8 FEBRUARY 2006 1 AMPLI TUDE MODULATI ON DETECTI ON FOR HARD DI SC DRI VE WRI TE
OPERATI ON FI ELD OF THE ! NVENTI O 5 The present invention deals with
qgual i fying hard disk drives. More specifically, the present invention
deals with detecting anplitude nodulation on a witten 8FEBRVARYR0B di sc
drive as a result of head novenent in the z-axis during the wite
operation. 10 BACKGROUND OF TE | NVENTIGN A typical disc drive includes one
or nore discs nounted for rotation on a hub or spindle. A typical disc
drive also includes one or nore transducers supported relative to surfaces
of the discs in the disc drive to read information from and wite
information to, the dj C]Sl@l i ny air bearings
associ ated therew t h@@ﬁ%ﬂ%&cﬁ@@ l:}} é%g% J‘i%%;@ga head. A drive
controller is conventi oﬁ'sz—? R DRIVEWR r isc drive system
based on commands received froma host system The drive controller
controls the disc drive to r%hﬁiﬁ‘t%il‘%@ﬁﬁ? Nffopgom the disc and to store
information on the disc. 20 An actuator operates within a servo system and
typi cal 'y 3 ncl udesTigprest Untfomddilstigh qedlifaag hardalisd drxes.eMarre f | exur e
assenbly which, in turn, supports the data head. Th ctuaj or. noves the
dat a head r adipatifigallyvehe present léii"@él%’tﬂeﬁlé@éthf@ﬂtecpﬁaéwpgééﬁ #%ns and
hotds the 1 ansdyselendghBdd ¥V flvehs bR Hd ABvahaR i3 Wd AGE or track
fol |l owi ng opera?lons. Information is typl cal y stored on the discs by
providing a Whirif the ik operation.

10 BACKGROQUND QF THE INVENTION

A typical disc drive includes one or more discs mounted for rotation
on a hub or spindle. A typical disc drive also includes one or more
transducers supported relative to surfaces of the discs in the disc drive to read
information from, and write information to, the discs. The transducers along

15 with any air bearings associated therewith are collectively referred to as a data
head. A drive controller is conventionally used for controlling the disc drive
system based on commands received from a host system. The drive controller
controls the disc drive to retrieve information from the disc and to store
information on the disc.

20 An actuator operates within a servo system and typically includes an
actuator arm that supports a flexure or flexure assembly which, in turn,
supports the data head. The actuator moves the data head radially over the
disc surface for track seek operations and holds the transducer directly over a
track on the disc surface for track following operations.

25 Information is typically stored on the discs by providing a write signal
to the data head to encode information on the surface of the disc representing
the data to be stored. In retrieving data from the disc, the drive controller

controls the actuator so that the data head flies above the disc, sensing the



to the data head to encode information on the surface of the disc
representing the data to be stored. In retrieving data fromthe disc, the
drive controller <controls the actuator so that the data head flies above

t he disc, sensing the 8 FEBRUARY 2006 -2 information on BREBRIIARY 20@d
generating a read signal based on that information. The read signal is
then decoded by the drive controller to recover the data represented by
the information stored on the disc, and consequently represented in the
read signal provided by the data head. 5 An energing market for disc drives
i nvol ves honme entertai nnment systens. iR such systens, a user may wish to
simul taneously record several channels of television programmng, play a
novi e, downl oad conpact disc- quality music, f.roma gl obal network, and host
a networ k gangforaapogenihe disc, and generatingiagedd %Wmﬁf-@%t%ntrm ler. 10 In

or der t0 accopplaflofl I 0f4NE38 1 AKSc 08 1Bk AS IS cbe abi e To

retrieve its data w ut ITnterrupting the incomng data stream That is,
it nust contictwer tie daes @bteertrad bedoeridfdrahav sioerd dorhasdicssidn (for

exanple) in real tinmge while playing back conpa is¢c quality music (for
exanpl e) st oreeiseay R EpasERted i %é.rew&alabwemfg gﬁgher %&F‘?ﬁé the drive to

seek constant|y 15 belugen el LR ahbeliRGallaRm A b lsc. One

| ocation i's designate recording the 1ncomng information and the
other is desigmaiedlf aichrsgaehsg ushranky wishao sitilaneablychcadseyeralvi ousl y
stored. These types of operations ,den?nd t he, di sc d%Lve wite and read
operations t chaengly eftglerisien frogAmgyas PlcPeXE; ‘1!1&}"%1 PR FRE present

I nventi on addciueaﬁ%gémgg % 8h T Qgtw%t:lg%ﬁd 20d AfBeErk game, all using a
single audio visual video controller.

10 In order to accomplish all of these tasks, the disc drive must be able to
retrieve its data without interrupting the incoming data stream. That is, 1t
must continue to be able to record television transmission (for example) in
real time while playing back compact disc quality music (for example) stored
on the disc drive. Such operations require the drive to seek constantly

15  between two different locations on the disc. One location is designated for
recording the incoming information and the other is designated for reading
back information which was previously stored. These types of operations
demand the disc drive write and read operations to be preformed at an ever
increasing speed.

20 The present invention addresses one or more of these and other

problems, and offers advantages over the prior art.

SUMMARY QF TH VENTI
It has been found that one effect of very fast read/write operations is
25 that the data heads may not have sufficiently stabilized after moving from a

previous location on a track prior to beginning to write a new location on




probl ens, and offers advantages over the prior art. SUWARY OF THE

| NVENTION it has been found that one effect of very fast read/wite
operations is 25 that the data heads nmay not have sufficiently stabilized
after nmoving froma previous location on a track prior BOERRNRNIEIONY to
wite a new | ocation on 8 FEBRUARY 2006 -3 another track. |If head novenent
happens to be in the z-axis (normal to the surface of the disc) the
witten signal will exhibit an anplitude nodul ation (due to head novenent
in the z-axis) potentially causing unreadabl e data. The present invention
is directed to detecting anplitude noded-ation 5 on the witten signal as a
result of head novenent along the z-axis during the wite operation,
before the head has had sufficient tine to stabilize.after , sgeking froma
different traiethqrira elfa%%m%ﬁ‘??‘}t llaﬁBEIFﬁai?Eéfb@‘érz’ﬁx?a(ﬁ%ﬁlit%ﬁEd at an

origin Iocati_&@facé)élﬁtﬁl@ dRE) 8k e DA w i llTRGIH dnVEndI R H8BQRGH! Y seeks

fromthe origin 10 locati'on to a destination test 1location on a destination
cyl i nder. For(deachhesdaedkiengnsineghe ztags) paedtilly sawmng wrgedabletda®. dest i nat i on

test location withi,n approximtely.two, mllisecond ns) ,of an end of
t he seeking step. ! éln"r‘"‘%“?qﬂ’éﬁhrF@E\%Imaﬁifdecé’PFBP’QﬁH’&é “&%i“é”é’toé‘d in the

data read {ro(;ﬂ Ievast i ﬁL@presﬁggfl%éaQ%e&@m J&?gstffle%fa%ﬂrd%riﬁ whde used to

detect anplitude nodulatton on t witten signal. |In another

enbodi nent, awniaopamaricsg bifoctadt haat has had adfiticoninntestaibstdfieat i on cyl i nder
is identified as a.location which has a mninmumseek tinme froma chosen

| ocati on on aif® F‘g&ioﬁii‘:g‘lfﬁgﬁ‘&éﬁac ased on the m ni mum

In one embodiment, the transducer is positioned at an origin location

on an origin cylinder. The drive then repeatedly seeks from the origin

10 location to a destination test location on a destination cylinder. For each
seeking step, test data is written to the destination test location within
approximately two milliseconds (2 ms) of an end of the seeking step. The data
is then read and errors are detected in the data read from the destination test
location. These errors can be used to detect amplitude modulation on the

15  written signal.

