; e3e~mhhi t KFRKI 6* niT~nmdoE-1 METHOD TO DETERM NE ENCROACHVMVENT AT SPI N STAND
.Field of the Invention 5 The present invention relates generally to the
manuf acture and testing of disc drives. Mre particularly, the present
invention relates to a nethod of assessing encroachnent. Background of the
I nvention 10 A typical disc drive includes at |east one head nade up of a
writer 15 configured to record data to a disc surface and a reader to
retrieve data fromthe disc surface. Theldisc surface is usually formatted
with concentric tracks for data storage. Wen the disc is rotated, hol ding

the witer at a f N0S| ti j ' urface
allows the wi téﬁfﬁ%i@mtﬁﬁﬂ E@ﬁ‘f@éﬂ%ﬁéﬁ#ﬁﬁm track,
the witer is repositioned at another radial position relative to the disc
surface. Read operations involve simlar positioning of the reader and
rotation of the disc surface. |t Fiddgpfithe Bhventimund that as a witer wites
data along one track, it will 20 25 at the sane tine have an erasure effect
on the tracks i medi ately adjacent to that track, thereby creating erase
bands th run al j . . j ' ah‘ﬁﬁ@ .0 measur e
erase bagsél w dt hsﬁ%ﬁf%ﬁ%‘ﬁ@%ﬂgﬁ%%tgygéfsl%{ﬂgttgEitwigﬁgﬁza}gﬁrr% e. ﬁ%ﬂg 747"
test invol vesf dise tiines. tMioré particaldrly, tes prdseatinventon relatsdasa hethol)ofat

di fferent distances apart. For each squeeze track di stance apart,

measur ement 2BeISHS eproachgBRte apabi ity is taken at the test track with a
background noi se presence. Plotting the off track capability against an

i ncreasingly closer squeeze track, the off track capability is observed to
increase to a hunp at a cert aiBhcltbpd 3L 6f AR Biventdonst arts to roll off. The
erase band wdth is then derived Tromthe hunp. Encroachnent refers to the
phenonerldh where the witing of data by a witer to a track at the sane

time corrupts data stored at .other tracks. \Were erase bands affect only
the i medi ately jtiél?:‘@ﬁlt‘%ﬁ aﬂk'g,m"é“ ?%ﬁ?ﬁﬁéﬁpeﬁgﬁﬁ%& 4R Of AT on tracks

b d the i I ' (PN ' | q df
[T ack encr o e 1 r Rk R o i el e R e B o o

encr oachment thedisceduirhie£Flte dise satface istusaplde fordthal wethaconcbrttidtrdcke m a
significant part of encroachnent, tests originally designed for 10
neasuring erfg%datstaragedYWhen the dissds npated, hiplding Ahie writer at a more gr lese and

Er ase” wthe "CLf Track bility" d the "TrinplesTrack
prof 11 13 culjebpertion Ry BRRE Hish bt ol B fen i WRIC Elg | ng
encr oachnent, yheNEARritédtd ARthEPREWN, BHER e B ir8bSGHohed Bpﬁtﬂgﬂ‘}tﬁﬁ]als how

insufficient correlation to the encroachnent characteristics of e witer
as wel | as gpdsifidn odlatige toctheatisdrurfacy. Réad operhtiohbhinvdlvessichitanat such tests

are unable to neasure _far track encroachnent. It i s expected that
encr oachnmentPYHEPUIAEPE thereader F‘?f@F?nngEﬁgléﬁﬁuEfPFpect on disc drive

performance as the:J| j;iﬁmijt o IR i.s. tkderefore
a need for sone gg%%%éé‘%g%u obt al ntitllﬁfg;‘;saEE t)srr'glrtgll ﬁrgﬁt{eggétgaagﬁxgg ggg%raé lf‘ga istic
neasur erggnt fHfthesanhotiaekate drhélasGRiefflcs 6n A& Bratkd InedRitdly adjacent to

that track, thereby creating erase bands that run alongside that track. Various
techniques are used to measure erase band widths, of which the “747” test is
but one example. The “747” test involves writing two tracks (a test track and a
squeeze track) at different distances apart. For each squeeze track distance

25  apart, measurement of the off track capability is taken at the test track with a
background noise presence. Plotting the off track capability against an

increasingly closer squeeze track, the off track capability is observed to
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far ,track encroachnent when present. T he present invention provides a
.solution to this and other problens, and offers other advantages over the
prior art. 25 Sunmary of the Invention Enbodi nents of the present invention
provi de a nethod for determ ning encroachnent at spin stand. The net hod

i nvol ves steps of ., -J witing two tracks as a head travels in a
substantially circunferential trackwi se direction with respect to a disc,
reading pre-erasure data fromthe disc a®-the head travels along a scan
path, performng a direct current erase as the head travels between the two

tracks in the track-w.,se directi,on, ,readi oSt .s.erasure ta fromthe
di sc aslthe Iﬁ‘écéﬁastertﬁ\\,?}ﬁeh‘gnﬁiaﬁﬁgfe%tﬁ’é‘ %?ﬁcéggﬁeéﬁﬁ”&h?ﬂ?ﬁ e¥sure of

encr oachnment pf 1 aM-tiReid¥en e?i%&‘frcﬁﬂtrﬁeﬂﬁlg\pt.he posterasure data. The head
I - rr

is set at a skew angle to the track-w se ection and the two tracks are

defined as bei ng @acAdichrent rdfersat the phanmraeamamtherd He weiingaftdata by an a
cross-track direction that is substantially parallel to a radius_of the 10

di sc. The neagitestor tiagk pbthesaee time cgrippis gotamipred atpiher mgksaidelifer e TSL

whdeh, - n5 aclriep anad ifteckanty TndimAsRiardl cEnt ol 8RGRMERARARoT ' 00
the adj acent Hhy@ak ifipatens frafBybdiRnatha s stelyl Sdjhfertdalicks, rsitlali®he | S

provi ded a disc drive having at I'east one disc dand ‘at | east one head
oper abl y consextetithescalled fartirdckaicreachning. dnfapm parisonngith #rasettandsdesseadi ng
data fromthe at | east. one dis¢c, anqd.the at |east one head gﬁs been

assessed by thenderstaed qfencroashment, Newerthelesgoberguseriappeprsdhat eraget

i nvention no #gﬁ HFE t % %pﬁ,r ﬁkg[@ it
further alloksaﬁa%gorgr{eg\éi err%afrll.l?i)ggb?éer for%ac %g?fg?%ggﬁ n V\ﬁ?% ut r}h‘]e need
for addi 1)onaeapiififg@vdsebadd Wiiths oy exdmhplef tie740MsedtotheUWERIdRA avai | abl e
equi pnent. In this and other ways, the present invention provides practical

i nprovenent Eyasefidestether SAf Urackd apabilitys test, andthedririple-TaackBrafile'stest) di sc
drive conponents. 25 Brief ription of .the Drawings FIG 1.is an expl oded
per Spect | ve. GraERSFaALy AT e Ao Spplcable'for TeRHhE encebardimiee

| 11 ustrat| Onkgfydyoif ddeBAl AbastrhEHROLEAREH ih B Htkiitldr Yol Anbafiflehy on 2

di sc, showing the geonetric relations between the witer and the track

pitch. FI G 3doirelatiohtothe emabadiment dhiapateristizb of tispwmitert asnwtell as kl4ék of, 5
and 6 is_a flowhart illustrating a method according to an enbodi ment of
the presddt reRreatahility. Itds further foundthatsuchitasts arg ppalklata messursfar frack
position of teiglgck i%ten in accordance with the nethod of FIG 4. FIG 8
shows si gnal ar?’SF?k%%’é‘ver sus di spl acenent plotted using data 10 coll ected

using the nethod uofis Bkfectéd that encroachment will have an increasingly important
effect on disc drive performance as the linear density of the disc increases.
There is therefore a need for some method of obtaining a more reliable and
20 more realistic measurement of encroachment that can also take into account
far track encroachment when present.
The present invention provides a solution to this and other problems,

and offers other advantages over the prior art.
25 Summary of the Invention

Embodiments of the present invention provide a method for

determining encroachment at spin stand. The method involves steps of



FIG 9 shows a track profile of the head used in the nethod of FIG 4.

