.Xye3ej\ g$. 6T\HO&18 D E.C 2003 CREATING AN I NI TIAL SET OF TRACKS IN A
SELF- SERVOARI TI NG SYSTEM USI NG A COVPLI ANT CRASHSTOP TO CONTRCOL HEAD
MOVEMENT Technical Field The present invention relates to data storage
media. More particularly, the present invention relates to the self
servowiting of servo patterns on storage nedia. Backgjr@LBE@)izwae

I nvention Self servowiting has beconme an attractive technique Tor

produci ng servopatterns on disk files because it elimliates the need for
costly, external positioning systens, and can be perforned otnﬂ\mmm‘ﬂu“mumi
cl ean” €BEAERVG AN INATIA LISER OF TRAECKEINt &chni que i nvol ves d
and WSEBFSERFOWRITING $¥STEM USING ALGOMPRIANTe di sk drive "ipggstu" to
i ni ti aCRASHSTOP!IT® CONTRGLIEEAD MOVRMENThereafter used to correctly
position the actuator during drive operation by a user. Techni | f
propagati on of both radial positioning servopatterns and ci rcumﬂﬁmwﬂﬂmﬂ’m"ﬂ
t i m nglechinionl Fielhave been devel oped recently. For exanple, in ;
assigned U S. Patent No. 5,659,436 entitled "Radial Self Propagati o002
Pattern Generation for Disk File Servowiting" (incorporated by reference
herein in i I .the, serv osition sigpal used to control the head
| ocati on m?lfe \?v%e:ng ﬁtﬁ'él)ltf%lerelﬁlz {0 g%tg\fzor?gﬁéﬁ?@?'s%éerﬁ’%ffﬂ?rbﬁli‘@cl}’fése.mreadback
anpl i tidentioh rélagh /othe sEIF-8&%owiti | he process begins
with the actuator held agai %glhgé ?&ﬁﬁ@%ﬁgﬁé’g%p&&{’ﬁ%&%r ashstop. A track
is witten, and the read el enent steps forward a small distance to servo at
a poi n the leading edge of the witten track at which the anplitude has
dropp%%k@é&ggﬂﬁﬁﬁned fractional -anount. In nodern disk files,
however, the read el enent can be offset fromthe wite el enment on the
actuator by as nmuch as several tracks. Wien this read-to-wite el ement

of fset get sSdlfegegwriting hak®ebdrke & 203 RecdiRfue dGPrb@RE; defydbiferfs on

conbi n tiﬁjg f rea.dbf;,\ck anplitudes fromseveral earlier-witten tracks to
provi dBsk #lgs B‘E‘)‘?i“ﬁ‘? 16 glungies | the BeedifprecasBy texternad Rosiordeg systdne andcanoraon| y

assi gry . 7,574 (i;ncorpagrated by reference herein in
its er%jteiﬁ?g{t’%g &g?]ltﬁ ?%Fgéle%o%o%gnrgﬁwe%g{l gﬂﬁﬁo@lﬁg?ﬁ%&@qutqsﬁ@ thecl udi ng
Mai nt abad gl ariRefl@nhans disladve bn Wetdohiata oERMigk IR -6inRaR g&'{i%@‘ﬁrﬁe“thé he
commonl y assigned, concurrently filed Application entitled "Techniques For
MUl t i tSFé’@Ratﬁfé'%’i whigh i%@erﬁﬁ%ﬁr@@fﬁ/ foctottiestly siton tigr aoator duriSe|diiveepacatir t i ng
Systerm,"algsg}so i ncorporated by reference herein inits entirety). In such
cases, “especially when the read-to-wite offset is especially large (so
that the wite el ement cannot "reach” the first fewtracks to wite an
initial propagation pattern when the head is against the crashstop), a need
exi sts for fﬂcgmnawrfgr saif-prapagadion o€botbfradiali fobioning aespitieads 4n be used for

bsegqy titrack f tion. S fo tion Th

it e LRRe Rt By e Bueladntts. Rt e v comupult of t ho
s DL, P . Dl A Lot

pr esenksip 3. PatehNWS 641 § Certfifeld 3Rl ?elpp%s%%gﬁﬁ&%rﬁéﬁeégxé%?%?%m 4 the

. structure (e.g., crashstop) with a first force
act uatldipk Fle fefvowsitingd@ncarperated bymréferenee Hereisi in ity @aitet9f the Berva PbyMaHAL t er n.

The fqf i s .change t.hereby .reachi ng _a second position of the actuator
agai n%%gcri%hléseggﬂﬁ?&gﬂ thedjepd) E?%P%‘} nglq-e Whitiag the nextesnvp rackak derfivedtfeom the

ser vopaddbasinakslityk LS.l terat for additional tracks. The
di st ances (i?e?%lwgsgﬁfgg%lztg%f&e&gﬁ%%%ﬁgtef()) ar\i/b?ri't PP RS W ESs ur ed

usi ng agtuate delel agrint a lifnitiste @l BleQiashop. Iq%&k@@ﬁ%&%ﬁ%ﬁ%&%& Bleh®nt
conpar ?%S%(g@g;cfdet erm ned, desired distance. If the neasure Istance is

withif # s@rall gistange keservanas anoid @8 he lsadingpdget of theawsltted travkiat t he
track r t rocess 1S .repeat wi t h changed forces applied
to thé”lggl?t&lgtao gug(geir]%g g pcﬁ)ﬁ)gd §¥ 5%’3%???5#‘8%%?‘?&?1%‘0?‘% ar%‘dﬁ“gi ed di stances

bet ween tracks. The present invention overcones the problem of self

servowiting an initial set of tracks, especially when the read elenent is
separ at ed flp srqdermedisk files, aveaven the(reacdelpmerteanibe bffset from the write element on

the actuator by as much as several tracks. When this read-to-write element offset gets large, it



7 a VEC 2003 el ement cannot reach the first few tracks) by using the
conpliant property of a nearby structure (e.g., a crashstop) which provides

tenporary positioning over the first few tracks, and which allows the wite
el ement to reach those tracks. Brief Description ot,sémEltﬁ W _ngs The
subject matter which is regarded as the invention i } Gﬂ@rly poi nt ed
out and distinctly clained in the concluding portion of the specification.

