9 DEC 2003 -1 METHOD FOR SCREENI NG OSCI LLATORY PES W TH 1. 7kHz  HARE! BEC Q003
RESONANCE 5 FI ELD OF I NVENTI ON The present invention relates generally to
the PES (Position Error Signal) 10 Certification Test for defects of

servo bursts in a disc drive. More particularly, the present invention
relates to a nethod of screening oscillatory PES with 1.7kHz harnonic
during the PES Test. BACKGROUND OF THE | NVENTI ON 15 The present test used
for screening out METHOREOR SGREENING QSCNEARORYI®HSESITHRO/KHA on Error

Signal) Test. In the PES Test, k.is scanned and tested for
any servo defect. During the téﬁ%ﬁﬂ’éﬁ’g‘ﬂﬁmw&er ning the servo wll
be reported and appropriate action will be taken by the algorithm

Dependi ng on the 20 type of servo error, action taken can be either
zapping the defective burst or skipping the track- containing the defect.
Therefore,s it is inportant that all servo defects nust be detected before

the Defect Scan Test is perforned. In the Defect Scan Test, the read and
wite operations are performed, where the position is dependent on the

PES data. However, there is the f (kHz NRRO 25
(Non- Repeat abl e Run Qut) har noni Efﬁ@ﬁih&ﬁﬂb% w ndage excitation of
the suspension at the area of the head assenbly on the actuator arm This

has been proven by drive |evel LDV (Laser Doppler Vibroneter) analysis
and from whi ch it Theagesshbiprentivatrelnise genGrallyHodle PESriRdsitimsEmar Signdipy e

simlar verti . I ~ H transm,t re.of this vertjcal
notion i nlft% 0 o(?%{l?é’g;%)bq%%ﬁogﬁéfeﬁgg,“ LDUIHS 12 disc gﬁ%#@?f&?@ﬂ?g}/ Yntige
excitati on orprésest ineasionirviateptea hetddEsctediiag odtiltkory PES Wik Yakpy arm with
wind diffusiqn wedge, .danper_and | oad beam can show that 1.7kHz resonance
on the PES c ”B%“‘gﬂé‘é{’ggherpﬁﬁlwﬂ. However, there is a need for screening
the 1. 7kHz harnoni ¢ when perform ng PES Test due to the reason that

BACKGROUND OF THE INVENTION
15
The present test used for screening out bad tracks in a disc drive is the PES

(Position Error Signal) Test. In the PES Test, every data track is scanned and tested
for any servo defect. During the test, any defects conceming the servo will be
reﬁgrted and appropriate action will be taken by the algorithm. Depending on the

20  type of servo error, action taken can be either zapping the defective burst or
skipping the track containing the defect. Therefore, it is important that all servo
defects must be detected before the Defect Scan Test is performed. In the Defect
Scan Test, the read and write operations are performed, where the position is
dependent on the PES data. However, there is the presence of a 1.7kHz NRRO

25  (Non-Repeatable Run Out) harmonic resonance dﬁe to windage excitation of the
suspension at the area of the head assembly on the actuator arm. This has been
proven by drive level LDV (Laser DopplerV'ibrometer) analysis and from which it
has shown that the HGA (Head Gimbal Assembly) have similar vertical motion,
but bad HGAs transmit more of this vertical motion into off track motion. And, the

30  focus on preventing windage excitation on the sensitive pre-load bend region of the
actuator arm with wind diffusion wedge, damper and load beam can show that
1.7kHz resonance on the PES can be greatly reduced. However, there is a need for

screening the 1.7kHz harmonic when performing PES Test due to the reason that
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be ensured good for read and wite operations during Defect Scan Test.

This is because the wi ndage excitation gan happen at the tine of
servo-witing whereby the servo pattern s witten onto each platter of

the HDA (Head Di sc Assenbly). Wen this happens, 5 the 1.7kHz resonance

w || be enbedded and witten in the servo pattern. Hence, in such a way,

the 1.7kHz rexiodegecxchationrie podsitdelandalberRRBkRanstbadisereBgoodrreadr obl em

as it is alre i.nherent as a i.te.in. The PES test is based on the
anpl i t ude chaa??g)éwg? oyggﬁggéfugpgife§§$§8arb’{ﬁsgt Sr‘égf"?at‘%e bsindage val ue, if
the anplitudgcitdidndan BESHRAGS t&hﬁn@ﬁ%eﬁﬂ@ﬁﬁﬁé Qh%ﬁ%ﬁfeisgﬂfo:jﬁkt%"st hat
particul ar servo 10 burst woul d be considered as a bad servo and will be