FIG 10 shows a signal anplitude versus displacenent plot for another test
configuration. FIG 11 shows encroachnent inpact versus adjacent track

di stance. 15 Detailed Description Referring to FIG 1, a disc drive 100

i ncludes a base plate 102 and a 20 cover 104 form ng an enclosure within
whi ch various conponents are assenbl ed. A gasket 106 is sonetines provided
for inmproving the seal between the cover-3t04 and the base plate 102.
Mounted to the base plate 102 is a spindle notor 108 for rotating one or
nore discs 110 about an axis of rotatjaon, each of which has at_ | east one

di sc surf ace Writing §wadtacks ap 4 head Havelsdnasubstaadially crcupderentishraglsy  gat a

t . Each di 110 | s..defi . . ' | 3 d
hner i amet PR o WS RoplE R R8T Oish o ARG dftdroif gk Rne o
by 116 but t%@ﬁ_eaw%eéfs%h%@s&ﬁcﬁhm, réstenidg W dit&dt chiirén@brhsd af fRder 118)
are |l ocated at distal ends ot one or re _J°_ suspensions 119 that are in

turn support detadyravelsdoatwaen thel Go trhcks insthe hackswisetdérectiont feed ivggmosp! at e
102. Control circuitry ener al | oynd . on a printed circuit board 122
attached Po chessadatpframiheshsass tﬁ?#a@aratvslstaa%n&?eweerpaﬂmndenab| es a
voi ce coill g;]gﬂﬁ 1 / yat or
120, and thg[r% %%C%?é%éﬂﬁ%g%ég%g}%% I nt téfch%ﬁb(? ﬁlp%/%ﬂ%%@%tﬁteaggltggigéﬁf aces
112 and | ocategaduite datmadbe hiad ¥ sed@asa skewraagleto thesrdckonise dirictiomaddcont r ol
signals are routed by a flex circuit 126 between the heads 116, the voice

coi | notor 13ke b tragks pra definedastheing amadiagentitpack distangg apartcThe scan
configurations,, the use o one-Qhit recording and 10 r schene 0

i 1 et ho Hth 14 DA S l5pds ety ek A At By e el 30 nARTRE 4 be
skewed wiph rgspect to the tracks 114 for nuch of the disc surface 112.
FIG 2 shows a witer 117 to include a top pole 130 that is separated from

a notch 132 by a ihetmeaspapofl@troddhnidritds giveniyeTSE REFEW BY, andevigére ( TPL)
136 is designed to be_ 1.5 mcroneter ggt%ir) and the_ top e wite gap
A

|
1T ]y\e) h138 THL. is a tgied pignahlosy, THWas a asamw&éﬁhr@qlﬁ&ismsgm angl e
140 t i/ ; t , '
t anggnt 122%‘*1% eIi]‘t%l ?ggﬁﬁgzdn%%ﬁﬁgfﬁ%hbee%re élg ﬁ%ﬂ%ggﬁx%go?aegéﬁéa%fégt 5rf‘l?cclz ?o- i nch

(~ "), it camhdgdjaeait ttdcRkrdisigtad inaf Helestdbiiched.t hat the witer 117 may be

expected to have an influence across a width of about 1.1 tracks. 20 (1.5 m
TPL) *si n{28. 28 skd&pdditpng there isigragidedia discrdriseshaving @t leastenendignendc fiel d

152, 154, 156 f h d 146, 148, 150 . of h | 130 | d d

furtior than af fstoite et gnerably onnacted 0 Sha st lenat b died fon Bt pe BB
Id h i ; i i d

wou ave aawu%adﬁxgr&&%a Bond Wé}tleié%g oRdlipcetd Eﬁd@?gé%%%?lg%@tgd 3.@3 P?fg‘i% n

the track 164 at which the witer I's i ntende cate

TPL) *si n( 18. 3Bsesbel Py thedmafrddearibadi thesfoeagoing= 0. 63m = 25.5" =1.5
tracks ___ (2) Thus, the present invention not only provides for the measurement of
20  encroachment, it further allows for measurement of far track encroachment
without the need for additional procedures or expensive modifications to
currently available equipment. In this and other ways, the present invention
provides practical improvement to the manufacturing process of disc drives as
well as of disc drive components.
25

Brief Description of the Drawings

FIG. 1 is an exploded perspective view of a disc drive.



In this exanple, the top corner 166 of the witer 117 may extend as much as
.one and a half tracks away fromthe witer gap 134. This would at least in
part 5 account for the partial reversal of data in the tracks 160, 162

adj acent (or near to) the particular track 164 to which the witer 117 is
witing, resulting in encroachnent, or nore specifically, encroachnment at
adj acent tracks. In addition, it is found through the application of finite
el ement nodeling techni ques that a stray-4sagnetic field fromthe top corner
166 of the 10 witer 117 may be strong enough to partially encroach or
erase data witten_on adjacent tracks 160,162 and far adjacent_tracks

168, 170. Thi s occdilehis partial sehematicillugigation of f ywikteB AL skeWebnt . That is
to say, anong the.vari f t . Q}Q@‘E t
(whi ch woul d%f)ﬂ?fuuoalglre%a%éfeotgc Jn%%? nz?il?& %‘f‘i%ﬂgg{%ggn g‘% rac fg%gﬁggb g?’g rac
encr oachnment )ﬂ—,@hﬁ-{t@rgﬁd@qeﬁg@@pit@ﬂe factor that 15 is | ess predictable and
not easily nodel ed. Enbodi nents of the present invention overcone this
difficulty by prol@i dis afunstiehalidotiodiagramtdfa spiastandrent of encroachnent .

A method 171 (FI ) deterngni Aacroachnment in accordance with an
Srbodi men® of 't he Eleea S b Fatpwhiad M e e SSRGS | n the 20
context of a i 1. Sl a stage of manufacture before the
heads 116 ar gﬁ%@éﬁﬁﬁggf%ﬁrﬁ%@g‘%&ooﬁhe conponents of the disc drive
100. A functi onal FIGoZIs dldiagranmmmticpreqentatidraofitht Positivrhofisackseviittat nmay be

used in conjunction with the present invention is shown in FIG 3. A spin
stand notor iracegrdange with themethedef RE=-#hd rotation of a disc 110. A
support 176 is 25@% ted for siti.onjng an actuator 12 suspensi on
115 assently bear T BopexnSienR FRbAREIA Whrdhs AbReRint plafiudhE B 2
servo syqbemcg,ﬁéctg@%h%qh@fm&hw@pm@.t‘j_on of hardware and software is used
to elimnate thernal exXpansion effects of the suspension 119, the disc 110,
and the spin stan®IG. 9 showsaitaak ppafiteof (he hbad asadippthetméthodafFIGcs.uat or
120). A user input_nodule 180 allows a user to set paraneters such as the
speed of the spi nfaHyshawa signal anpg Yersupdisplasement PfOtéﬁ’é%ﬂih?r
connected to . I 178 via circuitry 182. The controller 178 may

i ncor porate 6%5;1%8@#1&'? a_g%é'ervp system 184. 5 Instructions to carry out a
net hod of the prefpB11 SWAA érfoichndtafipdt Pérstdhdjacént thadkisaard.r ol | er
178, which may al so be used to anal yze the data collected and cause an

out put mdBule 186 to provide the results of analysis to the user.
Alternatively, the controller 178, the servo system 184, the output nodul e
186, and the user input nodule 180 nay be replaced by a host 10 conputer
system adapt ed to execute progranpepsiddPes&dstde Performa nmethod 171
according to the present invention. Referring to FIG 4, the process 171
begins at step 200 where at the spin stand a skew angle is defined for the
head under assess t at s 02,. A... larger skew angle 140 may be used
when it is desire e?echmSﬁ@th‘ﬁcf'@d@ﬁ%ﬁf’eiggi-‘?‘ﬁ;‘é‘é?s?Sast?epelé?ﬂﬂé)ﬁ@é‘é% 0
facilita a 0 1 . Rk et according
to the dggi gﬁa%%lzil?rfgnent é}g%hétiﬁée%géélﬁﬁgﬁ{éar 3{52400% gclé\ggj%&&%égrvo bursts
required for agséntbled. Algasket196isisihetiaasprovded for idiproMing fiiseal step 204

