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centre of the desired data track or tracks. It has relatively small mass
and wide bandwidth and is thus able to follow high frequency disturbances.
25 However, it has a very limited range of travel in order to provide the
high bandwidth. The coarse actuator portion carries the fine actuator
portion from track to track and also aids in centring the fine actuator

portion.

30 ) In systems having one servo track per data track or set of parallel
data tracks, the location of the actuator may have been determined by
reading a track address recorded as.a part of the servo track, for
example, as illustrated by US Patent No. 5,121,270. However, it may be
too costly te record addresses for the singly sensible servo tracks, and

35 . too time-consuming to read the address as.compared to the short time

required to access the data.

The data tracks are becoming increasingly smaller and closer
together in order to increase data capacity, for example, of a given tape,
40 by increasing the data track density. The increased data track demsity is
handled by providing laterally indexed defined servo positions which are

laterally equidistantly spaced across singly sensible servo tracks. As



PCT/ GB01/ 03063 one exanple, 6 separate indexed defined servo positions are
provided for a singly sensible servo track. It is not practical to record
a separ atwo oatkiress for each i ndexed defined servo positipar/Gandodseul d
prove highly costly to add precision sensors external to the servo sensors
to attenpt 5 to deternmine the precise servo track which is being foll owed.
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PCT/ GBOl{iQs‘?(:nggances to meet the track following requirements. However, its range
of motion is limited, and it will typically not span the full dynamic
range of motion required for following.a.data track over the full length
of tape. The coarse actuator portion, which has a much slower response,

30 . but a very large stroke distance, is-commanded to move to attempt to keep
the fine actuator near it's centre of motion. The result is a
continuously varying lateral position for the coarse actuator.
Additionally, the coarse actuator moves the head over long distances from

servo track to servo track, requiring a large number of steps.

35
Consequently, if steps are missed, for example, due to friction,
backlash, non-linearity, or mis-stepping, the position control for the
coarse actuator portion accumulates an error between the actual coarse
position and the assumed coarse position. If the step count is lost or is
40 no longer accurate due to missed steps, the step count may be

reinitialised by moving the compound actuator to the reference position,

such as at the edge of the tape. However, significant time is lost in



3 510 15 20 25 30 35 40 reinitialising the conpound actuator, reducing the
performance of the tape drive. An object of the present inventionis to
provi de tWeorarirect coarse position of the coarse actuatPeT/oB0t/03063 Of
az::conpound actuator. According to a first aspect of the present invention
there is provided a nethod as defined in claim1l. According to a second
aspect of the present invention there is provided a servo system as
defined in claim8. According to a third aspect of the present invention

there i vided a net i pe data storage drive as defined in claim
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t he conpound actuator to position the actuator portions. The position

control provides position indications for the coarse actuator. portion
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20 - compound actuator having a fine actuator portion for translating the head
laterally with respect to the defined sexvo tracks, and a coarse actuator
portion for translating the fine actdator“boftion laterally with respect

to the defined servo tracks.

25 The position control is coupled to the servo sensor and detector and
is coupled to the compoundxactuatof for operating the compound actuator to
position the actuator portions. The position control provides position
indications for the coarse actuator portion comprising predetermined
nominal lateral position indications with respect to the defined servo

30 . tracks. The predetermined nominal lateral position indications may
comprise a table relating the predetermined nominal lateral position
indications to the defined servo tracks. The position control positions
the coarse actuator portion at an estimated position with respect to the
defined sexvo tracks, and responds to the servo sensor and detector to

35 determine which servo track position is closest to the estimated position.
The position control sets the coarse actuator portion position indication
to the predetermined nominal lateral position indication of the determined
defined servo track, thereby correcting the indication of the position of
the coarse actuator portion. This may comprise locking up the determined

40 defined servo track in the table to determine the coarse actuator portion
predetermined nominal lateral position indication of the closest defined

servo track.



defined servo track in the table to determ ne the coarse actuator portion
predeterm ned nom nal |ateral position indication of the closest defined
servo traeto2/V¥792/ 15173 PCT/ GB01/ 03063 4 5 10 15 20 25 3PCB&B400M6EOr di ng
to an aspect of the present invention, a servo systemis provided for
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20 - portion position indication to said predetermined nominal lateral position

indication of said determined defined servo track.