The invention, however, both as to organization and nethod of practice,

together with further objects and advantages thereof, nay best be

under sbezothebyesimbhy tngea tombiatibobt rexdbask SebRULEITARSEVAlehARr-Vridehe

pr ef erre‘% enbodi nrents) and the acconpanyi ng drawi ngs in which: |£ll g. 1

depi ct8acks lprevidedhe pesitian sigral frtthe next traglaasedaseribedm camsoalyatssignaEU\e)

el ect rgp; stop used in.the self servowitting of the present
ivent R NG 357 SATEBPoNET by Rireieshetein Tl s el b anc:

show ngysexneyiol SEN-Serdwii }f% ' i her ei n;

Fi g. g&i’s a hi gh-I-eve?d?fﬁﬂng\?vH‘g}lﬁgé%ag% t é%?@%&ﬁﬁ?‘%@%“@%%@%i n the
cr ashsPwpniis Raged” 4ml jprtbe éatemprilgdssigedd] eoremehtyaHid A?piimcwehﬂi&d
interagtivel iting and_measuring initial sets of tracks; Fig. 4 is a
det ai | °]F‘F18%{?S\<I)’V1‘[‘%£é;‘4‘élﬁﬁ“6?k Poratiqyang anshCorttratling Egori Growitly imSelfxBérvowniting r acks;
and Fi b i ow di agram of. the. partion of Fig. 3 jnvolving

, neasur%r?&e%tléﬁzalg? gfetgﬁ%%ﬁ %I’%\fe%é RIS efeérhuwsaed'ﬁ'é%' t‘&é‘l@e‘@%@%ve%ﬂwhé@

Descr itht read-tofwiitb @&t e Bpeiallyiagge g—;bo HOWR Wik cRNRIDEALY: GLLTB 'EﬁesngJ a data

storage system 10, which are used for radial self propagation an
ser vop&rtiEacks (o wrilerig: injtiadipropagatios paRemsvironineldadds gniet eetorahites), 14 f or

r eadi L Wmd ting patterns.o he. medi um 20, and for_ activating the voice
coi | %Fgr@’g‘(‘%?};d{ﬂ")g‘dgﬁﬁ %‘éﬁ%aﬂwﬁ"gé’iwﬂ’i‘én gﬁﬁ%ﬁ%ﬁﬁn bersgdfar abseduent head | 8,
appr oxhamitratly sdros hsd éé{f_?@b%oﬁhe medi um 20. The term "actuator"” is used
broadly herein to connote anhy/all of the noveabl e conponents 16 (VCM, the

arm and the head 18 (with its associ ated access elenents). A crashstop 19
i's SthNﬂ t hat ovides a limt to the actuator novenment at the inner

di anet—éqm@’—‘#ﬂ@fgﬂﬂﬁ@ disk. Typically this is a cylindrical shaped rod
that the side of the actuator pushes against. 1n sonme cases another stop is

present for the outer dianeter ("OD') but there may al so be a | oad/ unl oad
ranp | ocat etheanitiahectODttdiatis alrtenvin ddeerdagadviuea Best hifdest tROgres@yed beyond

the edge 9f t he di SE. : . .
: ention in which the actuator is moved against a compliant structure (e.g., crashstop) with a
first force applied thereto to hold the actuator in a first position to write a first track of the
servopattern. The force is changed, thereby reaching a second position of the actuator against

the compliant structure, at which a second track of the servopattern 1s written.

The process is iterated for additional tracks. The distances (i.e., overlap) between pairs
of written tracks are measured using a read element of the actuator, and-this measured distance
is compared to predetermined, desired distance. If the measured distance is within a specified
tolerance, the process is complete; and if not, the tracks are erased and the process 1s repeated

with changed forces applied to the actuator agamst the crashstop resulting in modified

distances between tracks.

The present invention overcomes the problem of self-servowriting an initial set of

tracks, especially when the read element is separated from the write element (i.e., the write



The processor 22 controls a pattern generator 24 that wites patterns of
magnetic transitions on selected regions of the nedium The RF readback
signal fromthe read elenent is denodulated 26 to yield anplitude signals
that reflect the overlap of the read el enent with thi@rqgg)zﬁpﬁ witten
patterns of magnetic transitions. The anplitude signal Mtized by an
anal og-to-digital converter 28 ("AID') "and anal yzed by the processor 22 to
obtain a position signal. The processor .22 conputes nunerical' control
signals that are converted to analog formby the digital-to-anal og

converdlenet Akt readf tﬁé\tﬂrspfe%@ﬁgﬁbdyi Wik Re %&BFE@t ﬁgdgi&g gf‘ a Hé(ar%}g&ru\é%\ﬂ'e driver

