; BCDEe3e&&zz{D~&\ Tm 5 MAR 2003 DETECTI ON OF | NDEXED SERVO POSL IE@EFQZan
Dl SPLACED FROM SERVO TRACK EDGES '"@0002" FIELD OF THE | NVENT

invention relates to the detection of prerecorded servo track positioning
information, and, nore particularly, to the detection and track follow ng
of servo track positioning information fromservo tracks having at | east
two edges, each ., 5 MAR 2003 2 edge tonprising an interface between two
dissimlar recorded servo signals, as read b a servo rag% el enent, to

al | ow positioning of DFEEEGRQY (QEFENRESHENS pondi n

head. BACKGROUND OF THE I NVENTION I n the data storage |ndustry, mmﬂﬁMﬂHW"MWM’
technol ogy include i ncr cASSPLACED [EROMSERVQrERACE FREHEI y of given

storage nedia. One neans of increasing the data storage capaC|ty of a a
storage nedia, such as nagnetic tape cartridges or magnetic tape cassettes,
is to increase the track density of the data storage nedia, and in a
correspondi ng manner, to decrease the width of each track. In a typica
magnetic tape, data is recorded in a plurality of parallel, |ongitudinal
data tracks. A data head nay have a plurality of data heads which have
fewer nunbers of read/wite elenents than tracks. The data tracks are
divided into groups, typically interleaved, and the data head is indexed
laterally with respect to the tracks to access each group of data

In order to properly register the data head with the data tr \M\mm\\m\
prerecorded servo tracks are provided which are parallel to t

tracks. A servo read head | ocated at an i ndexed position with resméé? to

the read/ wite elenents reads the servo tracks. . - 5 MAR 2003

FIELD OF THE INVENTION

This invention relates to the detection of prerecorded servo
track positioning information, and, more particularly, to the
detection and track following of servo track positioning

information from servo tracks having at least two edges, each



3. The servo tracks provide |ateral positioning informtion which Egs ad
by the'servo read head, can be decoded to indicate whether the'35r ﬁeééha
head is correctly positioned with respect to the servo tracks. Thus, the
servo head can be noved laterally to a desired position with respect to the
servo tracks so as to properly register the read/ wite elenents with
respect to a desired group of data tracke. Then, the servo head can foll ow
the servo tracks as the nedia and the head are noved longitudinally wth
respect o : ' Nt S vy i
LARAR I 0 P Ot e e SLAM AP USSP Y Adkordeg

regi stration w a trac As an exanpl e, e prerecor Servo

track DO%ietf\fwioglg,ariapfsqr T QL S UPTd e RS N0 SRIHO, W AREL Qavi ng

di fferent Serv erns, one o he servo patterns conprising a constant

T ornat PAy paca 2R St SRR AR SO R RS

frequenc¥mgﬂp a zero anplitude null signal. The interface between the
adj oi ning servo signals is called an "edge". The resultant signal read by
the servo head is a maxi num signal conprising the first frequency signa
conbi ned with the second frequency burst signal and a m ni nrum si gnal
conprising the first freque CR&&H@NDQﬂthﬁ?QZ.éﬁW &e null signal. If the
servo head is correctly pos?%¥oned at the juncgr%n d% t he adj oi ni ng servo
tracks, the anplitude of the conbined first and second frequency signals is
tw ce the "' - 5 MAR2003 4 anplitude of the conmbined first and nul
signal's, and i, easl |ya dpoadsm o £oRsRO0EY USPALEN 0. c SR ARD nc1ud
illustrates the above %%cusse servo track patterns and descrloggég lancf r%c
fol I owi ng 361y, {21 QMM g S TSR £50! Qb A1 PP aks AP RSt | QN d O dstpgdni ne

t he maxi num an%‘?nﬁoﬁjl' mum si gnal s. As data ILl():apat%l?ty id(gii ncr easegs, I t%s al so

desi r abl sd haverhaciuaid SPTDRLLOILILY Lt ol e StesAe rediae hayi 9 ddies

prior level of data capacity, to avol he necessity of” copying dall of the

data recarded A0 Adei PI i QicTeds an QM O fhe Asw ERek B a AMNRY L Jte tape
INVENTION It 1's therefore an object of the present invention to increase
the trackfdensitys ofi f gt enStOf a8ech®di Pachid s ity |4 Z1 19 tde Prd0s r 4peli a
servo tracks, so that the servo system may be operated to utilize the servo
track posiddd) Néhd NQr a8 dPRe aSoh@f g emd et herPradtr &R aghangiden Us£1 i ze
t he same servo track positioning information in a nore precise manner to
access trads atac@k hi gher track density. A servo position detector and a
nmet hod for detecting servo positioning with respect to an index position

di spl aced at arhof fogbivhl migsPect tap@, SRV 13 ackedr@edryidesiuddeity
servo track has at |east two edges, each edge conprising an interface

bet ween to® shssiTel ArléREOtd@INSEr LS| gnates. The esdgeshedd® mdy hdvdra R
2003 5 opposite lateral sides of a mddle recorded servo signal, and the
edges ar plepal bt gdobydatpriedediervhbe Hise anewer Themisens o6 £ Coagd [/ 8est@
servo read el ement having an active sensing region which is no nore than
and i s sudlidmettal tyah hereokst e phededeantnedksli standeviépar aitmggt deps,
edges. Thus, the servo read el enment thereby senses no nore than two of the
di ssi m | atypecal Hediseevbesvgdal sndnthat dete béad hes eilgésxed opattexalpyed to
the servo read el enment conpares the two sensed servo signals to determ ne

t he rati aowitierebspeeentoahbdedetracksnes ancess oeadiet geeupt e dovpateacksati o
of the sensed servo signhals and a predeterm ned ratio. The predeterm ned
rati o confmiceden poededpenivedegister fhenddbe beatlewethobtheddeta atrachs,
anplitudes in a predetermned direction, and identifies the index position.
The i ndexppesétondedsseutsst anachsl grpapabvitied owhihehedpge padallehl acethérom
the edge. The |l ogic provides an output signal related to the determ ned
error, thdabatpoécksgnah Bdewbi fgadghehd 3ecsbepostt annirdenedwohitispect
to the index position. In further enbodi nents of the invention, a servo
track folwblerrasgeott hodtheerpadywditief elerlenhbst ragdanthéoséow ngradles.
servo .index position related to the servo track. A servo positioner is
coupled to the logic and noves the servo read elenent in a direction to
reduce the servo position error.



'y. - 5 MA R 2003 6 In another enbodiment of the invention, the

di spl acenent of the index position fromone of the edges is substénMARlB/[][]a
1/4 of the predeterm ned distance separating the edges, for a total of four
i ndex positions, one on each side of an edge. Another enbodi nent enpl oys

the edges as in the prior art and additionally has index positions

di spl aced substantially 1/3 of the predetserm ned di stance separating the
edges, for a total of six index positions. The servo read el enment active
sensi ng e@ QAN £ YRIViRS 1RRLIRAN piistiaifingy lih R0haARGn which,
substantially 1000 of the predeterm ned di stance separating the edges. In

still angifagr @ROHyRHe e tRE ddAEHR), df HelRAIR the IRV Qite

positioning with respect to a plurality of parallel spaced servo tracks, a

plural i ty;rQft He1® (SR W FRAG Sl ETRIYS 1& @ ARAAD AR 1 tHOrRNSA t & dapct
dissimlar signals at each correspondi ng edge of the servo tracks. The

| ogi ¢ addidf 't@@'éé&\%vﬁfﬁa%%% hengorr espondi Mg SRNREE AV HinkSie |13arte§'aglr1§} S
of each of the plurality of read el enents and determ nes an error betwee
the compaled IfdidQf 6 A 3gath desfdid &l S8/ e S @almand 48 s to
predetermned ratio. . In a further enbodi nent of the invention, an

| ndependenl, g9y i QI SANSOT e (A honal lah dHam ded diorssgnsina d he coarse
position of the servo read elenment wth respect to a referénce, the coarse
posi ti on gendirRi Ig[}wwl&ﬂﬁ Pfcd he-Ldges ofndile S R AvAteds @l Fad @t h
and detected by t'he servo read el enent. ' 'S MAR 2003 The logic

addi ti onglHey RIBIPWSrddIEs @AMGR RRild thd RHAeMdd YartdiawdrRdet er m ned

i ndex position and to select the predetermned ratio. An input receives the
i nput  si gRAGi A ADAIF viStrs ARGt & d hadiRithe rThesd Qi rasPonds hvr 1he
recei ved input signal to determne the identified index position, selecting
the edge carGhethty Qeletror ¥ ek gt Qi aeldH itk tdeecd rixdcidi cated
predet erm ned i ndex position, the predeterm ned ratio conprising a

predet er m ned 2 fsetefdniind ha e pradvd uadot iad 1rddx ddyadelgimyg ned
direction. A servo read el enment having an active sensing region extends
subst ant ij ok Y hp £ Osd D B Ind N BEtgesSr d DS eNSe i dFfeddian two
of the dissimlar recorJ%d servo signals at one of the edges. An

i ndependesdr R4 it BN Shtie SENSESe thery aseitte ORI SAROS i dordearser vo
read elenment with respect to a reference, the present coarse position

i ndi cat i rghglhiecydeseidnane Ofa tdihdire det st fissljuartex, pasl tilonsottied heervo
servo track that is aligned with and detected by the servo read el enent.
The | ogi patteaoup Bk itma tirey i hoapendentc @ost dntonmmgensordeansht ot tdisyrsel vof
read elenent. The logic responds to the present coarse position to indicate
t he presentsimdex gposond ofrapiactediiy 4 heeserapkcaderenentsidreel | odilte
responds to the present index position and to the input identified index
posi ti on irftierstaoparatwesn atiposadjaming seexee | signals ect i omnl fedmi he
present index position toward the input identified index position, -5
MAR 2003 “eddest eby Bled ecesubtdiie $ignal i Xdend i by ethensenfo theadrieslet er m ned

i ndex positions. The logic then conpares the two sensed servo signals to
det er m nenaximaim os 1 dea kbetmeens irndtltet £ ns hefrequeneyrs bytavke erortbienedt i o
of the conpared sensed servo signals and the selected predetermned ratio
of the séliddt eétheneeodnd heregeetet erivinsd $haexl posd t4 onsninvrersiynal

determ ning a servo position error with respect to that index position. The
| ogi ¢ pr GwamiEsi Sipystihe ofiest of requeney t Higmdl powilpired ngl Gertiee twabber at e
the positioning servo in a direction to reduce said servo position error,

t her eby tgigeX ol | Hhi Hge t perve| keaddi preoer et ndeo s hdbongdsitivre For a
full er understanding of the present invention, reference should be nmade to
t he fol | ML e a9 f ctheleadioprinn sakep tracks| ublee i rpitude hef the

acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
combined first and second frequency signals is twice the



FIG 1 is a block diagramof a magnetic tape system enpl oying the present
invention; FIG 2 is a diagranmatic illustration of a magnetic ta@a Mgmgua
of two servo index positions in a conbined servo track: FIG 3 is a
diagrammatic illustration of a magnetic tape format enpl oyed in accordance
with the present invention for - 5 MAR 2003 9 providing four servo index
positions in the servo track of FIG 2; B G 4 is a block diagram
illustrating a servo track positioning systemfor decodi ng asynchronous

Cape of BREL £igRiof FHECBRBTRRE, HEr FoARAUPRN SRoREIE AR dEoRasad ©
ervo {1 9BRCaBRooraaar Lanel 15, RatERY Rear PadeBthRS B Rkl b e
e ar §ORHAI 85 SELPF6UaPGAES AP RuPPFEFERE BUSI CPORC B a s P08 " ond head
SEﬁe?§?2§5§§°§3§§i%égﬁkﬁe§%§§§§§§P32F93?&é?§§5§%HY§9a%%é§9d%?%%%éﬁégﬁﬁtik
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di .enbodi of th . d f th

mvent 1 o cePBafiEy SHe kiRt AR Bk O E BRTRG L oo ment of ¢ he
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met hod of theAga&g%% E%%a%&%%”is increased, it is also desirable to have

backward compatibility to data storage media having the prior
level of data capacity, to avoid the necessity of copying all of

the data recorded on the prior media onto the new media.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
increase the track density of a data storage media, while
utilizing the prior media servo tracks, so that the servo system
may be operated to utilize the servo track positioning
information as before for the prior media, and to utilize the
same servo track positioning information in a more precise manner
to access tracks at a higher track density.

