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between two transitions having parallel azinuthal orientation. The
relative timengxaoble he trtanskticdnswing servo system comprises a timing

based servo system of U.S. Patent No. 5,689,384. A timing based servo
system is employed, for example, with the Linear Tape Open (LTO) format,
one example comprising the IBM LTO Ultrium (Trademark) magnetic tape drive
and associated tape cartridge. A linear servo track comprises a sensible
transition pattern, for example, of prerecorded magnetic transitions
forming a timing based servo pattern of a repeating cyclic periodic
sequence of transitions of two different azimuthal orientations that
extend laterally over the linear servo track. For example, the pattern
may comprise transitions slanted, or having an azimuthal orientation, in a
first direction with respect to the direction of the linear servo track,
alternating with transitions slanted, or having an azimuthal orientation,
in the opposite direction. Thus, as the medium is moved with respect to a
servo read head in the linear direction, the lateral positioning of the
servo read head with respect to the timing based servo track is sensed
based on a measure of time between two transitions having different
azimuthal orientation as compared to time between two transitions having
parallel azimuthal orientation. The relative timing of the transitions

read by the servo read head varies linearly depending on the lateral



read by the servo read head varies linearly depending on the lateral WO
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pailrs of transitions are written on the linear data storage medium.

In theory, the format is extendable to higher track pitches, wherein
the data tracks are closer together. The “A” geometric distance is
determined photolithographically, and is independent of the timing of the

pulses or of the velocity of the servo writer drive.

However, with the prior servo writer generator utilizing two spaced
apart elements with different azimuthal orientations, the writer generator
is pulsed periodically with the period between pulses set so that, with
the nominal tape velocity of the servo pattern writer, the geometric
distance between patterns ig the “B” distance mentioned above. Thus any
error in the velocity of the tape in the servo writer results in an error
in the “B” distance and hence an error in the lateral position calculated
based on pulse “B” pulge timing assuming the correct "B” distance. Hence,
the precision of the “B” geometric distance between the first transition
of a pair in one set and a similar first transition of another pair in
another set, is dependent upon the precision of the velocity of the tape

in the servo writer drive and the precision of the timing between the



of a pair in one set and a simlar first transition of another pair in

anot her set, is dependent upon the precision of the velocity of the tape
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t he Srnﬁ§eﬁqup5§§ween two transitions having different azimuthal orientation,
e.g., the “A” distance, as compared to time between two transitions having

parallel azimuthal orientation, e.g., the “B” distance.

With the present invention, the servo writer generator comprises at
least three spaced apart write elements, two of parallel azimuthal
orientation, and at least one of a different azimuthal orientation than
the two of parallel azimuthal orientation. Preferably, the write element
of the different azimuthal orientation is located intermediate the two
write elements of parallel azimuthal orientation. A drive moves the
linear data storage medium in the linear direction across the write
elements; and a source of timed pulses causes the spaced apart write

elements to simultaneously write.

The write elements write patterns on the linear data storage medium
corresponding to the spaced apart write elements, whereby the spaced apart
write elements fix both the distance between transitions having different
azimuthal orientation, the “A” distance, and the distance between

transitions having parallel azimuthal orientation, the “B” distance, with



wite elenments fix both the di stance between transitions having different
azi muthal orientation, the "A" distance, and the di stance between
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of tramnsitions, thereby prov1d1ng synchronization of the repeating cyclic

periodic sequence of transitioms.

In a further alternative embodiment, the source of timed pulses is
coupled to two adjacent write elements and separately coupled to the other
write elements. The source of timed pulses provides a first set of timed
pulses to all of the spaced apart write elements to simultaneously write
to fix the distances between both the “A” and “B” transitions, and
additionally provides at least one second timed pulse to only two adjacent
write elements to write different numbers of transitions within the
pattern, thereby providing synchronization of the repeating cyclic

periodic sequence of transitions.

For a fuller understanding of the present invention, reference
should be made to the following detailed description taken in conjunction

with the accompanying drawings.

FIG. 1 is a diagrammatic illustration of a magnetic head and sexrvo
control system of a magnetic tape drive, and an associated magnetic tape

having a servo track which may implement the present invention;



control systemof a magnetic tape drive, and an associ ated nmagnetic tape
havi ng a servo track which may inplenent the present invention; WO

03/ 069600WB@3H6H80B/ 00438 5 FIG 2 is a diagranmatic il | ustPcatGRm/oofisa servo
head of the tape head of FIG 1 as it tracks a timng based servo pattern,
along with a representation of the head output signal and the
corresponding A and B signal intervals; FIG 3 is a diagrammtic
illustration of a prior art arrangenent of servo wite elenents; FIG 4 is
a di agrammatilé- iq tgst rdéf‘?ﬁ‘i‘méﬂ‘lcségwtﬁ*f’toél ef emeAre head gfigeyw FeP:accor dance
wi t h omea@ndfodicrent aofitt hencpe esenhindvesdd earvd-b&tdin| Slandivdghasmat i c
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al ternative e nt of the present i nvention and 6B are

di agr amvatic T rﬁ’sa ations, respectively, of a servo pattern witten by
the servo wite el enents of FIG 4, and of a representation of a servo
head out put rFsizgrealisanditemeeticspondiragioh ant Brigi ghalarraipmeat sic FI GS.
7A and oZB,are di agrammtic illustrations, respectively, of a servo pattern
witten by the servo wite el enents of FI G 5, and of a representation of
a servo head output signal and the corresponding A and B signal intervals;
FI GS. 8A and’8B “ié didagreamratic iilyatserion ehserrespyet: islersntsof a servo
patt er arwsrdetiemn by cbhmnserwidnh Wiet emelden@id s ofheFbfaseht Mibht@n;in separate
groups with separate timng, and of a representation of a servo head

out put sign I the corresponding A and B signal intervals; FIG 9 is an
il 5st r at ?o% nsdlﬁaagﬁié??‘&amglgﬂfo msttéa’f‘ﬁeoﬁdoaf'%ﬁv%évﬁ‘lﬁe KPP Sel ement s of

FI G 4,*3“431'“(3@@191 isscardinag reieat elidrnasiveaerioniiognta of erheorvesener for
produciingerci®gf vo track in accordance with the present invention; FIG 11
is a diagrammatic illustration of one enbodi nent of a servo pattern witer
of the servcg7 |t6er Je FIG 10 enB ty the servo wite _elenents of FIG
4 for produ0| R ELFE > Fal 1 RBT 1R G UE R 2N B3 F BRSO B YPCTT GB03/ 00438
FIG 12¢fe @aét%@r gndraeh oy Fhesterae |wmtﬂel©m\@nt@rrbf)d11ﬁerﬂt, efid @fservo

representation of a servo head output signal and the corresponding A and B

signal intervals;

FIGS. 7A and 7B are diagrammatic illustrations, respectively, of a
servo pattern written by the servo write elements of FIG. 5, and of a

representation of a servo head output signal and the corresponding A and B
signal intervals;

FIGS. 82 and 8B are diagrammatic illustrations, respectively, of a
servo pattern written by the servo write elements of FIG. 5, written in

separate groups with separate timing, and of a representation of a servo

head output signal and the corresponding A and B signal intervals;

FIG. 9 is an illustration of a magnetic servo write head with servo

write elements of FIG. 4;