circuit 32, to drive the VCM 16 and position appraopriately over
t he nel@igurA crashstop) whidvpsowdgmtemiporarppositimingeer tefgstredittaokd, khaGhit i Ng its
di visiacmmi/ r}go a. nunber, of pLoE)agation tracks 100, 101, 102, etc. as well as
a di viBIoK 'Bf VEUEHOTPAIR rqash B1ose HafkFer of sectors, with a first sector 116
typically comng i mediately after the disk rotation index as 18 DEC
2003 determ ned by an index pulse fromthe disk spindle notor driver. Each
sect orBrief PesarijgiondifithelBatawiticd a regi on 117 contai ning the anplitude bursts
for propagation and a region 118, which is reserved for the use of the
precision timng propagation system and for witing the actual product

servopatterfl j ctor >D fields and either anplitude burst or phase
encodgd pat&%%@ﬁegﬁiﬁggﬁéﬁgﬁ%bs F%ﬂ?ae?)sftif Vet 8ﬁ?‘°n§25ﬁ£@1§fqdd%\‘tbmst gr eas
117 widiitirtedly ole@ivd id the BoMliding!5&fioRl 8f fhe A MG tHS CThPREL R h Owdy ng

: Ll owi
self servowiting: Al of region 118 except for the porlﬁogh cont ai ﬁﬁnhg t he
pr odud e eraraiFatieand method o prabicep together Witk furthiet bbjuse ndladvanta Rereof,

|b_ropa ion, burst regjon i.s further, divided into a nunber of burst slots

Wi t hi %ﬁ%t?ecshg? H%éeéﬁﬁ‘?4 &F& TEReF &R H’ﬁaf?‘?‘éﬁ“ﬁ% detafledgespripftoni of thegrefemed t t en. | n
thi s exaitdifent®)ahd®le Qéﬁ;ﬁg B0 Lo 66 5 . Al'so shown are the read

el enent 200 angs)vvri te aeI e r?? %02r ‘ivﬁlggrl{?‘g%\éﬂnbl ary position over the medium
The wite elenent is positioned for witing track |05, and due to the |arge

of fset, the reagF.eI f(rqrgnt straddl es several previously witten tracks. At a
servo track spacti§gl 9FPiglsé data storgge deaceduitina stpraga aradiumassavipted deeva ead

el ement ca i : cks at _any ti as shown.in Fig. 2. In
This 11 gur o totPhiegh MRS LA it IGER 5o Bltad & B oiRertiS et have

al ready been witten. Wth large read-to-wite offsets, several initial
tracks nust be prepared iii advance before a servo based on nmultiple tracks
can be enpl oyed. Fige? Hepiats paortipardithe storgeé miedivad oftRig.ckshowing esdeipladi ti ng

initial trg » or snore, di sk surfaces using a positioning system
ei t her bef o%ﬁ%%ﬂggglgrsgrtvﬁéng?%%m%r ‘é;e%lst@‘?{ﬁll“ed into the file: Drawbacks of

this technique are that it involves extra handling and expensive
servowriting equipnent, and nust be perforned in a clean room environnent.
Addi tional diffiligi 3 issshighilexs] flow dipgrath okthe prasentrintenedon hbeiethassenbl y
because th i Ll be inperfectly centered on the spindle and may

t heref ore ﬁ:é%%?ﬁ%é?sgé\éeg GBS fdg%rﬁ“ﬁa%e ée@e%ﬁ@n@gwlﬂ{q IRtgracHvely siritmgacks on
one or nor endinsdaseritd AR séi§ bMPacksPOSI tion sensor or portions thereof that
are sealed within the disk file itself, and which allow servo control of

t he head position while witing Drawbacks of this technique are the

addi ti onal cost r@nd con;??nggt integration issues associated w th addi ng
conponent s to t Haed} §@ detailed floydagrameefithe pasiemef Fig. dimyolviteswatingchni que
for creatingcRfahfitial set of equally spaced tracks that are suitable for
mul titrack servo, and which can be used with, or nore advantageously

W thout, the use of external positioning devices, or additional internal
sensors. The present. invention recognizes that crashstops are not

conpl etely rigi gﬁ,slgb%ts afipiaaled dlow dagremi of theeportigmofdik! 3 invalvirigaaks is a
met al post ; 1 stoner such as Flourel. The conpressible
coating al It%%lgtéﬂ%%éégﬁ%gkgn%c &d a small distance by pushing the

actuat or against the crashstop using the VCMitself. Thus, the crashstop
can provide control |l able novenent of the head sinply by varying the VCM
current. Cl osed-loop servo control of position is not required as long as
contact with the crashstop is maintained. Therefore, the head can be noved
and tracks witten without requiring the read element to overlap the
witten information, since head novenent is controlled by the conpliant
crashstop. Fig. 3 is a flow diagram 300 of the basic steps of the present
invention. The first step 310 is to force the armhard agai nst the
crashstop using a | arge VCM dac val ue. Then, a series of tracks are witten
(Step 320) with the VCM dac stepped by a certain anmount between tracks.
Since the nechani cal characteristics of crashstops are not al ways