In another embodiment, a minimum seek destination location on a
destination cylinder is identified as a location which has a minimum seek
time from a chosen location on an origin cylinder. Based on the minimum
seek location, a destination test location is chosen which has a predetermined

20 offset on the destination cylinder. Seek operations are then preformed from
the origin location to the destination test location. For each seeking step, data
is written to the destination test location and is read back. Errors are detected
at the destination test location by determining whether the data to be written
to the destination test location was actually read. These errors are used to

25 qualify the disc drive.



seek |l ocation, a destination test |location is chosen which has a
predeterm ned 20 offset on the destination cylinder. Seek operations are
then preformed from the origin location to the destination test |ocation.
For each seeking step, data is witten to the destinati 8REBRMBRYI200@t | on
and is read back. Errors are detected at the destination test |ocation by
determ ning whether the data to be witten to the destination test

| ocation was actually read. These errors are used to 25 qualify the disc
drive. 8 FEBRUARY 2006 -4 BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1
illustrates a disc drive in accordance-4wi th one enbodi nent of the present
invention. FIG 2 illustrates the z-axis relative to the disc drive shown

in FIG 1. 5 FG 3ill E@£§§§§%ﬁi§g read back si gnal
. FIG 4 is a plan

view of a disc SUfrfIéC?ﬂﬁﬂa\ﬂeggdisEaﬁlsémmt&laaﬁde%ntmoneoermlgsd’&nmfdestl nati on

caused by novenent of #Re

cylinders, respectively. Is a flow diagramillustrating

qual|f|catlonhebnmmﬂummndbnve |n lo accordance mnth one enbodi ment of the
present invention. 6 is nore detaile flo trating how
a maxi num | ogi caIFIB;I gélﬂ&lsaram B ST Y d&?§ ‘ﬁﬁl “frémalj:e[ltdjit ed. FIG 7

s a more detal | edbl 9tk dhAghAblilds hilia Rrbar daskiaaii®y | ogi cal

bl ock address on a destination cylinder is chosen. 15 FIG 8 i$§ a bl ock
di agr am i | | ushoedneng of drthiendiouthe sasl doperat. i ons  performed to detect
errors. FIG. 4 is a plan view of a disc surface showing tracks which lie in
origin and destination cylinders, respectively.
FIG. 5 is a flow diagram illustrating qualification of a disc drive in
10  accordance with one embodiment of the present invention.
FIG. 6 is a more detailed flow diagram illustrating how a maximum
logical block address on an origin cylinder is detected.
FIG. 7 is a more detailed block diagram illustrating how a destination
logical block address on a destination cylinder is chosen.

15 FIG. 8 is a block diagram illustrating continuous seek operations

performed to detect errors.

DET IPTI ILLU TIV B T
FIG. 1 is a plan view of a disc drive 110. Disc drive 110 includes a disc
20 pack 112, which is mounted on a spindle motor {not shown), by a disc clamp
" 114. Disc pack 112, in one embodiment, includes a plurality of individual
discs that are mounted for co-rotation about a central axis 115. Each disc
surface on which data is stored has an associated head gimbal assembly (HGA)
116 which is mounted to an actuator assembly 118 in disc drive 110. The
25  actuator assembly shown in FIG. 1 is of the type known as a rotary moving

coil actuator and includes a voice coil motor (VCM) shown generally at 120.




DETAI LED DESCRI PTI QN OF | LLUSTRATI VE EMBODI MENTS FIG 1 is a plan view of
a disc drive 110. Disc drive 110 includes a disc 20 pack 112, which is
nount ed on a spindle notor (not shown), by a disc clanp 114. Disc pack
112, in one enbodi nent, includes a plurality of individu8lFEBRUARYL0Dhat are
mounted for co-rotation about a central axis 115. Each disc surface on
which data is stored has an associ ated head gi nbal assenbly (HGA) 116
which is nounted to an actuator assenbly 118 in disc drive 110. The 25
actuator assenbly shown in FIG 1 is of the type known as a rotary noving
coil actuator and includes a voice coil>-nmtor (VCM shown generally at 120.
8 FEBRUARY 2006 -5 Voice coil notor 120 rotates actuator assenbly 118 with

its attached HGA' s [ 116 about a pivot axis positio s 116 over
desired corr egﬁ'ﬁﬁﬁ?lh@m“ﬁa‘tzg TPRLEE R"s‘“‘(‘tBF aﬁﬁ?ﬂ‘}?lﬁi? )"""ik‘rftstaf‘iré“:l?frsaslg??ﬁ ed disc

surfaces, Und f £ O &'s Qb Grdedi rddQésREboMdidY N di sc
drive 110. 5 ratgggtpéé@%{%és o %tﬁﬁgtor asssenb yr f £ pi vo'?% abri(;gut axis 121

to rotate heczhxﬂagncrﬁsid)r@mséerﬁ)bnelse a]sic@@@k‘chscalurfycea,llmdgr dreconwol ¢hi ch causes
head gi nbal %ssenblles 116 to, be. p é%tlon q over a desired one of the
tracks (or cyFFEpRSYIcUgRY %e%ﬂﬁn{h&b dvediles in disc pack 112. HGA' s 116

can pe moved 1 omMbEAGKSALY Nk Ofo! RGP TBSY: BAURiD tbRudiesC ((hose

tracks representing an ernost cy to tracks lying on the
out er nost r adhead gﬁﬁbaﬂ heemtblie 116 haweallyt dagkac | hwhsbrnisaghed gombdr nost

oyl inder). ' Each gt i Tl szserbly. Lig, s sl ogal ihasnylent Y
o700 B B e, oA o e
tracks lying on the innermost radius of the disc {those tracks representing an
10  innermost cylinder), to tracks lying on the outermost radius of the disc (those
tracks representing an outermost cylinder). Each head gimbal assembly 116
has a gimbal that resiliently supports a slider relative to a load beam so that
the slider can follow the topography of the disc. The slider, in turn, includes
a transducer that is utilized for encoding information on and reading
15  information from, the surface of the disc relative to which it is moving.
As discussed above, when head 116 moves, for example, between the
inner cylinder and the outer cylinder during a seek operation, the head may
move in the z-axis. FIG. 2 illustrates the z-axis relative to the disc drive 110.
It can be seen that the z-axis is normal to the susface of discs in disc pack 112.
20 It can take some time for the head to stabilize in the direction of the z-axis.
Therefore, when data is written prior to that stabilization, the written data
can exhibit an amplitude modulation.
FIG. 3 illustrates such an amplitude modulation. FIG. 3 is a graph of
the read back signal in volts plotted against milliseconds for data read from a

25 cylinder on one of discs 112, wherein the data was written after a seek

operation and prior to the head having time to stabilize in the z direction. It




15 information from the surface of the disc relative to which it is

novi ng. As di scussed above, when head 116 noves, for exanple, between the

i nner cylinder and the outer cylinder during a seek operation, the head may
nove in the z-axis. FIG 2 illustrates the z-axis rel ati BEEBRUVARNEOBS sc
drive 110. It can be seen that the z-axis is normal to the surface of
discs in disc pack 112. 20 It can take sone tine for the head to stabilize
in the direction of the z-axis. Therefore, when data is witten prior to
that stabilization, the witten data can exhibit an anplitude nodul ati on.
FIG 3 illustrates such an anplitude no@ul ation. FIG 3 is a graph of the
read back signal in volts plotted against mlliseconds for data read froma

