software, and control the
thresholds for comparison (i.e. to adjust the level of 'positive thresholds' and
'negative thresholds'). A pair of comparators MagCompare 25, 35 compare
35 'potential errors' with 'true TAA'. The comparators 25, 35 outputa 'l'if a
'potential error' is found to fail on modified thresholds based on the 'true
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+o310%& Qhesc!:oln I‘/gl&pl(C)CGSSO]l"QIﬁ%) (2&, and the error counters 23, 33 will be reset
after every N clockings. An error rate monitoring circuit HighForN 26, 36
5 detects occurrences of N increments of the error bit counters, CountersR 23
and CountersR 33 in N bits of read data and clocks one of the N-bit error
counters, CountersE 24 and CountersE 34 when this happens. The error bit
counters, CountersR 23 and CountersR 33 will never attain the value of N if
there are less than N errors in every reset cycle and the N-bit error counters,
10 CountersE 24 and CountersE 34 will in that case never record a modulation
error. This, as explained earlier, determines that a modulation error is
detected only if there are N consecutive error bits detected where N is user-
definable.
It will be appreciated by persons skilled in the art that numerous
15 variations and/or modifications may be made to the invention as shown in
the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to

be considered in all respects as illustrative and not restrictive.
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c¢) during a second revolution of the media element, reading back the
10 stream of data bits written to the track under test during the first revolution;
d) comparing the read signal amplitude of each bit of the stream of
data read back from the track under test during the second revolution with
the estimated Track Average Amplitude;
e) generating an error signal when the amplitude of a bit in the stream

15 of data read back from the track under test during the second revolution falls
outside a tolerance band defined relative to the estimated Track Average
Amplitude;

f) storing each error signal and a sector at which the error occurs in a
storage means;

20 g) calculating a true Track Average Amplitude from the amplitude of
the stream of data read back from the track under test during the second
revolution; and

h) after completion of the second revolution, examining the error
signals stored for the track under test, in the storage means and discarding

25 any stored error signals that represent a bit amplitude that did not fall
outside of a tolerance band defined relative to the true Track Average
Amplitude calculated from the stream of data read back from the track under
test during the second revolution.

2. The method of claim 1, including the further step of performing a

30 missing pulse test during second revolution, the comparison threshold for the
missing pulse test being determined from the estimated Track Average
Amplitude previously obtained.

3. The method of claim 1 or 2, including the further step of performing a
bit shift test during second revolution.

35 4.  The method of claim 1, 2 or 3, including the further step of
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10! " 3f #10%Galchldteg a true T1ack Average Amplitude from the amplitude of the bits in —
the stream of data read back from the track under test during the second
revolution is achieved by sampling the data stream, converting each sample
10 to a digital value representing the amplitude of the sample and processing
the digital values representing the samples to calculate an average sample
value for use as the true Track Average Amplitude.
6. The method as claimed in any one of claims 1 to 4, wherein the step of
calculating a true Track Average Amplitude from the amplitude of the bits in
15 the stream of data read back from the track under test during the second
revolution is achieved by a hardware device to which the read back data is
fed 'the device being arranged to perform an averaging function on the
amplitudes of the bits of the read back data to produce a signal for use as the
true Track Average Amplitude.
20 7. The method as claimed in any one of claims 1 to 6, wherein the media
element is a magnetic disk and a complete revolution of the disk is indicated
by index signals which are produced as index marks pass under index mark
detectors.
8. The method as claimed in any one of the preceding claims wherein the
25 estimated Track Average Amplitude is calculated by an Initialization Process
in which data is written onto one track and read back from the same one
track to calculate the estimated Track Average Amplitude for all tracks on the
disk.
9. The method as claimed in any one of claims 1 to 8, wherein the
30 estimated Track Average Amplitude is calculated by a Known Value Process
in which an estimated Track Average Amplitude is read from a set of data
representing a typical relationship of Track Average Amplitude against
tracks.
10.  An apparatus for detecting modulation errors on a media element of a
35 mass storage device, the mass storage device having an input/output means
which provides access to a head read signal carrying information read from
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values in the envelope of the head read signal with predetermined thresholds
determined from a predicted track average amplitude;
{e) a track error buffer to store a particular digitized sample of the
15 envelope signal when the predictive comparator indicates an out of range
value for the particular sample and the conversion status signal indicates that
a conversion has been completed;
f) a Sector buffer to store a sector number of each sample saved in the
track error buffer.
20 11.  The apparatus of claim 10, further including a modulation error
detection means arranged to courit occurrences of N sequential bit errors and
for each occurrence to indicate detection of a modulation error, where N is a
user determined, predefined number.
12.  The apparatus of claim 11 wherein, the modulation error detector
25 includes a first counter which increments for every bit error detected and a
second counter which increments when the count on the first counter
exceeds N to signifying a modulation error, the first counter being reset after

every N bits of head signal comparison.