FIG. 10 is a diagrammatic illustration of a servo writer for

producing a servo track in accordance with the present invention;

FIG. 11 is a diagrammatic illustration of one embodiment of a servo
pattern writer of the servo writer of FIG. 10 employing the servo write

elements of FIG. 4 for producing the servo pattern of FIG. 6a;



pattern witer of the servo witer of FIG 10 enploying the servo wite
elements of FIG 5 for producing the servo pattern of FIG 7A;, FIG 13 is a
di agr ammewpD®3i0bd606t r ati on of one enbodi ment of a servo paCr&@BV3Mm43Ber of
the servo witer of FIG 10 enployinge¢the servo wite elenents of FIG 5
for producing the servo pattern of FIG 8A; and FIG 14 is a diagrammtic
illustration of a tape drive storage device and an associ ated tape
cartridge which nay inplenent a servo track of the present invention.
Referring toFr G2 17 Af8REHPrel o ltvdert 151 PowinRgeediminigof or setimear

dat a stmatager medier stctheasermmgneitee dfapec 20.0i &nﬁlbglr@r QX¥é Fe@lo Qfrite

prer ecardaehnacal @), b ongi tucipal, ser |j,& between, or are
of fset from groups of |Oﬂ%ltudl r?a d\aétgg&{%gg ?9% r%E'he’ad assenbly 24 is

shown in solid lines and conprises a relatively narrow servo read head 26
that detect s&- skt v6 patirerarmpetordbekticatidrect alnat émrekiymasitder sesword r ack
27. Thepsheath assenbby taaesgemrrwltaesomﬂ@t aor &adopaad u%é% 5@9% ti-ened over
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and al so t 1's 18Ss than one-half the width of a si ngl e data track,
which is substantially narrower than a servo track. The servo track
centerline 3@fersinpnch Faced, extsxadbilrgoalangkthelbergt eabiiheotape 20. The
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as the %agcorgo '%r v?d ?a&;ﬁ% respect_to t he

| engt h of " the s&rvo 1 ac‘f(ngi 4 Star’f(‘-fosterraﬁﬁs rzéaHhaereé&Ie FehEsest %r &Feanal og
servo Efgtafrehasrpewsppbvictaitwiiaah debr \igatkn@934 & bead skgnallydecader 36.

The sisgnal idesader 1me@cmesm§me§e; verdeadihead-si 98a), ang; genergtes a

posi ti QR,Si at. vered via a positio nal.line 38 to a servo
control| er c%e@itég %egrv\%/sog%%n\él? 1{% Ae%en%lr%g’ es lggéer o tEntFol Erdfal and
s

provi dé¢ -t H&® AP ATR R a&&ﬂt?%‘Pr}ﬁeﬁea@tﬁoreéétﬁ%ﬁdezﬁ resheimgedssembl y 24
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03/ 069600 PCT GBO3/ 04 é appreciate mos ape systems have multiple

servo tracks, multiple servo read heads, and multiple data read and/or
write heads.

As discussed in U.S. Patent No. 5,689,384, the servo read head 26
has a width that is substantially less than that of the servo track 27 and
alsc that is less than one-half the width of a single data track, which is
substantially narrower than a servo track. The servo track centerline 30
is indicated, extending along the length of the tape 20. The servo read
head 26 reads the linear servo track timing based servo pattern as the
tape 20 is moved linearly with respect to the head, along the length of
the servo track 27, and the servo read head generates an analog servo
signal that is provided via a servo line 34 to a signal decoder 36. The
signal decoder processes the servo read head signal and generates a
position signal that is delivered via a position signal line 38 to a servo
controller 40. The servo controller generates a servo control signal and
provides the signal via a control line 42 to actuate the head assembly 24
to position the servo head 26 laterally, and thereby to position the
offset data head 28. The track following servo thereby adjusts the

lateral position of the sexrvo head or the tape to maintain the servo head



(or heads) at a desired lateral position with respect to the servo track
(or tracks) such that the data heads are centered with respect to
correspormiprigiocmb@ tracks. Al though the linear track foll @eirGBIs®0438 system
has been described in a tape environpent with the servo read head of fset
fromthe data head, a linear track follow ng servo may al so be inpl enented
in a disk drive environment, for exanple, with a sector servo systemin
which the servo tracks are laid out in the sanme tracks as the data, and
are redd@ b§eadie 2tdat eHEAYSAtBAL PAELIER VE ERGTAEPETS tOf tihecFTacksTar e i n
sect or slordistakpbudued tdrourie tihe tiesks and eparst wikh trhepedatae I n this case,
the sekvoedgraksy ARy @agdkLnconpass the width of several data tracks, but
are prerecorded at data frequencies readable by a data head, as is known
to those of skill in the art. An exanple of a track follow ng servo system
conpri ses a RiCRYYRY tlbeaééﬂe?eFWksﬁg%]é’ﬁﬁlm SBrY SpatEhtafdess, E3r854 A

ti m ng ibpasethrseswi romest evntibs tiepeoyedead dradxdipéte fram tihet dr-al hear Tape
Open (laTOind:nr BBick fONSWEIARRLR GOITHIsSI B ibpRnkBMd T aUldtléit R gagnetic

tape didye-afida: 2380CLARSLL | P8, GALLLLAOR ROLALLL NG 101 e 2epfty | | NES

servo trac 27 rlses a’'sensible transit pattern, or exanpl e, of

pr er ecor e r‘F‘ﬁ@n]eatl 15 AR STHE B tf"i‘ﬁjﬁ 3o Qet‘?aﬁian@n&ag’é% read Ry pattern of a
r epeat i%§2 e ¢ Qyérthsdeervospepcidivoe T the amsilts ens iof seqerdi f f er ent
azi nut kakteibuest afrbans thbati skextepdpdrat efakhy ®EROSInt e d Laegr caervo

track. sLhose ,skid hag 4a@ht£}f‘coa15£ss Yéhé |w15€§%9nge%,%r5?%a@§r L LhGRl 5,8t pes
represent CJgrrgiecrl aztega gas of cfa% rI}a netic Flux that extend across
the wi GER BT A SET Ve T At ies ﬁﬁa af Tha EgeTHr theSstipet° conpri se
flux trté‘ﬁ§?tqfoﬁ§1]t1halﬂ tapeartdet ected to generate the servo read head signal.
The transitions have two nagnetic polarities, one on each edge of a

stripe. Wiemnt e, $ee v aea@ckhﬁdomrgsggﬁm s§gt%asaérdp9§.ls@g‘ S@I “Qgtrack 27,
e.g., Iong so%g,hs tenlltof TE)ro é:t%stal}q ana 29 S|gna 3} 2 Whose polarity
i s deterntne tRe" SOl ari't V> of Tt he r?$?ﬁ on’ tl‘—"(‘f‘f’"n% 2T €5V he servo
read he*é(ﬂt%;}sp?%aﬁ%i 5%’”5|6E€F“%7%1€puw§é’st’éﬁ'l L peat] Eakk ﬁ’ge@d@@%ffcéa@th stripe
(on encoantemphyg campsitsinpelhe @M LNegaAkiriren padisesc dapkheritvkaidd ng edge (on
| eavi NGsBosidteRape JRtEegHece the chance for error, the servo control
systemtimes only intervals between magnetic flux transitions having the
sanme pol ari one exarrpl e, only transition pul ses generated by the
servo read r%éﬁrﬁlﬁg o¥ihy ac?&§§ef%éeFé°dGFﬁ‘§< edgerrigesseripeibte used,
and tramsnsigan putses:, genexated, byf poviaigraet esgndthie traakltingsedge of a