A servo position detector and a method for detecting servo
positioning with respect to an index position displaced at an
offset with respect to a servo track are provided. The servo
track has at least two edges, each edge comprising an interface

between two dissimilar recorded servo signals. The edges are on



FLG 19 is a diagrammatic illustration of a nmagnetic tape fornat of tmo
servo p03|t|ons of a two-edged servo track and a prior art servc g Q
elenent: FIG 20 is a detailed diagrammatic illustration of a nagnetlc g
servo track enployed with servo read elenents in - 5 MAR 2003 O
accordance with the present invention for providing the four servo index
positions of FIG 3; FIG 21 is a diagrafmatic illustration of a magnetic
tape having 3 separate servo track areas; FIG 22 is a flow chart depicting

an enbodj leeé § Eem; had4ek L@ea%ﬁaaﬂg k@&s%eanse%@ = gnaaB the

detalled agrammatic | Iustratlon 0 magnetic tape servo ack enpl oyed

W th ser a I cor e i nvention for
prOV|d|né %g gggvggpggﬁtbg 8 t?oﬂggﬁﬁt ggg%?vgatﬁgggeof FIG 2. DETAILED

DESCRI PTI ON Oy, -erHEe#-&'F!F bﬁ?é‘rg?@ h”‘é?é?%oﬁle %Ehre Redalqnpr g erarc%‘ive .

enbodi nents in the escription mnt erence to the Figures, in

whi oh 11 SEnDUABCES SR BRT RATBEL 1BenS2fiB 8Y (Rl gga 2sCuRRLean i f e

i nvention SCr Interns O e best no or achi evi ng t

 nventi ogs. o BELLYESryhol L oDeyBRPLEREILEd Y chBoRABI I | g he art

that varrations be acconplish Inv EMIO ese te ings w't' hout

devi at | ngezw%aa SRhehrOknScaBs babhs HBVRRLEORNaERLeG/ DO FIG 1 a

data storage system as a‘magnetic tape system 1s |IIustrated An

exanpl e gifglmga&?t s §§§§8§¥%5f%l L9 YYQEL%“ ahli€ a3ek Yl% btk PR ION ri%

system o r 838nt i nvent i on be enplo is T

| BM 3500cBpgieni ¢! ape %gh_l%sa:%gu ’él‘éﬂ@hﬁ;o'coﬂl o ol? s RERVeh A J rom

REl .
whi ch data g 5 control signals are transmtte %ron1and to a host device 14

through anghgierkaceetlrmife ¢ARL £t idnithelépetweR! 80d Gekermines an

error between the compared ratio of the sensed servo signals and
a predetermined ratio. The predetermined ratio comprises a
predetermined offset from the centered on-edge ratio of
amplitudes in a predetermined direction, and identifies the index
position. The index position is substantially parallel to the
edge and displaced from the edge.

The logic provides an output signal related to the
determined error, the output signal identifying the servo
position error with respect to the index position.

In further embodiments of the invention, a servo track
follower and method are provided for detecting and following the
servo index position related to the servo track. A servo
positioner is coupled to the logic and moves the servo read

element in a direction to reduce the servo position error.



menory device 18, such a random access nenory for storing inforgation, such
as predet erm ned val ues for changi ng or progranm ng vari ous vaTgEelMARrQDOS
exanple of a control unit 12 conprises an | BM RS/ 6000 processor. A
nufti-el enent magnetic tape head 20, such as is well known in the art,
includes a plurality of data read/wite elenents to record and read data
onto and froma magnetic tape 22, and sesvo read el enents to read servo
signals conprising prerecorded servo track positioning information in a

plurality of servo tracks on the ta 2. A tape.reel tQr _system (pot

Do) of Chet et cmsdatnent “0E G LnkERELOR bR St il SEreal 6t

and a servo positioner 24 directs the tion,of the head, 20,in | ateral or

transvefEQFc#hék%iQﬁF%%&%&i OB °R%F o B?tﬁﬁgﬁﬁllﬁi?EﬁFFaﬂtb?l?¥pg/§D?Fon.

The control unit 12 is ggqgled to the tagﬁ.ﬁee% gnt rsan Ocont#oks th&

di recti o'® ATt HE AT BFATT oL T he"Y apB® 259955 t h&CF oRgFPhiatng

directiqp. The(gata tracks on the tape Zﬁ grg ar anged in pa aé%gl and in

par al | el P9 tHESE RPN, FhasOP a82 ¢ HheS 537 V0T pdEi T8 fer t&es a

servo read elenment to frack _follow a servo ack, .the - 5 MAR.2003 1

dat a reéﬂgﬂﬁ$%QFQﬁeﬁﬂﬁl%y?rggﬁ %8%%?a??e%ng%%ﬁppsfofhgrﬁa?ﬁdt?ggﬁ }OP?%QV

is desired to track another parallel .group,_ of. da t ks e head 20 is

| doned a8 a8 BT hens  SREE) acea e P dnc R e L APk s Hifed o t

anot her seryo track, or,atdifferent sgrvo ﬁead glenen i s ah%gngd gjth t he

sane or BFefgerthied (F Lot EPaRKSERFEACIAS FRSdSS8SFs £8Thd 8y P g

selected.ngdex $os{tion, aghindex contr Ilié 26,1 S gnabled bé the control

unit 12, PLLRiRYPHEEORDar setposFTYBnt §RGnat S FFBhn &Rt XdepERaeny region
distance comprises between substantially 80% and substantially
100% of the predetermined distance separating the edges.

In still another embodiment of the invention, for detecting
the servo positioning with respect to a plurality of parallel
spaced servo tracks, a plurality of the servo read elements are
spaced apart to sense the two dissimilar signals at each
corresponding edge of the servo tracks. The logic additionally
averages the corresponding sensed two dissimilar signals of each
of the plurality of read elements and determines an error between
the compared ratio of the averaged dissimilar servo signals and
the predetermined ratio.

" In a further embodiment of the invention, an independent
position sensor is additionally provided for sensing the coarse
position of the servo read element with respect to a reference,

the coarse position indicating which of the edges of the servo

track is aligned with and detected by the servo read element.



position sensor 460 and transnmts an appropriate signal to servq |ogic 465
t'o sel'ect the appropriate servo track, while the control unit 'I% ggﬁggg
an appropriate signal to a servo gap selector 32 to select the appropriate
servo read el enent. The independent position sensor 460 is discussed in the
incorporated U S. Patent No. 5,844,814, and indicates the position of the
head 20 with respect to a fixed reference. The |ogic 465 operates the servo
positioner 24 in accordance with the present invention to position the

t h t K dt | 1 the . t.
2e Wil B iﬁﬁEna ﬁﬁnﬁié,&ﬁ%mg Sidy b%ﬁ%p.ai‘r%eap%%%&lg%ﬁmetr & C or
M Cr opr ocesso The t rectional_, in whj h ASnes of

t he readfﬂflPE QFEﬁéﬁﬁgegr n§§ﬁe89§5%¥8p Sﬁg'g: €& SPemb

others of the read/wite elenents are sel ected for t he opposite - 5 MAR
2003 13 BRF&Btion of novenent. The control unit 12 additionally selects the

appropri ate ones.of he readIMW| e nts ransm.tti.ng.a signal a

read/ write gaﬁnsépé? FCELXES [t ac’f@é’l11 aﬁ&gné'nlt haf‘ﬁiel&géé:eﬁis cﬁ\%’éﬂﬁ%%o

servo tragck decog gﬁdﬁcodes the s r %Prnatlon nd servo .l ogi.c 465
si t PO

det er ni n&S€t HBPY §9etr GFSPH aﬁ&cﬁr’l&ﬁ &8Re SFE & ng

f t to.th t, 24 t | th l,ect d
cl cront HBCERBIEE Saped SBryd rncRaes a%sa 8 SEPRE T RO T @

TRgnet] CoL AR LORTRLOL 0 FUpPLURR NG W RS shhsBAdtP, called

predetermined index position, the predetermined ratio comprising
a predetermined offset from the centered on-edge ratio in a
predetermined direction. A servo read element having an active
sensing region extends substantially orthogonal to the one of the
edges to sense no more than two of the dissimilar recorded servo
signals at one of the edges. An independent position sensor
senses the present coarse position of the servo read element with
respect to a reference, the present coarse position indicating
the'present one of the predetermined index positions of the servo
track that is aligned with and detected by the servo read
element. The logic is coupled to the independent position sensor
and to the servo read element. The logic responds to the present
coarse position to indicate the present index position detected
by the servo read element. The logic responds to the present
index position and to the input identified index position, first
operating a positioning servo in a direction from the present

index position toward the input identified index position,



servo track, together with prior art servo read elenents 470 and 480 havi ng
active sensing regions 471 and 481. The conbi ned prerecorded s vm té%
conprises two dissimlar servo signals, one servo signal at oltwr A 340
and 42, having a recorded pattern of a constant anplitude signal of a
single first frequency, on either side of a mddle track 44 of the other
servo signal, having a recorded pattern glternating between a constant
anplitude burst signal 45 of a single second frequency and a zero anplitude
null sl qaal i) 0. Aeid @loas Al LR ALe TR SSeNhed o Ae EddRineg

conpri ses | errace tween e two di'ssim lar servo signals. en a
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]1:: ;:: :n se?:on fre gfan_?_y_ Si gn'a ;s |se wice _g anpli usle 0 / e CiOgI)I ned
| ncor poIb;IIere% IIL?%I% eln%d%gi)%fér}tugo JIIFILIU%II aCIee(?_;AIIrI?lle %llg%vaé %ﬁgs\g%s_sed
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guard bfnré}ég'fg%é an (Io%'l'lfo pr%fectoqﬁ:[% outer IIreI)éILI(ss tft'o anoé %&I rom noi se
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and 481 &ﬂﬁg{(r?:egtgrépe Shafaly (O A0k ST Phithd Anpaalidetagtion. The prior

art servo tra es ‘47 and are separate y a predeterm ned distance

490, e”ﬁif&&éﬁﬁi uf agd Mring; of o4 he magnetic tape and servo tracks.
onl [

Thus, y two index positions are allowed, each centered on one of the

edges 47 and #g. Jh@uﬁfélg %&&%mﬁ 48 {HETSASEM OY1 ROVt fb g

addi ti onal servo ., - R 2003 15 read el enents at shifted positions,

so that fdgQilied d18ach &l saBige "By 8% | ASEXSHAP ddeaiTexadastipensn The

capability is limted by the manufacturability of precisely shifted servo

read el e/l - i f\ScSh PEASEEEh AROME. thd dScHRSAAPDAS APy de additi onal

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a magnetic tape system
employing the present invention;

FIG. 2 is a diagrammatic illustration of a magnetic tape
format of two servo index positions in a combined servo track;

FIG. 3 is a diagrammatic illustration of a magnetic tape

format employed in accordance with the present invention for



data tracks. The traditional approach is to provide nore precise
positioning of the servo head by providing servo (and dat a) trngsMAﬁtzﬁﬂg
smal |l er and positioned closer together. However, it becones diffv¥c t

use the sanme servo read el enents to provide backward conpatibility to data
storage nedia having the prior |level of data capacity, to avoid the
necessity of copying all of the data regorded on the prior nedia onto the
new nedi a. Hence, in accordance with the present invention, as illustrated
in FIG e t b t e
positionégoY%ggnaniégaeﬁggbgrgéﬁ%%ﬂéﬁ??ggggéi?#c%ﬁ?ygé%ﬁg Egg ?ngg FiG.
prerecorggd servo track conprises the prior art two outer tracks 40 and 42,
having a“tecorded pattern of a constant anplitude signal of a single first
frequency, on either side of the mddle track 44, which alternates between
a constant anpEft ufleipupsblerndliaghrgmal zendtaAbingudeSRGVP §X§REl to
provide the two servo edges 47 and 48. The edges 47 and 48 are separated by
t he prede®®ihipedndi syahee 490, depodingwes¥nchrpaodat digisekssamplgli gied
so that a servo " , - 5 MAR 2003 16 elenent is displaced froman edge 47
or 48 soPhereecpeedi gergontypek peatkigehsgt ynfesmakkahplfeomt RetdPspliced
alignnent nay be |ocated along |ines 55 - 58 about one quarter the w dth of
t he mi ddFEGtrdcknd4fanaposibhrnhrgsefvbeaduritat etenABtpnini apeprdance
direction, providing four index positions. In order to center the data
read/ wr i wetkl ehenparentt haveftiand "3" index positions, the servo read

el ement nust be | ocated at position 505 or at position 508, and will read a
m ni mum si gnakFIthat hasaahlaokl diageamf ofibeupldrdlotyt bé rhri semve gmalck
and to center the data read/wite elenments in the "1" and "2" index

posi ti ongecbhersebyorigadsehgiehh THebrbeckogateduphlpoaiyt peBgeaRAmab1at
position 507, and will read a m ninum signal that 1s about 1/3 of the

maxi mum gi gnak. sfhusneassipgl ers6kvacebgaent, rather than track follow ng
up to two servo edges 47 and 48, now tracks four servo index positions

55-58, effect pygky @REQEE“BBt Q?edﬂiu%@%idt%nfs%ft Qﬁeﬁﬁhé&&”gn%‘i"o\fqogtg&%ks-

Additionally, as in the prior art, 1 ndexed servo read el enents may

enpl Oyedskﬁ{gtgﬁéh%g%gg%%r%ﬂ‘éeﬁ%%i%k' od! L\OWeilvgoilQ;L:lhnge?ti Lhg g%%?lﬁtlrél%%k

density. er i ment of e present itnvention iIs illustrate

23. At tg? a@aigél"éhvgﬂgﬁésp8§iEhgn%esb@@t%@évgnghggegErvo signals

generated by a servo track decoder of FIGS. 4 and 5;

FIGS. 7-12 are block diagrams of an embodiment of the servo
track decoder of the parent invention;

FIGS. 13 - 18 are flow charts depicting an embodiment of the
method of the parent invention;

FIG. 19 is a diagrammatic illustration of a magnetic tape
format of two servo positions of a two-edged servo track and a
prior art servo read element;

