; e3e114vB26hTRr ~C ~ 8 D E C 200 ADAPTI VE SERVO GAP DETECTI ON FOR TI M NG
BASED SERVO BACKGROUND OF THE | NVENTI ON One rmnet hod of inplenenting
magnetic tape devices to nmaxinm ze capacity is to naxlﬂl E{?ﬁimﬁﬂb
parall el tracks on the tape. The typical way of naxi ing nber of
trtacks is to enploy servo systens which provide track follomnng and al | ow
the tracks to be spaced very closely. Even so called "l ow end" tape devices
are now enpl oying track following to maxi m ze the nunber of tracks. An
exanpl e of track foll ow ng servoing istthe provision of groups of
prerecorded parallel |ongitudinal servo tracks that |ie between groups of
| ongi t udi nal dﬁbﬁp%i@ﬁ”@%R@SDGBBaE?TEéTfoﬂ FORSgEhf%é:é§¥¥% sgr9ge or nore
servo heads nmay read the servo information and an acconpanyi ng track
following servo will adjust the lateral position of the head or of the tape
to maintain the servo heads centered over the correspondi ng servo tracks.
The servo heads are spaced a defined distance fromthe data heads, so that
centering the servo heads results in the data heads being centered over the
data tracks. The defined distance is maintained for all tape drives in a
particular famly allown E exchange of tape nedi a between tape

the sane or ¢ “an lies. An exanple of a track foll owi n@“ﬂm’im” ””H”
systen1partrcmmmm d to nagnetic tape conprises that of

i ncorporated " 384 .p@btoent. The servo patterns are conprised of nagnetdwsd | ux
transitions recorded in continuous |engths at non-parallel angles, such
that the timng of the intervals between servo transitions read fromthe
servo pattern at any point on the pattern varies continuously as the head
is noved across the wdth of the servo pattern. For exanple, the pattern
may conprise sloped or slanted transitions with respect to the | ength of
the track alternating wth oppositely sloped or slanted transitions, each
conprising a pair of transitions. Thus, the relative timng of the
intervals between transitions read by a servo read head varies linearly
depending on the lateral position of the head. Speed invariance is provided
by utilizing a group of interlaced pairs of transitions, arranged in two
bursts in a group, and

BACKGROUND OF THE INVENTION

One method of implementing magnetic tape devices to
maximize capacity is to maximize the number of parallel tracks
on the tape. The typical way of maxXimizing the number of
tracks is to employ servo systems which provide track
following and allow the tracks to be spaced very closely.

Even so called "low end" tape devices are now employing track
following to maximize the number of tracks.

An example of track following servoing is the provision
of groups éf prerecorded parallel longitudinal servo tracks

that lie between groups of longitudinal data tracks, so that



. 18 DE C 2002 3 determining the ratio of two timng Intervals, the
inmter'val between two like transitions conpared to the intetaabsg@tm t wo
dissimlar transitions. Synchronization of the decoder to e % @ttern
may be acconplished by having two separate groups of bursts of pairs of
triansi ti ons, each group having a different nunber of pairs of transitions
in the bursts. Thus, the position in the set of groups is readily
determ ned by knowi ng the nunber of pairs of transitions in the present
group. Timng of the intervals between transitions requires identification
of the separate bursts in each of the g@roups. Each of the bursts is
separated by a gap which is enployed to identify the end of one burst and
t he begi riiengrohotbesddrd helhe gapsrade tdet es iy dech fyme@rparing dhe
i nterval between sequential transitions against a gap detection threshold.

I f the i nrtcerwnabnysny essadkhadlibeihdreshol ¢ill hedfusangitil aaseas®e assuned to
be within a burst, and if the interval is equal to or greater than the

t hreshol desatgap betWeermdadr stsof stlzs swped Lo Tapentspeedbearersabj ect to
significant variation. The tape speed and rate of data transfer often are *
di ff er entheagf £RBUGERD AMeAn$her CPBr ¢ RO BREVRIUE A Sot hERe opRIFE | ons of
the host conputer system resulting in the need to stop and subsequently

restart tHEIofTonSBIcthe gpereRutt Ham et FE°Pabr® Hatie "6peFat 2 in

di fferent des, .sone of which require th t he t.ape dia_he speeded up or
sl owed sitghrﬁ flcggﬁ H/’.lg Othe. Sery8 %e%ésc rf@ffgtci W‘le%h hdearzgalf}galgg k?r(g%/rilgng

Sl owly, e, LiBShLLANS, ARRSAN cLOcPE. f A ABREL neUehL Rl Lhe | nterval

bet ween adj acent transitions within a burst nay have a timng which exceeds

the threshaldaandat hos appeaps Heives argap phetveera buslisy Anuswitdhe servo
gap identification my easily be lost, which, in turn, |oses the servo

t racki ng eccapalbigei by 0dpd hediapbetweae. tdpey talinehi gh tdapaemkyoand hi gh speed
tape drives are equi pped with an increnental encoder, or tachoneter which
provi des ePpagdpde pasiliami ng signal to counters which nonitor nedia
position and which may be used with a{)pr.opri ate mcrocode in the tape
control unit 9 GEEBPHF R thd ARkt Sntl P S6F VP heY e PRedia afdt-tal cul at e

th hal didentify th . i d wth ' t al
encoder GIIAACRoNEt BPIIGH G I 48P0 PBRE 3 prddisd: pbst (1ieRG SFGhal s 1o

counters vgﬂ4:%atent. The servo patterns are comprised of magnetic
flux transitions recorded in continuous lengths at
non-parallel angles, such that the timing of the intervals
between servo transitions read from the servo pattern at any
point on the pattern varies continuously as the head is moved
across the width of the servo pattern. For example, the
pattern may comprise sloped or slanted transitions with
respect to the length of the track alternating with oppositely
sloped or slanted transitions, each comprising a pair of
transitions. Thus, the relative timing of the intervals
between transitions read by a servo read head varies linearly
depending on the lateral position of the head. Speed
invariance is provided by utilizing a group of interlaced

pairs of transitions, arranged in two bursts in a group, and



poni tor nedia position and which may be used with appropriate mcrocode in
the tape control unit to determne the instant speed of t tﬁgé ﬁba and
calculate a new threshold and Cost reduction is of key iﬁﬂg} eﬁﬁ noder n
tape drives and other |ongitudinal nedia drives. Precision increnental
entoders are expensive and it is desirable to provide an alternative, which
may allow the elimnation of the increnental encoder. ldeally, the servo
gap detection threshold is updated during the tape speed variation, or at

| east as soon as possible after the tape speed is varied. Conventionally,
the tape speed and the servo gap detectidon threshold are cal cul ated by the
m crocode at a tape transport timer interrupt, and the threshold is set as
a regi st edevalwyening fdedodtiThet ce Hiatinoniakel wpdat ¢hef inheresr vo gap
detection threshold are a m crocode overhead. Further, the control unit

rl ~r 7 1BePreEelt P02 1Ksr 6ERBSBELPEY fComps rad nberbdre ghtiervet rioptvet ven
operations, and npy be unable to service the servo gap interrupt and then
cal cul at e PReIEBT V- 1gdp LABREEEF OIS t hriwdRbFFanata e\t y it 4p8 F?%ﬂgﬁbﬁﬁ’tiner

i nterrupt., Mreover, .i.f an abngrnalit Qc ursblq%the servo system and the
h ho

t ape speeahﬁaﬁéxg% f§¥érpe?a¥ © i ST ORddE iy  hot* el 8P ana Updat e the
threshol d apd,L d@f‘tﬂjﬁéttsh%fgg<9§r§vc?§ daeugh, Lhe téaaﬁ% ?Egﬁg hgvBid 1
I th t hresho

avai l abl e” As the result, previ ously set gap may n é1onger be
correct agitheréapenspredoirspyars eds SUeRikhahs N @ld vlherser vp,gaps are
sensed or intervals between adjacent transitions in a burst are erroneously
sensed as therpospaps iA shepkestoér @aluplsi 0B rsadDl waldtefrfinthiebd ape
velocity to fully stabilize at the new nom nal value and use a fixed servo
gap det eckinowithresholuhbeThp$ ppproach twenksdtoves | yn |thei prebenoper ati ng
range of the tape servo system and markedly degrade the data handling ready
time for tUH&UPape drive. 1' 1 18 D E C 2002 6 SUMVARY OF THE | NVENTI ON

Timing of the intervals between transitions requires
identification of the separate bursts in each of the groups.
Each of the bursts is separated by a gap which is employed to
identify the end of one burst and the beginning of the next.
The gaps are determined by comparing the interval between
sequential transitions against a gap detection threshold. 1If
the interval is less than the threshold, the transitions are
assumed to be within a burst, and if the interval is equal to
or greater than the threshold, a gap between bursts is
assumed.

Tape speeds are subject to significant variation. The
tape speed and rate of data transfer often are different, or
the data transfer is intermittent due to other operations of
the host computer system, resulting in the need to stop and
subsequently restart the motion of the tape. Further, the
tape drive operates in different modes, some of which require

that the tape media be speeded up or slowed significantly.