Y Y L T Y L T v I I T N .y v ' N T




Next, .t he spaci ng between tracks is checked by neasuring the "overl ap”
signal (Step 330) which is equal to the sum of the normalized readback
anplitudes for a pair of tracks 18 D E C 2003 when the read elenent is
positioned such that it overlaps both tracks by approxinmately equal
amounts. This overlap signal decreasesgwith incr easiﬁ@ ﬁE@( ‘g@gci ng and
therefore provides a neasurenent of relative track spacing (described in
nore detail below with respect to Fig. 5). (Step 340). If all pairs natch
within a specified tol erance, the process is conplete. If not, adjustnents
are neEpetatled DeSclifGorsbEMe Thvififdn3°0) to inprove the agreenent on the next
attenpt, followng track erasure (Step 360). In this way, the differences
bet ween crashstop conpliance fromfile to file can be automatically
accondati on_The overlap target is predeterm ned and corresponds to a val ue
that vyi el dsFighd ks theexepplaniglementsebndaie stomgesydes . 10Behishera weddori ng t he
writi . - \M he | oved, dac .step,val,ues, .the old pattern |s erased
(5t ep 308} b aiof abd RO E B RHEr AR ER 12 5 Foreris B rgenicndiar m

|t o | fogfhdiagmha eiridHa! e AASHBHAM ANnd R it BB ideofNARLEd o
provi de conti nuous erasure. The dac is gradual ly~st eppec[c o hirgher

val uesC' VM nigrthatrmovestthearsy vdsch teaninhtee whthdutadd8 epptaxsatelyandiang Wit e

wi dth duri each revaolution of the disk. At this point the armis once
agai n aﬁ[f?ﬁg% rﬁ%‘f’ﬂ aiqh‘:?tt

eHh AG4akH &% Bi5d badly 1y fo eavaroterraypllof 8w of

wr i ti NoraBleR8hpss t ' i INn...The sequence of
erase/writel che k/%flﬁg?\, |efs\®f g]gggﬁ’ed ﬁl}[ﬁ%ﬁ%ﬂt]h%(“g%gtsl ats‘aoc,lmge%@ﬁsn speci fi ed
t ol er @haeenits)ni ts. The final set of tracks are not erased because they will
be used to begin the actual self servowiting propagation across the disk.
.. Fig. 4 is a flow diagram400 illustrating the detailed steps invol ved
with witin ce .of initi.al tracks numbered n=0,1,2, ... N1. The
dac val ue aggisﬁsg?ﬁggé %ﬁﬁ&’n%{?tdvr%‘_’d@‘?srﬁlfmﬁIﬁ%th@raﬁglﬂ@f8}9"?‘9?‘&1&‘ HegNngTs chosen
Lo gi Wtaretbiot 8b"QRS @5 DfpitdRinis s b &fiGRrENQHIKkdL0 FDFRNEL Rnd OF each
pair of tracks is conpared to & desired overlap target . value O ‘Bet ~ao
E c 2@0batos phshel @griosiuiln eome oatee pnathertstapck presdit fantle oaer Hiemdet eromned by

experi t_usin ototypes of the disk file In witing track.n (Step
a0y e Hert Bl B2 Seahi mishararel o b betaflows thahead inbigheed

t r ansiaht asvel Beihdshe sdgdlorhedisievery sector. The number of tracks, N, that
are required (which determne the "finish" Inquiry 430) depends on the

of fset distance between the read and white el enments. For the situation
shown in Fi ead to wite offset is about 2.7 steps. In this case,

. 2, the
the read eljg]r?éjﬁ ceﬁﬁpérzééﬁgtrql? 3 pridern genqrafer 2hthahwatespatenks ofwagnttive used f or

t he mglahiiti y i ositioned for wiiting track
105, " TAHOREt S reblohy ol BE pH L, PAAREaaBR ol Bom-Bf refleloibt 1 r ack
n, thes donodilited 26 duyield amyplinndd sigiabnbatreftelt e dvallfPoAfead Aitheh NGB OCESS

th
is repeated, f cir the next track by incrementing n (Step 450) ar?g witing
track F RTeYIGHs nmtt_en patterns of magnetic transitions. The amplitude signals are digitized by

an analog-to-digital converter 28 (“A/D”) and analyzed by the processor 22 to obtain a

~

position signal. The processor 22 computes numerical control signals that are converted to
analog form by the digital-to-analog converter (“DAC”) 30 and processed into a control
current by the VCM driver circuit 32, to drive the VCM 16 and position the head 18

appropriately over the medium.

Fig. 2 shows a portion of the recording medium illustrating its division into a number
of propagation tracks 100, 101, 102, etc. as well as a division of each track into a number of

sectors, with a first sector 116 typically coming immediately after the disk rotation index as



Ln principle, initial guesses for the dac step increnments OGd(n) used in
Step 440 can be cal cul ated based on the torque constant of the VCM and the
el astic properties of the crashstop. However, they are nore easily

determ ned enpirically by trying various guesses on yqtﬁﬁ)ﬁr} t he di sk
file. One nethod is to choose equal step values for dl erate size
and let the iterations in the overall process converge to a final set,
Qd(n). This particular final set, or an average of sets for several files,
could be used for. the initial guesses iii a production process. One choice
for a dmdernéebpimiider funafibth ts disk Blildifoblrildl! Ehal ;LRI FRRLON DY N
where the conpression Is given by dacO [ess the dac val ue requ Ped to

| i ght | §ividsddaier regien dd Ashrseining temmplihale bubves Bbaproph@Rion 488 aEiinge 1 e

spaci ng, bet.ween tracks, so . for N tracks, only NN1 steps are actually
needed,a/hg’ﬁds f§3ervid g’élliﬁf’e‘ésefoé the presision 4imyag propagation systera and/Easwnitinggtht he
over | ageth8tWeRRt AN : ks | an er of..steps which are shown
in the fIO\t}Jv di a‘gfé?n‘ff’%%%@g‘o‘?&@‘é@ SE&X@%%%?S@QH%"IFW TTHB“EH@‘E YS9 Bashed hard
agai nsencotied pattetasD Iz ofie &ﬂBBdiﬁ’feﬁEJSﬁhEQyﬂ&h,eﬁl‘o?_ ion b3t 438s hfsz‘L,fm\['@r ed by