20 o7 Incer, OBl (0,960 iR MDA R0 PR R Rl gam T o @ seek
direction. |t T8isFERRUARY 2806t e Gal ;hsviggangﬁerzmneai& a3t Ishafivide read back

signal is anplitude nodul ated. This nodulation is due to the head noving
in the z diredatpemthegisct is witing data to the disc. Prior testing

techni ques were nog, .e u%gped t o detect %uch aqglh%gde E nnqgl tion, and
wor e thuS not - equi BHECTS KHETHIIE PRt A AT ERe Ll SR E s IR ¢ i
nodul ations | pho@hRfbn WAHGRere Bius Abt E@ﬁ%@d&&@@ﬁe&%r&ﬁ—emm drfs0BkAugd Ni num

| ogi cal bl ock address on an origin cylinder (such as cylinder 0) to a

mi ni mum | ogi ced thisl medulateitr. dowthar veordaprrionsestssrmrtsdistabaig frgmuch as cyl i nder
IS0 A e o SRS SR SR AT 870,12,
4- 5 millisecondtmudt Iical BBl &R0 BR L AeitRiNA 8y GRIP s8L1Las Minddrat time, the
150}. After performing this seek operation, data was written to the
10 destination cylinder; however, the data was not written until approximately 4-
5 milliseconds after the seek operation was complete. At that time, the
amplitude modulation of the data head in the z direction had already subsided
since the data head stabilizes in the z direction 1n approximately 2
milliseconds. Therefore, subsequent reading of this data did not detect any
15  errors, since the head had already subsided prior to the writing operation.
The present invention involves a test method for detecting the
amplitude modulation shown in FIG. 3 and for qualifying disc drives based on
such detection. Prior to describing the testing system and method, a brief
discussion of the disc surface and examples of terminology for the sake of
20 clarity may be helpful.
FIG. 4 1s a plan view of a disc surface 151 of one of the discs in disc
pack 112. Disc surface 151 shows a pair of tracks 153 and 155 which are
greatly enlarged for the sake of clarity. Each track 153 and 155 is divided into
a plurality of logical block addresses, each of which corresponds to a portion
25  of the track. Only two logical block addresses 157 and 159 are shown for the

sake of clarity. In accordance with the following description, track 153 will




anpl i tude nodul ation of the data head in the z direction had al ready
subsided since the data head stabilizes in the z direction in
approximately 2 mlliseconds. Therefore, subsequent reading of this data
did not detect any 15 errors, since the head had al ready SSEB3ARYEORY i or to
the witing operation. The present invention involves a test nethod for
detecting the anplitude nodul ation shown in FIG 3 and for qualifying disc
drives based on such detection. Prior to describing the testing system and
met hod, a brief discussion of the disc surface and exanpl es of term nol ogy
for the sake of 20 clarity may be helpttal. FIG 4 is a plan view of a disc
surface 151 of one of the discs in disc pack 112. Disc surface 151 shows a
pair of tracks 153 and 155 which_are greatly Iar r the sake of
clarity. Eachbgsatle 11“513 thﬁﬂ”&‘ﬁEﬂ‘%dedl(Wg’&EéP “thﬁf%l ECBO%PgFQ‘% g‘f‘ | ogi cal

bl ock addressgg, 1E| OC LQJ %agﬁ 'vﬁ'pclpﬁ'%ggﬁgﬁgl%eﬁ Qrich thQ[:tl'Sgbnanairdef; 15he track.

Only two | ogi ca resses are shown for the sake of
clarity. In ae;clbbdam:e; N infth¢ Betihaidrosilinderdedioohi zpthecm Hedrioack thsls wi | | 8

FEBRUARY 2006 -7 be sai lie int origi der is the
col l ection of OB Ecsé%tftelfg“ P&FIS&Z WR‘ P RE Q&F’@é’ %E‘Eﬁg g"‘"]%f% J-axial 'y
aligned wifh track I:bS%)WfS'I Wt([l flr WhbdrarBE RAnthddfnbdt®faR the

destination cylinder ection of tracks on the discs in

t he disc pac kaﬂlﬂuﬁtu\d@Inﬁ:hiuhhenah(ueahdtymaihodrﬁmdquﬂilfltattonanﬂhQQS)l 5FIG 5is a
flow diagramwhich illustrates one enbodinent of, an | i tude nodul ati on
det ecti on rret prsarqagee Yjﬂglﬂi“-’rﬁ’réﬁpf BYeR@tho el?rr‘?ceséé%ﬁ’ @8 WEt™h the present

vt SR, B AR ol ke e

(e.g., the cylmder containing track 155) are first identified. This is indicated

10 by blocks 150, 152 and 154 in FIG. 5. The origin cylinder and destination
cylinder can be identified arbitrarily or empirically. If chosen empirically,
they are illustratively chosen based on where the most errors will be caprured
after an extended seek operation from one to the other. In one illustrative
embodiment, cylinder 0 is chosen as the origin cylinder, and cylinder 350 is

15 chosen as the destination cylinder, although any other cylinders can be used as
well.

Once the origin and destination cylinders are identified, the minimum
logical block address on the origin cylinder is located. This is indicated by
block 156 in FIG. 5. Next, the maximum logical block address on the origin

20 cylinder is located. This is indicated by block 158. The details of locating the
maximum logical block address on the origin cylinder are described with
respect to FIG. 6 below.

A destination logical block address on the destination cylinder is then
chosen. This is indicated by block 160. The destination logical block address

25  on the destination cylinder is illustratively offset relative to a logical block

address on the destination cylinder which exhibits a minimum seek time from




(e.g., the cylinder containing track 155) are first identified. This is

i ndi cated 10 by bl ocks 150, 152 and 154 in FIG 5. The origin cylinder and
destination cylinder can be identified arbitrarily or enpirically. If
chosen enpirically, they are illustratively chosen base8 FEBRUMR® 2804 he nost
errors will be captured after an extended seek operation fromone to the

other. In one illustrative enbodinent, cylinder O is chosen as the origin
cylinder, and cylinder 350 is 15 chosen as the destination cylinder,
al t hough any ot her cylinders can be used as well. Once the origin and

destination cylinders are identified, the mininmum [|ogical block address on
the origin cylinder is |located. This is indicated by block 156 in FIG 5.
Next, the maxi num.l qgi cal bl ock .address on,the,origi,n 20 c Iinﬂer is

locat ed. Thi s*f SRAdREEPRA%SH: Brigaicy Tads This wdeait BErEEsEg ( he
naxinun1Iogicahhqggﬁ&taqqcegs on the origin cylinder are described with
respect to FIG 6 below. A destination |ogical block address on_the
destination cyl i nddftei sdestisationchhgisdrblockmddrasson deidesttrationygylindse s 160. The

destination |qggical block, addres 5 on t,he destination, cylinder is

T ust rat | vel §PHsT eB R B o st e iRt s BaSHh T
destination cyliadldRéd MPbloblk @8N Phd Srigin MgdalbIALIS 8&d¢eds aA® e debbihtioRBRUARY
2006 -8 an origin location on the origin cylinder. This is_described in
greater det ai logisakt tloekeadslsest ateshe 1w addressdstwdricharg sed fontherrigimgndal bl ock

address on th destin%tion cylinder is. chﬁﬁen,kan oniéyr1 quicah bl ock
address on t heSHPHRTCIEIPHAYET SFE WTGLAS TAT = SPFRUPRA'CBIRY ™Y bl ock
162. The ori ghdiwkapilesd o) 10gkalalcikaRiareafsl adig whelshdodMibdBrite and

read operations. This is indicated by block 164.