FIG. 20 is a detailed diagrammatic illustration of a

magnetic tape servo track employed with servo read elements in



is located at position 600 centered on servo edge 47 or at position 601
centered on servo edge 48. Additional index 11 - 5 MAR 2003 ¥ n\dﬂ}?Q@ﬂQ
are provided which are aligned such that a servo elenent is displaced from
an edge 47 or 98 located along lines 612-615 about 1/3 the width of the

m ddl e track 44 away fromthe servo edge 47 or 48 in either direction. As
the result, the nunmber of index positiopg becones six. In order to center
the data read/wite elenents in the "2" and "5" index positions, the servo

read ele bg:kgc d ity 0 t b Yk , wil |
read a n?ﬁ?%ﬁﬁyéFangﬁhghg%ghgggggﬁgn%P??EggggfEggogggg?ghg ?ﬁg gg@?num

si gnal , gggyhoiﬁagkebogggigﬁ askepgdewr hte el ements in the "3" and "4" index

posi tions, e servo rea ement must be |ocated at position 603 or at

position 604, and will read.a mninumsignal that has _an anplitude, of about
16 of the maktfumPdi dfan. CEAEPIHPLAF abBRES SEAR D8 ey MEPBREAC (SRR ng
mul tiple index positions on either side of an edge, requiring the detection
of preciéévéﬁﬁlgtﬁGBaFéFPo§?rTﬁet§E€5iPF@aéﬁplitude rati os are functions of
the di stance covered by the_active sensing region of the servo read head,
etc. ReferringIfe BRGLS28, fllAWachardafCR1GERTt RB FFRESEAMSTY &Ft ithe t he
active sensing region 510 of the servo read el enent extends over a distance
subst ant mgthpdopthéhenpresenthanyggsdonwnpgld is no nore than and is
substantially the entire predeterm ned distance 490. Thus, the servo read
el enent activ€IG. 23 BsMA Re2@03edsddepsinmpatégi ad lawtenddooverf @ di st ance
sufficient to sense both of the two dissimlar recorded servo signals at
one edgemagndtiensepenaenwpoe tirhak ewplofyetiheidhs siemvicar eneic @leac nder im
signals. Specifically, the sensing distance 510 is greater than tw ce the

i ndex posktbedadicepkatcemthe preseatprinvesthietwder providing six servo

index positions in the servo track of FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

This invention is described in preferred embodiments in the
following description with reference to the Figures, in which
like numbers represent the same or similar elements. While this
invention is described in terms of the best mode for achieving
this invention's objectives, it will be appreciated by those
skilled in the art that variations may be accomplished in view of
these teachings without deviating from the spirit or scope of the
invention.

Referring to FIG. 1, a data storage system 10, such as a

magnetic tape system, is illustrated. An example of a magnetic

tape system in which the servo track positioning system of the



substantially 800 and substantially 1000 of the predeterm ned di stance

separating the edges. It is apparent that any significant noi se~i MAge%@{qg
i n exaggeration of the m ninmumsignal in position 506 or in position 507,
and any noise will result in difficulty in distinguishing the maxi mumfrom
the m nimum signal in position 505 or in position 508. Hence, referring
additionally to FIG 1, the decodi ng ofijthe servo signals is acconplished
by the servo decoder 28 and nethod of the parent application as depicted in

FIGS. 4- . 4] r a i £10ni :
oo da r%xgesﬂxﬁltrﬁééﬁém DS SRSV dd ack 09si 1h1AN8 090 SYSLRELLE tape

present 1 nvention Tor reading the anal og”servo signals

t th t : } Kk :
Conver {1 TR Shal 0y LTV L i o4 o B AR 5 (T Ereh S ol docry

signal in analog front end 65 and a digital servo track decoder 66.t0
decode (A diGITETL SHHTL® ARE dX T THE" Shel BB TRACES Bf ORE GRVEFBpES of
the mni num and the nmaxi mum signals represented by the digital 5 MAR 2003
19 sanpl@sroudie arikteetace ober The t¢epthoki wpbhsl? hdssepvbBlefeh@nd of
head 20 and thereby positions the read/wite el enents

memory device 18, such a random access memory for storing

information, such as predetermined values for changing or
programming various values. An example of a control unit 12
comprises an IBM RS/6000 processor. A multi-element magnetic
tape head 20, such as is well known in the art, includes a
plurality of data read/write elements to record and read data
onto and from a magnetic tape 22, and servo read elements to read
servo signals comprising prerecorded servo track positioning
information in a plurality of servo tracks on the tape 22.

A tape reel motor system (not shown) of the tape drive moves
the tape 22 in the longitudinal direction, and a servo positioner
24 directs the motion of the head 20 in a lateral or transverse
direction relative to the longitudinal direction of tape motion.
The control unit 12 is coupled to the tape reel motors and
controls the direction, velocity and acceleration of the tape 22
in the longitudinal direction.

The data tracks on the tape 22 are arranged in parallel and
in parallel to the servo tracks. Thus, as the servo positioner

24 causes a servo read element to track follow a servo track, the



iin accordance with the decoded positioning information. Thus, the servo
track decoder 28 decodes the servo positioning 5 information an i

the positioning information to the servo positioner 24 to aligr tﬁéﬁ%m
sel ected servo read elenent to the selected i ndex position so as to
properly align the read/ wite elenments at the desired data tracks. FIG 5
illustrates a plurality of the digital ggrvo track decoders of FIG 4, each
conprising an envel ope follower 70 and a m ni nunf maxi mum detector 71. Each

of the epwel0R il AW e1EhdRGLittaTH he Jﬁa;argﬂmorw&;;di&é tale SaEY es of a

different servo elenent froman associate |l og front end on a respective

line 72- {440y acqqr danges Wddy ddie RAMSHc I MMRIEHON padd 1 S JBsli, o SUSAL RS
magneti c tape having different nmagnetic characteristics (perhaps due to

di fferenggs Jyn MaGEr hal ) o Pl &}',wi\r{r{;ay & f]faleqéafgldﬁ?ré’d) Hadalie fﬁfrﬁ; servo

densiti es (as di scussed above]) e util1zed by providing rent

progr am"r%%:at% ¥ Ie‘é‘%sétog,sl i()arr}l.el[s%}zesd fv?:{tﬂ[ ha}%o%ﬁ{evro éé’ﬁ%( &eé:(ﬂgerc?r .a?iéfffepé(né he

cont rol da separate m Croprocessor, at”m Cr oprocessor

interface 80. R swtch 82 operates nmultinl,exqrs 0. pr.ovj h -
MAR Z003 °50 Véi)pp':rec?igq> ie;teénec{étc &dse%‘lpl&rﬁoll O%Jipénrbxtlc}h osfagrr% ioolﬁ odlgﬁfeérseg}%oéerwgs

posi ti ong_‘rr(_iatk output 84. FIGS. 6A and 6B illustrate wave forns of the

anal og signéi‘fron1the servo transducer at, respectively, positions 61 and

02 610 D R Ay o ST S a1 20 siuLe e servo
position, an index controller 26 is enabled by the control unit
12, receiving a coarse position signal from an independent
position sensor 460 and transmits an appropriate signal to servo
logic 465 to select the appropriate servo track, while the
control unit 12 transmits an appropriate signal to a servo gap
selector 32 to select the appropriate servo read element. The
independent position sensor 460 is discussed in the incorporated
U.S. Patent No. 5,844,814, and indicates the position of the head
20 with respect to a fixed reference. The logic 465 operates the
servo positioner 24 in accordance with the present invention to
position the servo read element at the correct servo track and
track follow the track, as will be explained. The logic 465 may
comprise a programmed PROM, ASIC or microprocessor. The tape
system 10 may be bi-directional, in which ones of the read/write
elements are selected for one direction of movement, and others

of the read/write elements are selected for the opposite



conbination of the first frequency and the second frequency burst is at a
hi gh anplitude, but the burst 87 forned fromthe conbination ofesgﬁAf‘.j\)rst

frequency and the null signal is at a very |ow anplitude becauS 3003
smal | portion of the servo transducer is positioned over the first
frequency. Although it is easy to distinguish the bursts, it is difficult
to nmeasure the precise ratio of the burigs in the presence of noise, and
therefore difficult to detect the preci position of the servo transducer.
In FIG 6B, the bursts 90 and 91 forned ile the servp transducer js at
posi ti o TRCtHOIE|E B §BeIH; ¢ hef RS ARTHARG oMot thfe 94 1R RS EHE t he
second frequency burst is at a high anplitude, as is the burst 92 forned
from t h&hOMIHRR G anrs 9 e (SRS hE el 1P%i i shifdeng e
the servo transducer is positioned primarily over the first frequency.

Thus, i tsiignadi f§e culteady whishts rgpR stelart birist S$Qn the redrnco Wi se,
and I~ - 5 MAR 2003 21 therefore difficult to detect the precise position
of the gdrev@presnsduaerentBraref |sgrwadditddnaldgodeaf @8 ideggpdde FIH3E demnd 5,
the parent invention digitally distinguishes the bursts and then provides

t he anpljiffuniess oforl hthEnehvpaso@fc 1465 rESReGHING HSso S tdaing herF@ti o

may be determ ned. The digital servo detector in the analog front” end 65

asynchr aupl t i I o1V g : 0.
e SR AR PRI S P S RS AR ST

fol | oner _ gital sanples, detecting an

i di Wy I t ' [ t
2:1\%: OLS%O%%%%%%O&&Q%a%nSC%%%%ﬁa@a%%%%d@%%e%hi ng

and prov'qifn a, m ni mum envel ope out put nmeasuring the anplitude of a burst
envel opegeo e(tqheed n%%liﬁ‘?rwﬁn‘%ro%]c he asynchronous digital sanples. A " DROPOQUT™

t hreshol d det or, fecejves the asynchronous digital s | es _and detects
the received E:f;%/‘nclhgr oclgju Std’f‘—’bil_‘%sala spaﬁ%p?%salﬁailﬁga}%be o rrtgag)e aﬁ“% wEWS
threshol d related to the paxi rum burst envel ope, providing a " DROPQUT"

t hr eshol 3 IFHERY FESY Y IR "POARRA 02t reidohas 1 3 HeOTUpREEbUT"
t hreshol d detection to detect the m ni num envel ope for the envel oge

det ect orse i clhr 3 lovi dese tiar i by k0w a BpeS DM putead el e 0 and
detection distinguishes the m ni num envel ope fromthe naxi num envel ope and
al | ows Mg heaneng aftive semsingm enyedopedTh andidtid nebhernoohophed 71.
Thus, a ratio of the - 5 MAR 2003 22 neasured maxi mum envel ope anplitude
out put gtk #d1so 1BES U €Llv a1t KM Sovet DPpes atoppd | dliskei il it s &10ps eSBiis1 s he
| at eral position
one servo signal at outer tracks 40 and 42, having a recorded
pattern of a constant amplitude signal of a single first
frequency, on either side of a middle track 44 of the other servo
signal, having a recorded pattern alternating between a constant

amplitude burst signal 45 of a single second frequency and a zero
amplitude null signal 46.

Two servo edges 47 and 48 are represented. An “edge”
comprises an interface between the two dissimilar servo signals.
When a servo read element is centered on servo edge 47 or on

servo edge 48, the resultant signal read by the servo element is



of the servo head. The specific enbodinent of FIGS. 7-18 is detailed in the

parent’ application. Additionally, referring to FIG 21, a pl ur.agi MAQ 03
servo read el enents 520-522 are spaced apart in the head 20 to §e ZQ

two dissimlar signals at each correspondi ng edge of servo tracks 525-527.
Then, the corresponding sensed two dissimlar signals of each of the servo
read el enments are averaged to reduce thpgeffect of noise. Referring to

FIGS. 1, 20 and 23, logic 465 coupled, via servo decoder 28, to the servo

read el . sl o o , : i al s
%ﬁ%{gx?ﬁ,é@rsalﬁ%gﬂt ﬁéer sﬁaf tHEOMPHES £t BEE Yo SR

to determ ne etweenh. The logic then determ nes the error

bet ween %i% qag@;%&dor{&gf& fedd\f ENSEd SRIMO SAEMﬁa% asPEgdet er m ned

ratio. e predetermned ratio I's the center ed on- edge itude ratio or a

pr edet erieg.pldShlal IR GENNEE A edaRATdY Wittt | Gorifli e

pr edet erm ne onprising the desired and ‘expected ratio of the

sensed §HNAl G Al iNe Hn O . t her PRded &8 Nethd X POSELE DPScOSE&Bed on

sensed. I'n FIG 20, the predeterm ned 1 ndex positions 505-5 are al

di spl aceq,d rQgd hee raspesd| e 89 AN d I AlG @3is i Ndex; pos tiQns 602- 6g5

are displaced and the anplitudes at an offset fromthe 1/2 ratio of -

MAR 2003 ddif: S4G8 orfSe di S QUSSR ADOYE t1e3 ahi}SL 11084 E HF OMvhEleSombi Q& pfiierst

signal to the servo positioner 24 related to the determined error. Th

out put sjgpaledsledt¢fd Gseldlp SEIYO POSI tEPILLIEIE bt @sPest LRt he
predeterm ned i ndex poSition, and the servo positioner 24 noves the head 20

W th seridgnd 83 of S8t a pd1 208 9110005 605rH ks aurfhh T BEEAON4 €1 €04ICEa BEEYO
position error, thereby track follow ng the servo i ndex position. Referring

to FIGS.the ath 20 cide sefy Sha Sa SENsebftenn deX. POSI48 0n$o 505 and 508
are identical, but the directions

illustrates the above discussed servo track patterns and
describes a track following servo positioning system employing
peak detection to determine the maximum and minimum signals.