[ e firs

smal | steps while nmeasuring the readback anplitude for t % rack
(Step SEOYIHEN PoBasE datredypargkusenpparatistefolloping seif-ssivouaitingn Adhefweoibn Fi g. 2,

this |itude. meagured, for burst slot 0. Once the peak has
been :‘/\g}t?n%,cp@ytgprr@l\? %%‘01‘1#58“%3%8 @?@Cfsﬂ@ﬁgemén% 3% herpvervatttammmntl eadback
si gnal yset Aggaanpl i tude is averaged over the length of the track to get a
normalization termVp (Step 530). Typically, a spacing neasurenent based on
overlap woul d nove the read elenment to the point where the readback signals

fromthe t téhracks flre equal , I.n this case, however, the initial track
spaci ng ma?g%" Frapagapgnbyisbregiongs furthsy divided éntaiamymber of nustisianwithin whi ch

the ovwhicRBhd SmbiRQdd QW ' . stahl e serva .using the difference
si gnal . Ther efl(;fr)e, the eartt%gﬁctgllnl?‘]rag%%%é?ﬁ%rg V- tIB%BF F’f‘i’é‘gﬁlﬁg f¥ad el enent
to t henunslwacd & anbatiosvit helso ehawhicARehreall gRfent Mo\éqld%'i'@'e&n%@ 96 Lhg, target

overlap signal Oet (Step S40), i.e., at (but not necessarily center ed on)
t he edg&™BraTY Resttomever thaanediimg The verits legient is gositignmrfantgieing trhad 10she servo
Wil - .St he sired oyerlap return signal, wuch is a

par anebaﬁlg f&“ggé ?Teyl g’ggl%gfﬁ e agge‘i%aerg ﬁtr?%ﬁescfég‘?r?]éﬂe@% Wt trogksn Ateacks.

The sisgnaltsackGpaditig 6f orfel Al @ i , radgea ov one or
nore reval uti ogs gl% t he di sk (eg(%hg%éyé%]g%@g%gégﬁﬁ%geﬁﬁgnﬁ%@?@&i on

t er m \AYerlamd tieghmat @ny msbesshewntie RigeX | ap, O(0) (Step S60). After several
iterations the overlap will be close to the target, so the signals fromthe
two tracks will becone nearly equal anyway. Overlap for the next track of

i nterest i sinabisdignag chystatdhdh - | Lie Q.4 e _next track
(St ops 570580 na SO0 oA RaE b A EE uiEhie reatiso  The

pr oces¥igsnt Withdarga maidttosrite pffsets, soferalrinitibtrdvhy enhER prERAsUEMvaiQ’ t he
exerrplb%rf&en%gi um SL?LJ acie.lj]lt.of Fi g 2, wherein the track spacing is one half
of the wriften trEECNNYIR' Facks spivReererlayeda Metheds forgrmataging amitidletrdcik en
for, dn@ude:nonconsecutive pairs of tracks (100 and 102; 10l; 103; etc.). In
this case, the target overlap is 1.0 (i.e., the edges of the tracks

touchi ng, but not overlapping.) One skilled in the art will recognize that
the target overl@p. can he sought for any pairs of tracks, not necessarily

i 0 18 DEC 2003 cOndmgibgidrackipn oneer mergeisk, sugfacks aibgstpesitioalngaystamd t ar get

val ues t hr Qy : [ US cordipgly. Returning to
£ e R A R
i ndi vi dual drathiasitfiovolwaektra j @BxpeaSivy SdrikGni b i It SR
overlap resulftp_ O(&o. I.n onelaerrbpgi ?rentr? ~_(‘j].( n) is cq%taér’%ggg n_;’ aélﬁ rré%ﬁgt

pr opor t i onderoENeY i)a qigan rpem envisenments Additiond] diffioplties argsedr fhe Vi ukd be

det er m ned [Tl I erimentin .th. prototypes, starting with a
smal | val ue&gﬂrﬁ%{llseg%%’ 3%55%&% ca‘lﬁ?ﬁﬁ‘f {r%f’kgé"\ém&’@meﬁf"éﬂbﬁemﬁd/em thespmdis

obt ai ned. Aindirhe theréford hdvaQargt PGRes. @ set of N tracks will have been
witten at nearly equal spacing (depending on the specified overlap

tol erance). In another enbodi nent, neasurenents of readback anplitudes are
added to the witing process to determ ne the proper servo reference val ue
to use for witing subsequent tracks during the actual propagation. The
mul ti burst servo reference corresponds to the |ocation of the read
element,in units of track nunmber. At the tinme of witing the last track in
the startup pattern, the readback anplitudes are neasured and the | ocation
of the read elenment is conputed using the same forrmula as the nultiburst
servo uses for interpolating positions. Adding 1.0 to tlus gives the
correct value of the servo reference to wite the next track and



begin.the propagation itself. Wile the invention has been particularly
shown. and described with reference to preferred enbodi ments) thereof, it
wi || be understood by those skilled in the art that various changes in form

and details nay be made therein w thout departing f hhi t and scope
of the invention. 18 DEC 2003 11 d ainms What is cﬂ?r&gt} ZBDQ In a data

storage system a nethod for positioni r?g an actuator over a storage nedium
in nmotion relative thereto, conprising: using a conpliant structure to
position the actuator over the nmedium including: forcing the actuator