An object of the present invention is to provide efficient and precision
“identification of the servo gaps and updating of the servo ﬁ@éﬁeégbzon
threshold in timng based servo systens. Another object of1
invention.is to continuously identify the servo gaps and update the servo
gap detection threshold on a continuing basis w thout the constant
requi renent of processor intervention. D sclosed are a nethod and a
detector for adaptively detecting servo gaps in a timng based servo
pattern prerecorded on a nedia. The tim ng based servo pattern has groups
of repeated pairs of non-parallel transytion stripes arranged in two
bursts, one of each of the pairs in one of the bursts, the bursts separated
by servo @aps twrosepkeehgt hoving arlioahlye tie tthernsangbhudipmedadigeat on of the
medi a based on the |ateral position on the servo pattern. Thus, the
i nterval betwamrttheuthabsat itdre stitepeslibetween edghtext natardiirtechison
wthin a burst of the group is substantially identical and is |ess than the
m ni num sekbiyap PuThée medi kaves asibpeny woiduisscantdpathe etlotssthpldari at i on.
For exanple, the nedia may accelerate froma stop to a nomnal speed. It is'
desi r abl e2B% Bt @PPERESSEP RF & 98&r Py LHReHIREISHSe t Bhifhicridisesattye speed to
data. Thus, on e a.gap S ac%gi red, tpe fresen g nvention ﬂ ~r 18 DEC
~~~~  adaptP Vel iR AT AR The Gad dePect?on a9ifRe ARcErEatios®Sconti nues.
A servo s e r h L SerVQ.r d ses the transition

YEL e %F}acé%Hglc%?a&ﬁ%g 8¢ E@:ﬂe&%durﬁ%.

stripes in the |longitudin Irection of ia during relative notion
with respect tesithanmedyg, capli8adsqal Regsespad ragk hrapsitdens at its

| ateral position on the servo track. The servo system enploys the intervals
' bet weenegpposid eliyhsbhapenc paidraQf ehbedér ansi tta@hofié tépeswiixrdet er m ne
the lateral position of the sensor. A group interval detector coupled to

t he sensoprdetdst @ phrectbal pgsititcernvgl sbhehakeerr tdoansane shioge transition
stripes of two sequential groups of bursts. A divider coupled to the group
i nterval HeRtkrbmesi@d Ragibhemmrsutpdeh 82 Yikkediseile WiER e2PREPRITIGEHS ti m ng

i nterval b%/l aﬂgr edet erm ned divisor to Er ovi de an ugdat ed divided timng

i nterval Yap- ¥etHctilorREnFRRRGTIP Eot HBLButDAS CeATSBGuERE | BFS AN pe

nterval deLegtor GOURLRd £0. NG RLN0L, MRS G2} RELLALNG 4 e val
bet ween t sequent | al gense%lzfransi tion stripes, and- a conparat or coupl ed
to the sequential Sld isRevbnygsyal detector and to the divider output, and

havi ng a gap det'ect output, conpares the divided timng interval and the
sequential tintégr irdRiceabn iHeo £oRaALAbOEtPIOY it MGdarEetyPe GRffives
identification signal at the gap detect output upon the neasured sequenti al
timng | ntedvathat legstuddoual imglishelrdver dedPtequisigni nhervaénigalp det ection
threShmd’encoders are expensive and it is desirable to provide an

alternative, which may allow the elimination of the

incremental encoder.

Ideally, the servo gap detection threshold is updated

during the tape speed variation, or at least as soon as

possible after the tape speed is varied. Conventionally, the

tape speed and the servo gap detection threshold are

calculated by the microcode at a tape transport timer

interrupt, and the threshold is set as a register value if

needed. The calculation and update of the servo gap detection

threshold are a microcode overhead. Further, the control unit



4118 D~ C~"; ",; g thereby identifying the servo gap. Each servo gap in

the tim ng based servo systemis identified in this nmanner. Em
detection threshold is continually updated, automatically ac |2m2

tape velocity variation. The servo systemadditionally has a "valid" output
indicating the validity of the detected group timng interval. The detector
additionally is coupled to the "valid" output, and responds to each "valid"
signal at the "valid" output, repeating operation of the divider to update
the divided timng interval gap detection threshold, and to repeat
operation of the sequential stripe intesval detector and the conparator
with the updated gap detection threshold to continue to identify the servo
gaps. Forpodadsioer panferss andiundpeaf of hentpresent dirhvent oy atnefner,ence shoul d
be made to the follow ng detail ed description taken in conjunction with the
acconpanydiny myyawengsab BRI EF- BESCREPThON QR T HEPDRAVE NGB tF|a@d Lhes a
perspective view regr esentation of a tape drive data storage device and
associ at €tf ¥uPe t€artri ageve ok 6it@she@ Wi F AR leénbbdeieht P he present
invention; FIG 2 is a schenmati c reB[resentati.on of a tape drive data
st orage dATER Wi ﬁl‘é‘e's”eﬂ’i‘be%‘i}’é)[ em ﬁﬁﬁ‘_"éerlr'agoépa??fiof et Far id e
?Ee\émn??oﬁlnne t%\eer Vs%rt\/roa%g;s Qm?‘cacnod’ %%gc%ap%tshpeaé% %ggogleggngtacgclé,hq:h%r esent

microcode may not monitor and update the threshold and

identify the gaps even though the tape speed is still

available. As the result, the previously set gap threshold

may no longer be correct as the tape speed 1s varied, such

that not all the servo gaps are sensed or intervals between

adjacent transitions in a burst are erroneously sensed as

Servo gaps.

A simplistic solution is to wait for the tape velocity to
fully stabilize at the new nominal value and use a fixed servo
gap detection threshold. This approach would overly limit the

operating range of the tape servo system and markedly degrade

the data handling ready time for the tape drive.



J —a o Ec 200Z 9 FIGS. 3 and 4 are respectively representations of a
trm ng based servo pattern and a conbi ned servo and encoded ,d taﬁtsz
with servo gaps which nmay be detected in accordance with tha gr t
invention; FIG 5 is a representation of a timng based servo pattern

havi ng al ternating groups of two bursts respectively of 4 and of 5
transition stripes illustrating intervals between ones of the transition
stripes; FIG 6 is a representation of a timng based servo pattern of
alternating groups of bursts of 9 and of 5 transition stripes and a
representation of the pulse signals detécted fromsensing the transitions;
FIG 7 is a state diagramof the detection of a servo burst and gap; FIG 8
is a block diagramof an enbetMmerY @f THFESENVBENTDBAIN detector in accordance
with the present invention; and FIG 9 is a flow chart depicting an

enbodi nent of the nethod of the present invention. |~ f

An object of the present invention is to provade
efficient and precision identification of the servo gaps and
updating of the servo gap detection threshold in timing based
servo systems.

Another object of the present invention is to
continuously identify the servo gaps and update the servo gap
detection threshold on a continuing basis without the constant
requirement of processor intervention.

Disclosed are a method and a detector for adaptively
detecting servo gaps in a timing based servo pattern
prerecorded on a media. The timing based servo pattern has
groups of repeated pairs of non-parallel transition stripes
arranged in two bursts, one of each of the pairs in one of the
bursts, the bursts separated by servo gaps whose length is
variable in the longitudinal direction of the media based on
the lateral position on the servo pattern. Thus, the interval
between the transition stripes in the longitudinal direction
within a burst of the group is substantially identical and is
less than the minimum servo gap. The media is subject to
substantial velocity variation. For example, the media may
accelerate from a stop to a nominal speed. It is desirable to
detect the servo as early as possible to increase the speed to

data. Thus, once a gap is acquired, the present invention



18 D E C 200'2 O DETAI LED DESCRI PTI ON OF THE I NVENTION This invention is
described in preferred enbodinents in the foll ow ng desg bpbxﬂgdﬂéag
reference to the Figures, in which |ike nunbers represed;t 4 r
simlar elements. Wiile this invention is described in terns of the best
node for achieving this Invention's objectives, it will be appreciated by
those skilled in the art that variations nay be acconplished in view of

t hese teachings without deviating fromthe spirit or scope of the
invention. Referring to FIGS. 1 and 2, a data storage systemis

illustrated including tape drive data storage device 12, such as a magnetic
tape drive, and associated tape cartridge 14, with a servo system having a
servo gapadapectalry imaiateonsarioe gaipt hethet prresentthienwentionatiRaferring to
FIG 1, the tape drive 12 accepts tape cartridge 14, which stores data in
the form ofngbtéesets to be read and/or witten by the tape drive 12, and
is connected to a host processor 16 by a cable 18. The tape cartridge 14
conpri ses a housisHy° LI YESATaf PR IRF ra SMERgEH dFSatise r26d Bart: aenEgneti c
tape. Alternatively, the tape drive 12 may conprise an optical tape drive,
and t ape Ea?tF?ﬂb%ltfé’nnﬁ§rb8%r}r%eth§n18B9¥E‘éﬁll id3TePheOR apk WS ve 12

i ncludes a receiving slot 22 into which the cartrid 14 i s inserted. The
host procBEdd? 1§ nr@@ﬁﬁ%Y%ém%%vnb&PPHbF%S%?Hbélsgﬁﬁ PS?l%xdﬂ%{e, a

wor kst at i o t ~ 2002 " " e a
systens cggﬁﬁgégﬁggﬁ%ﬁ%agﬁgkﬁ ?%ﬁaéi&%ggs"gQThe Hgggqg?ieggg%ﬁﬁg(%}eferably
conpat i bl enw tfr¢de ragx0ci @h80sd0R) RERERSSM Fo ANAHeARNBESYAEs any one of a
variety of cartridge or cassette linear formats. Exanples of such tape
drives”i nokudeet hepdBNIt'e399681 op@padirisve funhé s, raors ikBWh" 367054 ape drive
units, or "Digital Linear Tape", or "Travan" conpatible tape drives, sone
of whi ch éapkoyintevdihredlteantrpaygdsiom odnthet smrsenpl oy single reel
cartridges. Referring to FIG 2, such tape drives typically include spindle
drive notors (RoirHowmeryrlrétrRIt®y chEPted| & dihe Keneart Ae e S14 to nove

t he tape across a head assenbly 24. The head assenbly is shown in solid
| i nes and%gﬁc}ghlﬂje%g AT YR VBFVHE IO\ S8RG oS+ HERG 28 hat  itect s a

servo patter e N servo track.27 o e tape. dat a head 28 of

t he head %gng%l%g%%§ﬁ§6?c§FP§p?é%%é?ufﬁgh t%eé£%¥%ﬁp%§5§13%d€?§§E%sitioned
over a dag@ohipagkee ROl AR28:0F 1M HARGCORt &Lty multpkerdata tracks
for reading data recorded in a data track, or for witing data in a data
track. Fl Get2c88OVErausitigliagsernvervaatyhaadr adel ermginegl a1datar head f or
simplicity of illustration. Those skilled in the art will appreciate that
nost t apepsyytdasamavelangdt dplvedpdrainiely seteovaY apks defrekttiphe servo read
heads, and nultiple data read and wite heads. The servo track centerline
30 is indW@é?éhog% HxttdwdiongPafong the | ength of the tape 20. The servo

read head 26 is i~~4qg D _E.C 2002
A sequentiéi stripe interval detector coupled to the

sensor measures the timing interval between the sequential
sensed transition stripes, and a comparator coupled to the
sequential stripe interval detector and to the divider output,
and having a gap detect output, compares the divided timing
interval and the sequential timing interval, the comparator
providing a servo gap identification signal at the gap detect
output upon the measured sequential timing interval at least

equaling the divided timing interval gap detection threshold,



A2 relatively narrow and has a width substantially less than the w dth of
the servo track 27. In accordance with the incorporated 384 patent, the
tape is noved longitudinally across the tape head assenblﬂ ﬁ4 that, the
servo track 27 is noved linearly with respect to the servo Nea 6. Wien
such novenent occurs, the servo pattern of magnetic flux transitions is
detected by the servo read head 26 so that it generates an anal og servo
read head signal that is provided via a servo signal line 34 to a signa
decoder 36. The signal decoder processes the servo read head signal and
generates a |lateral position signal thatgis transmtted via position signal