10 More specifically, the drive is configured to seek from the origin
location on the origin cylinder to the destination logical block address on the
destination cylinder and to immediately perform a write operation (within
two milliseconds of the end of the seek operation). That data is then read and
it is determined whether any errors are detected. The head then seeks from

15 the destination cylinder to the origin logical block address on the origin
cylinder where a write operation is immediately is performed (within two
milliseconds of the end of the seek operation). That data is then read and
errors are again detected. Such continuous seek operations are performed in
both directions a desired number of times and all errors are logged. This is

20 described in greater detail with respect to FIG. 8.

It is then determined whether the total number of errors exceeds a
threshold number of errors. This is indicated by block 166. If so, this
indicates that the drive is exhibiting amplitude modulation in the read back
signal which is so great that it induces errors and thus the present disc drive is

25 disqualified. This is indicated by block 168.



| ogi cal bl ock address are the two addresses which are used for the origin
and destination of continuous seek operations. The seek operations are
"perfornmed between these two |ogical block addresses, along with associ ated
wite and read operations. This is indicated by bl ock 184EBRLARVIZO06
specifically, the drive is configured to seek fromthe origin |ocation on
the origin cylinder to the destination |ogical block address on the
destination cylinder and to imedi ately performa wite operation (wthin
two mlliseconds of the end of the seek operation). That data is then read
and it is determ ned whether any error’ are detected. The head then seeks
from 15 the destination cylinder to the origin Iogical bl ock address on the

origin cylinder 8 10RES tion i S l.nmmedi.a e rned
Coi Ehin oo i1 SR el DR R, Bl lheld of BRRGSAR Rrrist RELUR TR0 L 1

then read andthreshbl surdbe, gkl cﬁﬁtea@h@ncbth@ﬂrg weRtiaatatpliagek operations
are performed in both directions a desired number of tines and all errors

are | ogged. Thiodulagornp chagétse ridyeiag un '@r@mréraﬂdéh%ﬂiqu gmliedpadtha o FIG S

It is then deternjned ther t unber I xceeds a
t hr eshol d nun%ergg EISrfmlselal hltgaﬁtseflﬁxl%afe@ qlbal?ﬁeﬁg ng If so, this

i ndi cat es ihakmkﬁ@dd@ﬂﬂ@ﬁga7@mhjbut|ng anplltude nodul ation in the read
back signal which is so great that it induces errors and thus the present
disc drive is 25 dﬁléiqlﬁ)axsamogeldetmiﬁdsblecé{ dipgrpmatlestraggs Bpw ke meRIMEN FEBRUARY

2006 -9 Fbmev 66 I [ror not, .greater t han
the threshol c(f nall 10& c@ﬁess 0?#‘ ?:frqm |ms eﬁgtlocé‘g(eﬁe( O“Ségpoélﬁlc reat

anpl i tude rmlstluhlanwm RIEa6). | First,Sché Ribiehig lagndUBloek idiress odfile bhgndr ive is
qualified andc;hrx]l?ier is selected. This is provided as minimum logical block address 0 and
10 is indicated by block 176 in FIG. 6.
Next, the selected logical block address is converted to its physical
address. This is indicated by block 178. For example, when the drive seeks to
the selected logical block address, the controller must convert the logical
block address to its physical block address in order to seek there.
15 It is next determined whether a new data head has been selected, or
whether a cylinder change has been detected. This is indicated by block 180.
If either a new data head has been selected, or the cylinder has changed, that
indicates that the previous logical block address corresponded to the last, or
maximum, logical block address on this cylinder (the origin cylinder).
20 Therefore, the selected logical block address minus one is identified as the
maximum logical block address on this track (or cylinder). This is indicated |
by block 182.
However, if, at block 180, it is determined that there has been no head
change or cylinder change, then the selected logical block address is

25  incremented by one and processing at blocks 178 and 180 are again repeated.

In this way, each and every logical block address on the origin cylinder will be




procedure is finished such that the next drive can be qualified. This is 5
i ndi cated by blocks 170 and 172. FIG 6 is a nore detail ed bl ock diagram
~illustrating how the maxi num | ogical block address on the origin cylinder
is located (as corresponding to block 158 in FIG 5). FBFEBRUARMEO®H ni num

| ogi cal bl ock address on the origin cylinder is selected. This is provided
as mnimum | ogical block address 0 and 10 is indicated by block 176 in
FIG 6. Next, the selected |ogical block address is converted to its
physical address. This is indicated by block 178. For exanple, when the
drive seeks to the selected |ogical blleck address, the controller nust
convert the logical block address to its physical block address in order

to seek there. 15 It is .nex et er.m ned whet her. e ta head has been
selected, or ! if%é?efémewfhﬁ F‘tdﬁﬁﬁé@xﬁﬁgm‘g%ﬁﬁl&&c é‘ggr&?s Ol“ht?lgt i's

i ndi cated by Bliagk HBQ malilnugl BRI Bodedrat an BRAtHdMasylhrlenissphect ed, or
the cylinder has changed, that “indicates that the previous |ogical block

address correslpamiteld to the |ast, or nmaxi num |ogical block address on
this cylinder (th i,gi n,cyljnder), 20.Therefore, the selected |ogical

bl ock address ni n@%ﬂgs?go%diéﬂ?r’f’iﬂ}e‘ﬁfrégf_‘ﬁ’ﬁ%gre 1)-(13%121 Ogrgtlhgal bl ock address
on this trackqdsQharfor! lb?@;ﬂrﬂockuaﬁﬁesé Sn iHRUeGRlabon cPindel BekoseB4as Hovwever, if,
at block 180, it 1s determ ned that there has been no head change or

cyli nder changdicateHdiy Hdk WolieEI@D)! Ggistcallogbdabbﬂodad{iﬂfees@nitbe 25 increnented
by cach. andVBUBTPR RRSic BGER. adet BLEOH e arn B S TASE 1| b
FEBRUARY' 2006, teflf}med from the minimum logical block address on the origin cylinder to
the selected logical block address on the destination cylinder. The seek is
10 performed a predetermined number of times. This is indicated by block 188.
The time it takes to perform this seek operation the desired number of times
15 detected and logged.
It is then determined whether there are any additional logical block
addresses on the destination cylinder which have not yet been seeked to. This
15 is indicated by block 190. If so, then another logical block address on the
destination cylinder is selected, as indicated by block 192, and the drive
performs the seek operation from the minimum logical block address on the
origin cylinder to the newly selected logical block address on the destination
cylinder the predetermined number of times as indicated by block 188.
20 Again, the time it takes to perform the seek operations is stored.
After the drive has seeked from the minimum logical block address on
the origin cylinder to all of the logical block addresses on the destination
cylinder (as determined at block 190) then the controller identifies the logical
block address on the destination cylinder that has the minimum average seek
25  time as 2 minimum seek location on the destination cylinder. This is

indicated by block 194. The logical block address on the destination cylinder




tested to determine whether it is the maxi mum | ogi cal bl ock address on that
cylinder. The maxi num | ogi cal bl ock address on the origin cylinder is thus
identified. FIG 7 is a flowdiagramillustrating, in greater detail, how
the 5 destination |ogical block address on the desti nati 8RERRUARNEERS | s
chosen (as indicated by block 160 in FIG 5). First, a |logical block
address on the destination cylinder is selected. This is indicated by

bl ock 186. Next, a seek is preformed fromthe m ninum | ogical bl ock
address on the origin cylinder to the selected |ogical block address on

t he destination cylinder. The seek is 410 perfornmed a predeterm ned nunber
of tinmes. This is indicated by block 188. The tine it takes to perform

this seek operatiqn the desjred nunber of tinme i s.detiected and | ogged. It
is then deter ﬁ‘%ff@ds RFETREY © ‘PF@FéoréﬂgcwugﬂﬁfefgSH%rlatl?I(l)sgl}aégl bl ock

addr esses on ﬁ%ﬁe@ﬁﬁ%@%ﬁ&e@?elweitwﬁé miftineh Rl BcRn MeidfelerTireeked t 0.