zapped. Accorditig ando eacholaties of thediRAi(Head Risc Assemidy)y Vélsent this Hapi®risas not
made any Rugeyd | ' far ntrack val ue i.e., the
head is ngt '?%%H?glf&ge\fggmfc?%ﬂ'?ﬁg&\g% edan p%]él?? fhgﬁffvoi %F’?‘ gﬁﬂgctf that the
PES wi || be cocsa daygatle § vatizecsouaitethas resulyed 16 ¢ RROI (R épechtaBledR@f Ohi)on.
However, the current  PES Test algorithm shows that there are 15 drives

that have paPERemRs itpEalreadyinherent psa Patie-im, dhpBES dest tchasedremthewi t h ser vo

of f - track er afplieR&hardy ot thoPREGRNSGS BrsCirbot G CAURR Fhhk G o [ LEr 1 0N TS
dependent on the position and velocity error code. For i's particular
case, the 1. mmiltudg@bmewwhewtmsmldwﬁmm valughthat patiodatserer ror . As

aresult, it that..th hod testi for S threshold will not

be suffi ¢ Pentbhfsﬁwﬁﬁglﬁee%op.sldf’wgﬁf &%E%,Ser}f? g}dFWQBlgegz’app«ch%c%r fOR1E 11, the

PES neasur eneétingbtiririogtaslo@ad thaPES haé hdt radid anyxn'hhg@d}ﬁh_lphﬂahlﬂit&w noni ¢ for
e

t he above explanation is shown, FIG 8 and FIG 9 picts wavef or m of
osci | | atory PE3Yffonnthe oprirackyalugotiiec theiheadyismot koo famaway Semahe gotrdck r ack.

The PES_ speoboubn §iELE ehPuRhelE nckbasous bSs A bEREIGS oLl arTP! | £ ude

of the PES beétwee ood ack and a tra 3] 5
har moni c. |t write oparetiore Howestr, theccuarepd PESITest afgotitten, shdwhithahtheragec i s

1.167 Vpp,. (Peak to Peak Volta 7.78% . while the anplitude of the good
track is 16. 7613\‘7f)spt athavggegsed *I}}?g)ef)@sht g@gﬁ’tl‘lr,&]‘ihe ﬁeéecs\éa@e?rééwriarsmt er
Tabl e) cri t eiPiadkQrofE&ie. This is because the drive code setting criterion is dependent

on the position and velocity error code. For this particular case, the 1.7kHz
resonance will definitely have higher velocity error. As a result, it is clear that the
method testing for PES threshold will not be sufficient in PES Test. In FIG. 8, FIG.

20 9, FIG. 10 and FIG. 11, the PES measurement obtained from tracks with and
without 1.7kHz harmonic for the above explanation is shown. FIG. 8 and FIG. 9
depicts waveform of oscillatory PES with 1.7kHz harmonic along with that from a
good track. The PES spectrums in FIG. 10 and FIG. 11 show the difference in
amplitude of the PES between a good track and a track with inherent 1.7kHz

25 harmonic. It is observed that the amplitude of the 1.7kHz harmonic is 1.167 Vpp
(Peak to Peak Voltage) (7.78%) while the amplitude of the good track is 0.703Vpp
(4.68%). The CSPT (Certificate Sequence Parameter Table) criterion for PES
threshold is 9%. Therefore, the track can still pass the PES Test and it can be that
PES threshold testing is not sufficient for screening any track containing 1.7kHz

30  resonance.

There remains a need for an improved method for scanning tracks that are

defective due to the presence of high frequency harmonics. It will be evident from

the following description that the present invention offers this and other advantages
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can be that PES threshold testing is not sufficient for screening a

track containing 1. 7kHz 30 resonance. There remains a need for an

i nproved nethod for scanning tracks that are defective due to the

presence of high frequency harnmonics. It will be evident from the

follow ng description that the present invention offers this and other

advant ages - 9 DEC 2003 -3 SUMVARY OF THE | NVENTI ON The present invention

proposes a new algorithmto Rk gg?g‘; 1? St 5 nmechanismin
detecting bad tracks that congf{alt\lgn . ﬁzf %éﬁyg{i}a’lgpg{ Run Qut) RRO
resulting fromwitten-in PES oscillatory and thus, allow ng PES Test to

screen- out thﬁiﬁ tracrﬁs. Aﬁcordin to on asgrgct of the invention, there
i s provided a metRBFSFHMVCLEPLRITPATS Arawidds iy torhe Addaddo thesexistinga di sc

drive using Reedhahiem iEdefREtiny BH¥atackd Baf &FBin Y@kﬁ%i(kgpé\%ﬁb%@kﬁﬁ Guf}gg&{)ﬁe