lines 3% to a servo controller 40. The servo controller generates a servo
control stgeedbandiepraY¥iydes the crreonyspl |Haigs sé2vbog@p SAT WhepOSi ti oni ng
mechani sm at head assenbly 24. The servo positioning nechani smresponds to
t he controlnsngriaseldr sprirhes geraro 1contieot 1 Eredby nmblii agndhe=rassenbl y

i ncluding servo head 26 laterally with respect to the servo track
centerline 30 The @@cHethet desittadsbetdol s raukonat by mapdtteach t he servo
head 26 centered with respect to the servo track centerline 30. The servo
syst em si §REPHGddr S6CTBOSHENY EBREr B A VaEE2ELUY ed i a drive
controll er m croprocessar . 45, ich operates the drive 12 and caontrols the
cor r espondf h§° st ri/toempra%gé‘éﬁ%%?ﬂg'l éassgi | YU5tF aCesPhh SRS ERP (i1 ng based
servo pat j rda i " 384 patent, i ch,eml qys ,. 18 DE
C 200 13 gg;?/%igya;a)ogfc%gfqegtgg%lg\%%&é%ggpdg%mcg?%thﬁetrr‘{\é,ﬂpr eTslg%tAel%ne\fetr?tri on.
Those ski LLigd1dhding 3kt cWibled @LPIRLZ6VE NAY - thepshantgd Ld s dLriesent
stripes of magnetic flux transitions or areas of magnetic fl'ux that extend
across theaghdttexfdassehyd it e “halihe sasetQf rapeasind smgnehion fl ux,
the edges conprise flux transitions that are detected to generate the servo
read heado$i ghaldiviltert tanspdaonsheadeé vided neignietsi ¢nperasl tgas, one on each
edge of a stripe. Wien the servo read head 26 crosses a transition, it
produces #eparsomidyespoldriayd it depenhi prrlrahiorhefpbhar$equasftitie
transition, For exanple, the servo head night produce_ positive pul ses on

the | eadi AGFERge BISHAchELRFHRF A BGat PR e ¥16R the YRSy edge.
The servo pattern 50 c ri.ses repeating transitiqns having two different
or fent at 905, CEF PR BURLE eRomt 1S bag ot gy o ES Bt oret Yer oss ¢ he

w dth of g,servo track and have a first orientation slanted with respect to
the | ongi tudinal direction of the track. Second burst of stripes or
chevrons 54 al ser ext®nd eaChagsrithdsindt brotha seiseatt Facknt berk, have a
slanted orientation opposite to that of the chevrons 52. Each chevron in
burst 52 ardetheceorhreedpiobdi ngdehsyrtde ifnlbowistg Sk teddpdi desar pati rorof
transitions separated by a predeterm ned distance AO, Al, AZ and A3. In the
arr angemeffeken ipecomBmosaranvitieddts etcereapy Bdetdeningd- di st ances is
identical. The apex of each of the chevrons is |ocated at the servo track
centerline. Alternatively, the chevrons in bursts ,. ~ 8 DE Ceon

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view representation of a tape
drive data storage device and associated tape cartridge in
accordance with an embodiment of the present invention;

FIG. 2 is a schematic representation of a tape drive data
storage device with a servo system, and an associated tape
cartridge showing one servo track in accordance with an

embodiment of the present invention;



A4 52 and 54 formslanted lines represented by the top portions of the
di-amond- shaped chevron patterns. Thus, as the tape is nnveﬂ | i rb ith
respect to a servo read head, the servo read head generate aatngﬂa égfgervo
read head, si gnal having peaks whose peak-to-peak timng varies as the head
is noved across the width of the track. This variation in timng is used to
determne the relative lateral or transverse position of the nagnetic servo
read head within the servo track. Typically, only the | eading or the
trailing edges of the transitions are enployed for the servo timng
measurenent. Hereinafter, "non-parallel gransition stripes" or "sloped
pairs of transitions" or simlar nonmenclature refers to a pair of

transitions, atrgkeastaqnes ofreWdkche s ARSIVt iLQBS LSy Sd@NhEd,, OL Ot herwi se
continuously longitudinal variable across the wdth of the servo track,

Wi t h respegiig0 phBedPad FRd dataBsht 4.2 TREWIBEN Os LRSS &IHAS ehbhysgrated in
FIG 3 include a first set of two bursts conprising oppositely sloped pairs

of transiddon reheeransidi? ido5dapanthrsaeonbe s@ttfturnsts of sinilarly
sl oped transition chevrons 52 and 55. Transitions 52 and 55 are separated
by a predetermianed disharce pBeseBl, 1B2mndnB3. The A and B intervals are
used to generate a position signal that is independent of tape speed. It is
i mportant thatfignl § thea Ardpreseuvabsjombifichr arsibetiweerd oppositel y sl oped
chevrons at the opposite sides of the dianond-shaped patterns
pattern having alternating groups of two bursts respectively
of 4 and of 5 transition stripes 1llustrating intervals
between ones of the transition stripes; R
FIG. 6 is a representation of a timing based servo
pattern of alternating groups of bursts of 4 and of S
transition stripes and a representation of the pulse signals
detected from sensing the transitions;
FIG. 7 is a state diagram of the detection of a servo
burst and gap:;
FIG. 8 is a block diagram of an embodiment of a servo gap
detector in accordance with the present invention; and

FIG. 9 is a flow chart depicting an embodiment of the

method of the present invention.
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const ant
timng t
whet her

, ¥8 0 E C 2002 15 vary with transverse position.

he intervals and calculating their ratio. The abjl
di anonds or |ike pairs are being read nmay be det ﬁLiM%EPgO

di-f ferent servo gaps between the groups of chevrons. Alternatively,
sequence of servo signals can be differentiated by different nunbers of

chevrons in alternating groups of dianonds.

The B intervals are
, regardless of position. Thus, the position signal is generated by

ertain
avi ng
t he

As shown in FIG 3, 9 chevrons

52 are provided in the first group, anqg5 chevrons 55 are provided in the

second group. A coassigned Al brecht et
08/ 859, 830, discloses a magnetic tape nedia having data information

| . application, serial no.

superi nposed on prer ecdtdddELi REPERISSN 9€r VBE | INGMNTEONon. At | east two
transitions of the repeated pairs in a group are shifted longitudinally

wth res
conpri si
patterns
with res
be encod

pect to other of the transitions, the shifted transitions

osed .data I nforpation. _FIG .4 illustrates burst

th i I
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WENer taiignahvéscidetier akseti fdomnt Rereguat it best mode
for achieving this invention's objectives, 1t will be
appreciated by those skilled in the art thap.variatlons may be
accomplished in view of these teachings with;ut deviating from

the spirit or scope of the invention.

Referring to FIGS. 1 and 2, a data storage system is
illustrated including tape drive data storage device 12, such
as a magnetic tape drive, and associated tape cartridge 14,
with a servo system having a servo gap detector in accordance
with the present invention. Referring to FIG. 1, the tape
drive 12 accepts tape cartridge 14, which stores data in the
form of data sets to be read and/or written by the tape drive

12, and is connected to a host processor 16 by a cable 18.

The tape cartridge 14 comprises a housing 19 containing a
length of tape 20, such as magnetic tape. Alternatively, the
tape drive 12 may comprise an optical tape drive, and tape
cartridge 14 may comprise an optical media. The tape drive 12
includes a receiving slot 22 into which the cartridge 14 is
inserted. The host processor 16 can comprise any suitable

processor, for example, a workstation such as the IBM

t he



f 18 DEI; 11U~ 16 PES = REFERENCE- (AO+A1+A2+A3)/ (BO+B1+B2+B3) Wiere AO i s
t he' di stance between the first chevron of the forward group and the first
chevron of the reverse group, Al is the distance betvvee,s&rlggﬁm chevron
of the forward group and the second chevron of the reve ~Vét C.
Likew se, BOis the distance between the first chevron of the forward group
and the first chevron of the next forward group, Bl is the distance between
t he second chevron of the forward group and the second chevron of the next
forward group, etc. Alternatively, the "B" neasurenents nmay be nade between
chevrons of the reverse groups. The negsurenents may vary fromthat of the
forward groups by a fixed offset, depending on the servo format. In both
the tim nRdsaAOd , serveapaid er nyetekt Gompuated, t Beckombitmed tdat a and ti m ng
based servo pattern of FIG 4, the determ nation of the |location of the

i nterburstas4mo"ser The gaps diaveeqRi 1t edoddreandey tonpaemilief withetispecific
chevrons of the patterns. The tim ng based servo patterns of FIG 3 are
expanded d9BddiGteld host |prsidasaboe st Ard coat iassiung A@antheB dfnteryal stpver
additional bursts in the 9 and S transition patterns, illustrating the
servo gapst 7o=r3ideparatianpatiie bansas. fokmattive sBxanplsenodr spobes t owar d
the top edge of the chevron patterns, servo gaps 70, 72 and 74 decrease in
| engt h, afRPSEtyegapacide TR ARM7E34HLT da®e FRivengtits conveRdel y, as the
servo sensgr. noves tqward the center_of the chevron  r , 1,.B DE C 2002
patterns, $%5{a7r%o\é§8558ﬂ‘,’e Mdid 75 (rJIBJc?’e IPREPENGIRS afd s&FT?Yaps 70,
72 and 74 1ncr. i engt h.. Fl 6 _LS.a e tat | f a timng based
servo pat%de&%tggslgl !ttg %a‘?%n%%ré%% %JF Vl’)}ﬁlr(’fski %B\g?gg g,#d 0 ciS transition
stripes, COMiSiRg14N P al t e S I 5, and a

repr esent%tl on fegt %g %ﬁ#scgg{s%%nae&%%t%&gg% %r%grmn%%nts]{:ln “Phe transitions.
The servo gap . L hel r4m nimu n - I L ngt h t han
the Interval %%%é?é@gn€%d?§deﬁt' g%llr:ﬁpg%&o?%é%%g?g??ﬂ%ﬁlﬁl , l\i\lﬁgﬁgfghe t ape
media is oOMING riJCRPSEANT (el QRblY) #dr 'x%tQQ%ﬁ![;b&?e t:%e(i'sSEE”GﬁéSh the
servo gaps fromthe stripe intervals by setting a threshold for the servo
gaps at ac4Hiigd Aketyaho @ eafeaphado thdto0f ot ReagtddReudiRt euval s. As

di scussed above, the tape nedia is subject to

The head assembly 1s shown in solid lines and includes a
relatively narrow servo read head 26 that detects a servo
pattern recorded in a servo track 27 of the tape. A data head
28 of the head assembly is typically larger than the servo
head and is positioned over a data track region 29 of the tape
containing mulﬁiple data tracks for reading data recorded in a
data track, or for writing data in a data track. FIG. 2 shows
a single servo read head and a single data head for simplicity
of illustration. Those skilled in the art will appreciate
that most tape systems have multiple parallel servo tracks,
multiple servo read heads, and multiple data read and write
heads.

The servo track centerline 30 is indicated as extending

along the length of the tape 20. The servo read head 26 is



variations in velocity. Hence, should the velocity of the tape slow, the
"stripe intervals becone |onger, and may exceed the servo gap detection
threshol d. Al so, should the velocity of the tape media iQggar the tine
Intervals of the servo gaps may fali bel ow the thresﬂ(ﬁoﬁwm only
sone, or no, servo gaps are detected. Thus, the locations of the bursts
cannot be detected and the servo A intervals cannot be tracked, |osing the
track_ following capability. As the result, the track followi ng servo nmay
be unusable until the tape nedia reaches a nom nal velocity. However, nost
tape drives enploy a search capability1®hich operates at a higher tape
nmedi a velocity than do the r 18 D E C 2002 read and the wite

oper at i onsel&enesd,y ae rblr eshalgl nustidhaveuss temansalol adisistimnttheCert ai n
hi gh capacity and high speed tape drives are equi pped with an increnental
encoder, wtdtlachbmiceserwbi chadiayehe usedcodtdurappwaphi @i€ m crocode in the
tape control unit to determne the instant speed of the tape nedia and

cal cul at eiact hse@siteldd ‘apd paeait f hisheagapss wissedi Seugseddabove, cost
reduction is of key inportance in nodern tape drives, so that it is
desirabl eatoops aiedeapre abteraatdmbd vt a4t he eExgpendieveeprect sadn aMarsenent al
encoders. ldeally, the servo gap detection threshold is updated during the
t ape speedovadiminear,lyowiah tegsdctasosens asrpossiabdl esaf twefer hendrape speed