Typically, the combined servo track 40-44 is provided with
servo guard bands 500 and 501 to protect the outer tracks 40 and
42 from noise resulting from the data track areas 502 and 503.
The prior art servo read elements 470 and 480 have the smallest
possible active sensing regions 471 and 481 to increase the
signal to noise ratio for peak detection.

The prior art servo track edges 47 and 48 are separated by a
predetermined distance 490, employed for manufacturing of the
magnetic tape and servo tracks. Thus, only two index positions
are allowed, each centered on one of the edges 47 and 48. The

data track density is increased by providing additional servo



that the head 20 nust be noved to center the servo read elenment with
respect to the index position are reversed. Similarly, the servngimgﬂ?ooa
sensed at index positions 506 and 507 are identical, but the direéect

that the head 20 nust be noved to center the servo read elenent with
respect to the index position are also reversed. Referring to FIGS. 1 and
23, the servo signals sensed at the on-efige i ndex positions 600 and 601 are
identical, the servo signals sensed at index positions 602 and 605 are

i denti cal nd, t he servp si i hde Ssidlo 3 604 are
identicaﬁa u?l?%eﬁéihalng?gﬁeéé iggf@POS% QQ %%%? t%% ﬁé%g 2{)819&i

t ) ge the direc f ons hea nust be

t t t t .

e s oves Saerts MEy SRE LERAEREA LS EIL Ihaly " SEREELORS. iﬁ%%3€%é§§?fik&°”
T on, 460, , . £ I . on.

Poe | ndchenbEnt A opy T HRE HaifadRaPaoYl £6y ORI BELPELEY PONNRCLA SLIRLL o1

Uus Patggédhg%e$%§44,814, senses the present coarse position of the head

20 wi th Tespec gsfeference, such as a fixed point adjacent the head. In

accor dance W Ll hhecpresenipliyentions Ahe; £ORssecpOsEhleal ngahnLoppati on

may be at either of ‘two alternative Teve n one enbodi nen onal |y

posi 1 onthGE | RFOTHRLi ok ni it BEobRE EERESAn DPE b POEaLindRe, PRELEER,,

positionfnhg i ATO tion rndrca Servo t

st oPhL Y RELIRGT ol Lhe 208-06) RELETLPVRLDES AN LEOE FRRRALEATTS | NdeX

positiohpls erm he rati ween e eérvo Signal s.

Speci i cal Lot el ogle 492 det cLlngs.1beorahi e 80d: LEgmebe compaLed,

ratio, erm nés which sensed servo S| gna rea ogl Cc responds

to the gfea 8&0@?%89%%9%&&&%%9%”@fuieOQaméeééf%”E%LH%PEEQEEQV Lned

ratio as rndrca resent predetermned I ndex positioni1n aTtirst or

in a Seggpgvﬂaée%gggpa% Qbasgegsg?myf EQWHEFQ peesent g%%?a%ét}ihﬁsﬁﬁ%t to

t he ser rac € Sservo sign n an alternati odi nent, "t he

he. | nacs oGt EroR 505 BBB of TBTCe 2D, Chr tl he b oS 6t 00 6B 6E

3 MR 2093025:RLbCaatd: rBLoklEASEhV Nk BEkoENALALS BHESCEAEYndl ABRYA tN
and detected by the servo read el enent.

Hence, in accordance with the present invention, as
illustrated in FIG. 20, the servo tracks are unchanged, but the
data tracks are positioned in a more dense arrangement.

Specifically, the combined prerecorded servo track comprises
the prior art two outer tracks 40 and 42, having a recorded
pattern of a constant amplitude signal of a single first
frequency, on either side of the middle track 44, which
alternates between a constant amplitude burst signal and a zero
amplitude null signal to provide the two servo edges 47 and 48.

The edges 47 and 48 are separated by the predetermined distance

490. Now, however, the data tracks are aligned so that a servo



When the head 20 is to be noved to a selected index position, the index
contrdller 26 is enabled by the control unit 12, receiving the cqumgg?gpo3
position signal fromthe independent position sensor 460 and trans
appropriate signal to servo logic 465 to select the appropriate servo
track, while the control unit 12 transmts an appropriate signal to a servo
gap selector 32 to select the appropriatée servo read el enent. The | ogic 465
determ nes the present index position indication and responds to the input

i dentified predeterm ned inde ositio fifst operati | 1 oning
Servo Zfﬁiﬁﬁ‘%ef&dilrsec ]isé‘ﬁafcreomﬁwe pz’lrnes'eeCfl © idn'{jeér p‘ic:gi %S ognsgt%m;?’g(g?%%é i %put
identified one of the four predeterm ned index positjons, thereby selecting
he | npBGRnd 1 AFRRRE Posi Ko RaTHEL ogiie KU HLHACER o CHETBARE ety
ratio representing the selected index pasition. Then, the |ogic 465

det er m RS ki@t Gl et d RS comPraPHat e afdrt Fer sEre credth aef othand
subsequent|ly operates the positioning servo 24 in a direction to reduce the
servo paosiddlen teradr 44 rewapyfromcihd of ¢ v refdhecert et ek | Haexiplaerti on.

An enbodi nent of the nethod of the present invention is illustrated in FIG
22. Ref etirtengt iadidi tpromalding of G iridexr heosipikns s rBoedxaer f roncenher ol
unit 12 in step 540, and, in step " S MA R 2003 26 542, the servo track

decoder 28 aduk s aread fvngi tee 46benaterd | fry tEmel $@T ezind t he” predex epos hedonadex
position. Shown as step 545, the alternatives of averaging a plurality of
servo regfe heatiso aread ebghayt nouat heglecattad deadosttichod®S dheat
selection of the alternative will have been nmade based on the

identifigadiofoRfsdde ddewrll head 29 mngihhe §Vpeadf thediBasagd step 545
represents the information associated with that r1dentification. If only one

servo reagh £ GRBOt o £ SaiSoRE OY A o f Lihe LS SRINOs L ARG €| £HBNE, LOnELEPLRAT,
senses no nore than two of the dissimlar recorded servo signals at one of

the edges, o hee SENFE e SELONSEPS ©5n OVEL aldi§ﬁ@ne§~wbha@xigoggﬁfoﬁgantﬁed

substantially the entire predeterm ned di stance between the edges.

Speci fically, MWese-tbfedt SRhacerEN o 0ftd LPAsXsPeshhi 986f5PM BNEL9E £ BE
edges is substantially 250 of the predeterm ned di stance separating the
edges, t sensjng. dj s e_of . e ement., .S b

subst antToTT yRabov ki EERS: anpt A RuR b Eon £ Fufhr TECkRb A NS TP, thee. 11
nore than_one servo read element is enployed, ">1" in step 545, the read
el enent S"¥AtH 8 ePt®8%no nore than two of the dissinilar recorded servo
signals at thg correspondi ng_edges he s S Sl 5
Zach senced drBeFH Far BPunarerer ehentlhs RaEhdnathy B ERAEH, Ty BhEhaatE,
step 549 Tgen, in steg 5504 t he sgévo g%c der . 28 conpares elk er t he ~'
_ 5 MAR 9903"9758FHGI APt ki fRF 22¢ vBOYi GhaArESt FRF st 8P VBTGP t he
averaged dissimlar _servo signals fromstep 549 to determine the ratio

bet ween PR&1IEEPYH §F§ﬁ§?s?ffﬁcFﬁgeéﬁnﬁoggﬁgaﬂcEPetﬂétPn8€B§ﬁ88nF°50§Pﬁion
sensor 460,independentl¥ senses the_gresent coarse position of the head 20
servo ref¥igténgneerventeaspect Pedatiepatéliceast hB fPesBRECEo0dFESe position
either indicating the present predeterm ned i ndex position being detected
by the séRgeXpdageEVentffdi RLsNeptseBayr PENEMRAPYRE  t RBIeHbE BFeFRBLservo
track m ddl e servo signal being detected hy the servo read elenent in step
561. UpohlYeRELPRoH1GE BRdOWr 8sERtPLARE Ph §hEpdBER, TEREX dEPEL&Y -t wo
dissimlar servo signals (S1) and (S2) fromstep 550 are conpared by |ogic
465 in step 585°thedefBPRAABCRE B &het HéeFﬁBtngjNS%lPﬁl dfedtdHstypéed
greater of the signals (S1) or (S2) indicates the direction indicating the
present Eﬂe&éﬁerﬁgnedAﬁnééﬁ p8si Pronli niBREKePOEREIPNESt LhEr E6EVEN elsient
566) or in the second direction (step 567) of displacenent fromthe

i ndi cat edspilesetededge pwistilt ioes 680t centeheds envsetrvackedgieddlle ogermto si gnal .
Thus, step 560, step 566, or step 567 indicates the present predeterm ned

i ndex pogpbkii®nocbeisng sentedcly ohheesebvedyeadsel epaititibhadt epdes0, the
predeterm ned i ndex position selected in step 542 is enployed to select the
predeterm ned ratio conprising a predeterm ned offset, if any, fromthe
centered ‘1 - 5 MAR 2003



28 on-edge ratio in the selected direction. In the illustrated exanple of
FIG 20, the anplitude ratio representing the offset will be subg tiall
3/9 representing a displacenent of 1/4 the predeterm ned di stanT 33 63
one direction 505 or 508 away fromthe center signal 44, and substantially
1/4 representing a displacenent of 1/4 in the other direction 506 or 507
innwardly fromthe edge. In the exanple f FIG 23, the predetermned ratio
selected in step 570 conprlses substantlglly a l1/2 anplitude ratio for the

on- edge i ndex, position 600, ‘%ﬂl rlsssu statlag a 5/6 anplitude
ratio fdCTNASNDHRALS iR %p‘i‘ %%‘Ff? NG oF 3t R ePBRYC0f 1/3 in
one direction away fromthe center S|gnal and conprises substantially a

1/ 6 anpl§SRR1Y atd dilfiiﬁlﬁ‘?ﬁ%xf’fﬁ%@’i‘o%g%o‘? % 941 0cpred eht PRY hines

di spl acenent of 1/3 the predeterm ned distance 490 inwardly fromthe edge.
| f the Sk2rb¥earbalenti Wie hebditi200f sthetmplékenttychodd t dwagdfnomt hee
sel ected index position, the logic 465, in step 575, first operates the

Servo pasdivenedgedal conva® imee Sehapd depdcel enentas othderseheef eghéndex
position. Steps 560, 566 or 567 are repeated until the servo read el ement

IS corragihe €03 SBAYe POSb$1 O1GEk bedbReselegt ed i ndex position. Once the

servo read elenent is coarsely positioned at the selected i ndex position,

track foll owng beginsto |FesteP 689, data PedBRVZLOS elements in the “2~
and “5” index positions, the servo read element must be located
at position 602 or at position 605, and will read a minimum
signal that has an amplitude of about 5/6 of the maximum signal,
and to center the data read/write elements in the “3” and “4”
index positions, the servo read element must be located at
position 603 or at position 604, and will read a minimum signal
that has an amplitude of about 1/6 of the maximum signal.

Other displacements can be envisioned, including multiple
index positions on either side of an edge, requiring the
detection of precise amplitude ratios. The specific amplitude
ratios are functions of the distance covered by the active

sensing region of the servo read head, etc.