presence of high frequency PES conponent, the netho ch 1 ncl

al gorithns t deohtng fom vwittaneiniPRS$ estillatary ambbstalomizg PESTert itd sazsensouta
single track 4 f.a.tgvol ution. The nethod also include an algoriothm to
obtain an average S velocity using the summati on of all absol ute PES

vel ocities for Acsirdizigeo bay adpetti cithe iAnaitios thated®pioviupd prsthe®tbrby t he
method is to 15 obtain an avera%,e PES velocity for_a nultiple nunber of
revol utions OFFEERBS RGN JERERFUCKEsCAY 8 disg dripEusipg Pesitiey Efrer Sizaeh

revol uti a : ' I ' | -set,standard
criteri o%@vaﬁggspﬁg{@e& %%Bgiélt% tl?)?ﬁrf ﬁég%?fé@gﬁ? e@%"xﬁ’ﬁ%?ﬁé#ﬁ‘:” §9i§n ’etg gf or the
al gorit hns t andshod whishanaedathe hlgohithnrsitnrobiairod sunemadiant o faiisabsaluiecRES 20

Anot her aspect

of.the present .i.nvention epabl eg the standard criterion
Va6 to e VpIoEifs P8 AR AT PR TRETRDOR GO I b g
i nvention cano BB@M fvavehige PESWELCRY @6ink B Rmtioalbe 2R A8IGS psgood tratk
to be differentiated froma track with 1. 7kHz resonance. The present

i nvention al d6losiies Ber 4 vipgle rvelusioni Anetheri algorithnpeovidedsbypthe gresimdtis to
' 15 obtain an average PES velocity for a multiple number of revolutions of the track
using the average PES velocity for each revolution and compare this average PES
velocity with a pre-set standard criterion value.
Another aspect of the present invention provides for the algorithms to be
repeated with the number of revolutions varied.
20 Another aspect of the present invention enables the standard criterion value to
be pre-determined empirically.
The method in the present invention can magnify the accumulated value, which
enables a good track to be differentiated from a track with 1.7kHz resonance.
The present invention also can be implemented in a disc drive as a program for
25  acomputer system to perform a method for screening PES velocity to determine
the presence of high frequency PES component.

These and various other features as well as advantages which characterize
the present invention will be apparent upon reading of the following detailed
description and review of the associated drawings.

30
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of the algorithm of the present invention.
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determ ne the presence of high frequency PES conponent. These and vari ous

ot her features as well as advarntages which characterize the present’

invention will be apparent upon reading of the follow ng detailed

description and review of the associated drawi ngs. 30 BRI EF DESCRI PTI ON OF
DRAWNGS FIG 1 is a block diagram of4t he al gorithm of the present

i nvent i IG. 24is &block Aiagram 6f onk odlithg rsabroafinesnia BIG.t hewbichramablesidbe i n FI G
1, vvhlcheables tion of t d Position Error Signal
( PES) v&?‘b@?‘t“ipdﬁ @CC&@@%J‘E? %%ﬁ&ﬁ@%&?’ﬁﬁ? subroutine in FIG 1,
whi ch enghl 2§ 41518019§ia§+&h%f %the?fsuﬁrbﬁtuﬁaVlﬁrHGel Rl @hatléd the baEulhMen
revolutions. 5 i.S a ck di agram of anot her subroutine in FIG 1

of the pf@xs@mragm%&wl@wty WHT‘EWCVSPMS the cal cul ation of the accunul ated
averageg l: | anot h
subr g 8 i E% Sllt Iﬁoa‘:lflg:u %'agljfaﬁ}(%e i NOIRL LdPSutink uq;FIé 1 §f the ?fe@@rﬁ 1&’&‘6@95@'@/}9% er

resent I nvention, shows
cal cul asheows thedalcdatiar ofshe a@hnmm«ecbamrag @ESHer m&lﬂp&ﬁ reyolufiens. a st andar d

criteri 10 F a di G 1,
which s 8@\55 lsr?eblﬁ?(fbgf‘l ; {)f‘g’?%{tﬁgl s ELGaIP @g?’ﬁcrl #lgrr?i &]ﬁf}g
shows agRivwd e ammnamema\cemggesoﬂaﬁ el serddeeRE® fvetovity k\mtlwat Stamcacd Wi t hout

har nmoni ¢ resonance. FIG 8 shows a table of the waveform of PES of a track
wi th 1. PR¥&Fonar noni ¢ against 15 tinme. FIG 9 shows a table of the

avq {gf’r &' 15’ E%l&’ékf &a&?&%#ﬁaﬂéﬁaﬂﬁbﬂﬁk ihiFE: 1, Which sHvsSthewigosittinalbf e of