is varied. Conventionally, the tape speed and the servo gap detection

t hr eshol dmaveneat catdcatred byjet hervd paateds af madrapact fansport ti nmer
interrupt, and the threshold is set as a register value if needed. The

cal cul ati spamnttiupdatie deteheederwdhgapeded ectddrnekr 8§hod dtlzate 1& mi cr ocode
overhead. Further, the control unit processor perfornms a nunber of

i nt er r upt geRevRFe DEEY aNkdAY, sarite nwpdhaeadadl @alo hatviigeerrdieldst vo gap
interrupt and then calculate the servo gap detection threshold at every
tape tran¥pdri T¢HET SigPelrbpie IbricodeFlItRteteCsterarf - ci Feuinsitdides, as
di scussed above, the m crocode may not nonitor and update the threshold and
i dentify FRECYRPPIAFSSSCRoGHR THEVR dFedspedd F9tl Andaganeadies @ 11 18 D
E C 2002 éQ Thug, in accordaan %ch,thg greseq%(%nventiont.and referring
to FIGS. 5%hfib%s,P o%s StABAE (Tt 88 SFPAB StV CeR8ot thoves | ateral Iy
of the tape negiﬁi th%BI%ggths of the Bg%?teryflsqﬁpnain t he sane. The

present i AVERtT on det ermmes AT &l ati GASATP" betl ween t e B i nterval s and the

desi red seruo, gop. defsatlon.tir eshol dandoconsiant Ly ipdabes. L he. L ng

n
t hreshol d based upo € measured timng o intervals, does so

wi thout the,Recessilds b WBaguLlng, theiRieaki s Nelnglilky at hbgstape nedia
to do the updates. Only an estinmate of the tape nedia velocity is enpl oyed

to make tREskhhSy BLAUIGIE! s@RvOf pddie 120 VE H8PRanANd dhigoHRdat @scicont i nue
t hrough substantial variation in tape nmedia velocity w thout

control signal from the servo controller by moving the

assembly including servo head 26 laterally with respect to the

servo track centerline 30 to reach the desired servo track or

to maintain the servo head 26 centered with respect to the

servo track centerline 30. The servo system signal decoder 36

and servo controller 40 are coupled to a drive controller
nicroprocessor 45, which operates the drive 12 and controls

the corresponding servo processes.

FIG. 3 illustrates an exemplary timing based servo

pattern in accordance with the '384 patent, which employs



the necessity to interrupt the mcroprocessor. Thus, the tape may be
accelerated froma stop to a nom nal speed and, once a gap is acquired, the
present invention adaptively naintains the gap detection as the

accel eration continues. This provides early detection ﬁf tﬂgﬁg and
results in rapid speed to data. Referring to FIGS. 2;1(8 - mm%nal

decoder 36 processes the servo read head signal of FIG 6 for each burst of
FIG 5 and calculates the B intervals and the A intervals, and provides
validity flags to indicate whether the calculated Aintervals and B
intervals are valid. The state maching3of FIG 7 of the servo decoder 36
waits for each of the signal peaks representing a transition in states

91-95 andeWabt §ahOradQaRd Anshat&rdhcelhe i gnal pReAks naREgEeNt. only the
, ~ 8 DEC 2Gu~ 20 leading, or alternatively the trailing, edge of each

transiti @RosSt akel B&d ii5 Hhiepped WHEDN ddegpredi ehed dHy Stiansea #1841 pe
burst. The timng of each of the peaks of the transition pulses is

det ect ed reandsast estchigasapsi mbonetsc datecttednsat peak aountes of the state
machine is incremented. Thus, in step 98, the servo decoder 36 first

qual i fi exapghetpeakl wourdtathypxsenpardsors ttdet Wadph eelf ct isswveotnackl f t he
counts are correct, the state machine is updated. The update of the state
machi ne thRefNfr 8FEtRT A€ Coqht MBI HE Hdx¥ bGPet S99%e CATPALERVAL$X and t he

B i nter val3,3he, thenioal Gleted.lion & Burst el the 18y oushy,detect ed

signal. The transitions have two magnetic polarities, one on
each edge of a stripe. When the servo read Pead 26 crosses a
transition, it produces a pulse whose polarity is determined
by the polarity of the transition. For example, the servo
head might produce positive pulses on the leading edge of each
stripe and negative pulses on the trailing edge. The servo
pattern 50 comprises repeating transitions having two

different orientations. First burst of stripes or "chevrons"

52 extend across the width of a servo track and have a first
orientation slanted with respect to the longitudinal direction
’ of the track. Second burst of stripes or chevrons 54 also

extend across the width of a servo track, but have a glanted
orientation opposite to that of the chevrons 52.

Fach chevron in burst 52 and the corresponding chevron in
burst 54 comprise a pair of transitions separated by a
predetermined distance BA,, A, A, and A;. In the arrangement of
the ‘384 patent, each of the predetermined distances 1is
identical. The apex of each of the chevrons is located at the

servo track centerline. Alternatively, the chevrons in bursts



bursts, and validity flags are set, to indicate that the calculated A and B

‘intervals are "valid" or "invalid'. Referring to FIG 5, the servo decoder

separately calculates the B intervals between a 4 transition burst and a 5
transition burst, spanning a 9 transition burst (BX),1a8dDEﬂtgﬁh?ges the B
intervals between a 5 transition burst and a 4 transit'i¥n fMisSpanni ng a
5 transition burst (BY). The B intervals spanning the 5 transition burst
(BY) are longer than those spanning the 4 transition burst (BX). The B
intervals are separately cal culated, so that, should one of the B intervals
become invalid, the other of the B intet4als may still be valid. The B
intervals are called the group intervals because the conprise the timng

i nterval gbetesy Yrsts Afc2dh 2660t r ARGt A L§ra?éiefo§% ¥>§trtet*ﬂsn§ | nt er val

validity is called "pair valid® or "palir invalid® to in I ~gDEC

2002 21 Otf_heth\éahiighwdp;ha{é& egﬁte@%ﬁ%?ai@éeﬂn@e interval between the pair of

transitions conprising th ected nterval. FIGS. 8 and 9 respectively

illustrate anepBodhseme afarR 385 MOvEQDP GRL841L0L 1 BNd-afpAbedi gent of a
servo gap detection nmethod in accordance with the present invention,

enpl oyi ngdve Behat reyal tdei eelri-onraad nald diehyritegsarofarkahegstateo machi ne
of FIG 7, and which provide the servo gap detection of state 96 of the

st at e naciiaseheTHesignal stvamyl@Oakns wivsemsedi-rerpedf time ngetvhodesf the
present invention of FIG 9 is initiated by a command at input 101 of the
det ect or ot WEGhe8d tal MY GOrPRENIIEWId G odsthl F&¥rk he Tihdist i al
identificati,on.of a servo gap. In step. 104, a predeterm ned _gap detection
thresholcyﬁ§$%% PN A g™ é§h8F8drE%i§ﬁ%ﬁrmﬁ9§.tgﬁer?iiﬁﬁﬁﬁeﬁgﬁﬁéalgap
detection reshold is set. at a_value related to the velocity.of.the tape
medi a. /&?%Jh%%@?%ﬁg %,p??ﬁgﬁﬂﬂ’Pgn?L%fm%9§§%lﬁHF5r %i%%?é;ﬂ%%g ﬁ%@kb%

moni tor ed-fo Latimteckhe Melachty ofnihe dRRe el 2, a0k the Ry et erni ned

t hreshol d cal cul ate y the“controller croproces rom the esti mat ed

vel ocity angkenirerad £hhis 8PSt 8helORpld SRR 106, sérEPramneq s supplied
at input 107 to operate selector 108 to select the predeterm ned threshold
from gap ndw=mstoletdtr egi ster 105 and supply the predeterm ned threshol d
value to conparator 110. An interval counter 120 is reset by the |eading
edge of the edl@ifedepéterd tnanvarpdhel stensdigapeereresh Rl Gslepeds

pairs of transitions” or similar nomenclature refers to a pair
of transitions, at least one of which transitions is slanted,
or otherwise continuously longitudinal variable across the
width of the servo track, with respect to the paired
transition.

The servo patterns illustrated in FIG. 3 include a first
set of two bursts comprising oppositely sloped pairs of
transition chevrons 52 and 54, and a second set of bursts of
similarly sloped transition chevrons 52 and 55. Transitions
52 and 55 are separated by a predetermined distance B,, B;, B:
and B;. The A and B intervals are used to generate a position
signal that is independent of tape speed. It is important
that only the A intervals, which are between oppositely sloped

chevrons at the opposite sides of the diamond-shaped patterns



lt 18 D E C ZO& 22 supplied fromthe servo system by pul se detector 122.
Thus, the interval counter conducts step |24, counting the output pul ses of

a clock 125 in the interval between sensed , transitiiahgggﬁgi héOﬁ]pulse
detector 122, thereby detecting the timng interval b Q nti al
stripes. Wien the next pulse is detected, the interval counter 120 is again
reset to zero and agai n begins counting the output of clock 125 to define
the timng of the interval to the next detected transition. In step 128,
conparator 110 conpares the predetermined threshold to the detected
sequential timng interval. The predetergnined threshold is set at what
should be a greater tine interval than the timng interval between adjacent

stripes ofamsy burst trandvétee valsueioh. i Nty walineeunies aMd lcomgtaneach the
t hreshol d val ue before being reset. Hence, step 130 conprises the result of

t he conparégoriiRysscemppsatoronl10Thhif, thee ysueieh thendintierval counter 120
does not equal that of the predeterm ned threshold, "NO', the process

cycl es bagipetdtedpblyseiniteatier ih22rpiyiades chieuhakinpuiea r resedbting t he
interval counter 120 to zero, and begins the next .interval count. If !
conpar at or 110Ehe pbdfépy 189,ad0sditeaneshe Hetr diemppdervallidsupeicqual s t he
predeterné??%xhﬂ&figggdﬁag}ifzﬁge%ggned by having different servo
gaps between the groups of chevrons. Alternatively, the
sequence of servo signals can be differentiated by different
numbers of chevrons in alternating groups oﬁidiamonds. As
shown in FIG. 3, 4 chevrons 52 are provided in the first
group, and 5 chevrons 55 are provided in the second group.
A coassigned Albrecht et al. application, serial no.
08/859,830, discloses a magnetic tape media having data
information superimposed on prerecorded timing based servo
information. At least two transitions of the repeated pairs
in a group are shifted longitudinally with respect to other of
the transitions, the shifted transitions comprising the
superimposed data information. FIG. 4 illustrates burst
patterns 60 in which the transitions of FIG. 3 are shifted
longitudinally with respect to the tape to encode data into
the servo track. The data may be encoded in any manner so
long as the servo timing remains correct.
For example, a chevron may be moved in a first direction
to encode a "1" and moved in the opposite direction to encode
a "o",
For the servo loop, the Position Error signal 1s

determined from the equation:



has been detected, in step 132, and providing a gap detection signal on
out'put 133. Detection of the servo gap causes the J 18 D E C 202 23
state 96 of FIG 7 to sequence to step 98 and provide the servo infornmation
and validity flags. Several attenpts may be required before the servo gap
is actually detected and the servo information is valid, wthout error.

This is depicted in FIG 9 by steps 134 and 135. Stele§4Q béﬂhﬁgany
error, "YES", in the results of step 98 in FIG 7. On an error

is that the peak count is not qualified. If there is no error, "NO', step

135 detects whether either of the B intkervals, BX or BY, is valld. | f
neither is valid, "NO', or if there is an error, the process cycles back to

repeat the "ﬁ%|=DWE{E|§§'NCELP&@%l+A2ﬂA@E?'Z@O4]§1+@Q+Q@§Or and one of the B
intervals is valid, the servo gap has been initially acquired, and the

met hod ahetbenpresaie dRY¥eRhtObdtnettiaphe Vel pstdeheetoh her s@fevo gaps in a
timng based servo pattern prerecorded on a nedia begins as the "MEASURE
MODE" 140rwadd categ and apeat £iddt chleerBni of erhalrevBXsang &Y ,ama

respectively provided at inputs 150 and 151 of selector 155, and the *
r espect ivethy/Miqyrancer bepueen vidid gecopfgaaderay e fptbei Hedvand i nputs 157 and
158 to the selector. The selector 155 either has an initial preset, or