for a chosen range, or for a chosen nunmber of tracks, on the disc surface
to provide r &ebvesicthesovex 104 andidiepase piate A82.Hdauntad torthe baseplate Risequent

operations. This inc the application of k servo systens 184 to
compensat o 3APIIE e OF 14 forirfaefiB st Bk s U S aBo i Fle “head 1
used to perf es@tidn\eiRhOfiwiRek hik helehstOHe &8 stilfide P2 ErRRAREG PN & di sC
surface to create a clean area for the follow ng operations. Next, a left
track an@5a mogtihally eorkceatric wackstldd fat dataptexgecEadhndide 110 is defined by

an outer diameter 113 (FIG. 3) and an inner diameter 115 (FIG. 3). One or more

heads (designated generally here by 116 but to be understood to each include

a writer 117 and a reader 118) are located at distal ends of one or more



25 wite current and for the sanme periodic frequency pattern at steps 208,
,210. Referring nowto FIG 7, the left track 250 and the right track 252
are witten so that they are separated by an adjacent track di stance 254,
measured fromthe center of the left track 250 and the center of the right
track 252. The -g_left track 250 is witten in a track-w se direction
261 and the right track 252 has been simlarly witten in the track-w se
direction 261. Varying the adjacent traci-di stance 254 each tine the
process 171 is carried out would allow the user to determ ne the
encroachnent inpact at 5 different distances away fromthe witer. The

adj acent t r asksphnsicnsdd 9xbat arajn tamysupperteddries acwatard0ithatisalse t rack
pitch to val ues | arger, than the k pitch, .and as l.arge as the spin stand
172 woul o al Postntes ¥ g PG BB oaRol ikl e Seffodaprid ¢ ack
di stance 254404 HRXAIPIEattRRd D e basd Plagelo2tdafikétetd frGctRitdCino, f ar
track encroachnent can be characterized.” The adjacent 10 track di stance 254
al so det er m rasbleha vedeardil motufr 124 ¢o conteolf theantadiodaBmoRéhentvivdhen a cent er
track 256, the left track 250 and the right track 252. Therefore, using a
shorter adj adefaten 10 and dherrby bring the heads116 ate BEIBIYY ith?/ﬁ% t he

encr oachnent _j t faci i I i non. In
tep 212 (i QS 1R0RdIdiRe AEbkdHR A RRLEI PY pObER CRAFERATECT o
path 268 in ofitr8bsighilsake fiuted biyAlabdrculhR6beteh e Kedlls 16] ool 1S a
direction substantially parallel "to a radius of the disc surface 110.

Speci fi cal | y coil motoe 32k and tige printedmircuitrhdaydd@Rses signals fromthe disc

surface 112 as it _travels froma start poi 264, .contjnues across,the
ontive width of t TR dis; dENe Senifuratigadhe ue o Lans ot AHERN 1 he

right ed of : . ; (ET - hd gt ack
252, contq ?nug gji %%rc hglfgg? F}%ﬁ%&ﬁrﬁg t@m@g%]ﬁg%é&?ﬂtﬁrei %ﬁ?a?rf %l%kﬁeggliéé g‘%&‘ etggm ng
to a stop at 126 tebd skeved wififrespéet t6 tlgnahskssEases mychi dfethe didaurfhtd are
stored as a set of Ere-erasune data. Preferably, the signals axe_ processed
t hrough a buill2-Fl. Bshpwisapariterflily teindlude asop pale 0 that ispgparatedygonyi n

stand 172 to elim har npni ¢cs her noi,s 5 Th roge t hen
cont | nues 1 020t EEhBe A HEE e58 1R dnthitbe R Snedo Pl BRESLG LIS ' o)
Wi th the Wi t@festdded B Be £5MicAAmPRP gﬁthQn@fthé SHRGHAG b G) 138
approxi matel y at m d- poi nt of the adjacent track distanc 54. 1n other
words, the wis flesigddd’ta lse 285 uhi. Snpposingtthat thetskew anghs 14Mof thielwriteq dR8li st ant

from -9 the left track 250 and the right track 252. In this operation
214, the w i hepdstorbe sehasl8.28 degrees trelativeip adangentdd2 of thetraghiand that t i ng a

| ativel di h ; k 25 f
Lhan one. T evoi PRghPHFS is A 422 PBro B G L bearbPe aety am Anaos 401 it ons
of the disc bifhw ficatGRONREr 11Pmay PRCHPRARARE hatk hR thiuerddchods BNARIRC

erase operation 214 may be carrleg out " with a stronger DC current. As
descri bed heoéabouthl sragksl ot her paraneters nmay be chosen in various
conbi natigns. The reader 118 is next nmade to travel in the sanme scan path
268 to oBPain a set of post-erasure data in step 216. For exanple, if the

Phe outer ai amet of (NS Tencngr Aetbi] -(PRIR T a1 s "hAITY . 11

(FIG 3) of the disc, the post-erasure data is also collected with the

reader 118 traveling away fromthe outer dianeter 113 of the disc and

t owar ds t he iIheaenagtieticdiedd 132,954 156Hfeonditbe edges 146, 148,1150wf die topfpolence, it
woul d be und tood .t hat, coppared to the right 15 frack 252, the.left
Erack 250 vodpd Wisis Rt SRERT i the el fodPalacih o8 SoBRAR SIURIER. 1 an
al ternat hye f j t away
From t he 2 i) Uy SRl EhERE ARG Sk er RS ol il e TS 18 1B B2, 1T
of the disc beyod ttectraclglé4et whieh ¢hasuiter U 8 inteheed ¢ betloaatéd.250 20 woul d
be understood to be that nearer to the inner dianmeter 115, conpared to the
right track 252. In such a set-up, the reader 118 will travel away fromthe
i nner dianmeter 11 f t di. d.towar t he..0o iameter 113 of the

di sc when coIIect?h%“?ﬁgﬁﬂd%ﬁﬁgﬁgghgg'déﬂ%ﬁuﬂggggggéggfgggély, and maki ng
reference again to FIG 7, in collecting 25 the set of post-erasure data in
step 216, the reader 118 is made to travel fromthe sane start point 264 as
that used in collecting the pre-erasure data, and is then nmade to pass over
the entire width of the left track 250, cross the spacing 270, traverse the
entire wwdth of the right track 252, and to cone to a stop at -1 V the
sanme end point 266. The signals sensed by the reader 118 in this reading
step 216 is stored as a set of post-erasure data. Preferably, the step size
of the novenent of the reader 118 in the reading step 216, that is the
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are plotted on the sane x-axis 280 of displacenent with respect to the
.start point in the cross-track direction and the sane y-axis 282 of signal
anplitude, as shown in FIG 8. A pre-erasure track profile 300 derived from
the set of preerasure data shows, for increasing displacenent, a signal of

i ncreasing 15 anplitude comng to a pre-erasure maxi num |l eft peak anplitude
302 at a left track displacenent 342, followed by a decrease in anplitude,
after which the signal again increases te-a pre-erasure nmaxi mumright peak
anplitude 304 at a right track displacenent 344. The spacing 270 between
the left track 250 and the right track 252 accounts for a valley_in the
pre-erasure track =p9-63ﬂme"3f(3@+ ?@-W@lﬁﬁost-erasure track profi'l"e(zklo
derived fromthe set of past-erasure data shows the signal anplitude to
initially increase with displacenent in a manner simlar to the pre-erasure
track profil qn3RQ.exkifplé, hOBHECANBOEE6 S tAS WiSteFAXT FAHY dxaéiid ReatuchmB! i t ude
312 before the signal "anplitude decreases. The post-érasure track profile
310 t hen i ncromesesl abaf tratks awvayp fone theswritergap 14nh6 woyld atdeast impptti t ude

314. In this exanple, .the post-erasu maxi mum | ef litude 312 is

| ess thandt h@cw@ltef%gfmléarﬁaﬁ#eﬁﬁwfe#«Sataéa@edﬁﬁﬂf% iﬁﬂ’gféﬁﬁ% (¢rhvaear

post - erasure j L ! I Esitinda e-erasure
maxi mum ri ghtt eg@éghn%l}llg{%rg@?ggﬁmhi%%ﬁgl 6&2%(%% gfn?,a{;besh\r,ﬁ e the

adj acent tr agacfiashaieee o2 Moleaspebitically enicredhienbat adjgodritittaksl y wi der than
the track pitch. The post-erasure track profile 426 may not show a

si gni ficant di fferlrendgiﬁqrohﬁiﬁf@uﬁﬁu@uahmheeawlé@kiom@fﬁmt@ demenhen pl ot t ed
i nst imlar. set of. v-axi |itude. 5 axi

i op! acenent BodHln erfnialief el adtrad et Held Aecfline 1o B fpaqfene

par anet eny dgsGfdrAed @sé&@%@l{%&&drﬁh? enéRASN bEBRRE dafa RAkeARMMTENT .