Referring to FIG. 20, in accordance with the present
invention, the active sensing region 510 of the servo read

element extends over a distance substantially orthogonal to the
edges, which is no more than and is substantially the entire

predetermined distance 490. Thus, the servo read element active



29 the then conpared ratio of the two sensed servo signals of step 550 is
conpar'ed by logic 465 to the selected ratio of step 570. The conparison
determ nes the servo position error with respect to the sel ect eds MA)R ggga
position. The logic 465 then operates the servo positioner 24, in step )
to nove the servo read elenent in a direction to reduce the servo position
error. The steps 547 or 548, and 550, 5 and 585 then continue to track
foll ow the sel ected predeterm ned i ndex position. Thus, the present

St or age TRATES AT LTIy The &S e LR ke ' v
ot or maid bt M8 B G T B [ T e Vet S LA 11 28 He e i vo
{1 acks. ST Oh e r L agrt o f VI G EHE I B e S B T < o b
B el oo S Bl et ik L o P e
skilled in the art w thout de arti%‘%froméhe scoPe of. the present

i nvent i df&si g RRTHEINN theSRATHGHy 14 FEPrises Rpverp3 30 W clai m

1. A nethad for detecting servo kg)ositipnin With respect to a servo track,
sai d seriPItaRiEHaby P arand a3y %W@oegle@? Eh ehi ey tonprieiey an

interface between two dissinilar recorded servo signals, said edges on
opposi t &13tEE IFRAL A HRYFLIESi d recorded servo signal, said edges

separated by a predeterm ned di stance,,h sajd nethod conprjsjng the steps of:
sensi ng no nore *HaAPRIBRE i BT l?%‘&’br%%e‘?’%ﬁ 5‘?’@?}2*% Ht one
of said edges, sajd sensing step sensjng over a djstance substanti al !%/,

or t hogorfifagEe sl o el ofhe ArinEpgRsSieh 13 RRSHoR t3%%h Ahdin sposition
substantially the entire said predeterm ned di stance; conparing said two
sensed V0 Gty nolgeteid neesukatin dhefepel e dhstirspbiking to
said conparing step, determning an error between said conpared ratio of
sai d senses mexirowsi fnah stlaedninjmedes egma heih rpd s Ot icai 0Predeter m ned
rati o conprising a predeterm ned offset, if any, froma centered on-edge

rati o i rpdstesiet ®oe negle k& £CEé HEr r B1i3d afiiLeeéea Tl peto ret¢ o i desméfying a
predeterm ned i ndex position substantially parallel to said one of said

edges ange&bSPhACEE £HOMEAE 916n&ls sl dacdsnslisréd 18y ofhe dgd OGS i Ng said
servo positioning with respect to said servo track predeterm ned index
POSI t1 OMNyecoder 28 and method of the parent application as depicted in
FIGS. 4-18.
FIG. 4 illustrates a servo track positioning system in
accordance with the present invention for reading the analog
servo signals at the servo element of head 20, having a servo
track decoder 28 for converting the analog servo signals to
asynchronous digital samples of the signal in analog front end 65

and a digital servo track decoder 66 to decode the digital

samples and determine the amplitudes of the envelopes of the

minimum and the maximum signals represented by the digital



. 5 MAR 2003 31 2. The nethod of Caim1, wherein said sensing step

di starice additionally is greater than tw ce said displacenent of=- §a }quua
predet erm ned i ndex position from said one of said edges. 3. The nethod ©
Claim 2, wherein said sensing step distance conprises between substantially
800 and substantially 1000 of said predeterm ned di stance separating said
edges. 4. The nethod of Claim1l for detggting said servo positioning with
respect to a plurality of substantially parallel spaced said servo tracks,

sai d SPaead1aer VO o} AGks  APAEE] (am-edgh BICL R 1 Hstanee i ficant |y

greater n-said separatio etween'r sai ges of each of said servo
tracks, ﬁherein: said sensin ep additianall nprises, sensing said two
s o eleReRk of Drars Bl oahch HegeBs BoL D ot B i oy & TR
and sai d conparing step additionally conpnises,aveggg ng the correspondi ng
sensed 4& @CCAEAANSS milltdy thicgAgreded PLeH taondAidd iddoydatidiks fIdus,
determning said ratio between said two averaged dissim|ar signals. 5. The
met hod &heCsgirviol tragdi tiesegielry 280 ggciosiasy thige ssirare Poslitigsyaredent | y
sensing the present coarse position of said sensing step with respect to a
r ef er éendafosaiad ipnesent proarisies the positioning information to the servo

positioner 24 to align the selected servo read element to the

selected index position so as to properly align the read/write

elements at the desired data tracks.

FIG. 5 illustrates a plurality of the digital servo track

decoders of FIG. 4, each comprising an envelcpe follower 70 and a

minimum/maximum detector 71. Each of the envelope followers 70
receives the asynchronous digital samples of a different servo
element from an associated analog front end on a respective line
72-74.

In accordance with the parent invention, various media, such
as magnetic tape having different magnetic characteristics
(perhaps due to differences in materials), or having different
servo or data track densities (as discussed above), may be
utilized by providing different programmable values on lines 78
for the servo track decoders, either by the control unit of FIG.

1, or by a separate microprocessor, at microprocessor interface

80. A switch 82 operates multiplexors 83 to provide the



1, - 5 MAR 2003 32 position indicating the present edge of said servo track
m ddl € servo signal being detected. 6. The nethod of Claimb5, faor dﬁ@tzmj}a
said servo positioning with respect to predetern ned i ndex positi@n

said servo track displaced respectively in a first or a second direction of
di spl acenent fromsaid indicated present edge with respect to said mddle
servo signal, wherein said determning step additionally conprises the
steps of: deternmning fromsaid conparéd rati o which said sensed servo
signal is greater; and res ondi,ng to said greater servo.signa

I
det er ni FREAPT e @G IRACHIR PrePdt et GRS AT A t he present
predeterm ned i ndex position in said first or in said second direction of
di spl ac&RsHt s st PUtiiitc&%d present edge with respect to said servo
track mddl e servo signal. 7. The nmethod of Caim1l, for detecting said
servo positi dniGRy. ViR ndHRectl us traddetwavd fednishdelk Posianaolnyg ofiged
servo track displaced respectively in a first or a second direction of
di spl acemmi tHOM RN Ofargrivtadgas Wddpdasipaaty t paditd siddie el B8
signal, additionally conmprising the step of: - 5 MAR 2003 33

i ndependgntpyg sefsi nghfdie {1 RNt @oargee MASidd PBDfamdidgh SENSIQY WL Wi th
respect to a reference, said present coarse position indicating the present

one of SAld ALANSIEII AR NIEX RO HN,P1 5218l SPIYO 39 AP
combination of the first frequency and the second frequency burst
is at a high amplitude, but the burst 87 formed from the
combination of the first frequency and the null signal is at a
very low amplitude because only a small portion of the servo
transducer is positioned over the first frequency. Although it
is easy to distinguish the bursts, it is difficult to measure the
precise ratio of the bursts in the presence of noise, and
therefore difficult to detect the precise position of the servo

transducer.

In FIG. 6B, the bursts 90 and 91 formed while the servo
transducer is at position “3” of FIG. 20 from the combination of
the first frequency and the second frequency burst is at a high
amplitude, as is the burst 92 formed from the combination of the

first frequency and the null signal, because the servo transducer
is positioned primarily over the first frequency. Thus, it is

difficult to distinguish the bursts in the presence of noise, and



-« 5 MAR 2003 34 8. A nethod for track follow ng a servo index position
related to a servo track, said servo track having at |east tmo-éﬁQﬁg%%gﬂﬂs
sai d edge conprising an interface between two dissimlar recorded se
signals, said edges on opposite |lateral sides of a mddle said recorded
servo signal, said edges separated by a predeterm ned di stance, said servo
i ndex position substantially parallel tg, said one of said edges and

di spl aced from said one of said edges, said nmethod conprising the steps of:

sensing ,no nore than two .qf saicg tdi signi l ar_recorded SEf V0 sjignal s _at one
of said -0 fsfe]rfs‘flﬁb L] &7 ' SSHs i T dRSCH GRS (bt wht i BFTYC
orthogonal to,said one of said edges which is no nore than and is

subst antT@1SPYHF entire sai d predeterm ned distance; conparing said two
sensed servo signals to determne a ratio, therebetween; responding to sajd
conpari ng. ot b KB Br A GG B Ghe ettt T o 1 T o L et S
sensed servo signals and a predetermined ratio, said predeterm ned ratio
conpri siiyentprad iy sHrsdeingyishey the eseemid cthom-REeldesi o in
a predetermned direction determning a servo position error with respect
to sai d B AR hdICPDE i e lopaatthg-he piRiRgOn Ry ReFses i foathat
direction to reduce said servo position error, thereby track foll ow ng said

servo i fdex posiq ity e deferninegy R BppAapitpl #RryRifeteotor BintiBe for

track follow ng said servo index position with respect to a plurality of
subst antdna19a pFent SN £33 FVMVAEIRUSLY sTARP LT Vih ¢ rakkza bepeeaddyby a
di stance substantially greater than said separation between said two edges
of each tdie ssexvsenead t r ok ssnwihierped nfo skdwkiseldi meceateps adaé ti onal |y
conprises sensing said two said dissimlar signals at each correspondi ng

edge of seynklsesvous racdstabnshms ¢k Codpoed thion g tapd gehdd ¢l diway | y waxpriumes

averagi ng the correspondi ng sensed said two dissimlar signals of each of

sai d seratovéY@sk Sotopuiet e as wei rs@i tthe admpel 1 hedebef wedturst envelope of
the maximum of the asynchronous digital samples, and detecting
and providing a minimum envelope output measuring the amplitude
of a burst envelope of the minimum of the asynchronous digital
samples.

A “DROPOUT” threshold detector receives the asynchronous
digital samples and detects the received asynchronous digital
samples failing to meet a “DROPOUT” threshold related to the
maximum burst envelope, providing a “DROPOUT” threshold detection
signal. An “ACQUIRE” detector responds to the “DROPOUT”
threshold detection to detect the minimum envelope for the
envelope detector, which provides the minimum envelope output.
The “DROPOUT” detection distinguishes the minimum envelope from

the maximum envelope and allows measurement of the minimum

envelope in minimum/maximum logic 71. Thus, a ratio of the



‘.5 MA R 2003 36 10. A nethod for selecting and track follow ng one of a
plurality predeternined index positions of a servo track, in regp&gaﬁagauan
i nput identifying said one predeterm ned i ndex position, said sér

having at | east two edges, each said edge conprising an interface between
two dissimlar recorded servo signals, said edges substantially parallel to
each other and on opposite lateral sid of a mddle said recorded servo
signal, said edges separated by a predeterm ned distance, ones of said
plurality of predeterm ned i ndex positions displaced respectively in a
First ofMesSuaisshdadimbet [V OoRe SHRACEHEIR T H o S G SRS w th
respect to said mddle servq sigpal, said nethod conprising the steps of:
sensi ng THEBE AT ARk TP IS B CUBHY ARG [ VI S G RO E A
of said edges; independently sensing the present coarse position of said
sensi ng &k gﬁ‘%%@?%%- t Fhe et diGe enRHdi h P FL&i d Tidbpehdent
sensing step to indicate the present one of said plurality of predeterm ned
i ndex pokitaidegl Bai ridies @t mppdiiFadamding step; responding to said
present index position indicating step and to said input identified

pr edet er mi nedddidsborpdsliyt,i argfefrinisty derkRG .n@la popuomiidy sef vieive a
direction fromsaid indicated present index position toward said input

i denti f irethOnRa éferfdd 620542 Mrk Ry Jppredat erhie neshd EEXcPaséisONS,

t hereby selecting said identified one of said predeterm ned i ndex

POSi ti ORgie MESP QAUH diGn#10n 15 & {hrRENS 1 0 SHAP, cHONDAS il 1541 sl GV 54 SBFo Ser Vo
signals to determne a ratio therebetween; responding to sald conparing
step, deiRIdRNIgEE-HRES I OFhdiEt VRN SR b I8N S ORAT &0 SANSELr Servo
signals and a predetermned ratio, said predetermned ratio conprising a

pr edet erg‘aigﬁggmowéeéacﬂ foo¢%e gé'é}r%?‘ L RGN £908 TRTd L2 ddl SA) dreduce

predeterm direction sal d sel ected one of said predeterm ned I ndex

positicnghet%F¥égB/5¥H yahing a servo position error with respect to said
sel ected predeterm ned i ndex position; and subsequently operating said

ositionin i ir j ony t ai \Y/ 0S ..t error,
p 9 ngé%%%%ﬁ aflgég. Nt Og %?ef, Po(%fé D6 éé%?é’d‘ ¥P5

thereby trac sel’e€ct'ed pre ermhed 1 ndex position. 11. The
Sensi ng VRIS £ MU SUmR TR 1T O ToaeHaIe Y o SFERbro b bdges
which is no nore than and is substantial Ig/ Stihené?lnéi{g ggégr irggleégénlgggo
di st ance 92/ conpageD e two sensed serv g
therebetween. The logic then determines the error between the
compared ratio of the sensed servo signals and a predetermined
ratio. The predetermined ratio is the centered on-edge amplitude
ratio or a predetermined offset from the centered on-edge
amplitude ratio in a predetermined direction, comprising the

desired and expected ratio of the sensed signals at the one of

the predetermined index positions being sensed. 1In FIG. 20, the
predetermined index positions 505-508 are all displaced from the
respective edge, and in FIG. 23, index positions 602-605 are

displaced and the amplitudes at an offset from the 1/2 ratio of



3% 12. The nethod of Claim 11, wherein said sensing step distance

additionally is greater than tw ce said displacement of said predgt ]
i ndex position fromsaid one of said edges. 13. The nethod of G?ﬁrr%nf[?%

wherein said sensing step distance conprises between substantially 800 and
substantially 1000 of said predeterm ned di stance separating said edges.

' S MAR 2003 39 14. A nethod for select?Adg and track foll owing one of a
plurality of predeterm ned index positions of a servo track, in response to

an input_.identifyin ai d one. predet er m i PRS 4d sal rvo
track ha{ﬂnengecgqe’l €4 t&ts\/\%usgs g%s%boggec'h ;@arl{%q'edod&g&&nprlas%%g%%n&? %t?f ace
between two dj ssim.lar recorded servo sjgnal sai d es . sub pally
par al | elSYB AP ottHerS Nt cﬁ"lo%lptp]oosr?et%sé‘gtreerg t%‘?dte%etgr?e adentl:%%f‘%%%i d
recorded servo signal, said edges separaied by a predeterm ned distance,
o of SR urbHe 1310r o il e J-rffoeesxt_ %b?ii’?%‘ﬁ? RSP
respectively in a first or a second djirectjonp o i sp] acenen romeach o
sai d eddBLRMiEFsReShel? the REF U <er es’fdﬁ%ﬁl,&s%r?’d IRL hORE cBRBYPsi ng
the steps of: sensing no nore than two of said dissim|ar record S o]
si gnal s RRS iR 2 PRRsthe MRAERbi P stHY Mgt $3L pheient %@%?5@3
position of said sensing step with respect to a reference, said present
coarse posiGQGM60Rndizat i drediel pn csentedere BFIEAIRPH BHPR SBFYD: sHRRBEDLY
bei ng detected; conparing said two sensed servo signals to determne a
ratio thersdet febhowileq eting nsegvd rimdesi posbinpamed rati o which said sensed
servo signal is greater, said determnation indicating the direction of

di spl acement Réfepiingetsi PGSt ep dndn2Gai the nskered esli gmakgnsensed at

index positions 505 and 508 are identical, but the directions
that the head 20 must be moved to center the servo read element
with respect to the index position are reversed. Similarly, the
servo signals sensed at index positions 506 and 507 are
identical, but the directions that the head 20 must be moved to

center the servo read element with respect to the index position
are also reversed.