stripe farRidPRO¢®Ang based servo pattern of a repeating cyclic periodic
sequence of transitions of two different azimuthal orientations that
extend laterally across the linear servo track. Those skilled in the art
will recognize the dark vertical stripes represent magnetized areas of
recorded magnetic flux that extend across the width of a servo track 27,
and that the edges of the stripes comprise flux transitions that are
detected to generate the servo read head signal. The transitions have two
magnetic polarities, one on each edge of a stripe. When the servo read
head crosses a transition of servo track 27, e.g., along path 50, it
produces an analog signal pulse 52 whose polarity is determined by the
polarity of the transition. For example, the servo read head may produce
positive pulses on the leading edge of each stripe (on encountering a
stripe), and negative pulses on the trailing edge (on leaving a stripe).
To reduce the chance for error, the servo control system times only
intervals between magnetic flux transitions having the same polarity. As
one example, only transition pulses generated by the servo read head in
moving across the leading edge of a stripe are used, and transition pulses
generated by moving across the trailing edge of a stripe are ignored.

Hence, herein, the term “transition” refers to edges of stripes, or



Hence, herein, the term"transition"” refers to edges of stripes, or WD

03/ 069600 8 PCT/ GB03/ 00438 equivalent, that result in the generation of

si gnal s hwoioagedshe same polarity. As discussed above, theCpaiBmM3sRY
conprise transitions slanted, or having an azinuthal orientation, in a
first direction with respect to the direction of the |inear servo track,
alternating with transitions slanted, or having an azimuthal orientation,
inthe o Eosite direction. Thus, as the nediumis noved with respect to

t he sere\?g YHEAhed@ti frethe i Hemgenenatéer iddnsiqmaés |havéralthpossmei oni ng of

t he semgdarigad head with respect to the timng based servo track is sensed
based on a neasure of tinme between two transitions having different

azi mut hal orj_e i called "A" intervals, as conpared to tine

bet ween t o Atsr gin%‘%s?%%%%ﬂ‘ée\/i lrclfg_‘ﬁe Bar gﬁnefnéy 2T AU BFT eifSt P8, %Fal | ed
"B' i nteYVH &7 WISVt Rt BT 68y 238irstdRitars e Wbk inseBetty pesthof

t r ansi Gitoastizndot Kaerlioepentare omsck, Thetaebatio/ @it Motk iefothe1bfivddsi ti ons
read byrt i;ﬁamslgra/xo a&@r&ﬁ%@ﬁ&ﬂieﬂﬁtﬁ@ﬁ, |iinnf@{%r bypc%ﬁlgi@r%ir@gtﬂﬂ.t hﬁm%?‘ta?s{) al
positi QR - ; er..o ara ta tracks nmy be

al i gne%i\?vi teﬁltldlﬁflfhéeﬁlgmad Imgttsnerr gf‘?e@gg‘g? {1 one rggr%efg lﬁﬁ% SBVS tPSEK.

er ent
Synchr 6nf 2&t'°8n dF ?T‘nteer%rR?Bl?Jé’é‘dan]é’&dt%Fn&eH\é‘béﬁé? hepd tHiéhseaapect gat t ern
may be e coiire stredd erhaviragk tiwossepdrissedset s ofastransi timnsetweach set
conpr i $whgt@ngt Ot Ngavahg EB.idEéﬁdil&e?ﬁimﬂmeEfgntgaiJns59,f cfaﬁi@d’ls‘h“ ons, onée q
set co LS [ ayj or _exanple, .4, pairs of transjtions, an
anot hegggéelts‘}agg' aars?g%rgg t?oﬁipﬁbehw;\?f?n%wogg N Elcgnrs L?‘flﬁﬁs??ﬁaiﬁgl. Her ei n,
"synchraéh‘i‘%%?:)%ﬂe%?téf’ﬁ %o g deferii AAtSIALDf Phe Phirmdt Neon SoF8% 3$énsed
t ransi Giiderasies ivariche toyed iof pembddicns seguencie ofienthansisti ons. In FIG 2,
a pair of transitions may conprise transitions 55 and 56 in a grouping of
4 pairs, an Lse tr rLtions 57 and 58 in__a grouping of 5 pairs.
Thus, the. | ghg%lgggg %?‘%ﬁgogpz%etrr\%s?%é) Shead PR %égﬁe]iﬁagt%eatdhe servo
track rmay Conprids? L RERS T e bR KitaRte PBEt WeBPE the heednsiThionst havi ng
di f f er BATPSHz PARAFaL Lor Pett aradhs, ney ¢, aliehe@ernith difffesdintt tanskii on 55 of a
pai r i poeitgosetacands tdae @frkertdakmnsition 56 of the pair, this distance
called the "A" distance. The servo read head senses transitions in time
whi ch nust he converted tq geonetric distance to conpute l|lateral position.
The di st ancé” et weeh trafdi FroRs  Havriy Peparae| $oo8eT dnt B¢ oRTTS
i ndepeRYEIFr0T2Y &E et WP pidshed d. hiemal fwsl separate sets of transitions,

each set comprising a grouping of a different number of pairg of
transitions, one set comprising a grouping having, for example, 4 pairs of
transitions, and another set comprising a grouping having 5 pairs of
transitions. Herein, “synchronization” refers to a determination of the
location of a sensed transition within the cyclic periodic sequence of
transitions. 1In FIG. 2, a pair of transitions may comprise transitions 55
and 56 in a grouping of 4 pairs, and may comprise transitions 57 and 58 in
a grouping of 5 pairs. Thus, the lateral position of a servo read head
with respect to the serve track may comprise a measure of distance between
two transitions having different azimuthal orientation, e.g., between a
first transition 55 of a pair in one set and the other transition 56 of
the pair, this distance called the “A” distance. The servo read head
senses transitions in time which must be converted to geometric distance
to compute lateral position. The distance between transitions having
parallel orientation is independent of lateral position. Parallel
transitions are nominally written a fixed distance apart by the servo
writer, thus by comparing the “ar timings 53 to the “B” timings 54 the
geometric length of the “A” pulse and hence the lateral position can be

determined. Note that the lateral position determined in this manner isg



transitions are nomnally witten a fixed distance apart by the servo
writer, thus by conparing the "A" timngs 53 to the "B" timngs 54 the
geonet ri cwbengédsoof the "A" pul se and hence the | ateral p®sirtGRm/ocss be
determ ned. Note that the lateral posiktion determined in this manner is WO
03/ 069600 9 PCT/ GB03/ 00438 i ndependent of tape speed in the readback device
(as long as it doesn't change during the tinme the "A" and "B" pul ses are
nmeasur ed) . Referrlng to FIG 3, inthe prior art, the linear servo track
timng LngaReEfeRR o PRt £BETH (18 generadhetk b%?vac%éﬁol%ﬂl teithdndsngt t wo
spaced apagd duping ¢hel|wmentls 68’ and @&l pilsdisfdwer emdsw@zanut hal orientati ons,
formng the "A" di stance A drive noves the |linear data storage nedi um