For exanple, the process 171 eated with a shorter adjacent track
di stance 254.adjacent trgckscke, 162 drid¥ar adjazent tBacks68p170c This &tidrnened ir abl y

includes a 10 step 218 of checking that the pre-erasure track praofile 300
and the post Tefezeadte asfarkacgk enqreachmentolbatig o say, peengthevarioys fastarsp| e,

the far left gl.ope 6, Qf th e- S . aC I |
preferably getﬁaetrcgqnltrgé %tgiqﬂ‘éliard‘gs %{C{ﬂae‘{}%ééjritgwt}?% @o@?%%@é@%@grg?rg?%ngm at

post - er asur e thé adfac@itatddks addGar #ack éht@odHménty tere PP edtBnelfadtbethat
pre-erasure track profile 300 should prefer ablémgdener ally coincide with 15

the far fBghtis kesepredidgblefandreotreasily erasteleds Embedinpands of thegiresentf t he
R i e AR
servo control,at thResPdiin @aragg%;@. Alternatively, if the far slopes 356,

358 of the pre-erasure track p i1'e 20 300 and the far slopes 366, 368 of
(

the post-erasure tAawthat 071 (RG34 ofdirtaratiniryeéndapactihentiseiccomignchadde to
re-define the scan path 268 so that the start point 264 and the end point
266 are furt Rarembedimensef thepresentdnventionis sescribedbimntheifalawingigrthesi on

techni qu ar hen, app.l i i.n regression lines. 372, 3 375, 378
al ong. ¢ hedsusTint Paf PEin i 72 BhAHiG b SR e BanyPEtusp Kol s g%, of 1 o
300 and to ohfigiafe 4REHMIEI R theirBitof 38LcoBne8 of tIRB&isa ldei@ 100eA _
substantially linear portions of the post-erasure track profile 310. If it

functional block diagram of a spin stand 172 such as one that may be used in

conjunction with the present invention is shown in FIG. 3. A spin stand motor

174 allows for the mounting and rotation of a disc 110. A support 176 is

25 adapted for positioning an actuator 120 and suspension 119 assembly bearing
a head 116 in proximity to the disc surface 112. A servo system 184 made up of

a combination of hardware and software is used to eliminate thermal

expansion effects of the suspension 119, the disc 110, and the spin stand



is found in step 220 that the regression lines do not sufficiently match
the substantially linear portions of the pre-erasure track profile and

post - erasure -1Z track profile, the process 171 is preferably repeated to
obtain at | east one new set of pre-erasure data and post-erasure data.
Continuing to step 222 of FIG 5, the displacenent of the left track center
392 is taken to be the m d-point between the regression line 372 and the 5
regression line 373 where the signal anpti-tude is about half the
pre-erasure maxi num |l eft peak anplitude 302. Simlarly, the displacenent of
the right track center 394 is taken to be the m oi nt between the

d-
regressi on | imechgmnicaparts iigucheagsapppei 76iane W%E?@- Arieses inpiimedislei t ude

is about hal f, _th reerasuyre ,maxi num ri ght ak amplitude .304. .The

di fference b Sﬁeu%lé‘aﬁ%tﬁa&i}%ﬁf s‘g‘%}‘ ?‘ﬂé‘e_rslpﬁg? of PR RANG MAtOr 4 g
the displ acer@ﬂt TRE uéé}qnﬁzei fnolifcis o?%fﬁl:ﬁ? c38edtsd tak ebnfrBlI&eB_sENt the

adj acent track distance 254. Alternatively, the adjacent track distance 254
may be taken dimubtey 182 TtiefdoatrellerT8tmagéncdrperate ghart ofrthe kemvosybeoet@®@ht 344

and the left track displacenent 342. 15 A left applitude l%?PS 332 can be
read by t&ki ngSEREINSIPCABYQItEIN Qfifbe present YS{FnEoRds PRRRAIRE QT peak

anpl i tude 30 St . i f rack

di spl acenent %gxggd %hg%pégg?{og?gg?r’ ﬁl%%@pél%#??gﬁ%@&@%%&rl gesﬂ-(;revf/isat%loti ceabl e

si gnal anpl i toellected andaaubdign befputimediled86 ta ?ﬁb\tiﬂe the edultslofakalPbid topart |y
because the spacing 270 is narrower than the track 20 wwdth 257. Simlarly,

a right anpl ithauser. ddterndivelyrthe ontzelderthy8; thie segve pystein 184y thecwitpet ween t he
pre-erasure maxi ri gh eak anpl,itude and, a_pgst -erasyre right

Dol 1t e 32nektulerts, R e R eanpatie Bt 8 iRt Rl Foss
(TSL) isqgefi b & Q% he right
anpl i tudel@I osdgﬂg)?ﬁ& "I)Z‘%?gl'rﬁg@g ﬁdfaﬂra:eﬁcb:gﬁqerﬁ ?ﬁ%adr%:l%glngcengﬁéﬁgg?&\ggn
regression | imethdd3d7andcordingtsiherpresent id&htaimen t he signal anplitude of
the pre-erasure track profile 300 is about half of the Bre-erasure maxi mum
| eft peak anpl it udkefeyumg te K drtheproeesad7l hegins pt step200mehere gt thezwan The

difference in i spl t .. n.regr i.on 11 3 nd
regression | @S@%%?‘%Sﬁgﬁqgﬁg%ﬁ%%%a‘ﬁ%f*‘}éﬁga'é‘d%???%%’%ff‘%ﬁeﬁ%?u@- ?‘r ack
profile 300 Ilsrag@beuéwfaa fe TH0 i bB 18e® WaEWiBis Bosiret Tof HEdndPE&R%nidR! | t ude
304 is referred to as the right” erasure wwdth 395. Atotal erasure width
(TEW i s 1def iimgacti® behentwmeed to facdithtefanatysis Wlematvely 38@ skaw dnglqd4Q i ght
erasure width 39 Usi n thods famliar to a person of ordinpary.skill in

the rel evant 8% g‘éﬁ?f acq iR esiggcrequirements f the partigylar discgriyieqar d

track profil ggogeqsy i ﬁ%&@ . _Jﬁeq] I %ﬁﬁﬁ t to
obtain a basgol ne V\,{)?'EIE%S% ! e gﬁgﬁ%}ég?lﬁﬁggi prg?‘??gn& 0, %ﬁg‘t? ed

agai nst a y- axtitte bt $t0p 200 fort dicleosdA & ox férd che¥endivinbacsfRitks, Hdthen Fl G
9, shows how the baseline width (BW 402 is taken to be the sum of the

writer wdth digsufagetoprovidy referencipgints 40 belproeepshethead aatredeint s t aken
from regig@ssi 0 SIi e§ 4%0 . 412 f.itted tlgx'dtr{ﬁ sl oge%}]of he standard track
profile 480, SRESIHERF RECREOBRHTHT MAv0cle fe ApPUCTIAn PtiagwR 8Fvo —
encroachnent, y@t’éxrﬂsﬁB@"té"cQﬁfﬁéﬂ%E forihRgal dﬁft%%ﬁ@%ﬂdt&&ﬂ by mul ti P' yl ng
the product of the total signal loss (TSL) and the total erasure width