Referring to FIGS. 1 and 23, the servo signals sensed at the
on-edge index positions 600 and 601 are identical, the servo
signals sensed at index positions 602 and 605 are identical, and
the servo signals sensed at index positions 603 and 604 are
identical, but in each instance the directions that the head 20

must be moved to center the servo read element with respect to

the index position are reversed.



edge; ' S MA R 2003 40 responding to said i ndependent sensing step and to
sai d di spl acenent direction determ ning step, enploying said edg.e5 M%R 2003
indication and said ratio direction determnation to indicate, by"s
direction of displacenent fromsaid indicated present edge, the present one
of said predeterm ned i ndex positions being sensed in said sensing step;
responding to said present index positingn indication step and to said input
identified predeterm ned index position, first operating a positioning
servo in a direction fromsaid present index position toward sald input

i dentified oMY Y ermi rfélfp‘mﬁib(ge%os‘?cﬁ]otrﬁso,nt%eeqse%ﬁ/ @e&eﬁi ng
said input identified one of said four predeterm ned index positions,

r espondiBiPyisledite iREHhFREE R RM MY U QridrierRt wekte sai d rati o
of said conpared sensed servo signals and a predeternmned ratio, said

pr edet erifidrrEndai o RO W NIEREPF ARR eriit L OTdaREe Y¥thnfhefrom a
centered on-edge ratio in a predeterm ned direction fromof said selected
one of siaabypedeteat M ed Patdext posi t3 06 @ er eisnees eblng rpresense¢oarse
position error with respect to said selected predeterm ned i ndex position;
and subgespienidry @petriad imepd 20 wiosh tiespent str v refarehcectswmhtasraduce
said servo position error, thereby track follow ng said sel ected

pr edet erfistedl poiex pdPad¢édn. the -hdadAR 2003 -41 15. A servo position
detector for detecting servo positioning with respect to a servo track,
sai d servo tratkad@viduned weesttliowpssdgast Bacdntshon, edge coapsesi ng an
interface between two dissimlar recorded servo signals, said edges on
opposi t epd st et @hisg dasfefmat howdhaey See dat ezbrlved sErivwgo sajpatnasave edges
separated by a predeterm ned di stance, said servo position detector

conpri singvebs serve éeaderbedtnénthavaddi tdiorel 1yer stast gy regi PIGext 2odi ng
over a distance substantially orthogonal to said one of said edges which is

no nore fhampfndchs sydstantént | yodhei ontiéLsSai depr eset £& npoede dbsiagee,
said servo read el enent thereby sensing no nore than two of said dissimlar

recordEdiﬁfgyﬁaélgﬁg%ﬁ%féaQQE QﬁeS@& . CEPESy @@dofogﬁg & P@&egrgekséﬁgt

servo read el enen arirng sard t sensed servo signals to determne the

ratio ther cheluech  ang, deLar il phngn AT ELLO Rolueen. SaL somRar od LaLLe. of

. 1S
sai d sensedSEFV and a predetermned rati sard pr erm ne

ratio coppel phi0x3oBLOPLET ML NEA BT b3Elrmidedly {hOM 2cE6TbEERI AN RHTE

rati0|napree m ne Irection, sal pre mned ratio I denti ying a

predeterf.hedat0gex: POSIL| ONaSURPERADLY 2} VeRar 8bu el 185°3LfoPRENOL pAL

edges and dispraced From Sai d one o d edges providing an output
SLInal kel etg, SPAIEhe TS 8l By 50 Ao LRI S0BL OELEEL NG, 501
poSitionéignal is greater. The logic responds to the greater servo
signal determination, selecting the predetermined ratio as
indicating the present predetermined index position in a first or
in a second direction of displacement from the present edge with
respect to the servo track middle servo signal.

In an alternative embodiment, the independent position

sensor 460 coarse positioning information indicates the index

position 505-508 of FIG. 20, or the index position 600-605 of



"» 5 MAR 2003 42 16. The servo position detector of Caim 15, wherein said
servo read el enent active sensing region distance is greater tha.nor)tg«gg 2003
sai d di spl acenent of said predeterm ned index position fromsaid &n
said edges. 17. The servo position detector of Claim 16, wherein said servo
read el enent active sensing region distance conprises between substantially
800 and substantially 1000 of said predgterm ned di stance separating said
edges. 18. The servo position detector “0f Claim 15, for detecting said
servo pesidi oy n i &SRR | d f t j : I
spaced ggdléd ?gr’vg)ft,mréac S, sal B:éa%é%gg'l as%?vgotl%iregglg?i pf?g x?érao?{nﬂgfhra(:?\‘Moct?her
by a distance sjgnificantl reater .than,said separation between said two
edges ofjteg:fcf‘ﬁceé# % aitd"esesrei%'c?rréacalgg,elae&ﬁqq‘onal |y conprising: a plurality of
said servo read el enments ced art to _sepse said.t sai.d dissimlar
si gnal s at eé{@}?rbotﬁ?eeg}fc?ﬁﬁi g Bag® &e §%ﬁ‘f?§§ﬂ@ tsrea?cei\%giecgr‘?ﬂl d logic
additionally is coupled to each of said plurality of servo read elenents
and avePRfdLitHy dBre ddpindicriteeides ézaﬁp d 3 varadiled RAY dhesiqdine ofundde h
of said plurality of read elenments, conparing said averaged servo signals
to det erh@ neadwsiviatg d:hehaeroshatangears itamh deitgali femrther rigyddpsngestt sai d
conpar ed "~ - 5 MAR 2003 43 ratio of said averaged dissimlar servo
si gnal s pyyd tsiadrtl qeredet e160 nadl raddrenitd ahe oy ipas tdighaetac tayred
Claim 15, additionally conprising: an i ndependent position sensor sensing
the pr e9NY1i CUEB & PAE 14 AN e Safiipfko_'iﬁri\’a_fté eadR] Rk Wil Tesfiget to a
reference,” said present coarse position indicating the present edge of said
servo tr t 1S t al i ane | nd. def.ect ed sal er read
el enent <:6}%1nktci‘I %e‘%ﬂe]itnpfs:‘a’iiste Ao%?l?ga%g} %p\(,)%nrta I?anégcr(rapIego@g‘l a?ai@c%?’r%f opoaslal1 ion
to identify said present predeterm ned index position and to select said
pr edet ersrﬁlrf'éﬂ:c?%tf%.t‘?os.e]i%t S FRRISRE SH YT H D ¢ G LM, for
detecting said servo positioning with respect to predeterm ned index
positions of B dleEky AT At ahigiet ddha a3peantv diidgsh ReFitian or a second
direction of displacenent fromsaid indicated present edge wth respect to
sai d m ddidieeien sagmatespaitswer dilre sidirY dglentdddiad anmedstaaiared nes
fromsaid conpared ratio which said sensed servo is greater, and, in
r esponsendexs ghas g er f segtv o xptaingl dilee mamittiominge|seorwe 24 din a
predetermned ratio as indicating the present predeterm ned index position
in sai ddirettioonifroaiths guomsknl rigvidorpaditdiapl aoeamhtt He amsai d
i ndi cated present edge of said servo track

identified one of the four predetermined index positions, thereby

selecting the input identified index position. The logic selects
a predetermined ratio representing the selected index position.
Then, the logic 465 determines the error between the compared
ratio and the selected ratio, and subsequently operates the
positioning servo 24 in a direction to reduce the servo position
error, thereby track following the selected index position.

An embodiment of the method of the present invention is

illustrated in FIG. 22. Referring additionally to FIG. 1, the

input is received from control unit 12 in step 540, and, in step



-, 5 MAR 2003 21. The servo position detector of Claim15, for detecting
said servo positioning with respect to predeterm ned i ndex pOSit+éh$wAE$ZQPS
said servo track displaced respectively in a first or a second directi

di spl acenent from each of said edges with respect to said mddle servo
signal; said servo position detector additionally conprising an i ndependent
posi tion sensor sensing the present coagge position of said servo read

el enent with respect to a reference, said present coarse position

i ndi cati t resent ,one .of . sai redet erm i.ndex. positions of sai
servo track t <A itgrn‘—"eC vfnieﬁ?o%nlg %gtaencc{ (ragc?q:nqgo slaoﬁaglcse‘fr)b\s;l’o T eébtle%%n%% ;
and wherein said logic_additjionally enploys said cQarse position to

i dent i f P@F privs difie it idisH rﬂé%i%dwyl&dm-i o TR t° st 94 dthe
predeterm ned ratio. 11- 5 MAR Z003 45 22. A servo track follower for
det ect i rig- I Floivesnafy Ve Iidd rdd Woshithorr T denel 1epd heads ¥ sk,
said servo track having at |east two edges, each said edge conprising an

i nt er f acWea¥idEh & ol lssiirdhrheat syie Bhasmo sihmasleabian edfeshon
opposite lateral sides of a mddle said recorded servo signal, said edges
separ at ed tr R el dtiek i hrste retmiede P ey d-he aidentol figvayion of
conprising: a servo read el enent having an active sensing region extending
over a dils e subsieat 1240 landrihdarmre ab medid ormndfstep d4iges which is
no nore than and is substantially the entire said predeterm ned distance,
sai d sernepresshted ertentin fmmebtyi gersd surirt e el thharhdtwol dgntsiaf dcalt sen m | ar
recorded servo signals at one of said edges; |ogic coupled to said servo
read el ement THMpaky nenes as el tavor ssah seldensaTty oL s i gl sydd), dEt‘er nilne $devoati o
t her ebet ween, and determ ning an error between said conpared ratio of said

sensed sefald SIS, adl Stdys il erdimask Il inbrsaikhiprapetef nimed ratio
conprising a predeterm ned offset, if any, froma centered on-edge ratio in

a predetgrdd et M rectd Meq afw-Rs ayi gt afy HPW s signaladed at ef,do said
determ ned error, said output signal  identifying said servo position error

Wth respacdidd Scdb esdet &L Hedk | Ndexs asid i1a subsd andd al dya paggyl el to

said one of said edges and displaced fromsaid one of,said edges; and ‘'n

- 5 MA R0O3 61 &1 BRI Mife POSEL F ONSFe EOUPHRIhd® S thh@Yi e fieOMALY sai d
servo read elenment in a direction to reduce said servo position

edges. Specifically, where the displacement of an index position
from one of the edges is substantially 25% of the predetermined
distance separating the edges, the sensing distance of the servo
read element is between substantially 80% and substantially 97%

of the predetermined distance.

If more than one servo read element is employed, “>1” in

step 545, the read elements each senses no more than two of the
dissimilar recorded servo signals at the corresponding edges of

the spaced servo tracks in step 548. FEach sensed dissimilar
signal for the sensing read elements is averaged in step 549.

Then, in step 550, the servo decoder 28 compares either the



error, thereby track follow ng said servo index position. 23. Th
track follower of O aim22, wherein said servo read el enent acrrg
region distance is greater than tw ce said displacenent of said

predeterm ned i ndex position fromsaid one of said edges. 24. The
track follower of Caim23, wherein said servo read el enent active

servo

M&Rs2083

servo
sensi ng

regi on di stance conprises between substantially 800 and substantially 1000

of said predeterm ned di stance separating said edges. 25. The serv

o track

fol 1 ower 9haThalladn,1ar debes! Lgnand. LoLkouing ghdogeiya Lydexdagsition

with respec a“prurafity~o y ar spaced sa

rvo

t racks, ald sgiced servo trac Szgaced froggsach ther ésaéglstance

signific ﬁFF}m 84t EFTVRaR19RPYSsEPaParitsR whEn Ag&Fgmt

of said servo tracks, additionally conmprising: a plurality of said

GeL a5 %ach

servo

read el eReheeBpEbedSapaPt Sianddfise said two said dissinilar signals at
each correspondlng edge of said servo tracks; and - 5 MAR 2003 47

wher ein said Ebgit
servo read el enents and averages the correspondi ng sensed said two

cagdlei 66ENERCEs EHEpLBdependgal BPsdAienpisEngiort i 68f

di ssi m | andspgndesitdfy eatlseal thai grplsentl coprse pead télbanerdt $hec biaar i20g

said two averaged servo signals to determne the ratio therebetwee

n and

determ ngeres eehadr ehemepenwithd reeppatedor at ire fefredaied aver agededitssi ml ar

servo signals and said predeterm ned rati o.

coarse position either indicating the present predetermined index

position being detected by the servo read element in step

560 or

indicating the edge of the servo track middle servo signal being

detected by the servo read element in step 561. Upon detection

of the present edge in step 561, the ratio of two dissimilar

servo signals (S;) and (S;) from step 550 are compared by logic

465 in step 565 to determine which of the two signals is greater.