across the gn;.qs Ion a ath IIut edb centerllne 62 at a
pr edet er m ne\céilEE @ gn ‘a s%&r OF? rhsgh puIlIsleé%r %3 Cob*1He “WPiEe

el ement’§5td s\ﬁi‘?’? é’aﬁt%ﬁ%@ls IFE&F G PY rraAsTHd Hﬁstefroha‘elaehtww pBacedsamdytt hat
t he patwérq demggisr §0 gindt 6langi difdaserar ez mritht B ragnidteodd, Nearmidgt éhest Or age

nedi um at ngthesy, Arwrlbermsltsleeﬁr%aga&lt% é&ﬂabghﬁe%l%rﬁ aa%.léoﬂ tgbes,

wher e cks Jar se et I stance 1S
det erlmwrli(la%jgeel%o?n |? ogr a |ca3r]lq‘ ,»Er g cﬁﬂteeﬁéﬁﬂ%rﬁz ®f %t he timng of the

pul ses p6?det(?Fm’cIF?éi velwdiryy of 3 weuser \?é Yiret epulde @ustHowbversite he
geonet cllemerBs t strane e s$ndleppnident tipasi dibes HoRCeS&OPulf, &Hhe velocity of

the sernve pccber S by& apd drbes e ped aQHH&@étexF%E +5X30pLE, s1he sWrage
el ement g ;60 and 61 would wite the second pair of transitions

illustrated by dashed lines 64 and 65. Thus, the sinmlar first tranS| tion
64 of another pair in another set of transi tions may be msregistered with
respect to thhetidorst theafisinkk oy, egtdndablorpemdiyr Wiste piebregninédQinof the

pai r i rnéhetanerse. addeptoserMdddtBedi V@t'ile Rl S8 st LMY dettQEn gegnetric

| ength ' tig SIS tl’elnt r ortlona to e velocity of
tape |ﬁﬂ{)§ﬂg?|9\%ep%{°aa%g’ % g?p 8 er°§o W it %It&eﬂ%}séf rGr

i nt r od(te%*a §EIVEY psibt o?ﬁré‘? rW6f*t"'E’bth‘ée -servo track follow ng system and
results in data track msregistration. Referring to FIGS. 4 and 5, the

present i nvesidwan, PRQY bdescai SRS d:@&gﬁée's@sldéﬂ)%%erﬁ:eﬁﬁ{& Eﬁé%eﬁlﬂoﬂg based

servo patter Pei LR, QY 0 i.ter hayin ree spaced apart
wite el e%qnt 21 twi(/) of g%?sae ?g; ngté/g i Tt a nortlhgn% a“fedo‘ﬁﬁsﬁﬁd 4P%| east one of

a di f f SFamSazZiifuthtie © ‘?“?eélﬁfastol WtGHaVP‘{lﬁeW’f’\EG dte parald edizaef nut hal

ori ent g_ﬁir@ﬁ;tl@rsefaerd@pytrated by dashed lines 64 and 65. Thus, the similar
first transition 64 of another pair in another set of transitions may be
misregistered with respect to the first transition, e.g., formed by write
element 60, of the pair in the one set. Hence, with a given pulse timing,
the geometric length of the “B” transitions is strictly proportional to
the velocity of tape in the drive of the servo writer. Servo writer
velocity error introduces a servo position error to the servo track

following system and results in data track misregistration.

Referring to FIGS. 4 and 5, the bresent invention provides a more
precise linear servo track timing based servo pattern, employing a servo
writer having at least three spaced apart write elements, two of parallel
azimuthal orientation, and at least one of a different azimuthal
orientation than the two of parallel azimuthal orientation. Preferably,
the write element of the different azimuthal orientation is located

intermediate the two write elements of parallel azimuthal orientation.

In the embodiment of FIG. 4, three write elements 70, 71 and 72 are
provided, two of the write elements, 70 and 72, of parallel azimuthal

orientation, and write element 71 of a different azimuthal orientation



the wite element of the different azinuthal orientation is |ocated
internmediate the two wite elenents of parallel azimuthal orientation. In

t he enmbodwomaiewho FI G 4, three wite el enents 70, 71 andPT2/GB0d/004380Vi ded,
two of the wite elenents, 70 and 72, 10f parallel azinuthal orientation,
and wite elenent 71 of a different azinuthal orientation WO 03/069600 10
PCT/ GB03/ 00438 than the two of ‘parallel azinmuthal orientation, and | ocated
intermedi ate the two w.ite elenments of parallel azimuthal orientation. In

the enbodinEnt “8f ¥ B2*H 1ot Gt "Sphiced wpar o | ¥ LPEtEnt Sispreiatar e
provi dethe o viwite elererrenes Boabird 82markaloprpmmtakial. azi nut hal
orientation, and wite elenents 81 and 83 are of a different azi nmut hal

orientation hape téﬁ@o&ﬂ@ngfoﬁ%ﬁé! I5eI fc?cgrj g}}'&k@é{ %%rgle‘?z%lgtel Qf‘em(egpéj s 2% ITel

to each other).. One of the wite el'enents of rent azi mutha

ori ent ati®oR*LIPY | GEAED F iEFFREd 4P eChR? aFB I PEErldrEmAirst st paral | el

azi nut hettiepriterbatandnvridlet efar@bt v elyand ke d4nsoofurd Hefsdrenent=Sm@thaand 83 may
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an a di rent azimut hal . orient at, W | el emen

82 | oca?%gg??\% g?gr)r@di,a?rée toﬁegfv\x‘f)’r%/\tfﬁ £ £eemeefné?ns?r?t §'%fF lggérréefl e?zmﬁtzrfaﬁut hal

ori ent at56AT2REF Y TAGIIGEET GBECHRIARNE 6B TPnediteserarsnts aékratiedialg based

servo grmtieral psiqpenerat. edrlbpraatSiorlo whé ted enNeegeéZnaged Be md e el enent s

70-72 @y BLGondi@Sed  b¥eimpues ithe,Jipaan dala . stQLa9e.dedium across the
wite eell enent §0aalln%ng %opgé hoé I |CI{I.Sth’ ated by centerline 78. A source of
timed pulses causes %h.e Spaced Apart=Wr PEEVEP TSRt IPGIFR iR write
si mul t ahEsast P2 ndeted iagermachate tthe twoamsitei eYemenhs tdfepdiaiéat data storage
medi um adentlespencnta-ide spaced apart wite el enents. For exanple,
transitions 90, 91 and 92 on the linear data storage nediumare witten
si mul taneousieyf 9_nd Eesi@%ctisveI% correspond to the spaced apart wite
el ements 70, 7I7afd “77 A Onpl 8 pafERY (Fo5T° SrEfandritoResheR 1S
r epr esettédr by shyeketeDly Tlvgsyvo hetspacediiapar thervrtiee edlenertss7q0r272 i X
bO-t h t I‘E dist &B@Q a bﬁi\)&@@ﬁvés{ @H@iltiglgﬁi dagﬁ/is@grgef E@c‘ii%ﬂlt a@dsqutal ;e h
orient at;i.Q0,. 4 AL Lstance. and the distan etween transitions having
paral | el -az| nui ﬁ%ﬁgd\ao‘?éf dnta ﬁsgﬁ?t““t%hlay “BRET ﬁéfl%%%é. THEFETDrE, 6N the " A"
and " B'PYFRT (fguste the efrerehcedrt o't be S amntiens-dat tofsivektsoequslyi ng, and
the posiditen serhdthatstignakamiiklobe oh ndependantdnt s@iruge Wddt @n t ape
vel oCi tabrrEQIon@X@TRLE spaced apart write elements. For example, transitions

90, 91 and 92 on the linear data storage medium are written simultaneously

apd respectively correspond to the spaced apart write elements 70, 71 and

72. A complete pattern of 5 transitions each is represented by bracket

94.