(' TEW, and f act orAddtép/2@bs¢he head is used to perform a whole track direct current

(DC) band erase on a disc surface to create a clean area for the following
operations. Next, a left track and a right track are written at a predetermined
25  write current and for the same periodic frequency pattern at steps 208, 210.
Referring now to FIG. 7, the left track 250 and the right track 252 are
written so that they are separated by an adjacent track distance 254, measured

from the center of the left track 250 and the center of the right track 252. The



baseline width (BW in step 224. This relationship can be expressed as in
equation (3) below 20 Encroachnent Inpact = TSL x TEW/ BW--- (3)
Referring to FIG 6, the process 171 of assessing encroachnent is repeated
for different adjacent track distances in process step 226. The process 25
171 may be conpleted 230 by establishing the relationship between
encroachnent and the adjacent track distance 228. One way of doing sois to
pl ot the various encroachnent inpact val ué&s, obtained using the above
descri bed operations, with respect to different adjacent track distances in
a graph 434 as shown in the FIG 11. The relationship curves 436, 438, .
440, 442, Ad4leftdrack259 is paitten in a Haek-pasdirection:2 thegightrteack262 a8 hnent

with respect to the.adjacent track di;stanc adi ng the encroachnent

i npact (y- axi Senzl%ﬂuﬁf WPE‘F%}%%&%“%%"W,%@%?%’E%‘%ﬁfrack di stances (x-axis)

432, 5 encroachrrenvaﬁ.qn%ﬁee ha@s® tlack dadtiScebd dael efifle tHSpA-ERATs t r acks
a

can be quantified. | dition, the graph 434 of FIG 11 provides a nethod
of checki ng fcarriadpubmwduld afopothetusentcad gtarminatharentesichprent fdpact atas wel |

as providing a pore gffective and re reliaple nmethod for, futur
assessment? ofg’é%g‘?lﬁ PlABARS al‘ﬁ‘%&&%hn’g'@ Wﬂ?ruﬁgﬁ* adjagentdrackglistance,234 Mayi on of
mul tiple test t ' |

encr oachrent g aryR o defallT e (i et yaEoRREk el ind BEclc
encroachnent piwglganhd4dGangetdsithe spitiatarid 72 wogdd AHGWOBy%dﬁtﬂ%?ﬁeld;ﬁ

di stances for a particular configuration of a disc drive 100, the head can
be identifi edazgrivalap en the adjacent trpeladistangs 254, for axanaple, ope thatiskuger t he

fringing effegt he, hea nd thereby reduce the .negati.ve,ifpact on, the
over al | per 1 (TRRE HAFk BRERRE Bagk FOEoRgRenF P ihTdc Y. il /chacEht
present i fyy enfrhOdiREAM¢k 958 aRbUctdrafthed {mrs‘éwﬂﬁﬂéf fhe ihfeprel@ivai288 260’ N9
process of disc drives and disc drive conponents. Furthernore, the graph

434 provi des betwaygnafcettdrdravkrd5agthilleft ecatk 250 tind Zhe wight tracki 32 dhkerdfomg k
di stances can he reduced before severe encroachnent. i s encountered. As

option, a met¥dasernoger adiacentdtackdistapentidmaraid Hee vses by magnify iagéb‘hpﬁtn er
P9 {1, ARSIl PSS AL B ALRTUTAL hERPRR 2
i nvention not onl yInkt&y RIREFIGO), thereader 118 is next made to travel along a scan
15 path 268 in a cross-track direction 262. The cross-track direction 262 is a
direction substantially parallel to a radius of the disc surface 110. Specifically,
the reader 118 intermittently senses signals from the disc surface 112 as it
travels from a start point 264, continues across the entire width of the left track
250, bridges the spacing 270 between the right edge of the left track 250 and
20  theleft edge of the right track 252, continues across the entire width of the
right track 252, and coming to a stop at an end point 266. The signals sensed
by the reader 118 are stored as a set of pre-erasure data. Preferably, the signals
are processed through a built-in narrow-band filter in the controller 178 of the
spin stand 172 to eliminate harmonics and other noise.
25 The process 171 then continues to an intense direct current (DC) erase
operation 214 (FIG. 5) with the writer 117 in a central position of the spacing
270 or approximately at a mid-point of the adjacent track distance 254. In other
words, the writer 117 is positioned so that it is substantially equidistant from



measur enent of encroachnent, it allows for neasurenent of far track
.encroachient w thout the need for additional procedures or expensive

nodi fications to currently avail able equipnent. In addition to the various
-15 advant ages al ready di scussed, the present invention also facilitates
the study of encroachnent by enabling the user to easily aggravate or
enphasi ze encroachnent so that the inpact of encroachnent is severe enough
for easier study. 5 Alternatively, enbodi-¥ents of the present invention nmay
be described as follows. Enbodi nents of the present invention provide a

met hod 171 for determ ning encroachnent _at spin stand 172. The method 171

i nvol ves st epthedeftfack25@ andghe right fragk 232 dn this operation Z14, thewriter 11§
t l's i bst i al i i J - W i i 61 with
eopect to a Grea Hifadthe Ul uEh BTNl wHBEK AR Y 666 Bltedt o

the head 116 &framt!ts thé SdtitePtradarha) Bdriorast mBes fahiredreddiitiondif the Hiseur r ent
erase as the head 116 travels between the two tracks 250, 252 in the

track-w se di¥écandpref@iably éerdiengrad 16 ghoonsefitherdisafbkla Toreohan¢ecthdi sc 110
as the he 116 travel s ong,,t he, scan _path 268, .an 5 extracti 17 a
neasur e of enm%%qi\%?ﬂt 6?4‘38??1 thednfsnse @FQ%@F%OHE'@‘O&%& AR BoSHIE re

data. The heaglidlsdond® DEEyReRkaY RIAIBed el hirid Gihlr Phaadtbisect | on

261 and the two trac 2 ned as bel ng an adjacent track
di stance 254 magibe.chbben Sreariqastdonitifiationd. n a cross-track direction 262
that is substantially parallel to a radius of the disc 110. 20 The net hod
171 further i ncl udeke wader K isgext made to fravebin thg srmessan palip268tong t he

i dwite f T hod 171 . f er abl
pl enent od PR ERE ARt e P BT GY P A8 P erE: PR Fefie’
i nterval sj¢f ord4atbhd @RALRE itk BSe rehder PiPtravaIR{ELARRY Yronk B SliteLaiantdter ent

erase process 214 is carried out for nore than one Tevolution of the disc
110. 25 The eKB3rEHIG IHpfshedisz towards thaimheralipinetarillg (Bl(pr3y-of thesdise the ack
profile 300 based on the pre-erasure data agai nst set of axes_.280, 282
PG bl ot o1 ng BOSEEIS Sakbs s G E A SR pAsE AT o A ANEY BOR IS dat o
agai nst the s . . L0g: r rack
profile with tgpgbazx?(&glf %g’ﬁ?fetgg%l} %ﬁr%%géo |'I!§'.%gﬁj1i14e}ﬁ%t§? 2%535@% Cfr?rsac; al so

i ncl ude per f dinhxframe of iréfefdnce g¢esdd ba udidetdtbod teatpé@fiparditoaki«righef i | e
300 to obtain at | east one preerasure regression fit line 372, 373, 375,

378 and, ¥ ttmeck?a, thedeftrtrack§p availdberthe onemearrydbe auterslivetenildpf v
mat ch a corrgtz‘ggpdi ng slope of the pre-erasure 5 track profile 300, new
pre-erasure 1¥hd post-erasure data is obtained. Simlarly, the nethod
171 may al so i ncl ysle, PALRAIR T arDf kb RERH e WPRERSAL PAAIP 118 6 RAGL 1Hr asure
track profile 310 to obtain at | east one post-erasure regression fit |ine
382, 383, 38Hravdd@waydromfthe irenqralismeteadld’ ef tlegdiss anditowardd thee@utieres not
substantially_match a _car eéporjdi ng sl ope of the poat-er asure track 10

profile 310, fameberalldofdhe isgin so Bdhe preerasuse dat, tha lsftiteacki2o8i ned.