The greater of the signals (S;) or (S;) indicates the direction

indicating the present predetermined index position in either the

first direction (step 566) or in the second direction (step 567)

of displacement from the indicated present edge with respect to

the servo track middle servo signal.

Thus, step 560, step 566, or step 567 indicates the present

predetermined index position being sensed by the servo read

element. 1In step 570, the predetermined index position selected

in step 542 is employed to select the predetermined ratio

comprising a predetermined offset, if any, from the centered



r,.1 " i rr - 5 MR 2003 48 26. A servo track follower for selecting and
following one of a plurality of predeterm ned i ndex positions of—51 MWR?U[B
track, in response to an input signal identifying said one predeterm ne

i ndex position, said servo track having at |east two edges, each said edge
conprising an interface between two dissimlar recorded servo signals, said
edges on opposite |ateral sides of a mgglle said recorded servo signal,
sai d edges separated by a predeterm ned di stance, ones of said index
positions substantially parall to said two. edges._and displaced from one
of sai d BUFEETT n’fa'i'le%p%'btt%\’/eel@?ei%c??‘?s%lﬁ%%&aog'eco%% '?e%ﬂ%ﬁ:rig? Servo
track foll ower copprising. i nput_receiving. said i nput, signal; a_servo
ead ol AP HERhG i 4 VNS B HLETEG 1 BACLR { BRI FESRGHRY ks ap F et
orthogonal_ to said one of said edges to sense no npre_than two of said

di ssi ni |1k Rdraeks sartirklyndd & serhrienting y dhgpkaceperharpehdénthe
position sensor sensing the present coarse position of said servo read

el ement Rifede tegpieed tdistarterddeln sene Preaehioroa?B8e0poaf8iavay from

i ndi cating the present one of said predeterm ned i ndex positions of said
servo trigok ¢dater ssafnaghetid wi 4id asradb sied etiatl hyl 4i degresenting &l enent

| ogi c coupled to said input, to said independent position sensor, and to
Saldfﬁ”d&ﬁpfﬁ@bﬁ%ﬁim@f;lﬁ@lﬂn'@ﬂécotﬁéﬁoﬂﬂr@@ti@nssod 6 £C8OY efnivaPYL y

signal to determne said identified one of - 5 MAR 2003 49 said
pluralit d m Lnde { L1 QRS el ggti
predeter%?%édeégtgégééppgge%ﬁgnéxggg%éiﬁguglédeﬁ§if?g% ?e%gﬁggﬁ?%%g i ndex

position ai d edeterm ned ratlo conprising edet erm ned fset, if
any, fromete $£?%§e§n}%d@€epg%?§ FR" rb?%ﬁe?@?%#ﬁ%gl%iﬁgc?i52? r espondi ng
to said present coarse position to indicate the present one of said

pr edet erfAReHEAeX2 bbRi FPBnEREePRTEREE bYRSET dPREH 1o e8P0 ePENEAL !
conparing said two sensed servo signals to determne the ratio o

t her ebet YRIBPL 1898 sfebebanbiaglanderfBrampiitedepratigentey)indey ppeibhens
i ndi cated predeterm ned index position and (2) said sel ected predeterm ned
i ndex pd@?fi@%@ 60%, repropantbegwecAisR}acanantonpat éd At Pocafdregfisaid
sel ected predeterm ned ratio, and providing an output signal related to
sai d detaway nédomer tbe, ceatdroaignalsdgnabniddeonpfysag sabdtsrtialpysat loh
error with respect to said input indicated predeterm ned i ndex position;
and a seamplpoadéi paeioceupl edder pakdthiogscebsr anaveng sapdesentvongead
elenment in a direction fromsaid present index position toward said
Se'?CFeddpéﬁﬂéééﬁEhB?Qf!@¢§Xt985bké88teﬁﬂ§néﬁeﬂiE@aﬁé@uﬁgpS%hQa§81y0from
position error at said identified selected predeterm ned i ndex position.
27. The ggEveqgEack follower of Caim 26, wherein said servo read el ement
conprises an active sensing regi on extending over a distance in said

SUbStantiallyIQrEnggggﬁbodkggﬁtE?Qm@ﬂkcgfiﬁeQQ 20" 15" not presently
positioned at the selected index position, the logic 465, in step
575, first operates the servo positioner 24 to move the servo
read element to the selected index position. Steps 560, 566 or
567 are repeated until the servo read element is correctly

coarsely positioned at the selected index position.
Once the servo read element is coarsely positioned at the

selected index position, track following begins. 1In step 580,



l~r 1, S MA R 2003 so nore than and is substantially the ent i-r‘je Mﬂ%mga
predeterm ned di stance separating said edges, said servo read el enent

t hereby sensing no nore than two of said dissimlar recorded servo signals
at one of said edges. 28. The servo track follower of Caim27, wherein
said servo read el enent active sensing region distance is greater than

tw ce said displacenent of said predeterﬂjned i ndex position from said one
of said edges. 29. The servo track follower of C aim 28, wherein said servo

read el ement gctive sensing region.distance rjses between substantially
800 and rs%bestt;hefr? acf?TPafb?fg 5?“2 i o ptrké%f,\‘f"é? mg(%g%e i 3thnte’s rﬂ)%\?%t?%g%%ﬁd
edges. 1 ~1- 5 MR 2003, 51 .. A servo track fol]ower _for se ting
and fol l o%l%gl%rf%"‘?ﬁa%e%ll?ﬁfé%qjyc o?g’%rté%e%é? n'??li}%lc‘:ﬁ%e’ia{)b%i ?FoﬁﬁergZB-
servo track, in response to an input signal identifying said one

pr edet er MM EPPRASI $RR | ¢ prmERG Y s e?Y%cﬁoﬁhE?%ﬁ %fr?ﬁaﬁ%t?m6e§858§,
each said edge conprising an interface between two dissimlar recorded
servo si graltshe ssetediedsinfedmositiorat eFR¢ Lpdes 465 atheudPeesafgs the
recorded servo signal, said edges separated by a predeterm ned distance,
ones of swe1ve rplexd pbsner o2, subssep i 885y parmdvel the sardot meaddgésmant
di spl aced fromone of said edges in, respectively, a first and a second

di recti onin sAidli s€t ¥Dok r 8s kr §dlid ©VElie coapvo Spogit Aoni epubrtecei ving said

i nput signal; a servo read el enent having an active sensing region

extendi ng substipatseéby 941 hegones, t ongasslo pnesof agai 8g8sdgrent cfitNEleN@o
nore than two of said dissimlar recorded servo signhals at one of said
edges; an.jfwlepentdest €Qsi L& PO ELASHFc&EPSERINENCI RAEREPESLORERE
Thus, the present invention increases the track density of
the data tracks of the data storage media, while utilizing the
prior media servo tracks, so that the servo system may be
operated to utilize the servo track positioning information as
before for the prior media, and to utilize the same servo track
positioning information in a more precise manner to access data
tracks at a higher track density.
While the preferred embodiments of the present invention
have been illustrated in detail, it should be apparent that
modifications and adaptations to those embodiments may occur to

one skilled in the art without departing from the scope of the

present invention as set forth in the following claims.



position of said servo read element with respect to a reference, said
present coarse position indicating the present edge of said servo.t[ack
that is aligned with and detected by said servo read el enent; |dQ cmpﬁm
to said input, to said independent position sensor, and to said servo read
el ement; said |ogic responding to said received input signal to determ ne
said identified one of S MA R 2003 520aid plurality of predeterm ned

i ndex positions, selecting an edge and predeterm ned ratio representing
said input ide tif&ed predeterm ned i ndex position, said predeterm ned
rati o conprisifg S prBdeternmined offset, if any, froma centered on-edge
ratio in a predetermned direction; responding to said present coarse
position to indicate the present one of said edges detected by said servo

read el egent; cong ring saigd tm%.sensed servoiiignals to eterning he
rati o t hérebePwBERNCIN GOt BELFCATRG SFTEPr BPS PRI e SEPFCSaitd @
i ndi cated present edge with said conpared ratio of said sensed servo
si gnal s, SERYPcALRAY  s&RApEEEIRt LrRGEX NBYENgi 6, 1838 H( EYos§Pdesel 88€Ed edge
with said predetermned ratio, identifying said selected predeterm ned
i ndex po&RiPofdggnGOoMPEdEAAY BBt WBESLERF s hEdWesRpAMed iasiBldad Ferossed
sel ected predetermned ratio, and providing an_output signal related to
sai d det EFFVRed18PRA4F, $3i4 6658 8 GRRPSIEENLRLEFTAd S4P85s8fvE Pasiiicon
error with respect to said input identified predeterm ned_ index position;
and a sef#dpEErOreser SESYPl &d 906 LsaiS@ 1P §Ag eFor eRivirt§ s RiYd aser vo read
elenment in a direction fromsaid present index position toward said
sel ect edPEPEGELERANRE] HLEFERCFosPRiEh Meih@ % KRORPES SiEduEdes §itEPse PG
position error at said identified sel ected predeterm ned i ndex position.
Al AR Af Ae. APEREYNIARIC. ROFeafhaR Ao RT RN SESSANGIAS Aec/raefserxgy
.A(C AN, . Ah.AU.A A .A.A. A .AShE.A.A”éyZ.A.e.A$.A@D.AUy.A9,,,.A[.AE
“A?. A .  ASignals at one of said edges, sald sensing sté€p sensing over a
distance substantially orthogonal to said one of said edges which
is no more than and is substantially the entire said
predetermined distance;
comparing said two sensed servo signals to determine a ratio
therebetween; and
responding to sald comparing step, determining an error
between said compared ratio of said sensed servo signals and a
predetermined ratio, said predetermined ratio comprising a
predetermined offset, if any, from a centered on-edge ratio in a
predetermined direction, said predetermined ratio identifying a
predetermined index position substantially parallel to said one
of said edges and displaced from said one of said edges, said

error detecting said servo positioning with respect to said servo

track predetermined index position.
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servo signal being detected.

6. The method of Claim 5, for detecting said servo positioning
with respect to predetermined index positions of said servo track
displaced respectively in a first or a second direction of
displacement from said indicated present edge with respect to
said middle servo signal, wherein said determining step
additionally comprises the steps of:

determining from said compared ratio which said sensed servo
signal is greater; and

responding to said greater servo signal determination,
selecting said predetermined ratio as indicating the present
predetermined index position in said first or in said second
direction of displacement from said indicated present edge with

respect to said servo track middle servo signal.

7. The method of Claim 1, for detecting said servo positioning
with respect to predetermined index positions of said servo track
displaced respectively in a first or a second direction of
displacement from each of said edges with respect to said middle

servo signal, additionally comprising the step of:
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I#IIq&KHﬁE@§¥e8%§§&0fgcorded servo signal, said edges separated by a
predetermined distance, said servo index position substantially
parallel to said one of said edges and displaced from said one of
said edges, said method comprising the steps of:

sensing no more than two of said dissimilar recorded servo
signals at one of said edges, said sensing step sensing over a
distance substantially orthogonal to said one of said edges which
is no more than and is substantially the entire said
predetermined distance;

comparing said two sensed servo signals to determine a ratio
therebetween;

responding to said comparing step, determining an error
between said ratio of said compared sensed servo signals and a
predetermined ratio, said predetermined ratio comprising a
predetermined offset, if any, from a centered on-edge ratio in a
predetermined direction determining a servo position error with
respect to said servo index position; and

operating a positioning servo in a direction to reduce said
servo position error, thereby track following said servo index

position.
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said sensing step additionally comprises sensing said two
sald dissimilar signals at each corresponding edge of said servo
tracks; and
said comparing step additionally comprises averaging thé
corresponding sensed said two dissimilar signals of each of said

servo tracks to determine said ratio therebetween.
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plurality predetermined index positions of a servo track, in
response to an input identifying said one predetermined index
position, said servo track having at least two edges, each said
edge comprising an interface between two dissimilar recorded
servo signals, said edges substantially parallel to each other
and on opposite lateral sides of a middle said recorded servo
signal, said edges separated by a predetermined distance, ones of
said plurality of predetermined index positions displaced
respectively in a first or a second direction of displacement
from each of said edges with respect to said middle servo signal,
said method comprising the steps of:

sensing no more than two of said dissimilar recorded servo
signals at one of said edges;

independently sensing the present coarse position of said
sensing step with respect to a reference:;

responding to said independent sensing step to indicate the
present one of said plurality of predetermined index positions
being sensed in said sensing step;

responding to said present index position indicating step
and to said input identified predetermined index position, first
operating a positioning servo in a direction from said indicated

present index position toward said input identified one of said
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predetermined index positions, thereby selecting said identified
one of said predetermined index positions;

responding to said sensing step, comparing said two sensed
servo signals to determine a ratio therebetween;

responding to said comparing step, determining an error
between said ratio of said compared sensed servo signals and a
predetermined ratio, said predetermined ratio comprising a
predetermined offset, if any, from a centered on-edge ratio in
said predetermined direction of said selected one of said
predetermined index positions, thereby determining a servo
position error with respect to said selected predetermined index
position; and

subsequently operating said positioning servo in a direction
to reduce said servo position error, thereby track following said

selected predetermined index position.