This 15 is ihdicated by block M If so, then another |ogical block address

on the desti nptederrmipied ndeiveidfsapirecitsadiyecaen,iandillvsraivebyerppinedly192, and the
drive perfor t he seek,operation fromthe mnimum,| pgic bl ock address
on the origi ggﬁﬁmﬁ‘ﬁgﬁ“‘“ﬁ BB?IhELFfé\RPS/m'Eéﬁ eé{:"tr%ﬁrelcﬁ%t%e_glaougllngg&? address on the
destinati on  cyldnAdas stk SpRLESE! B HeNBEkAHIOGRb& meh )Rl 1@Eica1rml¢¢:gap ed by

bl ock 188. 20 Again, the tine it takes to performthe seek operations is

stored. Aft eraddress dnitheddsasatzealybiddéripchastretonberdifseniromghe siinigwsek addr ess

on the origin | i nde al.l . of the, | ogical block address t he

desti nation ﬁe)?ﬁ{‘ffaﬁ?“ E’ﬁég fsial ﬁ]loﬂé&‘fdé?ss%lt%rﬁrdfbf))maf nélﬁm'? ?ﬁ%ﬁigﬁ’t@ Fol | er
identifies thgid-aQiaahe dRLiRskPGBRASS CHbLIAE thleibhicsldliédkinddyds el t hat has
the m ni num average seek 25 tine as a mninmum seek | gcation on the

destination cyéstingtéon cytinider dekutive to the minimum seek location is indicated by
10 block 196.

The logical block address on the origin cylinder which will be used in
performing the continuous seek operations is chosen in the exact same way as
that illustrated in FIG. 7, except that the destination and origin tracks are
interchanged. In other words, a logical block address on the origin cylinder is

15 first selected and a predetermined number of seeks are performed to that
selected logical block address from the minimum logical block address on the
destination cylinder. Each of the logical block addresses on the origin
cylinder is selected and has the predetermined number of seeks performed
thereto. The logical block address on the origin cylinder which has the

20 minimum average seek time is identified as the minimum seek location on the
origin cylinder and the eventual logical block address on the origin cylinder
which is chosen for the continuous seek operations has a predetermined offset
from the minimum seek location. Thus, it can be seen that this process is
identical to that set out in FIG. 7, except that the origin and destination

25 cylinders are interchanged.




i ndi cated by block 194. The | ogical block address on the destination
cylinder 8 FEBRUARY 2006 -11 which is eventually chosen for the continuous
seek operations has a predetermned offset relative to the m ni nrum seek

| ocation identified. The predeternmined relative of fset, B&mBRUARY 280¢ ect i on,
are illustratively enpirically determ ned based upon where the nost errors
are captured during the 5 continuous seek operation. In one illustrative
enbodi ment, the logical block address on the destination cylinder is
chosen to be offset fromthe mninmum seek |ocation by 25 | ogical block
addresses toward the maxi num | ogi cal btldck address on the destination
cylinder. Choosing the |ogical block address on the destination cylinder

relative to the m pj n seek l,ocatjan, s indicated by 1o bloock 196. The

| ogi cal bl ock addr B A oue drrgidPlah Fagrar ?fk‘ﬁ%“’c%"“\?u‘%ﬂ“f’“osé?e‘hsed in
perform ng thgGRiddsNHRWSSIERKbI0BE AL TS, 5 SFRROBRMAVE nidiRs @%data Sane way
as that |IIus¥rated in FIG 7, except that the destination and origin

tracks are i headritohamggih pasiticon fnem wigeldthe cantinegus atekbipstitioaswilbss on t he
origin cylindgr.is 15 f.j,rst seggﬁt d anq a prede ?ﬁg%”%le%UWbEEnOf seeks
are perf or med Fast Iaine WETtEALYE gmPEIMeRn *hT e Bater B & S SPERE N ni num
l'ogi cal bl ockoRddr @afimah 168cal Bk LlBkds O dife¥dighd eflindeAthindnshiee | ogi cal
bl ock addresses on the origin cylinder is selected and has the

pr edet er m nedthattiseeelotilb gl frparthe saveeipositiney @t the oTigin ¢ydigdersgaclb| ock addr ess
on the origin_.cylinder.which has th O m ni num average seek tine is

i dentified as"fHe "M’ a%%%?ﬂ@8§%?¥%n on the origin cylinder and the
eventual logical bhagk ssbeiiR%Sis BntpRefoRthididthe ¥hoseflBdgicahbloekhaddieghosen for

t he conti nuous seek operations has a predeterm ned offset .
on the destination cylinder. This is the logical block address chosen according
10 to the method shown in FIG. 7. This is indicated by block 210. A write
operation is immediately performed to the chosen logical block address on the
destination cylinder as indicated by block 220. In one illustrative
embodiment, the write operation is performed within two milliseconds of the
end of the seek operation. This ensures that the write operation will be
15 performed prior to the time in which the data head has stabilized in the z-axis.
The data is then read from the chosen logical block address on the
destination cylinder. This is indicated by block 230. The data which has been
read is compared to the data which was to have been written to that logical
block address, and any errors are logged. This is indicated by block 240.
20 The drive then seeks from a location on the destination cylinder to the
chosen logical block address on the origin cylinder. This is indicated by block
242. In one illustrative embodiment, the drive first performs a write to a
location on the destination cylinder in order to ensure that the seek will begin
from the same position on the destination cylinder every time.
25 After the drive has seeked to the chosen logical block address on the

origin cylinder, a write operation is performed to the chosen logical block




fromthe mnimum seek | ocation. Thus, it can be seen that this process is

i dentical to that set out in FIG 7, except that the origin and destination
25 cylinders are interchanged. 8 FEBRUARY 2006 -12 FIG 8 is a nore
det ai |l ed bl ock di agram of the continuous seek operati on$ FEBRUARY280&d by
block 164 in FIG 5. First, the drive noves the data head to an origin
position fromwhich the conti nuous seek operations will begin. In one
illustrative enbodi ment, the drive perforns a wite operation 5 on the

m ni mrum | ogi cal bl ock address of the origin cylinder. This ensures that
the seek will begin fromthe sane positlfon on the origin cylinder each
time. This is indicated by block 200. A seek operation is then preforned to

t he chosen | ogjcal block.addres on.the dgsti;natign linder.. This is the
[ ogi cal bl ock it a8 B RERE R RBsof i SRR L A Mk B & Y
This is indi cgb&ekidtyis AMRektidlP perforedivitilR @#8mhillRedondd S ead 6f gheper f or med
to the chosen 1ogical block address on the destination cylinder as

i ndi cat ed by iselookeradon. The dateisithemssad and ersorsanlosedentndicaas By i t e
operation is F@rf%%ged 9& hin two mlliseconds of the end of the seek
operation. Th k884 #at the wite operation will be 15 performed prior

to the tine in whighdeNBudatide AaBSHiRRS, ShRbidek 2péhatitnsieparfarried.in The data
is then read fromthe chosen | ogi cal block address aon,the estination