agai nst the strub¥riting initia tracks drsdnefop e Hidk s8EERs asihj b pbsifes bdnsGorover the
medi um and forcing the actuator against the structure with a sepond force
to reach a BYtemythseef thabaresoaed Nﬂglmﬂ;d ﬂuhﬁlezxtse%endmhhhﬁllow sg:_rvalcnnﬂ:olt )
further co L.sing; witing,a fi.rst_track, of . .pursts.on t nmedi.um at e
first posi tn?%dr}?h%agidpwt}%‘ﬁ le,wapgnrawbacks %ﬁtgﬁd?tiipgqueﬁrqtﬁga%mmpgqt. t he
second posi & 6 v HABIG oo RBRLSIoEE IR RRWY | NG
t he di s!toancﬁeﬁﬁlﬁgﬁgﬁﬁggﬁtggsssggﬁggg%ond“itlr acEsg&pﬁ%ur snt 50 C_inglI(E 2003
12 4. The method of claim3, further conprising: conparing the neasured
di stance t Op ne grggéntc ggvegtligr} Sr%(\:/i%és a technique for creating an initial set of equally spaced

tracks that are suitable for multitrack servo, and which can be used with, or more

advantageously without, the use of external positioning devices, or additional internal sensors.

The present invention recognizes that crashstops are not completely rigid, but have
some compliance. Typically, a crashstop is a metal post coated with an elastomer such as
Flourel. The compressible coating allows the head to be moved a small distance by pushing
the actuator against the crashstop using the VCM itself. Thus, the crashstop can provide
controllable movement of the head simply by varying the VCM current. Closed-loop servo
control of position is not required as long as contact with the crashstop is maintained.
Therefore, the head can be moved and tracks written without requiring the read element to

overlap the written information, since head movement is controlled by the compliant crashstop.

Fig. 3 is a flow diagram 300 of the basic steps of the present invention. The first step
310 is to force the arm hard against the crashstop using a large VCM dac value. Then, a series
of tracks are written (Step 320) with the VCM dac stepped by a certain amount between
tracks. Since the mechanical characteristics of crashstops are not always sufficiently
reproducible to allow the dac steps to be completely predetermined by experiments on
prototypes, this first pass of writing uses initial guesses for the dac step sizes. These may be
predetermined by experiments on a small number of prototypes. (Writing the first set of tracks

is described in greater detail below with respect to Fig. 4.)

Next, the spacing between tracks is checked by measuring the "overlap" signal (Step

330) which is equal to the sum of the normalized readback amplitudes for a pair of tracks
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and a ﬁﬁqgﬁfﬂlin@d,rﬁ?xhicgrr}esrpeo;ﬁst {0’ value that yields the desired spacing between servo tracks.

Before répeating the writing step with the improved dac step values, the old pattern is
erased (Step 360). The VCM dac is set to a value that typically brings the arm into light
contact with the crashstop and the write gate is enabled to provide continuous DC erasure.

The dac is gradually stepped to higher values in a manner that ensures that the head moves

less than one write width during each revolution of the disk.

At this point the arm is once again pushed hard against the crashstop (Step 310), and
the process of writing another sequence of tracks is ready to begin. The sequence of
erase/write/check/adjust is repeated until the spacing is within specified tolerance limits. The

final set of tracks are not erased because they will be used to begin the actual self-

propagation across the disk. R

servowriting

Fig. 4 is a flow diagram 400 illustrating the detailed steps involved with writing a

sequence of N initial tracks numbered n=0,1,2, ... N-1. The dac value dacO for pushing hard

against the crashstop (Step 410) is chosen to give a total compression that is large enough to



thereto, the nediumrequiring a servopattemthereon to be used by the
systemto guide the actuator, a method for self servowiting an initial set
of tracks on the nmedium conprising using a conpliant structure in the

systemto position the actuator for witing the ini t1gm&2@0 racks,
including forcing the actuator againstgthe conpliant th at

| east two different forces to thereby reach at | east two different
positions over the medium and witing respective tracks of bursts on the
nmedium at the at |east two different positions. 12. The nmethod of claim 11,
wher eispan e raquitst ombeo optracks SNaardead bl d2temined &p %k}lﬁrﬂﬁkni (6 Brotét P&

el enent, generally along a direction in which the self servowiting steps
acrosso.ftﬂgf‘e lﬁlégleum 13. The nmethod of claim 11 wherein the conpliant
structure conprises a crashstop of the data storage system 18 DEC 2003
15 14. In a data storage system a systemfor positioning an actuator over

a storage. madintid Gacka (506h £2) i BROASE Slrfna SRR hitleDze u‘ir}]&%o(ﬁ[te using a

conpliant structure to position the actuator over _ ~rncludi ng:
means magnetiofransijontshe bacst slat nof exgay sestort he structure with a first force to
reach a first position over the medium and neans for forcing flee actuator
agai nst the structure with a second force to reach a second position over

i i riher conmpri.sing; .nmeans, for
wrting a1 et oR MRS e ElrBldtufda (UHCh Oer R Bl Fol BB RS and
means dependsrontthe gifeet 8eeBE béthask thefredd il wrikRldniats Bk H{E‘s?that‘i&hesh?grgﬂﬂd

positign. 16. The systemof claim 15, further conprising: neans
meas urlliig?: theeread da writeeoffret \nabautt e steps. shn thisdasethenehd dlands ooérldpstatiss

101-103 so three tracks would be used for the multitrack servo. With the write element

positioned for writing track 105, this situation requires at least 4 initial tracks.

For the next track n, the force is reduced by an increment Ad(n) (Step 440), and the

process is repeated for the next track by incrementing n (Step 450) and writing track n (Step
420).