Thus, the spaced apart write elements 70-72 fix both the distance
between transitions having different azimuthal orientation, the “aA~”
distance, and the distance between transitions having parallel azimuthal
orientation, the “B” distance. Therefore, both the “A” and “B” timing are
referenced to the same instant of servo writing, and the position error
signal will be independent of servo write tape velocity. For example,
simultaneously writing with spaced apart write elements 70 and 71 fixes
both transitions 90 and 91 and fixes the “A” distance 95 therebetween.
Simultaneously writing with spaced apart write elements 70 and 72 fixes
both transitions 90 and 92 and fixes the “B” distance 96 theresbetween.
Hence, simultaneously writing with the three spaced apart write elements

provides a more precise linear servo track timing based servo pattern.



sinmultaneously witing with spaced apart wite elenents 70 and 71 fi xes
both transitions 90 and 91 and fixes the "A" distance 95 therebetween.

Si nul t anewoIBMP6asnd ti ng wi th spaced apart wite el enments 7@CarGB03B043BXxes
both transitions 90 and 92 and fixes the "B" di stance 96 therebetween.
Hence, sinultaneously witing with the three spaced apart wite el enents
provides a nore precise linear servo track timng based servo pattern. WD
03/ 069600 Pgl'/ GB03/ 0d438 . } L rrbod i ment of the_present invention,
sets of timed uTs care” ov%‘%ié’ﬁefecf‘ FRSRET O EP et S8R H 9812467

pul ses Rﬁt@i”f‘?eﬁ]g ) tﬁi’ﬁt YR %#eme{l‘?%znﬁffi GRS, cfepylsesputitdpa Dpavfermr afisiti ons,
and spacessitiensetesgof paptdisess tad preseBioByesll bbideg ohe @Bes pattern of
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overvvrltlngtran5|t|on tern . _The ustralono
repr esénifs’ one &t ﬁn%ae%&ﬁ]? 93f ¢ I t? rpéﬁgfrftl BH?WbtWOSFﬂ?lEWhPBm zation
of t he neépeat é4- cycl ic periodic sequence of transitions, as

"synchroni zation" is defined above. Specifically, in t he repeating cyclic

peri odi ¢ SequenceQl. 40:80SId 1985 ep w%egfrms bid QDS NAYLIG arg | €l

azi mut hal orientation at one end e.g. ran5|t|on 98 of
patter FT835 T GRE | TRUBT WLEA Styl’?éh’fcf‘“&ﬁ%?‘tqnoﬁg thﬁa‘?ﬁpﬁ@tiﬁiarcéﬂléﬁ PREiOfE hal
or i ent ackpenEt of Heranpiydons e agntbyofhtdrd zaekin” atiedimed ebqye, transition 99

of pat t®eBifitallHUsSn ﬂﬂéergﬂaﬁ:hﬂtﬂic@lll$ papsdat b Rt cond¥aned itbas have a
difTer L OUEReL: O 14ANS!d Q0% DRl LlP SEHRLAGEL f 18 n5epeating cyclic
ere

perlodlc seguence of transitions r rOVI ng synchronlza?lon of the
r epeat FAGETYI P peF‘fad’(fllElonséﬁLﬁs‘%Eét‘iffrnt? n§?‘i‘ti16‘H% WIRBT e FRPSEBIESGS. 7A
and 7Bhravimp@ersdeloatimatikelt prisngabisedt servorpopatd enn ¢S thenekat ed by a

Servo Wakt&f, eses gi gidigithe WQ&I@p@ﬂ:@’fﬁM'ﬁ 803 rf cgﬂligméngas a drive
noves t@gnéiﬁggg q%t&ngtg Cf TT%%I yum.across tr}éeber Oft %ra ment gaal ong a

path illustrated cen Solrce 0 S 5H¥s the
spaced Qﬁaﬁma\ﬁ?‘freoéltéﬁ’?eﬁ?pfaﬁen%gyfbl%r?ﬁ{ﬂotdéﬁegéﬁéﬂﬁe |’°cré1}53§&@ﬁsft hat the
t r ansi ttihersbyoRretigihg meachhat aa Sitor ey ehaedicam ingoey@spandib@i< he spaced
apart wehtenel erairtssiandnare i ndependent of servo witer velocity. For
exanple, transitions 100, 101, 102 and 103 on the |I|inear data storage
medi um are witten simul tangousl% and respectively correspond to the
spaced apar t*Wrft@%etefigtit s 78072815 g3n4td °83/° AraTohpierebsct 8Frvoof 5
transi tplabh%rneaemqnsrat@prless@nsedrobyrsbreackmrgiﬂ&g Thusritdhelspatceds@sar t
wite elrement s 8Dw83rflXndbRhtihe 8l st ance storage medium across the write

elements along a path illustrated by centerline 88. A source of timed

pulses causes the spaced apart write elements 80-83 to simultaneocusly

write, such that the transitions on the linear data storage medium

correspond to the spaced apart write elements and are independent of servo

writer velocity. For example, transitions 100, 101, 102 and 103 on the

linear data storage medium are written simultaneously and regspectively

correspond to the spaced apart write elements 80, 81, 82 and 83. A

complete pattern of 5 transitions each is represented by bracket 105.

Thus, the spaced apart write elements 80-83 fix both the distance
between transitions having different azimuthal orientation, the “A~
distance, and the distance between transitions having parallel azimuthal
orientation, the “B” distance. For example, simultaneously writing with
spaced apart write elements 80 and 81 fixes both transitions 100 and 101
and fixes the “A” distance 106 therebetween. Simultaneously writing with
spaced apart write elements 80 and 82 fixes both transitions 100 and 102
and fixes the “B” distance 107 therebetween. -Similarly, simultaneocusly

writing with spaced apart write elements 82 and 83 fixes both transitions



between transitions having different azinuthal orientation, the "A"

di stance, and the distance between transitions having parallel azinuthal
ori ent at iw0,03060800 B" di stance. For exanpl e, sinultaneous| YCERGROBOY3B t h
spaced apart wite elenents 80 and 8Lisfi xes both transitions 100 and 101
and fixes the "A" distance 106 therebetween. Sinultaneously witing with
spaced apart wite elenments 80 and 82 fixes both transitions 100 and 102
and fixes the "B" distance 107 therebetween. Simlarly, sinultaneously

wei tingC%i K SpheBd SFEF L ERr 11'e SEFEATSAt LB AL ST T X SEMBLtRPTEAG ti ons
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and to wite elenents 82 and 83 of FIG 5, as will be discussed. A drive
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A drive moves the linear data storage medium across the write
elements along a path illustrated by centerline 88. As illustrated in
FIG. 8B, a source of timed pulses provides pulses to all of the write
elements to cause the spaced apart write elements 80-83 to simultaneously
write 4 transitions, such that the transitions on the linear data storage
medium correspond to the spaced apart write elements. For example, in a
pattern of transitions represented by bracket 118, transitions 120, 121,
122 and 123 on the linear data storage medium are written simultaneously
and respectively correspond to the spaced apart write elements 80, 81, 82
and 83.