cyl i nder. Thi bothgliteptdpnsatdesirgshnusniosejof pigws. Thenwmaber kfiness cAmbe B®En read is
Coeret Lo i R D L KR o
drive then segksthbs d¥seell speddticanhHR Hebe pelsriniedahé aaired himberoft o t he
times. If not, processing continues at block 200 and they are performed again.
10 If so, however, the number of errors associated with the seek operations is
logged and output. The continuous seek operations are then complete. This
is indicated by blocks 252 and 254 in FIG. 8.
Again, as indicated with respect to FIG. 5, the number of errors
associated with this operation are compared to a threshold number of errors
15  and the drive is either disqualified, or qualified, depending upon whether the
number of errors meets the threshold.
It can thus been seen that the present invention includes a method of
qualifying disc drive 110 by identifying (194) a minimum seek destination
location on a destination cylinder (such as 155) that has a minimum seek time
20  on the destination cylinder from a chosen location on an origin cylinder (such
as 153); choosing 196 a destination test location having a predetermined offset
relative to the minimum seek location on the destination cylinder. The
invention also includes seeking 164 from the origin location to the destination
test location; writing 220 data to the destination test location and reading 230
25 the written data from the destination test location; detecting errors 240 at the

destination test location by determining whether data to be written to the




chosen | ogi cal block address on the origin cylinder. This is indicated by
bl ock 242. In one illustrative enbodi nent, the drive first perforns a
wite to a location on the destination cylinder in order to ensure that
the seek will begin fromthe sane position on the desti A&EBRUARYZDDMder
every tinme. 25 After the drive has seeked to the chosen | ogical block
address on the origin cylinder, a wite operation is perfornmed to the
chosen | ogi cal bl ock 8 FEBRUARY 2006 -13 address on the origin cylinder as
is indicated by block 244. Again, the wite operation is illustratively
perfornmed within two milliseconds of t#& end of the seek operation. The
data is then read and errors are |ogged as indicated by blocks 246 and

248. 5 In one illustrative .enbodi ment, these seek o j ons. are perforned
in both dire@?FBﬁg“ﬁfﬂé@FP8ﬂ“ﬁﬁﬁﬁéahUFa;Fﬁg§?§$ﬂggﬁ§%$gb%ﬁamfines can be
user definab}e . QkefANiHRe &Midisc |y determned. It is determ ned at
bl ock 250 whether the seek operations have been perforned the desired

nunber of tines. The motntiqrmeesiss mglude mentifhasg amibiyekse2B0 and they are
perfornmed again.. 10 If so, gégfver“ t he nugber f errors aﬁgqchated W th
the seek oper SHgBHON location harfias A igiR R seekFHEE EEMT HSTEe &R oper at i ons

are then conp 12 debthhatiBALFREREH 0% B BekmdZhdodndaédginiest! G 8.
Agai n, as éljndiloggatfoendgﬁ\)\}}%ﬁe&rtglsaggglfﬁto FI(SG 5, tte nunge?g?)f e%lr oers

associ at ed Wi lohatidn en dperaii oiindee(169 Mpringd proletermined oifsttaelativde of errors
15 and the drive is either disqual.ified, or qualified, depending upon
whet her the ThSMBGIMWR Sesk ofi&n featidt he t hreshol d. It can thus been seen

that the present i-pNeRbQbd IQQ)L HEaRr Bomphiftadel@hg 242 from the chosen seek
start location on the destination cylinder (155) to the origin test location and,
10 after seeking, writing 244 data to the origin test location and reading 246 the
written data from the origin test location and detecting errors 248 at the
origin test location by determining whether data written to the origin test
location was read.
In one embodiment, the disc drives 110 are qualified or disqualified
15 168, 170 based upon whether the errors detected meet a threshold 166.

In another embodiment, the seeking, writing, and error detecting steps
are repeated a predetermined number of times prior to the qualifying step. In
still other embodiments, the seeking, writing and error detecting steps are
repeated in both directions (from the origin cylinder 153 to the destination

20 cylinder 155 and from the destination cylinder 155 to the origin cylinder 153)
a predetermined number of times.

In another embodiment, the origin location is chosen as a first ‘logical
block address on logical cylinder O and the destination cylinder is chosen as
logical cylinder 350.

25 In still another embodiment, the destination test location is chosen as

being offset by approximately 25 logical block addresses toward a maximum




qual i fying disc drive 110 by identifying (194) a m ni rum seek desti nation
| ocation on a destination cylinder (such as 155) that has a m ni num seek
time 20 on the destination cylinder froma chosen |ocation on an origin
cylinder (such as 153); choosing 196 a destination test8FEBRMARYZ0MAVI ng a
predeterm ned offset relative to the m ninmum seek | ocation on the
destination cylinder. The invention also includes seeking 164 fromthe
origin location to the destination test location; witing 220 data to the
destination test location and reading 230 25 the witten data fromthe
destination test location; detecting etFors 240 at the destination test

| ocation by determ ning whether data to be witten to the 8 FEBRUARY 2006

-14 destination | ogat i on act.ual | ead; and .qualifying 166-170 the
disc drive b@é‘éﬂﬁ%k’( reé??‘bﬁ%ﬁ’@&‘%(iyﬁlﬁé{‘?é?ﬁom@ﬁ gﬁmﬁlﬁyg so incl ude
identifying i dMMbSEek. origination location that has a m ni num seek
time froma chosen seek start 5 |location on the destination cylinder (such

as 155) and choomT‘ignamrmrqng:amatsebe einboditd e mathpHef deteging cyl i nder (155)
havi ng a predetﬁrm ned f.set relative, to,.the mnimumse da?a

| ocation. The*® %‘ﬁ"t?‘Bﬂ 9 it FRET SieB e 08 A Emiicss wBT G § he chosen

seek stard lcﬂ&ﬂfl‘ZQﬂagﬁcHH@e ARPRIRPEH @2 @¥tieRd8hnd Aad FronOteltiscor i gi n test
| ocation and, 10 after seeking, witing 244 data to the origin test

| ocati on and Yi@adihegnétiéd tdubldea/\postttoalmgiﬁﬁah«f trampdues abiul gﬁlmﬂtl@f@tlon ocati on
Gata ur it en o RESGAT pdE eGrerr st nAe FanaRe PR BRE BBt mant .t he.
di sc drives 1jQiifndbdlddiissloRh dgitﬁﬂﬂéill EF1LRKr 155; for each seeking step,
writing 220 test data to the destination test location within approximately two
10 milliseconds (2 ms) of an end of the seeking step; reading 230 the data written
to the destination test location; and detecting 240 errors in the data read from
the destination test location.
It is to be understood that even though numerous characteristics and
advantages of various embodiments of the invention have been set forth in the
15 foregoing description, together with details of the structure and function of
various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and
arrangement of parts within the principles of the present invention to the full
extent indicated by the broad general meaning of the terms in which the
20  appended claims are expressed. For example, the particular elements may
vary depending on the particular application for the drive while maintaining
substantially the same functionality without departing from the scope and
spirit of the present invention. In addition, although the illustrative
embodiment described herein is directed to 2 hard drive for a computer

25 system, it will be appreciated by those skilled in the art that the teachings of




15 168, 170 based upon whether the errors detected neet a threshold 166. In
anot her enbodi nent, the seeking, witing, and error detecting steps are