r et ai ns JERBP pRRY | tifs S€6PRANERe YRR Sifethe ohRvFSe RECORP| e val s BX or BY.
Based o hat sel ect.ion

60 h 8
det er m ﬁ‘é&ﬁﬂéf‘?’l’erm[ hé 6P85éh$‘?5§1/“cseel st&?“%tafsl Bter%%tirr\?é}l fl{é"%(g; ﬁ?g tl%g ngf "NO',
sel ect ol 13341 v U RO tne SM F NG5, 20k NS e B BLELYA 'group,

Bl is the distance between the second chevron_pf the forward
group and the second chevron of the next forwa;d group, etc.
Alternatively, the “B” measurements may be made between
chevrons of the reverse groups. The measurements may vary
from that of the forward groups by a fixed offset, depending
on the servo format.

In both the timing based servo pattern of FIG. 3 and the
combined data and timing based servo pattern of FIG. 4, the
determination of the location of the interburst, or servo,
gaps is required in order to identify the specific chevrons of
the patterns.

The timing based servo patterns of FIG. 3 are expanded in
FIG. 5 to 1llustrate the continuing A and B intervals over
additional bursts in the 4 and 5 transition patterns,
1llustrating the servo gaps 70-75 separating the bursts. As
the servo sensor moves toward the top edge of the chevron
patterns, servo gaps 70, 72 and 74 decrease in length, and
servo gaps 71, 73 and 75 1increase in length. Conversely, as

the servo sensor moves toward the center of the chevron



. 18,D E C 2002 24 and, in step 162, detects the B interval, storing the
interval time in register 165. In accordance with the present invention, a
di vider 170 divides the detected group B timng interval redet er m ned
di visor to provide a divided tining interval gap detectfb%y[ﬂfésﬁgﬂg. The
divisor is selected in step 172 at input 174. It is preferred that the
divisors of divider 170 are base-2 nunbers. Thus, the division conprises
sel ecting a predeterm ned nunber of high order bits of the B timng
interval. Should a single divisor be usable in a given format, the base-2
nunber division is achieved by a hard wired bit shift which does not
requi re any additional hardware. The predeterm ned divisor of the divider
170 con?at'@@]_snsa, \wlrys Yhbemr oduaas ostddashaeld;hongeset hamgt he timng

i nterval between sequential transition stripes of the bursts, and which
producegeayd W gsshalod shortery4 hap Lhset{Mngjaterval of the gap at the

m ni mum spacing at an edge of the servo pattern. The capability of

sel ecting di rent. .divij i t 474 i.n.ste ws the servo
decoder 36 t%f 'e%gtrlrSI %ygﬁﬁiﬁ&ﬁtﬁgyn%gi%eﬂﬁ%fé SBS Z(t;is?néﬂr}g) based servo

tracks PQHE@& dciéfaﬁfcé%a{ﬁ&f]‘tg}r%ﬁ%@i B Deiveen he,5gTyp Pgaps and the
S ab

i nterva et ween stripes i rst. An exanple of a divisor conprises

"64", ObkrfnPition strifed EdmpA@R3ngdSthe dheer esukt oof chdherdiibgison, in step
180, of the detected ti mng of the group interval, the divided threshold

timng preeisely, tahacksréhessaiReiiby 6f the fape Peghals e editvgded tim ng
interval gap detection threshold is provided at output 181 fromthe divider

170. Theérewt Persirs @hsotsappldiethsat andet&ciOyaput potad 8hdigr ot her uses by
the servo decoder. In "MEASURE MODE", step 106 selects, at threshold

sel ecti ainimEwtlcHyth Bbheréahyied daicd-ngn i NMytralchgapreletacidrea it hreshol d.
The selection is nade by selector 108 and conparator 110, in step 128,

conpar egat Berwhatl ded atbbfit Nge it iper wal aapdridhe seaudenihal didmelgel nterval
frominterval counter 120 generated in step 124 fromclock 125. The

conpar akedid 10s PKAMInges t 8a SESVR GAP vedeal | Gat henpskgnsile alo the gap detect
out put 133 upon the neasured sequential timng interval at |east equaling

t he di vddeditgud atg tihet ervad gaps debecthensthimeshaolkdrvans styep 130, thereby
detecting the servo gap in step 132. Should the value of the interval

count er Se20ingta ridgckhehe £ow edirolsgrval gerdeftore thaing Fesetvady pul se
detector 122, the sequentially detected transition stripes are within a

burst, Sh825EepthEdD,thafort EhtisES PRe 1PFOEEES t0 cycl e back  to step 124

and again coynt,{Ne QULPYEL PY) S&R [a2D GLREK 1 ERmgect <o

variations in velocity. Hence, should the velocity of the
tape slow, the stripe intervals become longer, and may exceed
the servo gap detection threshold. Also, should the velocity
of the tape media increase, the time intervals of the servo
gaps may fall below the threshold, so that only some, or no,
servo gaps are detected. Thus, the locations of the bursts
cannot be detected and the servo A intervals cannot be
tracked, losing the track following capability. As the
result, the track following servo may be unusable until the
tape media reaches a nominal velocity.

However, most tape drives employ a search capability

which operates at a higher tape media velocity than do the



Jn the enmbodiment of FIG 8, the servo gap detection output of the
conparator 110 is fed back_to the interval .. ' ~ao Ec 2002 26
counter 120 to hold the count and |atch the detection. S when
the next stripe transition is detected by pul se detectorutggﬁnﬁgégquerval
counter is once again reset to zero. In accordance with the present

i nvention, the gap detection neasurenent process, "MEASURE MODE", conti nues
t hroughout changes in the velocity of the tape nmedia. Should an error occur
in the servo detection process as detected in step 134, "YES', such as the
stoppage of the tape nedia so that no t8ansitions are detected, or both
group B intervals be invalid as detected in step 135, "NO', step 100 resets
t he process.anbhtaehek titsedmeatadrioh@8 | Behdien thpetateshddd inystt ht@é t o bl ock
the next divider threshold output 181 and to provide the predeterm ned

t hr esho# dnesats iodgadl@Bstmeran. i nterimthreshold setting. Subsequently, or
once the tape begins novenent again, or a B interval becones valid, the

pr edet er m néfathiashosll damcidlysgndahigl pesseédrehdebd dte will once
again initjally acquire the servo gap, which is then continually tracked in*
accor daﬁ%‘él%et% WihE BRelRpiensifédt FBROASHoE SRCERPEFES n HERafeYwi | |
envision alternatives to thq:sgﬁpific arraqggn%nt of the enbadinent of FIG
8 and of® t S Pt PRPEPRYS 6t TERECHRIR O of FIFEPS ot i 3o THE SPeferred
enbodi f 1 pt inventian V, e (AN rated..n detail, it
shouldnﬁg%ggggféﬁﬁet%§§€%%ﬁi f%gtfgngggdﬁiadggfé%igﬁé %%}t %ﬁ%g gnbodinents

MY OCCHfreshold and8ilefc{&2Q0% Z4pt0 oRe Sikddusedai Apdhe ardson t hout
departing fromthe scope of the present invention as set forth in the
fol |l ow AgdedtaiciB.is of key importance in modern tape drives, so that

it is desirable to provide an alternative to ;he expensive
precision incremental encoders.

Ideally, the servo gap detection threshold is updated
during the tape speed variation, or at least as soon as
possible after the tape speed is varied. Conventionally, the
tape speed and the servo gap detection threshold are
calculated by the microcode at a tape transport timer
interrupt, and the threshold is set as a register value 1f
needed. The calculation and update of the servo gap detection
threshold are a microcode overhead. Further, the control unat
processor performs a number of interrupt driven operations,
and may be unable to service the servo gap interrupt and then
calculate the servo gap detection threshold at every tape
transport timer interrupt. Moreover, under certain
circumstances, as discussed above, the microcode may not

monitor and update the threshold and identify the gaps even

though the tape speed is still available.



A 18 D E C 2002 -28CLAIM5 1. A detector for adaptively detecting servo
gaps in a timng based servo pattern prerecorded on a nedia, said timng
based servo pattern having groups of repeated pairs of non
transition stripes arranged in two bursts, one of each of JaﬁcﬁklfrZQUZn one
of said bursts and separated by an "A" interval, said bursts each separated
by servo gaps whose length is variable in the |ongitudinal direction of
said nedia based on the lateral position on said servo pattern, intervals
between said transition stripes in saidglongitudinal direction within a
burst of said group being substantially identical and | ess than the m ni num
said servo gap, said nedia subject to velocity variations, in a servo
syst em havi nthws Sensaccobdehc s ansds thai gdrésansiinventsbn pa&sdi n said
| ongi tudi nal direction of said nedia during relative notion with respect to
sai d nedeferaimy a&cQFIGP .| bt endab, dsteachor titouplaad 86 séai thsensoro det ecti ng
a "B" timng interval between parallel said transition stripes of two
sequent sahssainbygroUpseohlburst sttendappanadia, thhe dendtberod tgapsy sai d
detector conprising: a divider coupled to said group interval detector and
havi ng anteuvpla reywilgd §hei sleme di Vihgi pgesaind duteadtios debepniiB's ta m ng
interval by a predeterm ned divisor to ErOVIde a divided timng interva
gap det é@?—FWIWPéSW@ItHGSP E%?c?dd’ctﬁ&f’a & IedUdrt iderigedi pRrYhiEmval
det ect or Ied 4,0 .S sen r|n he ti i nterval between

5 % g?aﬂg t??ﬂf }Kegpé%ﬁﬁf tg%b%ﬁﬁ?ﬁ?or coupl ed to said

sequent "8

sequent bcﬁke%sicpeoag&e Lyah Qﬁé%éaogur%adtmlé@odf Undl delnfUlpis, and having

a gap detect out put conpar ator conpari sai ivided tiring interva

and sai Qn§egé'@£‘té@|w1tt'l'1%'ﬁgth@t1%6’@391t§lab@ ﬁ@mla;gorthergywiw a servo gap
identification signal at said gap detéct output upeon said neasured

sequent vallotity ngr itHeerupk Abdleasd wquaki ogdswid diowigednt i ni ng interval
gap detection threshold. 2. The detector of claim1, wherein said servo
syst em addinaonad f \tHeasape" madlid "valicptiy iademgaldyegl tthemghéithdy of said
detected group "B" timng interval, and wherein said detector additionally
conpri séérat"@%wﬂeﬁ'l'qmupfcéhpl-%;@-‘\IQ) JeRisd andlthe UpGRpas, cerfhyket ect or
respondl to a "valid gnal at said "valid" output to repeat operation

of said HgQFﬂ%rsWﬁﬂﬁﬁﬁéﬁé éfﬂaEHW?déUtPPﬁ1%@F*%ﬁ6?6§Ptéaﬁl et i on
thresholge gggegg %fggggngggE§%£oﬁﬁggagﬁggrggg gglaJ stripe interva

detector and sard onpar at or tor o claim 2, wherein said
servo systemrgddi tdnaldow taa? BE &I taut mmlan(yt%gt kBgaan error of said
e

det ect ed group "B timng interval, and wherein D E C 200z
nominal speed and, once a gap is acquired, the present
invention adaptively maintains the gap detection as the
acceleration continues. This provides early detection of the
servo and results in rapid speed to data.

Referring to FIGS. 2 and 7, the signal decoder 36
processes the servo read head signal of FIG. 6 for each burst
of FIG. 5 and calculates the B intervals and the A intervals,
and provides validity flags to indicate whether the calculated

A intervals and B intervals are valid. The state machine of

FIG. 7 of the servo decoder 36 waits for each of the signal
peaks representing a transition in states 91-95 and waits for

a gap in state 96. The signal peaks represent only the



Jd -29 said detector additionally conprises an "error" input coupled to said
"error" output, said detector responding to a "error" signal at said
"error"” output to term nate operation of said divider, whereby_the present
said divided timing interval gap detection threshold is nor]BpEH&@dﬁbgz The
detector of claim3, additionally conprising a threshold register providing
at an output a predeterm ned threshold setting related to an esti nated
velocity of said nedia, and wherein said detector additionally conprises a
sel ector coupled to said "error™ outpu? to said threshol d register output
and to said divider threshold output, %sponding to said "error" signal to
bl ock said divider threshold output and to provide said predeterm ned

t hr esholeadngi wF adtannpmierliymtbier Eshbl nsetaddsgofseadqihe detector of claim
4, wherein said divider additionally conprises a "reset" input coupled to
sai d detEeRDFLTBY-r oFftapat Prutis SHlgrarviaer s perdifged deweitd ISepr or
signal, and, upon absence of said "error" signal and said detected group