Thus, the spaced apart write elements 80-83 fix both the distance
between transitions having different azimuthal orientation, the “A”
distance, and the distance between transitions having parallel azimuthal
orlentation, the “B” distance. For example, simultaneously writing with
spaced apart write elements 80 and 81 fixes both transitions 120 and 121

and fixes the “A” distance 126 therebetween. Simultaneously writing with



122 and 123 on the linear data storage nmediumare witten sinultaneously
and respectively correspond to the spaced apart wite elenents 80, 81, 82
and 83. TWO093/064s80 spaced apart wite elenments 80-83 fix beCh/aB/owi3st ance
bet ween transitions having differentiazi nuthal orientation, the "A"

di stance, and the distance between transitions having parallel azinuthal
orientation, the "B" distance. For exanpl e, sinultaneously witing with
spaced apart wite el e nts 8 g 2rl)ff.ixe%Opoth LI n5|t| %s gzgnd 121
and fi3P85%Y HR3F A48 1% E‘%nth taﬁ r ebetween aneousj1 g with WO
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track timng based servo pattern. As a further alternative synchronization
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transi élle&@ﬁts ser end @al | ete"ddut-84 "oft timed pullseeSproandendde tde@nat ltpmpd Ovi des

at le lsg ggglcjfl 9ﬁé‘|sp£éé@q QLLU §1§1tte e9§1le¥1t£% %X"Oa ugigc,ql%géd %'o(rg

el emen eréin ca second” tined [se, to wit

di ff er‘é%tglﬁﬁ]rfﬁ‘é‘fagus&ﬁ’ i8NS tfllﬁn‘glemﬁi’ﬁﬁaﬁc‘?s‘rl@eb‘é?e?epff FErREY AT oﬁ?‘ieat i on.
For excaipke, "Gmet” ddded ivhsds t preddpiionally providdeditt deawti pe= el enents 80
and 8laddtWbidietihd@Bsidd 08Snl2&ranetwd 28;jaddher @hyepsevkstngodardd bier ent

n“”berhe%mtéa%'iéht Qgﬁcén(&"tﬁ%d Qﬁtséo'];o%mt@ed d?f%&&@nm%!edrsp{;PV' di ng

synchronl zatl on e repeatil % cy clic peri odl ¢ sequence o transitions.

The one38RiTied W’rtr]illflh"eheaP Ceerp W PYISETRHEAF 1o hat FHy SE¥RPHPat ¥% coupl i ng
t he paiddibfongli temedepehents BOViBHE andirtihe ganentsf 8qwentie8leltenaritts 82, 83 in
FIG  SerdnBh8iongeliye awhi 1281 NiRaehy pradl@nt \&rlkf&eaamul&a&i gzn that can be

\évlr IIT;[J][ tegnans:.blonshgo Q Qrpor££0n3%£V%e%égt%&nheag glnrnov'ili:gig sync ronlzattgortl he
of the repeating cyclic periodic sequence of transitions. The one skilled

in the art, it will be clear that by separately coupling the pair of write
elements 80, 81 and the pair of write elements 82, 83 in FIG. 5, this
servo writer head is able to write any pattern that can be written with
the prior art servo writer head in FIG. 3, but with the simultaneous
pulsing, is able to provide the ability to precisely replicate the pattern

of 4 tramsitions built into the servo writer head.

A multiple gap servo write head 400 is illustrated in FIG. 9, based
on the write head of U.S. Patent No. 5,689,384, The illustrated head
comprises a ferrite ring 402 with a patterned NiFe (or other suitable
magnetic material) pole piece region 404. Two ferrite blocks 406, 408
form the bulk of the write head and are separated by a glass spacer 411.
Cross-slots 412 are cut into the head to remove included air when the head
is in operation with magnetic tape. The pole piece region 404 is
patterned in the shape of the desired servo patterns 414 of write elements

by photolithographic techniques as is known to those of gkill in the art.



pulsing, is able to provide the ability to precisely replicate the pattern
of 4 transitions built into the servo witer head. A nultiple gap servo
wite heaw048064680 i | | ustrated in FIG 9, based on the w ipCa/dBoamoss U. S.
Patent No. 5,689,384. The illustratedihead conprises a ferrite ring 402
with a patterned Ni Fe (or other suitable nmagnetic material) pole piece
region 404. Two ferrite blocks 406, 408 formthe bulk of the wite head
and are separated by a gl ass spacer 411. Cross-slots 412 are cut into the
head t o* FEADAE0i he[“GHRY 2&Pr dvran %fhéhmésarlﬁesb%wk@pé%tthmvgw 3 imdeghet i c
tape. THetptde tpi egeleegitbn KB4.is patterned in the shape of the desired
servo patterns 414 of wite elenents by photolithographic techniques as is
known to tthsI (o] sl%l . in the art. WO 03/069600 14 PCT/ GB03/ 00438 A coil
420 is wound &rotthd GHESFT 8 FEHFLIRHPOKETATE "t Ar SGGHH RiTing sl ot
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Servo VMHpiﬁfiéé”Péfgébﬂgbé Qﬁe servo signal to a pattern verifier 528 for
verifying the servo pattern. If any errors are found that make the servo
pattern of unacceptable quality, the verifier operates a bad-tape marking
head to place a magnetic mark on the tape 504 so that bad sections of tape

are not loaded into a tape cartridge.

FIG. 11 illustrates an embodiment of the servo writer employing the
write elements 70-72 of FIG. 4 in the write head 510. DPattern generator
516 operates pulse generator 518 to provide pulses causing the spaced
apart write elements 70-72 to simultaneously write, such that the
transitions, e.g., transitions 90, 91 and 92 of FIG. 6B, are written
simultaneously, and, with additional simultaneously written transitions,

form a complete pattern of 5 transitions each, as is represented by
bracket 94.

Thus, the spaced apart write elements 70-72 fix both the distance
between transitions having different azimuthal orientation, the “A”
distance 95, and the distance between transitions having parallel

azimuthal orientation, the "B” distance 96.



wite elenments 70-72 of FIG 4 in the wite head 510. Pattern generator
516 operates pul se generator 518 to provide pul ses causing the spaced
apart wiwe ogloegsent s 70-72 to sinultaneously wite, such PoatGRoB®0438
transitions, e.g., transitions 90, 91:and 92 of FIG 6B, are witten
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ori entatl.o; ¢ #0€, "Ay., transitions 100, 101, 102 and 103 of FIG. 7B, are
written simultaneously, and, with additional simultaneously written

transitions, form a complete pattern of 5 transitions each is represented
by bracket 105.

Thus, the spaced apart write elements 80-83 fix both the distance
between transitions having different azimuthal orientation, the “A”
distance 106, 108, and the distance between transitionsg having parallel
azimuthal orientation, the “B” distance 107, 109. Hence, simultaneously
writing with the four spaced apart write elements provides a more precise

linear servo track timing based servo pattern.