11. The method of Claim 10, wherein said sensing step
additionally comprises:

sensing over a distance substantially orthogonal to said one
of said edges which is no more than and is substantially the

entire said predetermined distance.
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12. The method of Claim 11, wherein said sensing step distance

additionally is greater than twice said displacement of said

predetermined index position from said one of said edges.

13. The method of Claim 12, wherein said sensing step distance
comprises between substantially 80% and substantially 100% of

said predetermined distance separating said edges.
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response to an input identifying said one predetermined index
position, said servo track having at least two edges, each said
edge comprising an interface between two dissimilar recorded
servo signals, said edges substantially parallel to each other
and on opposite lateral sides of a middle said recorded servo
signal, said edges separated by a predetermined distance, two of
said plurality of predetermined index positions displaced
respectively in a first or a second direction of displacement
from each of said edges with respect to said middle servo signal,
said method comprising the steps of:

sensing no more than two of said dissimilar recorded servo
signals at one of said edges;

independently sensing the present coarse position of said
sensing step with respect to a reference, said present coarse
position indicating the present edge of said middle servo signal
being detected;

comparing said two sensed servo signals to determine a ratio
therebetween;

determining from said compared ratio which said sensed servo
signal is greater, said determination indicating the direction of
displacement of said sensing step from said indicated present

edge;
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indication and said ratio direction determination to indicate, by
said direction of displacement from said indicated present edge,
the present one of said predetermined index positions being
sensed in said sensing step:;

responding to said present index position indication step
and to said input identified predetermined index position, first
operating a positioning servo in a direction from said present
index position toward said input identified one of said
predetermined index positions, thereby selecting said input
identified one of said four predetermined index positions;

responding to said comparing step, determining an error
between said ratio of said compared sensed servo signals and a
predetermined ratio, said predetermined ratio comprising a
predetermined offset, if any, from a centered on-edge ratio in a
predetermined direction from of said selected one of said
predetermined index positions, thereby determining a servo
position error with respect to said selected predetermined index
position; and

subsequently operating said positioning servo in a direction
to reduce said servo position error, thereby track following said

selected predetermined index position.
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15. A sgervo position detector for detecting servo
positioning with respect to a servo track, said servo track
having at 1least two edges, each said edge compriging an

interface between two dissimilar recorded servo signals,

said edges on opposite 1lateral sides of a middle said

recorded serveo signal, said edges separated by a
predetermined distance, said servo position detector
comprising:

a servo read element having an active sensing region
extending over a distance substantially orthogonal to said
one of said edges which is no more than and is substantially
the entire said predetermined distance, said servo read
element thereby sensing no more than two of said dissimilar
recorded servo signals at one of said edges; and

logic coupled to said servo read element comparing
gsaid two sensed servo signals to determine the ratio
therebetween, and determining an error between said compared
ratio of said sensed servo signals and a predetermined
ratio, said predetermined ratio comprising a predetermined
offset, if any, from a centered on-edge ratio in a
predetermined direction, said predetermined ratio
identifying a predetermined index position substantially
parallel to said one of said edges and displaced from said
one of said edges and providing an output signal related to
said determined error, said output signal detecting said
servo positioning with ©respect to said servo track

predetermined index position.
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16. The servo position detector of Claim 15, wherein said servo

read element active sensing region distance is greater than twice
sajid displacement of said predetermined index position from said

one of said edges.

17. The servo position detector of Claim 16, wherein said servo
read element active sensing region distance comprises between
substantially 80% and substantially 100% of said predetermined

distance separating said edges.

18. The servo position detector of Claim 15, for detecting said
servo positioning with respect to a plurality of substantially
parallel spaced said servo tracks, said spaced servo tracks
spaced from each other by a distance significantly greater than
said separation between said two edges of each of said servo
tracks, additionally comprising:

a plurality of said servo read elements spaced apart to
sense said two said dissimilar signals at each corresponding edge
of said servo tracks; and

sald logic additionally is coupled to each of said plurality
of servo read elements and averages the corresponding sensed said
two dissimilar signals of each of said plurality of read
elements, Fomparing said averaged servo signals to determine the

ratio therebetween, and determines an error between said compared
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ratio of said averaged dissimilar servo signals and said

predetermined ratio.

19. The servo position detector of Claim 15, additionally
comprising:

an independent position sensor sensing the present coarse
position of said servo read element with respect to a reference,
said present coarse position indicating the present edge of said
servo track that is presently aligned with and detected by said
servo read element, and wherein said logic additionally employs
said coarse position to identify said present predetermined index

position and to select said predetermined ratio.

20. The servo position detector of Claim 19, for detecting said
servo positioning with respect to predetermined index positions
of said servo track displaced respectively in a first or a second
direction of displacement from said indicated present edge with
respect to said middle servo signal, and wherein said logic
additionally determines from said compared ratio which said
sensed servo is greater, and, in response to said greater servo
signal determination, selects said predetermined ratio as
indicating the present predetermined index position in said first
or in said second direction of displacement from said indicated

present edge of said servo track.
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21. The servo position detector of Claim 15, for detecting said
servo positioning with respect to predetermined index positions
of said servo track displaced respectively in a first or a second
direction of displacement from each of said edges with respect to
said middle servo signal;

said servo position detector additionally comprising an
independent position sensor sensing the present coarse position
of said servo read element with respect to a reference, said
present coarse position indicating the present one of said
predetermined index positions of said servo track that is aligned
with and detected by said servo read element; and

wherein said logic additionally employs said coarse position
to identify said present predetermined index position and to

select said predetermined ratio.
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10 10 22, A servo track follower for detecting and following a servo

index position related to a servo track, said servo track having
at least two edges, each said edge comprising an interface
between two dissimilar recorded servo signals, said edges on
opposite lateral sides of a middle said recorded servo signal,
said edges separated by a predetermined distance, said servo
track follower comprising:

a servo read element having an active sensing region
extending over a distance substantially orthogonal to said one of
said edges which is no more than and is substantially the entire
said predetermined distance, said servo read element thereby
sensing no more than two of said dissimilar recorded servo
signals at one of said edges;

logic coupled to said servo read element comparing said two
sensed servo signals to determine the ratio therebetween, and
determining an error between said compared ratio of said sensed
servo signals and a predetermined ratio, said predetermined ratio
comprising a predetermined offset, if any, from a centered
on-edge ratio in a predetermined direction, and providing an
output signal related to said determined error, said output
signal identifying said servo position error with respect to a
predetermined index position substantially parallel to said one

of said edges and displaced from said one of said edges; and
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a servo positioner coupled to said logic for moving said
servo read element in a direction to reduce said servo position

error, thereby track following said servo index position.

23. The servo track follower of Claim 22, wherein said servo
read element active sensing region distance is greater than twice

said displacement of said predetermined index position from said

one of said edges.

24, The servo track follower of Claim 23, wherein said servo
read element active sensing region distance comprises between

substantially 80% and substantially 100% of said predetermined

distance separating said edges.

25. The servo track follower of Claim 22, for detecting and
following said servo index position with respect to a plurality
of substantially parallel spaced said servo tracks, said spaced
servo tracks spaced from each other by a distance significantly
greater than said separation between said two edges of each of
said servo tracks, additionally comprising:

a plurality of said servo read elements spaced apart to
sense said two said dissimilar signals at each corresponding edge

of said servo tracks; and
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wherein said logic additionally is coupled to each of said
plurality of servo read elements and averages the corresponding
sensed said two dissimilar signals of each of said plurality of
read elements, comparing said two averaged servo signals to
determine the ratio therebetween and determines an error between

said compared ratio of said averaged dissimilar servo signals and

said predetermined ratio.
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plurality of predetermined index positions of a servo track, in
response to an input signal identifying said one predetermined
index position, said servo track having at least two edges, each
said edge comprising an interface between two dissimilar recorded
servo signals, said edges on opposite lateral sides of a middle
said recorded servo signal, said edges separated by a
predetermined distance, ones of said index positions
substantially parallel to said two edges and displaced from one
of said edges in, respectively, a first and a second direction,
said servo track follower comprising:

an input receiving said input signal;

a servo read element having an active sensing region
extending substantially orthogonal to said one of said edges to
sense no more than two of said dissimilar recorded servo signals
at one of said edges;

an independent position sensor sensing the present coarse
position of said servo read element with respect to a reference,
said present coarse position indicating the present one of said
predetermined index positions of said servo track that is aligned
with and detected by said servo read element;

logic coupled to said input, to said independent position
sensor, and to said servo read element; said logic responding to

.

said received input signal to determine said identified one of
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edge and predetermined ratio representing said input identified
predetermined index position, said predetermined ratio comprising
a predetermined offset, if any, from a centered on-edge ratio in
a predetermined direction; responding to said present coarse
position to indicate the present one of said predetermined index
positions detected by said servo reéd element, comparing said two
sensed servo signals to determine the ratio therebetween, and
determining an error, first, between (1) said present indicated
predetermined index position and (2) said selected predetermined
index position, and, second, between (1) said compared ratio and
(2) said selected predetermined ratio, and providing an output
signal related to said determined error, said output signal
identifying said servo position error with respect to said input
indicated predetermined index position; and

a servo positioner coupled to said logic for moving said
servo read element in a direction from said present index
position toward said selected predetermined index position, and
then to reduce said servo position error at said identified

selected predetermined index position.

27. The servo track follower of Claim 26, wherein said servo
read element comprises an active sensing region extending over a

distance in said substantially orthogonal direction which is no



10/.,1Q/ 10/ "S10% & () -

#10@6&T() Lt 10% & () - 3I"10@6&T() &10% & () -4Za@'NC S$10%BB&T(5 E%
S$10%G&' ()-S 10938 ()-#L109G& () - m 109%&' () - 10%0& ()-2z& , zI P J1 AR82003
10GG 10GG 10G3 ) : $10%GK" () -) - $109%& () - ! S$10%ICUCE' () - S 'S$10‘VG(G(&' ()-

| &~ APL 10% h& () - 10GGH#10% h&' () -!S$10% ) & () - F'S$10% h&' () -F'f10%

h& ()-!s$L10%h& ()- Normal" "Heading 1§)c" "Heading 23]c" "Heading 33]c"
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Head'nghgﬁécﬁfhﬂEEﬁ@Uié E@%@Qéﬁ@faf?ﬁt£ﬁ§35E§93955a1d predetermined
@VvKPLV[ "e. kpu{bv] p@

" B&(™, %ﬂ@éﬁ@%ﬂé&?ﬂ éAdbe/eTgé/§<—@£@P§Jﬁfuxcﬁéha%iement thereby
vsp' A&po4°Z@Q)C& -W. [ 237

>*2~@BCl 4O +Q§DYM[M@@%@&$ hL‘w&‘V@f S& 4o Y id. E”MPMUP%Q.B&XHBQ@%&O

I H#PUE () 0123456789: ; <6Ti mres New RomanAri al Couri er Root
EntryWorg é]_’f@nét ohe #¥E L) d te é9123456789
<=>7?@\B GHI KLNNCP QRSTUVWK YZ[\? abcdefghljklnnopqrstuvmuyz{|}~

L HSUR () *+, - ] 0123456789 L <=>?2@A\

28. The servo track follower of Claim 27, wherein said servo
read element active sensing region distance is greater than twice
said displacement of said predetermined index position from said

one of said edges.

29. The servo track follower of Claim 28, wherein said servo

read element active sensing region distance comprises between
substantially 80% and substantially 100% of said predetermined

distance separating said edges.
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30. A servo track follower for selecting and following one of a
plurality of predetermined index positions of a servo track, in
response to an input signal identifying said one predetermined
index position, said servo track having at least two edges, each
sald edge comprising an interface between two dissimilar recorded
servo signals, said edges on opposite lateral sides of a middle
said recorded servo signal, said edges separated by a
predetermined distance, ones of said index positions
substantially parallel to said two edges and displaced from one
of said edges in, respectively, a first and a second direction,
said servo track follower comprising:

an input receiving said input signal;

a servo read element having an active sensing region
extending substantially orthogonal to said one of said edges to
sense no more than two of said dissimilar recorded servo signals
at one of said edges;

an independent position sensor sensing the present coarse
position of said servo read element with respect to a reference,
said present coarse position indicating the present edge of said
servo track that is alignhed with and detected by said servo read
element;

logic coupled to said input, to said independent position
sensor, and to said servo read element; said logic responding to

said received input signal to determine said identified one of
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said plurality of predetermined index positions, selecting an
edge and predetermined ratio representing said input identified
predetermined index position, said predetermined ratio comprising
a predetermined offset, if any, from a centered on-edge ratio in
a predetermined direction; responding to said present coarse
position to indicate the present one of said edges detected by
said servo read element; comparing said two sensed servo signals
to determine the ratio therebetween, and determining an error,
first, between (1) said indicated present edge with said compared
ratio of said sensed servo signals, indicating said present index
position, and (2) said selected edge with said predetermined
ratio, identifying said selected predetermined index position,
and, second, between (1) said compared ratio and (2) said
selected predetermined ratio, and providing an output signal
related to said determined error, said output signal identifying
said servo position error with respect to said input identified
predetermined index position; and

a servo positioner coupled to said logic for moving said
servo read element in a direction from said present index
position toward said selected predetermined index position, and
then to reduce said servo position error at said identified

selected predetermined index position.