- repeated a predeterm ned nunber of tines prior to the qualifying step. In
still other enbodi nents, the seeking, witing and error 8EERRSARMGOY: eps are
repeated in both directions (fromthe origin cylinder 153 to the
destination 20 cylinder 155 and fromthe destination cylinder 155 to the
origin cylinder 153) a predeterm ned nunber of tinmes. |In another

enbodi ment, the origin location is chosen as a first |ogical block address
on logical cylinder 0 and the destinatilen cylinder is chosen as | ogical
cylinder 350. 25 In still another enbodi nent, the destination test |ocation
is chosen as . being offset b rgxijmately 25 | ogj . dresses
toward a naxi Wﬁrﬁr?gﬁééﬁ%ﬁ? %%EBP@!?C{I%&%C%ISY%%SCEkg%rl%isgp%r}llgfhe
destination cyljecnfieticthb@ebRinBitFinithe ssefkanddpisttiof étd presehoatition. The

i nvention can ’al so be enbodi ed as a nethod of detecting anplitude

nodul ation in a wite signal used by a transducer to wite data to a 5
disc 112 in a disc drive 110 based on data witten to and read fromthe
disc 112. The nethod includes positioning 162 the transducer at an origin

| ocation on an origin cylinder 153; repeatedly seeking 164 fromthe origin
| ocation to a destination test |ocation on a destination cylinder 155; for
each seeking step, witing 220 test data to the destination test |ocation
W thin approximately two 10 mlliseconds (2 ns) of an end of the seeking
step; reading 230 the data witten to the destination test |ocation; and
detecting 240 errors in the data read from




the destination test location. It is to be understood that even though
numer ous characteristics and advantages of various enbodi nents of the
~invention have been set forth in the 15 foregoing description, together
with details of the structure and function of various enBeEBRUARYS00§ t he

invention, this disclosure is illustrative only, and changes nay be nade
in detail, especially in matters of structure and arrangenent of parts
within the principles of the present invention to the full extent

i ndi cated by the broad general neaning of the terns in which the 20
appended cl ains are expressed. For exabple, the particular el enents may
vary depending on the particular application for the drive while

mai nt ai ni ng diiggiigkiéhkéﬂéig sane functionality wi thout departing from
t he scope an i resent invention. In addition, although the
illustrative enbodinment described herein is directed to a hard drive for a
conputer 25 system it will be appreciated by those skilled in the art that

t he teachi ngsl.of 8A FEBRJAR RNt g ddistdrerepeaasprsing: nvent i on can be appl i ed
to other systens, ILEe tical. or other §¥SIETS Wt ho ttdegagting from
the scope and spi rPHIgHIEYHE 2gayen S?eﬁf\fk ittt ‘éjafi'%%ﬂ[ﬂ?\ 806" - 17 WHAT 1S
CLAIMED |S: A nethod of. Gl itfi¥h3gs Aisthien Sk Vighe SOMMRUeindGon ( ) _
identifying a nlnlnun1§gek destination |ocation on a destination cylinder
that has a nininun1seekyﬁ@&afnmnthbxdektﬁmmnémmnOuthM@@knfron1a chosen
ocation on an or I(g)I c%o%giln!g N QSeination test location having a predetermined offset
relative to the minimum seek location on the destination
cylinder;
(¢) seeking from the origin location to the destination test location;
(d) after the seeking step (c) writing data to the destination test location
and reading the written data from the destination test location;
(¢) detecting errors at the destination test location by determining

whether data to be written to the test location was read; and

(f) qualifying the disc drive based on errors detected.

2. The method of claim 1 and further comprising;

(g) identifying 2 minimum seek origin location that has a minimum
seek time from a chosen seek start location on the destination
cylinder; and

(h) choosing an origin test location on the origin cylinder having a
predetermined offset relative to the minimum seek origin

location.

3. The method of claim 2 and further comprising;



(b) choosing a destination test |ocation having a predeterm ned offset
relative to the mninmum seek | ocation on the destination cylinder; (c)
-seeking fromthe origin location to the destination test |ocation; (d)
after the seeking step (c) witing data to the desti nati GFEBRERY|IZG8@t i on
and reading the witten data fromthe destination test location; (e)
detecting errors at the destination test |ocation by determ ni ng whet her
data to be witten to the test location was read; and (f) qualifying the
di sc drive based on errors detected. 2. The method of claim 1 and further
conprising: (g) identifying a mninumdéek origin location that has a

m nimum seek tinme froma chosen seek start |ocation on the destination

cylinder; and (h) ¢hoosing an oriigin test |ocation on r1.gin cylinder
having a predet er&% ﬁ%gmﬁgfo%fhercé’géet"is\? t%rt?cﬁ: e ﬁjuenﬁ;e%g%?mgri gin

| ocation. 3. The net hookymld@ltaitm dridfdest lgchdi@t; conpri sing: 8 FEBRUARY 2006
-18 (i) seeking fromtheé chosen seek start |ocation on the destipation
cylinder to the orf{lgiitertthe secking atepdih ritjing datartethe pragis desk %@ﬂ@wﬁq (i)

witing data to the origin test l.ocatiop an readi EaW gt ten data from
the origin test |ocati ?‘ﬂ% E(vﬁr)lt?%ﬂe &t rf)ﬁlgt%groflg?gteg?o%a evorigin test

| ocation by deter njkpdAGrMpel RRE at abAginQeddBocalibd bp detefininhigy whithem t est
| ocati on was read. .. )
data to be written to the origin test location was read.

4. The method of claim 3 wherein the qualifying step (f) comprises:
(f1) qualifying disc drives for which a number of errors detected in
detecting step (f) and (k} do not meet a predetermined

threshold.

5. The method of claim 4 and further comprising:
() repeating the secking, writing and detecting steps (¢, d, and €} a
predetermined number of times prior to the qualifying step

(£1).

6. The method of claim 5 and further comprising:
(m) repeating the seeking, writing and detecting steps (i, j, and k} a
predetermined number of times prior to the qualifying step

(£1).

7. The method of claim 6 and further comprising:
(n) choosing the origin location on the origin cylinder of the disc drive

as a first logical block address on logical cylinder 0.




4. The method of claim3 wherein the qualifying step (f) conprises: (f 1)
qualifying disc drives for which a nunber of errors detected in detecting
~step (f) and (k) do not neet a predeterm ned threshold. 5. The method of
claim4 and further conprising: (1) repeating the seeki n§FEBRUARYKRG0&@Nd
detecting steps (c, d, and e) a predeterm ned nunber of tinmes prior to the
qualifying step (fl). 6. The nethod of claim5 and further conprising: (m
repeating the seeking, witing and detecting steps (i, j, and k) a

predet ermi ned nunber of times prior to the qualifying step (fl). 7. The
met hod of claim6 and further conprising: (n) choosing the origin |ocation
on the origin cylinder of the disc drive as a first |ogical block address
on | ogi cal cy#inde&ho. qEﬁE ARY 2 Q§7519 8.-ﬁge nmet hod of claim6 and
further conprtssing: ™ B ONSESIHE “Ae "YE i RAPI 5 cyl i nder as | ogi cal

cylinder 350. 9. Thec h@ihedhodesthaidh &linkareidzidabe/lindenssof yi ng step (a)
conprises: (al) seeking fromthe chosen location on the origin cylinder to
a plurality of |ogical block addresses on the destination cylinder; and

ot g LR o g e on e
(a1) seeking from the chosen location on the origin cylinder to a
plurality of logical block addresses on the destination cylinder;
and
(a2) identifying one of the plurality of logical block addresses on the
destination cylinder that has a minimum seek time as the

minimum seek destination location.

10.  The method of claim 1 wherein the choosing step (b) comprises:
(b1) choosing the destination test location as being offset by
approximately 25 logical block addresses toward a maximum

logical block address on the destination cylinder.