Referring to FIGS. 12, 5 and 7B, synchronization is provided by
pattern generator 516 and pulse generator 518 providing a different number
of pulses to the write elements 80-83 for each of alternating sets of
pulses. Thus, the write elements 80-83 are pulsed to write alternating
patterns with different numbers of transitions, thereby providing
synchronization of the repeating cyclic periodic sequence of transitions.
For example, pattern 105 is written with 5 pulses, writing 5 getgs of

transitions, and alternating pattern 115 is written with 4 pulses, writing



di stance 106, 108, and the distance between transitions having parallel

azi nuthal orientation, the "B" distance 107, 109. Hence, sinultaneously
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by those o ski9 F¥Fn the art, Additionally referring to FIG 8B, as a
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wite 4 2MBALS 8PenBls. 84.2N Thu t he spacéd apart wite el enents
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elements 80, 81, 82 and 83. Thus, the spaced apart write elements 80-83
fix both the distance between transitions having different azimuthal
orientation, the “A” distance 126, and the distance between transitions

having parallel azimuthal orientation, the “B” distance 127.

Coupling the source of timed pulses to two adjacent write elements
80 and 81 of FIG. 5, and separately coupling the other write elements 82
and 83 allows the pattern to be synchronized and appear similar to the
pattern of FIG. 2. As discussed above, pattern generator 516 and pulse
generators 518 and 519 provide first timed pulses to all of the spaced
apart write elements 80-83 as discussed above, to simultaneously write the
transitions to fix the distances between the transitions. To provide
synchronization, pattern generator 518 operates only pulse generator 518
to provide at least one second timed pulse to only the two adjacent write
elements 80 and 81 to write different numbers of the transitions within
the pattern. Thus, additional transitions are written by less than all of
the write elements. This adds transitions to a portion of the pattern
that are fewer in number than the simultaneously written transitions. For
example, one second timed pulse is provided to write elements 80 and 81 to

write transitions 128 and 129, thereby providing a different number of



Coupling the source of tined pulses to two adjacent wite elenents 80 and
81 of FIG 5, and separately coupling the other wite elenents 82 and 83
al | ows t hwopabe®pn to be synchroni zed and appear simlar PeTiIdBI3/0pEBt er n of
FIG 2. As discussed above, pattern generator 516 and pul se generators 518
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to fix the distances between the transitions. To provide synchronization,
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di scussedraft fo Fespeet to FIG 1. In the servo pattern, the "A" distances
and the "B" distances are
In the servo pattern, the “A” distances and the “B” distances are
fixed in accordance with the present invention, thereby providing a more

precise linear servo track timing based servo pattern.



fixed in accordance with the present invention, thereby providing a nore
precise linear servo track timng based servo pattern. WO 03/069600 18

CLAI M5 POYO@BO®600438 1. A servo witer for generating a [PChgBI3®@380 track
timng based servo pattern in a linear direction on a |inear data storage
medium said timng based servo pattern conprised of a repeating cyclic
periodic sequence of transitions of two different azimuthal orientations
that extend laterally of said linear _servo track, said timng based servo
track sensed during novenent of saf@™'f near data storage mediumin said
linear direction by determning |ateral positioning with respect to said
linear servo trackRasedcep @ 1BaslEteiRf atiifRabeleen LWR sigkgy transitions
havi ngbagé.d]c ngJ!;‘%nEa ZeirHu;Enh%l l:l(.)r iane:n J‘.ai;[ei:: {] ag CaO'IPf?er erd gj?a ts,itg.e bel %en two
said transitlons having parallel azl puthal ofientatioh sald generat or
conpri SPHY:S1BIY B3EYY BRTEPRPECBICABAF 12 MPT toe TEPRAREAT Y i PSEL M i t e

el enentssquegte pdr abdrelit oot haldo dififentwt roinutanl atichigadbnonkasaid wite

el enenkxodna faidichiBf et sz MUl savbentak] QaslihamiggivhsbwaMl tig ek enent s
of paraliely odzbuidahel entA o8 diLve Jor. TRULN0 sald d Lngar, data
storagg, medium in said || near direction acraos sald wite € errer?ts; and a
sour ce OFeTT He Y it $EBLERIpL ¥ R0 ROST HEGREPY LR STRERESE &RdSaisk d¥AdFng ti med
pul sesse®v’catxdE bajel spacedaapar of Wing deehesrents fedd tsiamultiznecusliygwr it e,

t her ebyli Merbht G zpaitnal Nsriehtddiansid icons el SAkdne lebfadn dat ass§0r age medi um

corr eSEQ&QJi@Qo:Is%é@:ﬂn@ ﬁapz%ci@gl aa@@&&th% ijcgr(?.entealt%ggnts%igs%e%%%\%toq:r | ve moves said

| i near cdat a_storage nedi um across sal wite el enent ereby said spaced
apart Wite &l%nents fix a distance between said sinultaneously witten
transi ti ons2haveay Wikt erened apprutirate edememrteat ivonsant vkive alehestance

bet weens s@irdl Bilnut traum RO Sy edtsith £:8N and &N 5édd-085e Ravi Rgiparakhal: agi nut hal
orientat diercht Ipﬁnu,s,ﬁéi/%r%ﬂtta%&orpfthg %‘a[irii %womn.e{t%l Qlezﬂenlsg a3t andglgfl d
wite elmergggllt r}‘.L different azinuthal orientation I's |ocate

of sai
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intermediate said two write elements of parallel azinmuthal orientation. 3.

The servo wii¥éieoforafyvipretsd htpeek adatewkicrabn wssiloh souszel dineari ned
pul sesdprevicescseds safd pulisesltersai hnarite el enents, each said set of
pul ses Wi t kngudcPast eLmbObuiRlkdeduabsidl 0% AN SPARES.Said sets of
providing timed pulses to cause said spaced apart write elements to
simultaneously write, thereby writing patterns of transitions on said
linear data storage medium corresponding to said spaced apart write
elements as said drive moves said linear data storage medium across said
write elements, whereby said spaced apart write elements fix a distance
between said simultaneously written transitions having different azimuthal
orientation and fix a distance between said simultaneously written

transitions having parallel azimuthal orientation.

2. The servo writer of Claim 1, wherein at least one said write
element of said different azimuthal orientation is located intermediate

said two write elements of parallel azimuthal orientation.

3. The servo writer of any preceding claim wherein said source of
timed pulses provides sets of pulses to sgaid write elements, each said set
of pulses writing a pattern of said transitions, and spaces said sets of
pulses to prevent overwriting of one said pattern of transitions by
another.