"B tinfngtTiRemrdsthecBhe nglivg 0dbrechseot ddicc ®ealisapt sl "val i d" i nput,
again dividiqg,said detected group "B" timng._ interval by said

pr edet eFRRMELHATY PYGEeP ol Prdfisfeea dPRT drd 1354 §§apﬁf5+%411bap det ecti on
threshol d_at, said divider threshold output. 6. .The.detector aof claim1,
mhereindggf%b%ﬁed%§§? 'ﬁ%ﬂnEﬁﬁﬂééaFQstggf%lQﬁ%ﬂ%ﬁ?rléoﬁ%???ﬂﬁﬁ%dealue whi ch
produces,.a_threshol d Longer than the tim i.nterval . bet ween sequenti al
said trgﬁgfti%ﬁ1%§ﬁﬁ Béé g ° SHT DS g?ra%% { TiC qﬁ?%ﬁgﬁ%% éb%l1reshold
shorter n im I v sal.d;0ap at m n{ pum spacing at an
edge ofpé%?d“%%ﬁV%yggpﬁgéﬁig%?q#hgkgesgg?or 6?15%g§ﬁf6,tmheféin sai d

predet eepiined fieie@treet, sahd HibedahcROAPIi S8HALRASE- BhdURRIte 8. The
detector of claim®6, wherein said timng based servo pattern conprises

al t er nabiEnghgroiyrs: abcAinadtidn precepeasethpatdqmtobnenepasat | el transition
stripes, each of said groups conprising two bursts of said transition

stri pespumber eiThes @ dngeoupls i aridnghienBelnbérdeltsectrer thetects said "B"
timng interval between corresponding said transition stripes of two of
sai d gr 6apsubtitedifgoBursbyranvehdhehersdheunisatestedap ol anfsi ti on
stripes, extending across a_conplete set of said alternating groups and

sai d twBUEaFE SHI GGABI Y aRiRSS aTeIgep ENe DEUZAL80 TRRGT BFR sai d

predet er.h ned, dyison0h $ald.dlyd det. Lg,pased, URRLAgL U1 Tength of said
conpl ete s6t-of sal gl erna?lng groups. )

Referring to FIG. 5, the servo decoder separately

calculates the B intervals between a 4 transition burst and a
5 transition burst, spanning a 4 transition burst (BX), and
calculates the B intervals between a 5 transition burst and a
4 transition burst, spanning a 5 transition burst (BY). The B
intervals spanning the 5 transition burst (BY) are longer than
those spanning the 4 transition burst (BX). The B intervals
are separately calculated, so that, should one of the B
intervals become invalid, the other of the B intervals may
still be valid. The B intervals are called the group
intervals because the comprise the timing intervals between
bursts of adjacent groups. Alternatively, the B interval

validity is called “pair valid” or “pair invalid” to indicate



9. The detector of claim8, wherein said nedia is magnetic tape and wherein
said servo systemgroup timng interval detector has first d second group
i nterval detectors coupled to said sensor respectively Qeﬁeﬁgﬁdﬁﬂﬁ timng
i nterval between said corresponding transition stripes of two of said 4
pair bursts and of two of said 5 pair bursts, and said servo system
additionally has a "pair valid" output indicating current validity of one
of said first and said second group interval detectors, and wherein said

di vider additionally conprises a group jnterval selector coupled to said
"pair valid" output, selecting the one ¥ said first and said second gr oup
interval detectors indicated as being valid by said "pair valid" output.

10. The tdet getdiiy f dihm detapbiet rrisahg sehererrl detseenpbhe makwal
detector conprises a counter, neasuring each of said timng intervals by
count i n@ fattranpt bR GANREd SR gt AR et ed pB sEMAF V@yst em for sensing a
timng based _servo pattern prerecorded._on a nedia, and for adagtively

d
det ecti ng Ioﬁé??udﬁhﬂTﬂé%FFSPS%bkvq%VsiﬁlSSBF%F%éﬂfﬁﬁﬁogﬁﬂFﬂb based servo
tt , idtim d tt. hayi f t ed i f
Ponpar alSEroL PARSTTTRSEAS: PR P TR o ub SR JePOHBEEr Lt of sai d
pairs | %e%’ﬂ%doﬁgsgégo%%rn%tes wiP %@%r%ts%ﬂtb%@&fi:% ! %}nﬁi%ﬁﬁ%ﬁ? sgld bursts

each separated by ser gaps ose I'ength i s vari e ongi t udi nal

directi cgw_i%fteaﬁasgs%@mggﬁssqdooaimt!ﬁ&%ag Pesidd Q.98 @Q{ﬂié@r Vo

pattern, interva sald transition stripes in sai ongi t udi nal

di recti o Wrkhi #, aakiingli B p$8l dagr P Rel,B9g s hed@ntdiahl ¥ £1 dentd cal and
| ess than the m ninmum said servo gap, said nedia subject to velocity

vari ati g orSahd SEIVO BYShem conprising: a sensor which senses said
transition stripes in said longitudinal direction of said nmedia during

relative notirgR wifhe rasReGhot OnSahd dBludmeAr W PUNL R@hY¥Al odetigct or
coupled to said sensor detecting a "B" timng interval between parallel

sai d tradden@n; §hehPeES Ut tp‘ﬁ'@.SSQP&”Hi%'ia%@hdb%ré)tb%?m%fndb%!E%x%p@t!‘d
spanning two said servo gaps; . ~~gDEC 2002 -r -31 a divider coupled

to said group kptesyal.dat egt ercang hawiing apoomsmutrrysai dodi vi der dividing

sai d detected group "B" timng interval by a predetermned divisor to
provi de & dipdi;dadehl N NoaiNt eLval | gap dekeelki Qnsd freshel d af, said output; a

sequential stripe interval detector coupled to said sensor neasuring the
timng iyger vabrbetvesn SeOUAR! hatesaidh seneedotd ansiddtonnsyrppes; and
threshold register 105. The predetermined gap detection
threshold is set at a value related to the velocity of the
tape media. As one example, the current of a spindle drive
motor may be monitored to estimate the velocity of the tape
media, and the predetermined threshold calculated by the
controller microprocessor 45 from the estimated velocity and
entered into register 105. 1In step 106, a command 1s supplied
at input 107 to operate selector 108 to select the
predetermined threshold from gap threshold regaister 105 and
supply the predetermined threshold value to comparator 110.

An interval counter 120 is reset by the leading edge of

the each detected transition, such as depicted in FIG. 6, as



@ conparator coupled to said sequential stripe interval detector and to
said divider output, and having a gap detect output, said conparator
conparing said divided timng interval and said sequenti al t&apeg Lﬂgzrval ,
said conparator providing a servo gap identification signa |é p
détect output upon said neasured sequential timng interval at |east
equaling said divided timng interval gap detection threshold. 12. The
servo systemof claim 11, wherein said servo system additionally conprises
a "valid" group interval detector determning the validity of said detected
group "B" timing interval, said "valid'2yroup interval detector having a
"valid" output, and wherein said servo systemadditionally responds to a
"val i d" sspghatd atraaitdhe”’ vakivd" s patquutbyt putepeddttagperalR®n dfhwsai d di vi der
to update said divided timng interval gap detection threshold, and to
repeat aper ahterval ainteseqordictad sttepi pe4) t@midhgdehecbotpwdand sai d
conparator. 13. The servo systemof claim 12, wherein said servo system
addi ti opallkyscofmd icdeskalgboup thy emtalrvel rostweireckease8ior determ ning an
error of said detected group "B" timng interval, said group interval error
det ect orrha¥i 8gopuleldsOEroUbPlie ERledt8Eer Y22 SWSieableapdadiiigy to a
"error" signal at said "error" output to term nate operation of said

di vi der theheiebyg theprasepetsedtl tiquetedal | tmnigpdsnt ewvah tiap rdeftect i on
threshold is not updated. 14. The servo systemof claim 13, additionally
conpri sipngsa ibreéstmiteed, eghst entqroall diongtat 20 ot pgbia peecettsr m ned
threshold setting related to an estimted velocity of said nedia, and

addi ti onakkbyandnggdisi nggansetecthioing dinel edtpot safi d:loekr 225 oat put, to said
threshol d register output and to said divider threshold output, responding
t o sai ddedriner theiginging ofbkbekistdd adi wiodéhe tirgshiglitgdcoatiput and to
provide said predeterm ned threshold setting as an interimthreshold
settingtrangitignfE C 2002 -32 15. The servo systemof claim 14, wherein
said divider additionally conmprises a "reset" input coupled to said "error"”
out put, sai dI8i FFerRrl3%es5oRarAGteD S FomerEe? "t Graretar@inedhon absence
of said "error” signal and said detected group "B" timng interval becom ng
avai | abIt®®r5shPhdi tat'é setearad st dp G G Sdivéidi n§%ai d det ect ed
group "B" timng.interval by said predetermned divisor to_provide a

Vi fed e R et 8 Vs e et Torm s reohar it e ohfoleer ¢ hr eshol d
out put . tji?n'e TheeSeLV O BYStem einfha irﬂtﬂelmawhséﬁw&rwqq aREgdet erm ned

di visor of said divider conprises a value which produces a threshold | onger
than t heddieBgok Nt &5Vt bahweeRe seauantdrak nsai-¢h 1 ransitkiron, st rages of said
bursts, and which produces a threshold shorter than the timng interval of
sai d gapeaicht heentni¢alpvlspacilng Béfare edgegotesat d smmve, patéprn3o 17. The
servo system of claim 16, wherein said predeterm ned divisor of said

di vi der amppriissesthe basanz rEnbee. cdifparfkenseyveosyatamrofiiol ai nF 16,
‘wherein said timng based servo pattern conprises alternating groups of 4
and of SHeep@atedopattis fcar@aipacahted dawanskhiodt sddquapeshaeaeh of said
groups conprising two bursts of said transition stripes, wherein said group
timng itHeprakbedetechiad tdaiatibsdsairnb” B'thel pragesNteraials batween
corresponding said transition stripes of two of said groups of said bursts
havi ng tihe sanBendebest®f 192 ¢rbianss tiion reikiti pesse exiaditnggachess a
conpl ete set of said alternating groups and said two said servo gaps, and
wher ei n saidhwanedeghgr 8k neth dicvizeeb, ofnd aldd disvicdernéd st basedvapon the full

| ength of said conplete set of said alternating groups. 19. The servo
system ofogltai m 18, wherein said nedia is magnetic tape and wherein said
group timng interval detector has first and second group interval
detectors coum edmparsasf sENSAn Besperio velnyiidetesttimg: tthe timng interva
bet ween said corresponding transition stripes of two of said 4 pair bursts
and of twetafvadaicdubtpagliaburisies prandtsanthesentvweesyst@maddirtvicogapl y
conprises a "pair valid" detector determning the current validity of one
of sai d fas Steeandiesaitdesecond grodp2i neet valovdetegt arsqp afrdastterei n sai d
di vider additionally conprises a group interval selector coupled to said
"pair vabkigilial on output 133. Detection of the servo gap causes the



o~ B DEC 200" ? -33 detector, selecting the one of said first and said second
group interval detectors indicated as being valid by said "pair valid"
detector. 20. The servo systemof claim 11, wherein said sequential stripe
interval detector conprises a counter, measuring each of 4sgi ™M
intervals by counting at a predeterm ned frequency. 21. AQEPhEO%rZQC?Z
adaptively detecting servo gaps in a timng based servo pattern prerecorded
on a nedia, said timng based servo pattern having groups of repeated pairs
of non-parallel transition stripes arranged in two bursts, one of each of
said pairs in one of said bursts and s@parated by an "A" interval, said
bursts each separated by servo gaps whose length is variable in the

| ongi t usliated 9B PECEFIEN Dftcaeduerdeatbased 08 the padwerdd tpesition on said
servo pattern, intervals between said transition stripes in said

| ongi t uskad idifoeabtHon Whidivalddhuystlafs Saisévgralpa tiadnpy sswagt pati al |y
identical and less than the m nimum said servo gap, said nedia subject to
vel oci t yeqaiieat berfisoresthel smtivodapnia ssruad lyydebatrigd cindsehses sai d
transition stj(rj{g)es in said |ongitudinal direction of said nmedia during

rel ati veerir iigformehieeshecialiig, syl BhorldierrodonprRss nf dePisteds of :
detecting a "B" timng interval between parallel said transition stripes of
two seqtfenti@l S&vds§ebups3bansutdbs anPRgatnfR§CEWd I8 #r¥€fvo gaps;
dividing said detected group "B" tinming interval by a predetermn ned

di vi sor | ¥&®{ 1 iify thegapsdktectti shephPRshvIElGat Tsai @neli sAaded-©t o A i nterval ;
detecting the timng interval between sequential said sensed transition
stri pes®IBEMd Jddhelt fhageerk £ty s gapt aplddigdseqtierdiiiedl® €Enffg i nt erval
at least equal _tg said divided timng interval ap detection threshold. 22.
The net ibtPof A%irnt58P tInptStsichg v %t%%‘ﬂieﬁt&ﬁgl £t EHs Bf deternining the
validity of said detected group "B" timng interval, and responding to said