New pre- S d.new t 0 i if the
or eer asurD t rRoRRESufTG- Y SH na ASEC B I B SR AP ADRE 4, 1o
sufficiently theefdhpracki?62 Tawuph a-set-aplihe rdadér PIscvilheaid WvlgsiroRrtgur e

data are preferably obtained after defining at | east one new'val ue for one

or nore 15 ofinngediantdtend ¥ppfshe disstaaddowands thecoutendiaaneter 118ofthadlisc40, t he

adj acent track, di stance 4 and the scan path 268. The neasure of
encr oachnent WQG%FQIZ?F%W%E%EO%QFEW*%W' and where TSL is a total signal

loss, TEWIs a t oL@ i naRthdokbrende BRIt TG dh Roleding! N
addition, a relati onghi%e%bet en t he asureng? ga;lcroac ment 30 and t he
adj acent 25r ackedetsofgpust-enmsyirddatashabip 206 the?22ade? P18 isimadeltt travel frdnhere i s
provi ded a disc drive 100, having at |east one disc 110 and at | east one

head 116 opertBBSymesiae oty 264 ag Hatased incellestingdhe pre-eoasuse daje andés dat a
EREREE TN I e O

head 116 has Deen asse ne escCri rhe’

It is to be WeHav&eE thd\@itireweidth BPHR T igMTRARIE2C BAd 86 b6k 36 h G

advant ages of various enbodi ments of the present Invention have been set
forth in the foregoing description, together with details of the structure
and




-17 function of various enbodi nents of the invention, this disclosure is
Jillustrative only, and changes may be nade in detail, especially in matters
of structure and arrangenent of parts within the principles of the present
invention to the full extent indicated by the broad general neaning of the
5 terns in which the appended clains are expressed. For exanple, although
the preferred enbodi nent described herein is directed to a nethod carried
out at a spin stand, it will be understodd-by a person skilled in the art
to utilize another configuration of equipnent to perforn1the met hod,

wi t hout departing fromthe sco&bgof t he present_invention, -1~ Clains

Wiat is cl ai nthg shee endipoint 266. 1bg signalsgensedibyithe reasler a&%mreadugm n

stand, the netho Wi ting t S ea s in a
SUberant 1ol 18 PAERERoR A3 och Bl pificraditts s, PrBRIGOPE HEAMAL GRS 5, L0
the head bei ng,aémanbkeitieaBad& 118 ih R Adhdfly s Ql@'&lﬁ?isltﬁé‘uﬁ@ﬁlrallsh@t t wo
tracks being an adjacent 10 track di stance apart ( b) reading pre-erasure

dat a from t hewHichdhaseader 118 aehses angnahk; fad)mrtge@hqu@aﬂﬂlz is hksosetaﬁm hEat h
being in cross-track, directio i s substantiall arallel to a radius
of 1he Ui & BR pamere hal Hddndhe tarding of Biebrerdeuin bt Medarg Bm

bet ween the ]%Slafa fhath m'lé‘c&lilé%téc{ Hﬁi‘n %@hﬁ%r‘i‘béa% b%@ ork GhdgRd Hg

post - erasure romt e disc as t travels a ong the scan pat h;

and (e) extraﬁtemgmemswgermionamr oachnment fromthe pre-erasure data and
the post-erasure data. 20 The nethod of claim1 wherein the witing step

(a) further incl udﬂyowghtcangmgnutbhg stapa@eseradlyrdesignaded byl? én El5.Bent  and

wite freque 3. The hod |m1 erein the adi ng ste and
the readi ng. SPEpreasashee el i eatpobriasire fatais Anayged B damene

subst ant i g | YorentdaRhmdd Sneded of ére-é?&@uf@—’&m%ﬁfthﬁ T &ﬂos%ﬁsaf@d fae step
(c) of performng a direct current erase is carried out nore than one

revol uti on ofartipdottikdon the same x-axis 280 of displacement with respect to the start
point in the cross-track direction and the same y-axis 282 of signal amplitude,
as shown in FIG. 8. A pre-erasure track profile 300 derived from the set of pre-
erasure data shows, for increasing displacement, a signal of increasing

15 amplitude coming to a pre-erasure maximum left peak amplitude 302 at a left
track displacement 342, followed by a decrease in amplitude, after which the
signal again increases to a pre-erasure maximum right peak amplitude 304 at a
right track displacement 344. The spacing 270 between the left track 250 and
the right track 252 accounts for a valley in the pre-erasure track profile 300.

20 The post-erasure track profile 310 derived from the set of post-erasure
data shows the signal amplitude to initially increase with displacement in a
manner similar to the pre-erasure track profile 300, but to have a post-erasure
maximum left peak amplitude 312 before the signal amplitude decreases. The
post-erasure track profile 310 then increases again to a post-erasure maximum

25  right peak amplitude 314. In this example, the post-erasure maximum left
peak amplitude 312 is less than the pre-erasure maximum left peak amplitude
302, and the post-erasure maximum right peak amplitude 314 is less than the

pre-erasure maximum right peak amplitude 304.



-1 ~ 5. The nethod of claiml1 wherein the extracting step (e) further
_conprises: (f) plotting a pre-erasure track profile based on the
pre-erasure data against a set of axes; 5 (g) plotting a post-erasure track
profile based on the post-erasure date against the set of axes; and (h)
conparing the pre-erasure track profile with the post-erasure track
profile. 10 6. The nethod of claim5 further conprising: (i) performng

| i near regression on the pre-erasure tratk profile to obtain at |east one
pre-erasure regression fit line; (j) if the pre-erasure regression fit line

does not substanti al le'l%) mat ch a correspondi ng sl ope of theZ&re-erasure track
profile, obtaini nfIGe showsiscase xshare thmadjacand traskidistanee 224 hpd been k)

formng Ii SS| t. t k profile to obtain at
east one - poderard ki Pe SERiandY afider R e REK Pty e ebrlerpaliethd 7"
regression f 'E}oéule 296 Wn&%ﬁ@ﬂ?%&ﬂfﬁdaﬂ hﬁf&aﬁé‘éﬂfrénm{egg%mr@&a%kope of

the post-erasure track profile, aining new pre 20 e ure data and new
post - er asur epeafila 422 wheneplotted agdainbt & bimnitarSef of ylasis afempplitsided2?bhdixqi ng

new pre-erasure ta_and new_past-erasure data if the pre-erasure track
profile ahd 8N& OggéﬁP-l@eMéZ&ﬁéwyphec#%r@gdB SHER as‘*eﬁllﬁﬁevéﬂw ®¢erl ap. 25
8. The net ho f ' . ' . - w post
or asur e dat b2l JebrBAFRELT S WHCRER; HABHEmERN G ARCARAAEY

| east one  For é&a@ﬁ{ﬂ@nﬂ{eegro@&ysaen mdyobe idpRatidowithGosorfdriadfhceht friigk skew
angl e of thedhead, 252e adj acent track distance and the scan path.
istance .