ES"spectrum o rack Wwth 1. 7kHz har noni cs. FIG 11 shows a table
Of PES %b&ﬁtmglme@fandarg(mtbrmnack 20 DETAI LED DESCRI PTI ON The npst

Por sty Elat AgRerdcibishiem Be0RE 3 Hhel BESTHIRIE2oL RAE! DRF B thonf, System
harmonic resonance. ‘
FIG. 8 shows a table of the waveform of PES of a track with 1.7kHz harmonic against
15  time.
FIG. 9 shows a table of the waveform of PES of a good track against time.
FIG. 10 shows a table of the PES spectrum of a track with 1.7kHz harmonics.
FIG. 11 shows a table of PES spectrum of a good track.

20 DETAILED DESCRIPTION

The most preferred embodiment of the present invention is described below.

A system for screening tracks with 1.7kHz harmonic resonance is illustrated in
FiG. 1. The system includes a Preliminary Test (2) and the subroutines
25  GetPositionInPESArray (3), TrackBurstScan (4), ChkVelPESHarmonics (5),
GetTrkErrCrit (6) and RetestBurstScan (7). The relationship between each subrouﬁne is

illustrated in FIG. 1.

As each servo burst passes the HGA, the Preliminary Test (2) would first screen
30 . the particular servo burst of errors, then the PES velocity, or the PES gradient between
successive servo bursts, is read and the absolute PES velocity between two consecutive

servo burst is calculated and accumulated in the GetPositionInPESArray (3) subroutine.



FIG 1. The systemincludes a Prelim
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Prehg mnary Test (2), a track would be tested for ser§/o error Ini LgeBad

G ey Code, Of-Track and M d d '
g(é g u \r/ru: at i onlrothe Phelinmpary Test @i’?attﬁc I“F‘ﬁg‘ﬁg/el\%gtlé? ﬁrergs g&ggﬁégfsi&o%%?fegd t he
€ %ﬁgé,y(@.:ré&%figﬂi{séédcﬂ;ﬁc@éss IR Eriok bforeahe atranmiatiomof dedRES n t he

subrouti 0S nPESArray (3). F ] i mi
- . Fol |
Sheor st Claoh Pt Sormosaledothe FES velonty sbihat prip s ot gl =t (2)-
e ~ i
S evol ut ibég}g‘ag,ﬁggtg gﬁﬁﬁgﬁgﬁgr{?yggp&%p]nﬁgxﬁgpgg)_st on that track in one
Wi Le in the al'le I's stored in a variable, AccVelocityRev
18 process of accunulation, if there is any overfl ow occurred -

t he variabl e
Following the Preliminary Test (2), GetPositionInPESArray (3), would be
initialized to accumulate the absolute value of PES velocity at each servo burst on that
track in one revolution. The accumulated value is stored in a variable, AccVelocityRev.
While in the process of accumulation, if there is any overflow occurred, the variable

20  AccVelocityRev will be stored with maximum value (7FFFh) which will be greater than

the standard CSPT criterion and therefore, this track will eventually be skipped. FIG. 2
illustrates both the Preliminary Test (2) and the GetPositionInPESArray (3) subroutine.
At the passing of each servo burst of a particular track during a single revolution of the

magnetic disc, the Preliminary Test is executed in the sequence for Bad Grey Code (13),

o5  Off-Track Error (14) and Missed Address Mark Error (15). The remaining algorithm

would be skipped once any one of these test results is positive. If all these test results

were negative, the absolute PES velocity would then be calculated (16) and accumulated

(17) in the variable Acc VelocityRev. After each addition of the absolute PES velocity in

the variable, there would be a check for overflow (18). If there is an overflow, the

30 maximum value of (7FFFh) is stored (19\) in the variable AccVelocityRev. If there is no

overflow, the next step is a check on whether the revolution is completed (20). This

algorithm will be repeated until a single revolution is completed (21).
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greater than the standard CSPT criterion and therefore, this track I
eventual |y be skipped. FIG 2 ‘illustratgs both the Prelimnary Test (2)
and the GetPositionl nPESArray (3) subroutine. At the passing of each
servo burst of a particular track during a single revolution of the
magnetic disc, the Prelimnary Test is executed in the sequence for Bad
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check on whet(@8). Atieach revolution,dhe subrautinp IGetRrtitoRZRPESAras is @lllgdid étiyn wi | | be

F G s the datrath e g el Re AR ST i ebteed. In this
subroutine, tAhewecrdlscityRevME ahd UOE Soc VOIBAFRYE! BE bdch RevdWhtici G he step (28)