4, The servo writer of Claim 3, wherein at least one said write
element of said different azimuthal orientation is located intermediate

said two write elements of parallel azimuthal orientation; and wherein



pul ses to prevent overwiting of one said pattern of transitions by
another. 4. The servo witer of Caim3, wherein at |east one said wite
el enent oWogaljoehedd f f er ent azi mut hal orientation is | ocateaCirrapssioessat e
said two wite elements of parallel azinmuthal orientation; and wherein WO
03/ 069600 PCT/ GB03/00438 19 said source of tinmed pul ses additionally
spaces said sets of pulses such that, in said repeating cyclic peri odic
sequence, of transitions, s_Lai d transi # ons_havi ng. a;g f Zi mut haI

ori ent 81 DF°BTCORE WHES HU15RB adﬁéﬁoé’ia Yc&ﬁ??eﬁc’uéa R34l dp1t1r 5hsTtions

havi ngthataiihedaidziepeehily corlienpatioghc éteqtlweo%c%fﬁ’fl%ltéﬁﬁs of*athe next
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a different nunb t%e transiti tﬁan ttg %mai nder. d repeating
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Wit er pottChaimm 3aid ORPE imithgrraarewnbimadhes hele saidd ffament enwbenerit s, and

wher ei Ry$id; SQURES, Ohet iR AL §§Ssaﬁﬁoﬂ(eipg§t§ir% cgliifibesenbanunbeieRt said

pul ses ffOI’ a!s&i-?rolglg‘;l g al grg‘?‘lt in U I‘SO%§.ZB. :Lro?iwéjsal repgla’gl Wii&sic .
elenents ere é{ ?S Mﬁlte ternating sal pa téerns with

di ffer@ﬁfl%ﬁb%@(qé‘e%cfe §§| "cFaFFé'WscinFr ons, thereby providing synchronization
of said repeating cyclic periodic sequence of transitions. 6. The servo

writer of C'sal M 3ne V%%@lv&l%élf & £SeidGes Ofcoihﬂ_aﬂ%d:ng [oTHY é@eﬁq hSmSQURE ed 150 at
| east tvvo a %Lacent sai d wite el, gments a HQ' ed to other

d
said Wite &remes Sal TS5t tlm% Eufiserso Tditng” first tined

eirent s, "Sal o source “of "t et
pul ses 9 BEegept R PLsprcedubirar fOWr'Lf-%fnaé’rréﬁréﬁ%% SFBS sAhBrtsefeously wite
to fixpsavidiedi 8t ant@sirbhet weenesai, dvhereansiat d cress @hdubgdi wirdral |y provi di ng

at Ieaa&t%et%c@a@ld taleskRUL 5@ a@ffelrelsts nhmsabk Ahd @xtanls@’@e.%tnssm d two
ad ace%?%/\érbitgﬁomgnents .9 Rt ovi.d ({ erent.nunb of sacid puI ses for

saj d' at adj a enkf aitlon elefiant £ TR reby l(\:/vrpef it f er ent

nunber $e&1°°6§i of ttif%}h'ssﬁttli’%s within said pattern, ther eby providing
synchroni zati on of said repeating cyclic periodic sequence of transitions.

7. A methodefor geaesaatbngidet idrealaises VthEf@ilesiicfﬁsegrchﬁaﬁd:lm&@rVO pattern
in alipear érc%%ié)d‘ t§” i?leg&e%oda%ﬁéc&tto age yedl %ﬂme Ld,,d 1 M ng based

servo pattern_conprise a repeat cyc perl o
separately coupled to other sald wrlte elements, sald source of timed

pulses providing first timed pulses to all of said spaced apart write
elements to simultaneously write to fix gaid distances between said
transitions, and additionally providing at least one second timed pulse to
less than all and at least said two adjacent write elements to provide a
different number of said pulses for said at least two adjacent write
elements to thereby write different numbers of said transitions within
sald pattern, thereby providing synchronization of said repeating cyclic

periodic sequence of transitions.

7. A method for generating a linear servo track timing based
servo pattern in a linear direction on a linear data storage medium, said
timing based servo pattern comprised of a repeating cyclic periodic
sequence of transitions of two different azimuthal orientations that
extend laterally of said linear servo track, said timing based servo track
sensed during movement of said linear data storage medium in said linear
direction by determining lateral positioning with respect to said linear
servo track based on a measure of time between two said transitions having
different azimuthal orientation as compared to time between two said
transitions having parallel azimuthal orientation, comprising the steps
of:



sequence of transitions of two different azinuthal orientations that
extend laterally of said |inear servo track, said timng based servo track
sensed duwpngoesoenent of said |inear data storage medi umPCR/GRBAMO43B near
direction by determning | ateral posizoi oning with respect to said |inear
servo track based on a neasure of tine between two said transitions having
di fferent azi nut hal orientation as conpar ed to tirre bet ween two said

transitions_havin zi mut hal. orienta r|S|n he Leps
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than saikd, 4,90 3 |ag§n&hgﬂwlgnt&flogar all el azimuthal orientation; noving

said |inear data st o jumin said l.inear direction,.across said wite
in sal n ar ta storage, medium in gal ear directi

el enents; and rgo g pul'Ses to cause Sal d Spaced apar “wite
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bet ween sal sl mu neou witten transitions Yerent azi mut hal
ori ent SLFBHEAMF FRXE 41883 &ﬁﬁae H8F e Ao S PAITE &ﬁ%?fs IS?l‘%wWFHeen

t ransi elomnthaviegelparaid ebaegd roehalvrors eht@ntontix8a Hssemsdi bkeveepansi ti on
pat t er Baf @rsikh@TRHELNY yS@F MR eh NfrRABRIIc0A halving dh ENeaht dAieGthan on a |inear

data sggzéf&%tﬂ&@laugnﬂﬁfml@ga@ée Leasd 5 ang ém&%egne%ﬁgyya&&@@éa sai d

sen5|bletran5|t attern conprise ti mng based servo pattern of a
repeat i-Ag Ty EPTE B‘éjr 08?’&&%8&@62&8%”8‘9 ofﬁeﬁﬁg‘ijtoflons of two different
azimuthal orientations that extend laterally of said |linear servo track,
sai d tim ngshased ser:Mp014 racksixe0s achrdtfd Agr x@auﬁ{mats&fvos_&iﬁrln&a@ar dat a
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resgect 0 said Iinear servo track neasu *tie bet ween
two saFB® tIaRsT tFOR AT nG2ul FEBFEHE CEPP Rt RaP g R nioHPF bieast Gonpared to
time b&iweenbevs seiwd Prthesitdonsregraving cpelrial bedicdz¢ metzhedceopf ent at i on,
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Iaterall atj Alnear servo track transitions of parallel
azi nut ment of said linear data storage medlum 1n sald linear direction by

determlnlng lateral positioning with respect to said linear sexrvo track
based on a measure of time between two said transitions having different
azimuthal orientation as compared to time between two said transitions
having parallel azimuthal orientation, comprising:

a repeating pattern of at least three spaced apart said transitions
of said two different azimuthal orientations that extend laterally of said
linear servo track, two of sald transitions of parallel azimuthal
orientation, and at least one of saild transitions of a different azimuthal
orientation than said two transitions of parallel azimuthal orientation;
sald at least three spaced apart said transitions simultaneously written
to fix a distance between said simultaneously written transitions having
different azimuthal orientation and to fix a distance between said
simultaneously written transitions having parallel azimuthal orientation,
thereby defining a distance between said simultaneously written
transitions having different azimuthal orientation and said distance

between transitions having parallel azimuthal orientation.

9. A magnetic tape medium having prerecorded servo information
recorded in a linear direction in magnetic transition patterns defining at

least one linear servo track, said magnetic transition pattern comprised



orientation, and at | east one of said transitions of a different azinuthal
orientation than said two transitions of parallel azinuthal orientation;
said at |wedB/tdspee spaced apart said transitions sinmultalerGHog/om3Btten
to fix a distance between said sinmul aneously witten transitions having
different azinuthal orientation and to fix a distance between said

si mul t aneously wri tten transitions having parallel azimuthal orientation,
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