val i di t YRRt e i nERgCst B det et ngtt Hat t'shﬁirdlcclei"é]cjt‘gfd §Poup®fi m ng

step, .thereby updating said
ECPFER° t RY ehsol?’ﬁcgeg?iﬂeg‘%/eaatﬁ&%?epeati ng said

interval _is valid, re eatinq said dividin
sequent i, | i,nterval detecting and said identifying steps. 23. The
P RSy

di vi ded*fi WG it BPVEFEap
nmet hod o i 85%‘??% ng the additional steps of determ ning an error
gl:at Z?'mqnq%eff &hHO0UR 1B ctidl Q4 BLET YAl enad 1hespendi ngs LR 184aid error

[

the servo gap has been initially acquired, and the method of
the present invention to adaptively detect the servo gaps in a
timing based servo pattern prerecorded on a media begins as
the “MEASURE MODE” 140 indicated at input 141.

The B intervals BX and BY are respectively provided at
inputs 150 and 151 of selector 155, and the respective
“WALID”, or “pair valid”, signals are provided at inputs 157
and 158 to the selector. The selector 155 either has an
initial preset, or retains the previous setting, to select one
of the B intervals BX or BY. Based on that selection, step
160 detects either input 157 or 158 to determine whether the
presently selected B interval is valad. If not, “NO”,

selector 155, in step 161, switches to the other B interval,



+~aoEC20c? 1 -34 step deternmning that said detected group timng interval
s in error, termnating said dividing step, whereby the present said
divided timng interval gap detection threshold is not updated. 24. The
met hod of claim 23, additionally conprising the steps ‘BB pegi ?002 a
predeterm ned threshold setting related to an estinmated velocity of said
nmedi a, and responding to said error determning step determning that said
detected group timng interval is in error, to block said divider threshold
output and to provide said predeterm n% threshold setting as an interim
threshold setting. 25. The nethod of cl“dim 24, additionally conprising the
step of responding to said error determning step determning that said
det ect egndyr gup stBP L6 ndptientter Lak Bsintemmador stanthg sulesaquientrhy
responding to said error determning step indicating no error, and
r espondtinge tim saigdsvakitésy determ ning step determ ning that said detected
group "B" timng interval is valid, again conducting said dividing step
di vi di ng saimh detectiefdcgnaiyh tBe brasage iintventabnpya saivd derededer m ned
divisor to provide a divided timng interval gap detection threshold. 26.
The metdodidds dhai defdctatidjdoupnal Eymoonpmiteiregltbe anitial step of
sel ecting said predeterm ned divisor to a value which will produce a
t hr eshoptedsimyavinedadivheon it pgovadery adivictede s hnsey uariteralalsgad
transition stripes of said bursts, and which will produce a threshold
shor t erdeteatidie thirashgld nt dhealkdivtseni b g@geatedhen mtarmiM2spéci ng at an
edge of said servo pattern. 27. The nethod of claim 26, wherein said
sel ect ethprledétder niLheds dpxd oredofpat selwe ailyaser? alinbieride2817%he net hod of
claim 26, wherein said timng based servo pattern conprises alternating
groups @fe faffdonhuBbeepeatBiispaiths dfvihvimmpararkéses remsiatiion stri pes,
each of said graoups conpri si n%two bursts of said transition stripes, and

wher ei nPESFGFIGF BUp s Fi Hg TiiPePHAFE dotiecOfnghet B p-idbifsr i ses det ecti ng

the i g [pter val betvee, saicd {((a05L LLON3LELPES Of fyg, sequential said
groups or sal bursts avi ng e Sane nuﬁ%er (0] Saldat ansition stri pes,

ext endi AgrREF 0S5$H2 L8 QAPS et Gundl Qf183b4 Al temaLERGLgroupS ARd 8@l d two  ~
8 DEC 2002 -35 said servo gaps, and wherein said predeterm ned divisor of

sai d dipidi agi st epikcs Basethdparduheef shy denagtibnel satdiLenpl ete set of
said alternating groups.

The predetermined divisor of the divider 170 comprises a
value which produces a threshold longer than the timing
interval between sequential transition stripes of the bursts,
and which produces a threshold shorter than the timing
interval of the gap at the minimum spacing at an edge of the
servo pattern.

The capability of selecting different divisors at ainput
174 in step 172 allows the servo decoder 36 to be employed
with alternative types of timing based serve tracks having
different relationships between the servo gaps and the

intervals between stripes in a burst. An example of a divisor

comprises “64”, or 6 bits.



#29. The nmethod of claim 28, wherein said nedia is magnetic tape and wherein

sai'd group "B" timng interval detecting step conprises respectively

detecting the timng intervals between said correspondi ransitlon

stripes of two of said 4 pair bursts and of two of sai dlng bﬁﬁ Mlégts, and

conprising the additional step of determining the pair validity of one of

said 4 pair burst detection and said 5 pair burst detection, and wherein

said dividing step additionally conprising the step of responding to said

pair validity step, selecting the one 0%5 said 4 pair burst and said 5 pair

burst interval detection determned as being valid in said pair validity

step. 30. The nethod of claim 21, wherein each of said timng intervals are

measur ed by @subhéngesatltaofr eédet @rwisiedh,f ieqateryl80, of the

AU A A LA DA A A A AAYR A AEA?. ALLA A A LA A A A AE A . A3.

AL Ay. ARtecheA ALRIAD.oX AReASréypHh Jifrfeftvat, the divided threshold

PT~ytoj e [ V]ca] ca] ca] ca] ca] c(a] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] c&al]c

aJ caj ca]l'clar]lcla] papeihjcl dapcRa] tRaUfcldaty] e4] Elad) alcTWRERR) © aFl@ez- Sg"} xsni |
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] ca] ca] &H]V Ig_}%]ld‘(f@]r(ya]lcg_ag(ydqwlo}l oghreshold is provided a

I?21ALD R {vqgl ga\ c*al] cal] ca ca]ca] ca cal.ca] ca] ca] ca]c(al] ca]c
al cal ca]ociapﬂg?eaﬁ O eatl b Eh] L1 <o k] GAT RS AISPIAG! otk pLoRhesastea O
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In accordance with the present invention, the gap
detection measurement process, “MEASURE MODE”, continues
throughout changes in the velocity of the tape media.

Should an error occur in the servo detection process as
detected in step 134, “YES”, such as the stoppage of the tape
media so that no transitions are detected, or both group B
intervals be invalid as detected in step 135, “NO”, step 100
resets the process. Threshold selector 108 is then operated

by input 107 to block the next divider threshold output 181
and to provide the predetermined threshold setting 105 as an
interim threshold setting. Subsequently, or once the tape
begins movement again, or a B interval becomes wvalid, the
predetermined threshold 105, also called a “seed threshold”,
will once again initially acquire the servo gap, which is then
continually tracked in accordance with the present invention.

Those of skill in the art will envision alternatives to
the specific arrangement of the embodiment of FIG. 8 and of
the specific steps of the method of FIG. 9.

While the preferred embodiments of the present invention
have been 1llustrated in detail, i1t should be apparent that

modifications and adaptations to those embodiments may occur
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L, A detector for adaptively detecting servo gaps in a timing based servo
pattern prerecorded on a meciia, said timing based servo pattern having groups of repeated
pairs of non-parallel transition stripes arranged in two bursts, one of each of said pairs in
one of said bursts and separated by an "A" interval, said bursts each separated by servo
gaps whose length is variable in the longitudinal direction of said media based on the lateral
position on said servo pattern, intervals between said transition stripes in said longitudinal
direction within a burst of said group being substantially identical and less than the
minimum said servo gap, said media subject to velocity variations, in a servo system having
a sensor which senses said transition stripes in said longitudinal direction of said media
during relative motion with respect to said media, and a group interval detector coupled to
said sensor detecting a "B" timing interval between parallel said transition stripes of two
sequential said groups of bursts and spanning two said servo gaps, said detector
comprising:

a divider coupled to said group interval detector and having an output, said divider
dividing said detected group "B" timing interval by a predetermined divisor to provide a
divided timing interval gap detection threshold at said output;

a sequential stripe interval detector coupled to said sensor measuring the timing
interval between sequential said sensed transition stripes; and

a comparator coupled to said sequential stripe interval detector and to said divider
output, and having a gap detect output, said comparator comparing said divided timing
interval and said sequential timing interval, said comparator providing a servo gap
identification signal at said gap detect output upon said measured sequential timing interval

at least equaling said divided timing interval gap detection threshold.

2, The detector of claim 1, wherein said servo system additionally has a "valid"
output indicating the validity of said detected group "B" timing interval, and wherein said
detector additionally comprises a "valid" input coupled to said "valid" output, said detector
responding to a "valid" signal at said "valid" output to repeat operation of said divider to
update said divided timing interval gap detection threshold, and to repeat operation of said

sequential stripe interval detector and said comparator.

3. The detector of claim 2, wherein said servo system additionally has an

"error" output indicating an error of said detected group "B" timing interval, and wherein
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4. The detector of claim 3, additionally comprising a threshold register
providing at an output a predetermined threshold setting related to an estimated velocity of
said media, and wherein said detector additionally comprises a selector coupled to said
"error" output, to said threshold register output and to said divider threshold output,
responding to said "error" signal to block said divider threshold output and to provide said

predetermined threshold setting as an interim threshold setting.

5. The detector of claim 4, wherein said divider additionally comprises a
"reset" input coupled to said detector "error" output, said divider responding to said "error"
signal, and, upon absence of said "error" signal and said detected group "B" timing interval
becoming available as indicated at said "valid" input, again dividing said detected group
"B" timing interval by said predetermined divisor to provide a divided timing interval gap

detection threshold at said divider threshold output.

6. The detector of claim 1, wherein said predetermined divisor of said divider
comprises a value which produces a threshold longer than the timing interval between
sequential said transition stripes of said bursts, and which produces a threshold shorter than

the timing interval of said gap at the minimum spacing at an edge of said servo pattern.

7. The detector of claim 6, wherein said predetermined divisor of said divider

comprises a base-2 number.

8. The detector of claim 6, wherein said timing based servo pattern comprises
alternating groups of 4 and of 5 repeated pairs of non-parallel transition stripes, each of said
groups comprising two bursts of said transition stripes, wherein said group timing interval
detector detects said "B" timing interval between corresponding said transition stripes of
two of said groups of said bursts having the same number of said transition stripes,

extending across a complete set of said alternating groups and said two said servo gaps, and