AvgAccVel ocityRevH. These two registers are used to store the accumil ati on

of the cont dAthippubrpeingslahees foy thecompiption\s theayimhes pErexplitionsmade.o zer o
h ' ' 4 b f
at the Stl%;t i"féﬂess:taét?)@ 5,?6);{2'92 512({ Qg} hx?igée%{% o th% Q&a](%urngﬂe?gﬁ?ér;ﬁlg{é er o

revol ution teach Tev ubroutine
Get:Posi t onl nRE®Antians i 3. Wabh the data sst@pulai@bjor anel rdvbiutioasisadinpddted, the

AccVel oci tyRev, i s .ad e registers . AvgAccVel ocityRevM. and
AvgAccVel oci tSYREOpHNG %ZEVe’gEﬁg & i%?ﬁnseﬂ’és%f é?) toealculats ayerage BESr out i ne

wi |l check f | MERe Lt § . The
steps (26), ?%%Chgrfglq?gg@ gér%glu?g%g’egtﬁ Iéd unt{algezvﬁlggét/@ttg% %%g{egrggfrrh(}:%npl et ed

revol uti ons irssubtaniNadue is Hendatmpared ovithutha GSER driderionvio thessanletstépa@s). i s
conpleted, t subrout.i ne kVel P r Ics,..§g called in ste 29) to
cal cul at glSavra\?gab%ﬁ@uat@@l1%@FVW%‘F&I—%@[@%@&@&GJFI%H%thFﬁh’taﬁéﬁeaver age
val ues in t heCSPDOCcritedos thd subrofting RefeoBud8dah WilllbeRall&d inlvesp (3PMoaERekt W t h
the CSPT criterion in the same step (29). 15 Wien the resultant is

det er mi ned iﬁh%fr@ﬁi‘i-(SO) and if the value is greater than the
FIG. 4 illustrates the subroutine RetestBurstScan, which is similar to the

subroutine, TrackBurstScan, illustrated in FIG. 3 described above except for two
20  main differences. One of the difference is that there are more revolutions for the
accumulation of data in this subroutine and this is specified in the CSPT criterion.
The number of revolutions is set at 5 in step (36). In this subroutine, the registers
AvgAccVelocityRevML and AvgAccVelocityRevH are used for storing accumulated
"PES velocity and average accumulated PES velocity calculation in step (38). The
25  other difference is that if the average accumulated PES velocity has exceeded the
criterion from the ChkVelPESHarmoincs, the track will be skipped and the error
will be logged in step (42). The steps: (34), (35), (37), (39), (40) and (41) are
similar to the corresponding steps: (23), (24), (26), (28), (29) and (30) in FIG. 3.
In FIG. 5, the subroutine ChkVelPESHarmoincs (5) illustrates the
30  comparison of the calculated average PES velocity and the CSPT criterion. The
number of revolutions is set in step (45) and the average accumulated PES velocity
per revolution is calculated in step (46). The CSPT criterion is obtained from the
subroutine GetTrkErrCrit (6) in step (47). The resultant obtained in step (46) is
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Ret est Burst Scan, which is simlar to the, subroutine, TrackBurstScan,
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(47). The r eslhis isdone bt sieme3) and Sepgn §4p)Y55)s(56) andBET), 208 the/sanpdersieonpar ed

to the PT criterion i tep (48). ,1f. the cal cul.ated avera PES.
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(49). If the resultant is |ess than the CSPT criterion, the track will be

cleared for (%e ge8d frackstang tyetrpckssvith E7kBz hamesie igsansneriny thisexaspit,
criterion is ' | I R E Py r | LS I s done
enpirically erg&ggeé\}gtg%?'ﬁﬁi gc agﬁsimg tgﬁ&lgé‘{log tv(\:nt‘l%%sg%ﬂlédf%ﬂ?hgg‘g S;r%géﬁce are
exam ned. ThevahxeepfBES valovitieodf thbe trazk< amvutatnadatBEScooeding td gte(58) andre
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gg?ic Prgfj 1000,vaikgeRsHUE2H Rb&S peptBRitiBh fardtBE0Mebidb Bfof 78dEh G BLe the
revolution) of the two good tracks are determined. From the same chart, the lowest
average PES velocity (63) of 760 (count per revolution) and the highest average
PES velocity (64) of 1286 (count per revolution) of the two 1.7kHz tracks, is also
20  determined. Based on these values, the optimal value is set at (65) 750 as in step
(58). The optimal value is set based on the ideal that no good tracks would be
screened out while all tracks with 1.7kHz harmonic resonance are screened out.
The highest possible average PES velocity of the good track is found to be much
lower than the lowest possible average PES velocity of the track with 1.7kHz
25  harmonic resonance. Therefore the optimal value is set between these two values
such that the average PES velocity values of good tracks would be lower than the
optimal value while the average PES velocity values of tracks with 1.7kHz would
be higher than the optimal value. In step (59), the CSPT criterion is set just below
the optimal value (65) of 750 (count per revolution), which is above the highest
30 average value detected in good tracks and lower than the lowest average value

detected in bad tracks. This would ensure that it is sufficiently low to capture the

bad tracks but not too low to screen out the good tracks.