Turning back to FIGS. 7 and 8, the process 217 preferably includes a
10  step 218 of checking that the pre-erasure track profile 300 and the post-erasure
track profile 310 overlap sufficiently. For example, the far left slope 356 of the
pre-erasure track profile 300 should preferably generally coincide with the far
left slope 366 of the post-erasure track profile 310, and the far right slope 358
of the pre-erasure track profile 300 should preferably generally coincide with
15 the far right slope 368 of the post-erasure track profile 310. If the extent of
overlap is deemed insufficient and appears to be indicative of poor servo
control, the process 171 is preferably repeated with improved servo control at
the spin stand 172.
Alternatively, if the far slopes 356, 358 of the pre-erasure track profile
20 300 and the far slopes 366,368 of the post-erasure track profile 310 do not
overlap, the user may choose to re-define the scan path 268 so that the start
point 264 and the end point 266 are further away from the center track 256.
Known linear regression techniques are then applied to obtain
regression lines 372, 373, 375, 378 along the substantially linear portions of the
25  pre-erasure track profile 300 and to obtain regression lines 382, 383, 385, 388
along the substantially linear portions of the post-erasure track profile 310. If it
is found in step 220 that the regression lines do not sufficiently match the

substantially linear portions of the pre-erasure track profile and post-erasure



9. The method of claim 1 wherein the neasure of encroachnent is given by 5
TSL x TEW/ BW and wherein TSL is a total signal loss, TEWis a total
erasure width and BWis a baseline width. 10. The method of claim9 further
conprising establishing a rel ationship between the nmeasure of encroachnent
and the adjacent track distance. 10 11. A disc drive conprising: at |east
one disc; at |east one head operably connected to the at |east one disc for
witing data to and reading data fromthgat | east one disc, wherein the at
| east one 15 head has been assessed by the method of claim 1. 12. A spin
stand conprising: a disc having at |east one disc surface formatted wth
tracks runni ngadkpmfide)tise prodesd 171 is ipreferdhly cepdaged ta abtrimpidleastionedemon; and
20 a head operably coupled, to tae disc, the head being configured to wite
data to the tsehekBresfr@sys data andpost-FrasHre %tatracks wherein the spin stand

I's configured to &{tﬁ{tﬂhg %g,%gel? gFFiGermé renua?tomé A%rdcpo tracks

as the head travels in a y CII’CU trac -W se direction

With respect dedtdriB92ds tikentibde lieathidigiongt Idtwbn thekeptessig kné 872 dred the
track-wi se direction and the two tracks being an adjacent track distance

apart; 521 repyessioadinep7dreheredbe P@é’a@@?ﬁﬂtﬁﬁ IPH@OHF Balf fhe precerR®@ travel s
Cubstant ar yRpspapdf BEERa Bt EE o0 eyl ARG Eh ibe Bl 0 ' °
rack W se. a1 e On L e D b P & D AR TATH AR, the
head travel s aldthg refpessionline878 wherd tieyigeal arapliturde ia abeatbalé thef pre-
encr oachment Jrggur?etnrl]aexunruei‘n glrg%% l}J)reaek amplitude 304. The difference between the
10  displacement of the right track center 394 and the displacement of the left
track center 392 is taken to represent the adjacent track distance 254.
Alternatively, the adjacent track distance 254 may be taken to be the
difference between the right track displacement 344 and the left track
displacement 342.
15 A left amplitude loss 332 can be read by taking the difference between
the pre-erasure maximum left peak amplitude 302 and a post-erasure left
amplitude 322 at the left track displacement 342. The post-erasure track profile
310 here shows noticeable signal amplitude loss at the left track 250 and the
right track 252, partly because the spacing 270 is narrower than the track
20 width 257. Similarly, a right amplitude loss 334 can be read by taking the
difference between the pre-erasure maximum right peak amplitude 304 and a
post-erasure right amplitude 324 at the right track displacement 344. A total
signal loss (TSL) is defined by the sum of the left amplitude loss 332 and the
right amplitude loss 334.
25 The difference in the displacement between regression line 373 and
regression line 383 when the signal amplitude of the pre-erasure track profile
300 is about half of the pre-erasure maximum left peak amplitude 302 is

referred to as the left erasure width 393. The difference in the displacement



data and the post-erasure data. 10 13. The spin stand of claim 12 wherein
the assessment further includes, in the witing step (a), witing the two
tracks using a sane wite current and wite frequency. 15 14. The spin
stand of claim 12 wherein the assessnent further includes the head reading
data at substantially simlar intervals in both the reading step (b) and
the reading step (d). 15. The spin stand of claim 12 wherein the assessnent
further includes, in the 20 step (c) of fécformng a direct current erase,
carrying out the direct current erase for nore than one revolution of the
disc. 16. The spin stand of claim 12 wherein the extracting Stergiﬁzl
further incl ubriweenfrpgnession ling 385 pnd regressien line 37k whesy thesignad amplitudee
pre-erasure d 25 agai ns set...0 Xes; Qi ting a post-erasure
Prack prof i1 ot e Baune mfl PrasE snf i St Baiieihe bPRe Rl b iR ano
-z2 (h) conpagi K ' ] 1y track
o of 116, 17 R O e R s R EE )
further incl udasureSvidth (PEW)ads definged asiersune gf tedefirerasure vedth 893zarakbur e

track profile to qQbtain at | east one pre-erasure regression fit line; (j)
if the pre erdsgightesapueewidh 39% |ine does not substantially match a

correspondi ng sl ope,. - 1]e, t ak ni re
erasure data and Btgsé] Eé{t%agé%&ﬁh‘éf‘E'ﬁgp%f(s)%?\goefﬁgidﬁrﬁgskﬁf%gtg\?%élg\éér}gt‘éngon on
t he post - er assficetHer@oke RO1AdsbAbéPheRtinl detal, a stasdardtadkosiofigs asur e

regression fit line; and (1) if the post-erasure regression fit |ine does
not subst ant i measurgpenhistaken otdwedredd 136 sindee assessthentptosabtainzshaseline ack

profile, obtal ol R%oB Mo itandhdrtadk pioele 01, Pl S5ainst 45 a5k 42 &
10  amplitude 416 and x-axis of displacement 414 in FIG. 9, shows how the
baseline width (BW) 402 is taken to be the sum of the writer width 404 and the
read head width 406, 408 with measurements taken from regression lines 410,
412 fitted to the slopes of the standard track profile 400.
According to embodiments of the present invention, encroachment, or
15  encroachment impact, is characterized by multiplying the product of the total
signal loss (TSL) and the total erasure width (TEW), and factored by the
baseline width (BW) in step 224. This relationship can be expressed as in

equation (3) below:

20 Encroachment Impact = TSL x TEW / BW - (3)

Referring to FIG. 6, the process 171 of assessing encroachment is
repeated for different adjacent track distances in process step 226. The process
25 171 may be completed 230 by establishing the relationship between
encroachment and the adjacent track distance 228. One way of doing so is to
plot the various encroachment impact values, obtained using the above-

described operations, with respect to different adjacent track distances in a



15 18. The spin stand of claim 16 wherein the assessnent further conprises
obt ai ning new pre-erasure data and new post-erasure data if the pre-erasure
track profile and the post-erasure track profile do not sufficiently
overlap. 20 19. The spin stand of claim 18 wherein the assessnent further
conprises obtaining the new pre-erasure data and the new post-erasure data
after defining at |east one new value for at |east one paraneter chosen
fromthe group consisting of the skew angke of the head, the adjacent track
di stance and the scan path. 25 20. The spin stand of claim12 wherein the

measure of encroachnent_is given d TSL x TEW/ BW and wherein TSL is a
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impact on the overall performance of the disc drive 100. In this and other
ways, the present invention provides practical improvement to the
manufacturing process of disc drives and disc drive components.

Furthermore, the graph 434 provides a way of determining the extent to

20  which adjacent track distances can be reduced before severe encroachment is
encountered.

As an option, a method 171 of the present invention may be embodied
in a computer program that when executed achieves useful and practical
results such as that described in the foregoing.

25 It can thus be seen that the present invention not only provides for the
measurement of encroachment, it allows for measurement of far track
encroachment without the need for additional procedures or expensive

modifications to currently available equipment. In addition to the various
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as follows.

Embodiments of the present invention provide a method 171 for
determining encroachment at spin stand 172. The method 171 involves steps
of writing 208, 210 two tracks 250, 252 as a head 116 travels in a substantially

10  circumferential track-wise direction 261 with respect to a disc 110, reading 212
pre-erasure data from the disc 110 as the head 116 travels along a scan path
268, performing 214 a direct current erase as the head 116 travels between the
two tracks 250, 252 in the track-wise direction 261, reading 216 post-erasure
data from the disc 110 as the head 116 travels along the scan path 268, and

15 extracting 217 a measure of encroachment from the pre-erasure data and the
post-erasure data. The head 116 is set at a skew angle 140 to the track-wise
direction 261 and the two tracks 250, 252 are defined as being an adjacent track
distance 254 apart. The scan path 268 is in a cross-track direction 262 that is
substantially parallel to a radius of the disc 110.