11. A method of detecting amplitude modulation in a written data signal,
written by a transducer used to write data to a disc in a disc drive, based on
data written to and read from the disc, the method comprising steps of:
(a) positioning the transducer at an origin location on an origin
cylinder;
(b) repeatedly seeking from the origin location to a destination test
location on 2 destination cylinder;
(c) for each seeking step (b), writing test data to the destination test
location within approximately two milliseconds (2 ms) of an

end of the seeking step (b);




m ni mum seek destination |ocation. 10. The nethod of claim 1l wherein the
choosing step (b) conprises: (bl) choosing the destination test |ocation
as being offset by approximtely 25 | ogical block addresses toward a

maxi mum | ogi cal bl ock address on the destination cyli nd@FEBRUARYR0et hod of
detecting anplitude nodulation in a witten data signal, witten by a
transducer used to wite data to a disc in a disc drive, based on data
witten to and read fromthe disc, the nethod conprising steps of: (a)
positioning the transducer at an origin |ocation on an origin cylinder;
(b) repeatedly seeking fromthe origin-40ecation to a destination test

| ocation on a destination cylinder; (c) for each seeking step (b), witing
test data to the degtination test. |ocation.wthin .0xi mately two
mlliseconds (2 rrs@é?aﬁé{ﬁ tg%ﬂﬁfa&“tf%emé%ee PREE “éﬁ“?‘g‘)%?‘c’% %EBRUARY 2006 - 20
(d) reading the datfd¥edddz@RrdrPint dhe dsteséddTadh Ole deRGhatlonaadtiloniioand (e)
detecting errors in the data read fromthe destination test |ocation. 12.

The nethod of claim 11 and further conprising: (f) repeatedly seeking from
a destination,start. | ocati Q onigin test ..location on the origin
cyl i nder; andl?g) ?3?n&@%ﬁﬂgé%W?ﬁgaggé%¢T¥fonlf??ﬁg test data to the origin
test location witf Rpadedlp¥dcRRizdtom b\WestiHatibh S@AIDAS AT AN ofifid ofe the
reading step (f). . .
location on the origin cylinder; and
(g) for each seeking step (f) writing test data to the origin test location

within approximately two milliseconds of an end of the reading

step (f).

13.  The method of claim 12 and further comprising (h) reading the data
written to the origin test locations; and

(i) detecting errors in the data read from the origin test location.

14.  The method of claim 13 and further comprising:

(j) prior to the seeking step (b), identifying a minimum seek
destination location that has a minimum seek time on the
destination cylinder from the origin location; and

(k) choosing the destination test location as a predetermined offset

from the minimum seek destination location.

15.  The method of claim 14 and further comprising:
(1) prior to the seeking step (f) identifying a minimum seek origin
location that has a minimum seek time on the origin cylinder
from a chosen seek start location on the destination cylinder;

and



13. The method of claim 12 and further conprising (h) reading the data
witten to the origin test locations; and (i) detecting errors in the data
read fromthe origin test location. 14. The nethod of claim 13 and further
conprising: (j) prior to the seeking step (b), identifyi BFEBRUARYI200dN seek
destination |location that has a m ninmum seek tinme on the destination
cylinder fromthe origin |ocation; and (k) choosing the destination test

| ocation as a predeterm ned offset fromthe m ni mum seek destination

| ocation. 15. The nethod of claim 14 and further conprising: (1) prior to
the seeking step (f) identifying a m niZbkum seek origin location that has a
m ni mum seek tine on the origin cylinder froma chosen seek start |ocation

on the destination, gylinder; and. 8 FEBRUARY 200§ -21. cheosi ng the
origin test Iocati@%‘égoﬁp%gﬁﬂﬁﬁg?ﬁﬁﬁgau8?f%%?“%?ﬁﬁ?“%%%ﬁﬁ¥%P%hn1seek
origin location. 16. ThgeHEHRQQHQQka%hmbéﬂkmmerein identifying a m ni num
seek destination |location conprises; (j 1) selecting an address | ocation

on the destination cylinder; 62) seeking fromthe origin |location to the
s et e G oA 08 SRATOR 0 R, B e T [
destination Cy¥dstinfleSn loddifn comprises:
(1) selecting an addfess location on the destination cylinder;
(12) seeking from the origin location to the selected address location on
the destination cylinder;
(13) repeating the steps of selecting(j1) and seeking (j2) for each address
location on the destination cylinder; and

(j4) choosing as the minimum seek destination location the address

location having a shortest seek time.

17.  The method of claim 15 wherein the identifying step (1) comprises:
(11) selecting an address location on the origin cylinder;
(12) seeking from the destination location to the selected address
location on the origin cylinder;
(13) repeating the steps of selecting (11} and seeking (12) for each address
location on the origin cylinder; and
(14) choosing as the minimum seek origin location the address location

having a shortest seek time.

18.  An apparatus for detecting amplitude modulation on a write signal
used to write data to 2 disc in a disc drive, comprising:

a transducer; and



04) choosing as the mninum seek destination |ocation the address |ocation
havi ng a shortest seek tinme. 17. The nethod of claim 15 wherein the
~identifying step (1) conprises: (11) selecting an address |ocation on the
origin cylinder; (12) seeking fromthe destination | ocatB6EBRUARYIZE0&e| ect ed
address location on the origin cylinder; (13) repeating the steps of
selecting (11) and seeking (12) for each address |ocation on the origin
cylinder; and (14) choosing as the mnimum seek origin |ocation the address
| ocation having a shortest seek tine. 18. An apparatus for detecting
anpl i tude nodul ation on a wite signal-22used to wite data to a disc in a
disc drive, conprising: a transducer; and 8 FEBRUARY 2006 -22 neans for

positioning the transduycer relatiye to the disc, controlli . t he
transducer to wri t"é‘eﬂ’é?%rEcﬁ‘ttoﬁéﬂﬁ)‘}(‘%{a“ﬁf&erﬁfﬁf‘?%ﬁq(?‘ﬁéhsf’ Cémprgpélﬁsducer to
read data fromthe di sgplor.dgh8Gto e ARG thdEsc, MR RIJING thé9. The
apparatus of claim 18 wherein the means for positionin conprises: means
for identifying a nini mmsdeektadesd drrafrioonthedesatd deregrthgamphbade nat i on
cylinder that has a mni q1seek time on the destination cylinder froma
chosen |l ocation on an dpggfﬁ“”bylinder; and

19.  The apparatus of claim 18 wherein the means for positioning
comprises:
means for identifying a minimum seek destination location on a
destination cylinder that has a minimum seek time on the
destination cylinder from a chosen location on an origin
cylinder; and
means for choosing a destination test location having a predetermined
offset relative to the minimum seek location on the destination

cylinder.

20.  The apparatus of claim 18 wherein the means for positioning
comprises:
means for positioning the transducer at an origin location on an origin
cylinder;
means for repeatedly seeking from the origin location to a destination
test location on a destination cylinder;
means for writing test data to the destination test location after each
seek to the destination test location, within approximately two
milliseconds (2 ms) of an end of the seeking step; and

means for reading the data written to the destination test location.



means for choosing a destination test |ocation having a predeterm ned
offset relative to the m ninum seek | ocation on the destination cylinder.

- 20. The apparatus of claim 18 wherein the neans for positioning conprises:
means for positioning the transducer at an origin | ocati BREERYARN 2004 gi n
cylinder; neans for repeatedly seeking fromthe origin |location to a
destination test location on a destination cylinder; nmeans for witing
test data to the destination test |ocation after each seek to the
destination test location, within apprgginately two mlliseconds (2 ns) of
an end of the seeking step; and neans for reading the data witten to the
destination test |ocation. AVPLI TUDE MODULATI ON DETECTI ON FOR HARD DI SC

ErRle;/Eny\Ril -rll_\lfeﬁ]tDiEgﬁTil Wﬁg %@W’gﬁr&%ﬁati on on theThe
1
witten signal as a r edd Iﬁgé %gnvenent along the z-axis during the

write operation, before the head has had sufficient tine to stabilize after
seeking froma different t4pejRACT OF EHY DISCLOSURE

5 The present invention is directed to detecting amplitude modulation

on the written signal as a result of head movement along the z-axis during the

write operation., before the head has had sufficient time to stabilize after

seeking from a different track.

10 Figure 5