value. FIG 7 is an exanple to illustrate the use of this enpirical -9 DEC 2003
nmet hod. There are two good tracks and two tracks with 1. 7kHz harnonic
resonance in this exanple, where one of ;the 1.7kHz tracks is of the worst
case studied so far. The average values of PES velocities of these tracks

are accunul ated according to step (53) and 15 (54). These values are then
plotted as a chart"” Fromthe chart in FIG 7, the highest value (62) of

626 (count per revéhefdregoingdescription iowelytillirbjivodf Rifdué embodinafs of the

revol ution) o two, good tracks. are deternjned., Fromthe same chart,

the | owest a{\flé’%%goél’ ?’E’Sgegf%?@edﬁ%%e ?f?wi’lgbg‘](e&%mtﬁﬁéﬁhaﬁlﬁé%bﬁ B1#le and

t he hi ghest awahageailPESuuehuds ifinetioh4nd plocds$&Sw i jQn) of
the two 1. 7kHz tracks, is also 20 deterﬁgned. nggﬁggﬁ@?ﬁéégyegﬁﬁig t he
optimal val ueof t§e peasenttinyesypn.750 as in step (58). The optinal value is
set based pn the ideal that no good tracks would be screened out while
all tracks with 1. 7kHz harnonic resonance are screened out. The highest
possi bl e average PES velocity of the good track is found to be nmuch | ower
than the | owest possible average PES velocity of the track with 1.7kHz 25
har nmoni ¢ resonance. Therefore the optiml value is set between these two
val ues such that the average PES velocity values of good tracks woul d be
| ower than the optinmal value while the average PES vel ocity val ues of
tracks with 1. 7kHz would be higher than the optimal value. In step (59),
the CSPT criterion is set just below the optiml value (65) of 750 (count
per revolution), which is above the hi ghest 30 average val ue detected in
good tracks and | ower than the | owest average value detected in bad
tracks. This would ensure that it is sufficiently lowto capture the bad
tracks but not too low to screen out the good tracks. - 9 DEC 2003 -8 The
foregoing description is only illustrative of various enbodi nents of the
invention, and a person skilled in the art will understand that changes
can be made to the details of structure, function and processes w thout
goi ng beyond the scope of the present invention. 5 9 DEC 2003



-9 CLAIMS What is clainmed is: 1. A nethod for screening tracks on 29 DEC 2003
magnetic disc in a disc drive using Position 5 Error Signal (PES)
velocity to determ ne the presence of high frequency PES conponent, the
met hod conprising steps of. (a) obtaini ﬁg‘ a summation of all absolute PES
velocities on a single track in a revolution; (b) obtaining an average
PES vel ocity fromthe sunmation obtained in step (a); 10 (c) obtaining an
aver age PES v@LAINMSY for a nultiple nunber of revolutions of the track by
repeating ste&h( h);. and (d) conparing the average PES velocity obtained in
step (c) withVvAatdp glaged iSst andard criterion value. 15 2. The method of
claim1, wherein step (a) conprises steps of: (e) obtaining an absol ute
PES vel ocity between two consecutive servo burst on the track in the
magneti c di sc. aAndethpbd faddieaging tgeltsivara mhgnetibdisk it @ dRESrivelising Position

obt ai ned i_n ste e). for h ir consgcutive servp .burst t he
track to bt ai n%{rﬁgélsgaﬁlr@?sgxe%%%{tﬁéi%l%lngzﬁ%prﬁfeélcggéhl\gﬁﬁ@gpqchg’?isg_ The
net hod of cl ai ntdm mf,qﬁermgmwc&@ﬁg@gmeﬂ,ms a step of dividing the
summation of all the absolute PES velocities by the total nunmber of servo

burst on the tftaqbtainigg 4 summatigp phaldabspluie BERvalocifipeers singledrack dn a

conpri ses steps ofr vol&&ér{'i) setting the nunber of revolutions for the
track to turn; (c)fll storing the average PES velocity of a track

obtai ned in a s{)gbtainihgunluragnPESinelodt); fra thd summastibniodtaned ia stdpgagver age

PES velocity stored i.n (f) for e revol ution, of the track. 5. The
met hod of!0ci ai nf@,oq\mpé PR a¥erags éﬁg"@%‘ﬁ)’r 4% égl@feléﬁgu@ger of revolutions of
B the track by repeating step (b); and
(d) comparing the average PES velocity obtained in step (c) with a pre-set

standard criterion value.