20 The method 171 further includes writing 208, 210 the two tracks 250,
252 using the same write current and write frequency. The method 171 is
preferably implemented with the head 116 reading data at substantially
similar intervals for both reading steps 212, 216. Preferably, the direct current
erase process 214 is carried out for more than one revolution of the disc 110.

25  The extracting step 217 may involve plotting a pre-erasure track profile 300
based on the pre-erasure data against a set of axes 280, 282 and plotting a post-

erasure track profile 310 based on the post-erasure date against the set of axes

280, 282, and comparing 222 the pre-erasure track profile with the post-erasure
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erasure regression fit line 372, 373, 375, 378 and, if the pre-erasure regression
fit line does not substantially match a corresponding slope of the pre-erasure

5 track profile 300, new pre-erasure data and post-erasure data is obtained.
Similarly, the method 171 may also include performing 222 linear regression
on the post-erasure track profile 310 to obtain at least one post-erasure
regression fit line 382, 383, 385, 388 and, if the post-erasure regression fit line
does not substantially match a corresponding slope of the post-erasure track

10  profile 310, new pre-erasure data and new post-erasure data is obtained. New
pre-erasure data and new fost-erasure data may also be obtained if the pre-
erasure track profile 300 and the post-erasure track profile 310 do not
sufficiently overlap. The new pre-erasure data and the new post-erasure data
are preferably obtained after defining at least one new value for one or more
15 of the following parameters: the skew angle of the head 140, the adjacent track
distance 254 and the scan path 268.
The measure of encroachment is given by TSL x TEW / BW, and where
TSL is a total signal loss, TEW is a total erasure width and BW is a baseline
width 224. In addition, a relationship between the measure of encroachment
20 and the adjacent track distance may be established 226, 228.
In addition, there is provided a disc drive 100 having at least one disc
110 and at least one head 116 operably connected to the at least one disc 110
for writing data to and reading data from the at least one disc 110, and the at
least one head 116 has been assessed by the method 171 described in the
25 foregoing.
It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set

forth in the foregoing description, together with details of the structure and
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What is claimed is:

5 1. A method for determining encroachment at spin stand, the method
comprising:

(a) writing two tracks as a head travels in a substantially
circumferential track-wise direction with respect to a disc, the head being at a
skew angle to the track-wise direction and the two tracks being an adjacent

10  track distance apart;

(b) reading pre-erasure data from the disc as the head travels along a
scan path, the scan path being in a cross-track direction that is substantially
parallel to a radius of the disc;

(c) performing a direct current erase as the head travels between the

15 two tracks in the track-wise direction;

(d) reading post-erasure data from the disc as the head travels along the
scan path; and

(e) extracting a measure of encroachment from the pre-erasure data and
the post-erasure data.

20
2. The method of claim 1 wherein the writing step (a) further includes writing

the two tracks using a same write current and write frequency.

3. The method of claim 1 wherein the reading step (b) and the reading step (d)
25  are carried out with the head reading data at substantially similar intervals.

4. The method of claim 1 wherein the step (c) of performing a direct current

erase is carried out for more than one revolution of the disc.
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against the set of axes; and
(h) comparing the pre-erasure track profile with the post-erasure track

profile.

10 6. The method of claim 5 further comprising:
(i) performing linear regression on the pre-erasure track profile to
obtain at least one pre-erasure regression fit line;
(j) if the pre-erasure regression fit line does not substantially match a
corresponding slope of the pre-erasure track profile, obtaining new pre-
15 erasure data and post-erasure data;
(k) performing linear regression on the post-erasure track profile to
obtain at least one post-erasure regression fit line; and
(1) if the post-erasure regression fit line does not substantially match a
corresponding slope of the post-erasure track profile, obtaining new pre-

20 erasure data and new post-erasure data.

7. The method of claim 5 further comprising obtaining new pre-erasure data
and new post-erasure data if the pre-erasure track profile and the post-erasure
track profile do not sufficiently overlap.

25
8. The method of claim 7 wherein the new pre-erasure data and the new post-

erasure data are obtained after defining at least one new value for at least one
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parameter chosen from the group consisting of the skew angle of the head, the

adjacent track distance and the scan path.

9. The method of claim 1 wherein the measure of encroachment is given by
5 TSL x TEW / BW, and wherein TSL is a total signal loss, TEW is a total erasure
width and BW is a baseline width.

10. The method of claim 9 further comprising establishing a relationship
between the measure of encroachment and the adjacent track distance.
10
11. A disc drive comprising:
at least one disc;
at least one head operably connected to the at least one disc for writing
data to and reading data from the at least one disc, wherein the at least one

15 head has been assessed by the method of claim 1.

12. A spin stand comprising:
a disc having at least one disc surface formatted with tracks running in
a substantially circumferential track-wise direction; and
20 a head operably coupled to the disc, the head being configured to write
data to the tracks and to read data from the tracks, wherein the spin stand is
configured to perform an assessment comprising;
(a) writing two tracks as the head travels in a substantially
circumferential track-wise direction with respect to the disc, the head being at
25 askew angle to the track-wise direction and the two tracks being an adjacent

track distance apart;
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(b) reading pre-erasure data from the disc as the head travels
along a scan path, the scan path being in a cross-track direction that is
substantially parallel to a radius of the disc;
(c) performing a direct current erase as the head travels between
5 the two tracks in the track-wise direction;
(d) reading post-erasure data from the disc as the head travels
along the scan path; and
(e) extracting a measure of encroachment from the pre-erasure
data and the post-erasure data.
10
13. The spin stand of claim 12 wherein the assessment further includes, in the

writing step (a), writing the two tracks using a same write current and write

frequency.

15  14. The spin stand of claim 12 wherein the assessment further includes the
head reading data at substantially similar intervals in both the reading step (b)
and the reading step (d).

15. The spin stand of claim 12 wherein the assessment further includes, in the
20 step (c) of performing a direct current erase, carrying out the direct current

erase for more than one revolution of the disc.

16. The spin stand of claim 12 wherein the extracting step (e) further includes:
(f) plotting a pre-erasure track profile based on the pre-erasure data
25 against a set of axes;
(g) plotting a post-erasure track profile based on the post-erasure date

against the set of axes; and
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(h) comparing the pre-erasure track profile with the post-erasure track

profile.

17. The spin stand of claim 16 wherein the extracting step (e) further includes:
5 (i) performing linear regression on the pre-erasure track profile to
obtain at least one pre-erasure regression fit line;

(j) if the pre-erasure regression fit line does not substantially match a
corresponding slope of the pre-erasure track profile, obtaining new pre-
erasure data and post-erasure data;

10 (k) performing linear regression on the post-erasure track profile to
obtain at least one post-erasure regression fit line; and

(1) if the post-erasure regression fit line does not substantially match a
corresponding slope of the post-erasure track proﬁie, obtaining new pre-
erasure data and new post-erasure data.

15
18. The spin stand of claim 16 wherein the assessment further comprises
obtaining new pre-erasure data and new post-erasure data if the pre-erasure

track profile and the post-erasure track profile do not sufficiently overlap.

20 19. The spin stand of claim 18 wherein the assessment further comprises
obtaining the new pre-erasure data and the new post-erasure data after
defining at least one new value for at least one parameter chosen from the
group consisting of the skew angle of the head, the adjacent track distance and
the scan path.

25
20. The spin stand of claim 12 wherein the measure of encroachment is given
by TSL x TEW / BW, and wherein TSL is a total signal loss, TEW is a total

erasure width and BW is a baseline width.
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establishing a relationship between the measure of encroachment and the

adjacent track distance.

22. A spin stand comprising:

a disc;

a head operably coupled to the disc, the head being configured to write
data to the disc and to read data from the disc; and

10 means for determining encroachment characteristics of the head.