In principle, initial guesses for the dac step increments Ad(n) used in Step 440 can be
calculated based on the torque constant of the VCM and the elastic properties of the crashstop.
However, they are more -easily determined empirically by trying various guesses on prototypes

r of the disk file. One method is to choose equal step veilues for all n of moderate size and let
the iterations in the-overall process converge to a final set, Ad(n). This particular final set, or
an average of sets for several files, could be used for the initial guesses in a production
process. One choice for a moderate starting value is to divide the initial corﬁpression by N,
where the compression is given by dac0 less the dac value required td lightly contact the
crashstop. Note that the dac steps determiine the spaciﬁg between tracks, so for N tracks, only
N-1 steps are actually needed, and the n values for Ad(n) range from 0 to N-2,

Measuring the overlap between pairs of tracks involves a number of steps which are

shown in the flow diagram 500 of Fig. 5. Starting with the actuator pushed hard agziinst the



18 D E C 2003 16 17. The systemof claim 16, further conprising: neans for
conparing the neasured distance to a desired distance. 18. The system of
claim17, further conprising: neans for erasing the first and second tracks
of bursts; and neans for re-witing the first and se nﬂﬁracks of bursts
by repeating said forcing steps and chgnging at Ieasf%o 6f2@@@3 first and
second forces. 19. The systemof claim 17, wherein the nmeasuring conprises:
means for obtaining fromthe first track of bursts a first peak readback
signal with a read el enment on the actuator approximtely centered over the
first emslskop (Btepnsl0h.che duvis dgwerbe by emell elepsrevhile meaguringake teadbacent er of t he

first track . usi ar ter_based on the desired distance; neans for
sensi nﬂnﬁﬁ@gﬁ ﬁoﬁgﬁer @@8‘5%‘@‘%&139?&? tq logate thedreak amplitude.oFer the sigiation shewn h t he
read e NF 51y f Lo ed\ di stance.fromthe first
and seiélon 'ir’ea @goéﬁ@ g‘?gﬁﬁﬁ{ QIRQAC%%H%dE&W%?#?'_ l.ce%fé)eg beLReeBr c ai m
19, whiduad,bytrheviig @itsheh® by SRaR diepN b find] the BfaxERVRTERBaE Hﬁgﬂ,smé plike! N9
the actuator against the structure to place the read el enent appPOXI mat el y
over tWaverages over Hudength bfithettrack tmgkt memmsalizatios teepV nGteptid0y.ead el enent
JGtep

about the first track of bursts to |l ocate the center thereof and therefore
the first peak readback signal. 21. The system of claim 20, wherein the

o gnal appl 1R R A b8 P R TR B e BRSO
the point where the readback signals from the two tracks are equal. In this case, however, the
initial track spacing may be far from the target value, leading to situations in which the overlap
is too low or too high for stable servo using the difference signal. Therefore, the servo
controller is used to bring the read element to the location where the normalized signal, V/V,
equals %2 of the target overlap signal Otager (Step 540), i.e., at (but not necessarily centered on)
the edge of the track. Servoing to a single edge guarantees that the servo will be stable. Oharget

is the desired overlap return signal, which is a parameter easily calculated based on the desired

spacing between tracks. The signals for burst slots 0 and 1, V, and V,, are averaged over one
or more revolutions of the disk (Step 550), divided by the normalization term, V,, and summed
to obtain the overlap, O(O) (Step 560). After several iterations the overlap will be close to the

target, so the signals from the two tracks will become nearly equal anyway.

Overlap for the next track of interest is obtained by finding the peak amplitude point of
the next track (Steps 570, 580 and 590), and repeating the steps 540, 550 and 560. The

process continues until all pairs of tracks have been measured.

For the exemplary medium surface of Fig. 2, wherein the track spacing is one half of
the written track width, the above overlap measurements can be taken for, e.g., non-
consecutive pairs of tracks (100 and 102; 101; 103; etc.). In this case, the target overlap is 1.0
(1.e., the edges of the tracks touching, but not overlapping.) One skilled in the art will

recognize that the target overlap can be sought for any pairs of tracks, not necessarily



. stemof claim14 in conbination with a systemfor self

gtza'rv-(l)-\r/‘m?i tsiyng a servopattern on the storage medium wherein the actuator
conprises a read el enent separated froma wite elenent generally al ongha
direction in which the self servowiting steps acrossn%hegﬁlaﬁ%a%. T ef
system of claim 14 wherein the conpli ags structure co . shtop o
the data storage system ~s 18 DE C 2003 24. In a data' storage system
having an actuator and a mediumin notion relative thereto, the nedi lﬁm
requiring a servopattern thereon to be used by the systemto guide t eh
act uat epnsesitsplyternittémiracks| dndsdlrsipaliids agd gdtvhluiehrdi ot tht RS aR the

. . ; to
diu conprising,. neans for using a conpliant structure in jth(_a system
ggs: t%ﬁa@ﬁgtegéf‘iﬁ’g‘%lﬁglyf or witing the initial set of tracks, inc¢luding
forcing the actuator against the conpliant structure with at |east two
different forces to thereby reach at |east two dlltferen: p05|£|honrsmg;/5:n ;the
medi um - and Reraiag tOFighB! fhe 38jus@RE6E th¥ Bad 586 biudf AR RiBndBy, Lie .
t he a{n | east two gi fflegrl\gnt pojsi tions. 1 25.%%'he sys‘?(g% éﬁ)_n%f”éia?n 24, wherein
the actndaridial basipfirsach m, basatiorethe valnk of tpababpdnding BvaapEq Olns B ne

I i.rection in which the self servowiting stepS across the
e un S A8is ffigesd b manisesieionahis Coibugniheomsonor
i i ) . e syste AR 2. A . Au.
D, ARG AP etrllind Pl S A e Sl il proloypes, sarting

with a small value and increasing it until a desired rate of convergence is obtained.