15 2. The method of claim 1, wherein step (a) comprises steps of:
(e) obtaining an absolute PES velocity between two consecutive servo burst on
the track in the magnetic disc; and
(f) adding together the absolute PES velocities obtained in step (e) for each
h pair of consecutive servo burst on the track to obtain the summation of the

20 absolute PES velocities.

3. The method of claim 1, wherein step (b) comprises a step of dividing the
| summation of all the absolute PES velocities by the total number of servo burst
on the track.
25
4. The method of claim 1, wherein step (c) comprises steps of:
(c)(i) setting the number of revolutions for the track to turn;
(c)(ii) storing the average PES velocity of a track obtained in a single
revolution; and

30 (c)(iii) adding on to the average PES velocity stored in (f) for each

revolution of the track.

5. The method of claim 1, wherein step (d) comprises steps of: -



- 9 DEC 2003 -10 (d)(i) setting the standard criterion value; (d)(i+)3 DEC 2003
conparing the average PES velocity obtained in step (c¢c) with the standard
criterion value in step (f) to determneg,f the average PES velocity is

| arger than or equal to the standard criterion value; and 5 (d)(iii)

setting the test track to be skipped if the average PES velocity is

greater than the standard criterion value. 6. The nmethod of claim1l

further conprisig@ stetiingthy statdardpritatiomyalad;l steps (a) to (d) for an

i ncreased nunber revol ut.i ons, when e average. PES vel oci t, or 10 2
revol uti ons excee 2(115 he 'y agﬂgg}eaavgﬁ;aig?gﬁsgﬁ%\gﬁyg@awe ﬁgeﬁg‘ﬁ%ﬁ’ f£.clai m 6,
wherein the number of stendatditriterien Vau@m%%t(?tmde&ﬁnhﬁ-ift'BB%v&ﬁg@PESOf claim
5, wherein the standard criterion value is

etermned 15 enprrically. 9.
A disc drive configur e¥FlQfityHs &rﬁrmeanalitﬁﬂmﬁmm@t@w&ﬁma@d by a
conputer systemt r i ifion. Error
Signal) velocity @%(ng{eg{n%tﬁzgﬁ@grt ég%ﬁé@egﬁ P%@g‘ﬁg‘@%ﬁ%kﬁ?"gﬁ
conponent, 20 the di scgreatentbarctheprandardgriterianfvaluget devi ce configured for
obtai ning a summation of all absolute PES velocities on a single track in
a revolution; a second device configured for obtaining an average PES
velocity frorg.t TRe nietHBARIficRim AP AhSBniphistnB @ stdp' btfg afl St ¢ d
devi ce configured for obtaining an averpglgeQPESSpv%? %ci ?y@gra a ‘%S}(%}I pl e
nunber of revol (Difenan ipreased numbekof revotuaensowhputhe@venape PES ackagity RES
vel oci ti pr oyi ice:. conparator configured to
conpare the avegé‘%g‘ﬂﬁ@é%g‘r%g@?@gg%f‘g@.&&ggﬁ%’;%@?%‘g third device with a
pre-set standard criterion value. 30 10. A disc drive of claim9, wherein

the first device conprises; . - ( . .
7. 'The method of claim 6, wherein the number of revolutions is predetermined.

8. The method of claim 5, wherein the standard criterion value is determined

15 . empirically.

9. A disc drive configured with a program of instructions executable by a

computer system to perform a method for screening PES (Position Error

M‘Signal) velocity to determine the presence of high frequency PES component,

20 the disc drive comprising: -

a first device configured for obtaining a summation of all absolute PES
velocities on a single track in a revolution;

a second device configured for obtaining an average PES velocity from the
summation obtained in the first device;

25 a third device configured for obtaining an average PES velocity for a multiple
number of revolutions of the track from an output of the average PES velocities
provided by the second device; and
a comparator configured to compare the average PES velocity provided by the
third device with a pre-set standard criterion value.