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wherein said predetermined divisor of said divider is based upon the full length of said

complete set of said alternating groups.

9. The detector of claim 8, wherein said media is magnetic tape and wherein
said servo system group timing interval detector has first and second group interval
detectors coupled to said sensor respectively detecting the timing interval between said
corresponding transition stripes of two of said 4 pair bursts and of two of said 5 pair bursts,
and said servo system additionally has a "pair valid" output indicating current validity of
one of said first and said second group interval detectors, and wherein said divider
additionally comprises a group interval selector coupled to said "pair valid" output,
selecting the one of said first and said second group interval detectors indicated as being

valid by said "pair valid" output.

10.  The detector of claim 1, wherein said sequential stripe interval detector
comprises a counter, measuring each of said timing intervals by counting at a

predetermined frequency.

11. A servo system for sensing a timing based servo pattern prerecorded on a
media, and for adaptively detecting longitudinal servo gaps in said prerecorded timing
based servo pattern, said timing based servo pattern having groups of repeated pairs of non-
parallel transition stripes arranged in two bursts, one of each of said pairs in one of said
bursts and separated by an "A" interval, said bursts each separated by servo gaps whose
length is variable in the longitudinal direction of said media based on the lateral position on
said servo pattern, intervals between said transition stripes in said longitudinal direction
within a burst of said group being substantially identical and less than the minimum said
servo gap, said media subject to velocity variations, said servo system comprising:

a sensor which senses said transition stripes in said longitudinal direction of said
media during relative motion with respect to said media,

a group interval detector coupled to said sensor detecting a "B" timing interval
between parallel said transition stripes of two sequential said groups of bursts and spanning

two said servo gaps;



Q LL10%& ()-10%& ()- 10%& ()- &L0%& ()- -
10%&! () - 109! ()-ee+fff:gaB~ @10 Q Q3. @

10%1& () - @ 10%v& ()-"* 10%r& ()-! A& $10%& () - SMLO%&! () W%g)mﬂ?xggg/ h
mhhhhdE: / 10m 10m&910%m& () - 7@ 10%1& () - & 10%m& () - 410% ]f?

10%m&' ()-90 10%r& ()-hhhhh,icijuVv7/ 10m@ 10%m& () - &10%v& ()-3
10%m& () - @0%& () -" 10%& () m 810%=& )~ 10nj 4knkkkl Pl dE7/ 10m@
&10%r& ()-% 10%r& ()-,#10%r&' ()-L! GLO%r& () - 10%& () -
10%m&’ () - PI | 1 nandividex Itfb@léd)t@ééi’&/@rdub-intkﬁlﬁl/ déteengr Ma&ﬁilglﬁ‘%ﬁyt&u(,)sald divider
10%m& () -* 10%r& é) , 10%m& ( h)wnnnn ovppa?nmC 10m 10% () - &!
109& () - &ivitongesyig dejeted gpoyp) “Wh Bong )merxdo}w ¢ profistermiqedy diyigprc togpravigs a
divided timing interval gap detection threshold at said output;
a sequential stripe interval detector coupled to said sensor measuring the timing
interval between sequential said sensed transition stripes; and
a comparator coupled to said sequential stripe interval detector and to said divider
output, and having a gap detect output, said comparator comparing said divided timing
interval and said sequential timing interval, said comparator providing a servo gap
identification signal at said gap detect output upon said measured sequential timing interval

at least equaling said divided timing interval gap detection threshold.

12. The servo system of claim 11, wherein said servo system additionally
comprises a "valid" group interval detector determining the validity of said detected group
"B" timing interval, said "valid" group interval detector having a "valid" output, and
wherein said servo system additionally responds to a "valid" signal at said "valid" output to
repeat operation of said divider to update said divided timing interval gap detection
threshold, and to repeat operation of said sequential stripe interval detector and said

comparator.

13.  The servo system of claim 12, wherein said servo system additionally
comprises a group interval error detector for determining an error of said detected group
"B" timing interval, said group interval error detector having an "error" output, said servo
system responding to a "error" signal at said "error" output to terminate operation of said
divider, whereby the present said divided timing interval gap detection threshold is not

updated.

14,  The servo system of claim 13, additionally comprising a threshold register
providing at an output a predetermined threshold setting related to an estimated velocity of
said media, and additionally comprising a selector coupled to said "error" output, to said
threshold register output and to said divider threshold output, responding to said "error"
signal to block said divider threshold output and to provide said predetermined threshold

setting as an interim threshold setting.
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becoming available as indicated at said "valid" input, again dividing said detected group
"B" timing interval by said predetermined divisor to provide a divided timing interval gap

detection threshold at said divider threshold output.

16.  The servo system of claim 11, wherein said predetermined divisor of said
divider comprises a value which produces a threshold longer than the timing interval
between sequential said transition stripes of said bursts, and which produces a threshold
shorter than the timing interval of said gap at the minimum spacing at an edge of said servo

pattem.

17.  The servo system of claim 16, wherein said predetermined divisor of said

divider comprises a base-2 number,

18.  The servo system of claim 16, wherein said timing based servo pattern
comprises alternating groups of 4 and of 5 repeated pairs of non-parallel transition stripes,
each of said groups comprising two bursts of said transition stripes, wherein said group
timing interval detector detects said "B" timing interval between corresponding said
transition stripes of two of said groups of said bursts having the same number of said
transition stripes, extending across a complete set of said alternating groups and said two
said servo gaps, and wherein said predetermined divisor of said divider is based upon the

full length of said complete set of said alternating groups.

19.  The servo system of claim 18, wherein said media is magnetic tape and
wherein said group timing interval detector has first and second group interval detectors
coupled to said sensor respectively detecting the timing interval between said
corresponding transition stripes of two of said 4 pair bursts and of two of said § pair bursts,
and said servo system additionally comprises a "pair valid" detector determining the current
validity of one of said first and said second group interval detectors, and wherein said

divider additionally comprises a group interval selector coupled to said "pair valid"
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detector, selecting the one of said first and said second group interval detectors indicated as

being valid by said "pair valid" detector.

20.  The servo system of claim 11, wherein said sequential stripe interval
detector comprises a counter, measuring each of said timing intervals by counting at a

predetermined frequency.

21. A method for adaptively detecting servo gaps in a timing based servo pattern
prerecorded on a media, said timing based servo pattern having groups of repeated pairs of
non-parallel transition stripes arranged in two bursts, one of each of said pairs in one of said
bursts and separated by an "A" interval, said bursts each separated by servo gaps whose
length is variable in the longitudinal direction of said media based on the lateral position on
said servo pattern, intervals between said transition stripes in said longitudinal direction
within a burst of said group being substantially identical and less than the minimum said
servo gap, said media subject to velocity variations, said method in a servo system which
senses said transition stripes in said longitudinal direction of said media during relative
motion with respect to said media, comprising the steps of:

detecting a "B" timing interval between parallel said transition stripes of two
sequential said groups of bursts and spanning two said servo gaps;

dividing said detected group "B" timing interval by a predetermined divisor, setting
a gap detection threshold at said divided timing interval;

detecting the timing interval between sequential said sensed transition stripes; and

identifying as a servo gap any said sequential timing interval at least equal to said

divided timing interval gap detection threshold.

22.  The method of claim 21, comprising the additional steps of determining the
validity of said detected group "B" timing interval, and responding to said validity
determining step determining that said detected group timing interval is valid, repeating
said dividing step, thereby updating said divided timing interval gap detection threshold

setting, and repeating said sequential stripe interval detecting and said identifying steps.

23, The method of claim 22, comprising the additional steps of determining an

error of said detected group "B" timing interval, and responding to said error determining
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responding to said error determlmng step determining that sa1d detected group timing
interval is in error, to block said divider threshold output and to provide said predetermined

threshold setting as an interim threshold setting.

25.  The method of claim 24, additionally comprising the step of responding to
said error determining step determining that said detected group "B" timing interval is in
error, and, subsequently responding to said error determining step indicating no error, and
responding to said validity determining step determining that said detected group "B"
timing interval is valid, again conducting said dividing step dividing said detected group
"B" timing interval by said predetermined divisor to provide a divided timing interval gap

detection threshold.

26.  The method of claim 21, additionally comprising the initial step of selecting
said predetermined divisor to a value which will produce a threshold longer than the timing
interval between sequential said transition stripes of said bursts, and which will produce a
threshold shorter than the timing interval of said gap at the minimum spacing at an edge of

said servo pattern.

27, The method of claim 26, wherein said selected predetermined divisor

comprises a base-2 number.

28.  The method of claim 26, wherein said timing based servo pattern comprises
alternating groups of 4 and of 5 repeated pairs of non-parallel transition stripes, each of said
groups comprising two bursts of said transition stripes, and wherein said group "B" timing
interval detecting step comprises detecting the timing interval between said transition
stripes of two sequential said groups of said bursts having the same number of said

transition stripes, extending across a complete set of said alternating groups and said two
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of one of said 4 pair burst detection and said 5 pair burst detection, and wherein said
dividing step additionally comprising the step of responding to said pair validity step,
selecting the one of said 4 pair burst and said S pair burst interval detection determined as

being valid in said pair validity step.

30.  The method of claim 21, wherein each of said timing intervals are measured

by counting at a predetermined frequency.