The coarse actuator portion may c-omprise a stepper motor, wherein
said position controller provided position indications comprise step
25 counts for said stepper motor, and wherein said position control sets said
coarse actuator portion position indication to said step count of said
predetermined nominal lateral position of said determined defined servo

track.

30 ; The position control coarse actuator portion predetermined nominal
lateral position indications with respect to said defined servo tracks may
comprise a table relating said predetermined nominal lateral position
indications to said defined servo tracks, and wherein said position
control loocks up said determined defined sexrvo track in said table to

35 determine said coarse actuator portion predetermined nominal lateral
position indication of said defined servo track to set said coarse

actuator portion position indication.

The defined servo tracks may comprise laterally indexed defined
40 servo positions within singly sensible servo tracks recorded on magnetic
tape, at least one of said indexed defined sexvo positions centrally

located with respect each said singly sensible servo track, wherein saild



conprise a table relating said predeterm ned nomnal |ateral position
indications to said defined servo tracks, and wherein said position
control vookz1up sai d determ ned defined servo track in sBCTUGBab)I63 o
determ ne said coarse actuator portion predeterm ned nom nal |ateral
position indication of said defined semsvo track to set said coarse
actuator portion position indication. The defined servo tracks may conprise
laterally indexed defined servo positions within singly sensible servo
tracks recorded on magnetic tape, at |east gne of said i ndexed defined
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accorrpaﬁi}]i’ﬁﬁ‘n(’i?%ﬁyna SETI R85 the present invention are now
descri bed, by way of

20 ; The position control may position said coarse actuator portion

within a predetermined lateral distance of said closest defined servo

tracks.

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

with the accompanying drawings.

Embodiments of the present invention are now described, by way of

example only, with reference to the accompanying drawings in which:

30
FIG. 1 is a pértiall&'exploded isometric view of a magnetic tape
drive having a compound actuator and a servo system which may implement
the present invention;
35 FIG. 2 is a diagrammatic representation of a prior art magnetic tape

having multiple timing based sexvo tracks for usge in the magnetic tape
drive of FIG. 1; i

FIG. 3 is an expanded diagrammatic representation of a portion of a

40 prior art timing based servo track of FIG. 2;



exanple only, with reference to the acconpanying-draw ngs in which: FIG 1
is a partially-exploded isonetric view of a magnetic tape drive having a
conpound ve@ hust1e¥ and a servo system which may inpl enent PCheBprement
invention; FIG 2 is a diagranmatic representation of a prior art nagnetic
tape having multiple timng based serwo tracks for use in the nagnetic
tape drive of FIG 1; FIG 3 is an expanded di agrammati c representation of
a portion of a 40 prior art timng based servo track of FIG 2; WO
02/15173 PCT/ (GR01/ 0306 d6a15 10 15 20 25 go 35 4 FIG 4 is a dial %bammti c
representation of  a prior ar e ragRert & Tape °"hg V|an8r’a°ﬁ &hpIPERY e DAY
servo t rarknd 67 o%dirpde I]?ésﬁ’ﬁadjﬁ@{q érﬁ%éoﬁrqs\?em ¢he pyagnetic FpEe Fivg a fl ow
chart deyi et¢ng;a prior art nmethod for accessing and follow ng a servo
track; FIG 6 a bI ock diagram of an enbodi ment of servo systemin

cordance W f e pre ent ve t|o for operating th onpound .act uat or
a%: FIG 1; ﬁ “di ?aﬁftérﬁp% ergepr%xgent il g%thgg grtaﬁfe S%P9def i ned
servo posi ’f‘i’]c}ﬁgl%ﬁhﬁ‘l 6?/%’6 Wcﬂ‘he servo systemof FIG 6; and FIG 8 is a
flow chart depicting an enbodi nent of the nmethod of the present invention

as conduct ed dy. the s%dkociﬁag&hﬁrep%n%n@odﬁnen{hb@ s BYE R L Ok, llﬁ described in
preferred SPJ%%%”{E]%%M ot falt.ow ng fQPtSc]%g él'ngntﬁ’& thnrlﬁr Sr NGEe t{’ the