30

10. A disc drive of claim 9, wherein the first device comprises: -



-11 a first conponent for obtaining an absolute PES velocity bet wee_ngtﬂgc 2003
consecutive servo burst on a track in a magnetic disc; and a second
conponent for adding together the absol ujg PES velocities obtained in the
first conponent for each pair of consecutive servo burst on a track to
obtain 5 the summation of the absolute PES velocities. 11. The disc drive

of claim9, where,n the second device conprises: a third conponent for

di vi di ng the surfnfiet mrenesy for ehtainigsan apslutpPES valesity thetreentiyot he t ot al
nunber of servo : . . di.s¢ ive of claim9,

wherein the thi rcgﬁﬁgéﬁl?;se%lﬁtgog’?u&a lxg%m%ﬁaécod&%cdﬁgé\t for setting the
nunber of revol wseomsl dompoacttrfacdiding topether thaalisofitdPBS veloeitit®obtained img t he

aver age PES vel qgi of a track obtained in a. single revolutjon; and 15 a
si xth device fo?ﬁ%ﬁéf ﬁ‘&“%‘??e{‘bfof fiee §r°§§8n%§@§“<?é?w Byt on grteagk tyebtasny ¢

device foy eachhd QitathitidnOst tBé absBRitd PBS kelodifles. The disc drive of claim9,
wherein the conparator conprises: - ,a first neans for setting the
standard cri tﬁ1i n val ue; 20 a second neans for conmparing the average PES
vel ocity obta eidiscdgiveof plagm Sgwhersia the sagonthdevieesomnrisesir-i terion in the
fifth component gl gebaheAPtd:ividific tRAEHAMIRTPal Aloisbitied Bad AlGALic Nan
or equal to the standard criterion; and a third nmeans tTor setilng e test
track to be ski fpydbe total nhmbenvefisage HiESoudhaoiracky is greater than the
standard friteri on. 25 14. The disc drive of claim9, wherein the average
PES vel oc Oty for 2 revolutions exceeds the standard criterion, further
conprises a fpurthR dR\irk8 of efairh O svhaéin&h@g]irdtdeeicewﬁgﬁséaf-a" the devices
inclaim9 for an increased nunber of revolutions. 30 15. The disc drive
of claim9, wherdpurth pemprnepiior sstting thginymbenef revolpliensdpes iragketd.tuthg. The

girr;icr ?L;?’Fy'of Cla3idm c?evié@f}g{ &bﬁné Bl% a%r%&éjﬁé‘%’ V&B&E}%t‘ & t?aciksobqgrtleed’ irﬁianed

single revolution; and ‘
15 a sixth device for adding on to the average PES velocity stored the fifth device

for each revolution of the track.

13. The disc drive of claim 9, wherein the comparator comprises: -
...a first means for setting the standard criterion value;

20 a second means for comparing the average PES velocity obtained in the third
device with the standard criterion in the fifth component to determine if the
average PES velocity is larger than or equal to the standard criterion; and
a third means for setting the test track to be skipped if the average PES velocity
is greater than the standard criterion.

25

14. The disc drive of claim 9, wherein the average PES velocity for 2 revolutions
exceeds the standard criterion, further comprises a fourth device for initializing

the repeat of all the devices in claim 9 for an increased number of revolutions.

30  15. The disc drive of claim 9, wherein the number of revolutions is predetermined.

16. The disc drive of claim 9, wherein the standard criterion is determined

empirically.



-12 17. A disc drive conprising at |east one magnetic disc wth at -I@3C 2003
one track; and neans for screening di sc repeatable runout resulting
from high frequency resonance as indi‘cated by a position error signal
velocity greater than a preselected threshold on the at | east one track.
METHOD FOR SCREENI NG OSCl LLATORY PES WTH 1. 7kHz HARM ONI C RESONANCE

ABSTRACT,(OF Tkl o€t CRURG o gﬂsasﬁ) 55 Bk UERN B ALRY LSRR, fiRE 0T tO

tr'ack o
e e e e R A éw?flasﬁﬁogg“a ARV f unct i ons

at various st&G¥¥@s n‘i:?fa Pv @ posafionygfgor Sbgﬂ YelpGity §TREET YA § one track is
subj ect ed toRrésﬂecwtblﬁéh%%&fatﬁi‘étqqer@ﬁstage of the nethod has one

al gorithm performng the function of obtaining a summation of all the
absol ute Position Error Signal (PES) velocities on a single track. Another
al gorithmperfornms the function of obtaining the average PES velocity with
the summation of the absolute PES velocities. At the subsequent stage,
anot her algorithmperforns the function of obtaining the average PES
velocity of a nunmber of revolutions. An algorithmat the final stage
perfornms the function of conparing the average PES velocity to a preset
standard criterion, which is determined enpirically in a separate

al gorithm The track would be failed if the average PES velocity exceeds
the preset standard criterion value. Fig. 1