At the end of the process, a set of N tracks will have been written at nearly equal

spacing (depending on the specified overlap tolerance).

In another embodiment, measurements of readback amplitudes are added to the writing
process to detenﬁhqe the proper servo reference value to use for writing subsequent tracks
during the actual propagation. . The multiburst servo reference corresponds to the location of
the read element in units of track number. At the time of writing the last track in the startup
pattern, the reédback amplitudes are measured and the location of the read element is
computed using the same formula as the multiburst servo uses for interpolating positions.

Adding 1.0 to this gives the correct value of the servo reference to write the next track and

begin the propagation itself.

While the invention has been particularly shown and described with reference to
preferred embodiment(s) thereof, it will be understood by those skilled in the art that various

changes in form and details may be made therein without departing from the spirit and scope

of the invention.
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107@*10%& () - L6 0Sf&a cpmfliant structure to position the actuator over the medium, including;

forcing the actuator against the structure with a first force to reach a first

position over the medium; and

forcing the actuator against the structure with a second force to reach a

second position over the medium.

2. The method of claim 1, further comprising;
writing a first track of bursts on the medium at the first position; and
writing a second track of bursts on the medium at the second position.

3. The method of claim 2, further comprising;

measuring the distance between the first and second tracks of bursts.
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comparing the measured distance to a desired distance,
5. The method of claim 4, further comprising;
erasing the first and second tracks of bursts; and

re-writing the first and second tracks of bursts by repeating said forcing steps

and changing at least one of the first and second forces.
6. The method of claim 4, wherein the measuring comprises:

obtaining from the first track of bursts a first peak readback signal with a read

element on the actuator approximately centered over the first track;

moving the read element away from the center of the first track using a

parameter based on the desired distance;

sensing a second readback signal from the second track of bursts with the read

element; and

obtaining the measured distance from the first and second readback signals.
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stepping the read element about the first track of bursts to locate the center

thereof and therefore the first peak readback signal.

8. The method of claim 1, wherein the actuator is forced against the compliant

structure using a positioning signal applied to a motor used to move the access element.

9. The method of claim 1 in combination with a method for self-servowriting a
servopattern on the storage medium, wherein the actuator comprises a read element separated

from a write element generally along a direction in which the self-servowriting steps across the

medium.

10.  The method of claim 1 wherein the compliant structure comprises a crashstop

of the data storage system.
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11. Ina data storage system having an actuator and a medium in motion relatjve

thereto, the medium requiring a servopattéfn thereon to be used by the system to guide the

actuator, a method for self-servowriting an initial set of tracks on the medium, comprising:

using a compliant structure in the system to position the actuator for writing the
initial set of tracks, including forcing the actuator against the compliant structure with
at least two different forces to thereby reach at least two different positions over the

medium; and

writing respective tracks of bursts on the medium at the at least two different

positions.

12 The method of claim 11, wherein the actuator comprises a read element

separated from a write element generally along a direction in which the self-servowriting steps

across-the medium.

13.  The method of claim 1 1 wherein the compliant structure comprises a cra shstop

of the data storage system.
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14.  In a data storage system, a system for positioning an actuator over a storage

medium in motion relative thereto, comprising:

means for using a compliant structure to position the actuator over the medium

E)

including:

means for forcing the actuator against the structure with a first force to

reach a first position over the medium; and

means for forcing the actuator against the structure with a second force

to reach a second position over the medium.
15, The system of claim 14, further comprising:
means for writing a first track of bursts on the medium at the first position; and

means for writing a second track of bursts on the medium at the second

position.
16.  The system of claim 15, further comprising:

means for measuring the distance between the first and second tracks of bursts.
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17. The system of claim 16, further comprising;:

means for comparing the measured distanc;a to a desired distance.
18. The system of claim 17, further comprising;

means for erasing the first and second tracks of bursts; and

means for re-writing the first and second tracks of bursts by repeating said

forcing steps and changing at least one of the first and second forces.

19. The system of claim 17, wherein the measuring comprises:

means for obtaining from the first track of bursts a first peak readback signal

with a read element on the actuator approximately centered over the first track;

means for moving the read element away from the center of the first track using

a parameter based on the desired distance;

means for sensing a second readback signal from the second track of bursts

with the read element; and

means for obtaining the measured distance from the first and second readback

signals.
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20. The system of claim 19, wherein the means for measuring further comprises:

means for forcing the actuator against the structure to place the read

element approximately over the first track of bursts; and

means for stepping the read element about the first track of bursts to

locate the center thereof and therefore the first peak readback signal.

21. The system of claim 20, wherein the actuator is forced against the compliant
structure using a positioning signal applied to a motor used to move the read

element.

22, The system of claim 14 in combination with a system for self-servowriting a
servopattern on the storage medium, wherein the actuator comprises a read
element separated from a write element generally along a direction in which the

self-servowriting steps across the medium.

23. The system of claim 14 wherein the compliant structure comprises a crashtop of

the data storage system.
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means for using a compliant structure in the system to position the actuator for
writing the initial set of tracks, including forcing the actuator against the compliant
structure with at least two different forces to thereby reach at least two different

-positions over the medium; and

means for writing respective tracks of bursts on the medium at the at least two
different positions.
25.  The system of claim 24, wherein the actuator comprises a read element

separated from a write element generally along a direction in which the self-servowriting steps

across the medium.

26.  The system of claim 24 wherein the compliant structure comprises a crashstop

of the data storage system.