Fi gures, hi ch 11ke ni represent BT SRENT s.
Yhile tﬁ’lst?%\/éntl on is descrl bed in terms of particular errbodl ments, it
‘will be appreci ated by those skilled in the art that variations may be
acconpl i shed dra. vi aw ofdibBesmat{EaehidEatMilcAost ademiiat bhgifiom theyspirit

or scope of.ide Laventd o Reters gnetic tape drive 10 is
illust rgfedt%| ch i rrgy i gpt ems%ir oltﬁgs%?negke%ml nventg?on A head and actuat or

assenbly 12 is shown expl oded out of the tape drive chassis 11. A nagnetic
t2ape head 15 FIFs &dgpariled dhpra depppoingdancmpedioent of The meshpdtdfctiape
head mapresstpr isemaiph wsatdrddypcodd peatheaaBdrwt i €erl efrents §.or readi ng and/ or
witing

This invention is described in preferred embodiments in the
following description with reference to the Figures, in which like numbers
20 . represent the same or similar elements. While this invention is described
in terms of particular embodiments, it will be appreciated by those
skilled in the art that variations may be.ACCbmplished in view of these

teachings without deviating from the spirit or scope of the invention.

25 Referring to FIG. 1, a magnetic tape drive 10 is illustrated which
may implement the present invention. A head and actuator assembly 12 is
shown exploded out of the tape drive chassis 11. A magnetic tape head 15
is supported by & compound actuator 14. . The magnetic tape head may
comprise a plurality of read and write elements for reading and/or writing

30 . data on a magnetic tape, and at least one servo read element for reading

servo information recorded on the magnetic tape.

The compound actuator 14 positions the tape head 15 laterally with

respect to the magnetic tape to move the head between tracks and to follow

35 desired tracks recorded longitudinally albng the tape. The compound
actuator 14 comprises a coarse actuator portion 16, employing, for
example, a stepper motor 17, and comprises a fine actuator portion 20,
employing, for example, a voice coil actuator, mounted on the coarse
actuator portion 16. Thus, the tape head 15 can be translated between

40 tracks over a full width of the magnetic tape primarily using the coarse
actuator portion 16-17, and can track follow the lateral movement of the

track, primarily using the fine actuator portion 20 of the compound



data on a magnetic tape, and at |east one servo read el enent for reading
servo information recorded on the nagnetic tape. The conpound actuator 14
posi ti onswohy1tiape head 15 laterally with respect to thePawugBei/H3®63 ape to
nove the head between tracks and to follow desired tracks recorded

| ongi tudinally along the tape. The conpound actuator 14 conprises a coarse
actuator portion 16, enploying, for exanple, a stepper notor 17, and
conpri ses' a fine actuator portion 20, enploying, for exanple, a voice coi
act uat or nted on_the co rse actuator portion_ 16. Thus, the tape head

15 can beclf‘i> aﬁ§I e BefTEBAS T ScRIWGVRT 3EEFNF W dendTicTihed flgneti ¢ t ape
primari| §oRESiEReE HE RaFarsaio-atti9at B13 pord ithasd @£17%iladndr ddn artack fol | ow
t he | at ensdermPueirenit ahny ha fréragkeygii dBrdolyoudsi &&uaberd imd@ RCbHsitged

porti on 20 Lk COMOUBLNO,02hIRLS ECUCEOMIA003, . pl0s 18,20 25 20 35

40 actuator a conpound actuator 14 is

cgasm gned U8 T}Fat[uag?r ﬁSQPJSmﬂ?%’??, r@ﬁa Yh8eE BP L KiFI m?gr’iletth‘é 3Pt head

under st aRBFY AL 2 B&AY 2 f et AY A YPES 96~ conpound actuators nmay be enpl oyed
to implenent the present invention. In the illustrated exanple, the coarse

actuat or port ied nﬁ%@&ﬁ%rta{&t RLy 1@2 Wlhwqa i he peaneti &d apg; head,, through
a gear g %Hgg'e recelv C%le ea&a ger mor{angn%t Img}é;[:par§¥ é]';lg?ﬂﬁer ovided In a tape

cartridge, recervelej e S provi de
the dri vEO%F@F@ng "’r’”&re?eér,téilf\‘/l HFFTEfEE | et h@oet:émq d§emy The tape
drive 102¢diyiowdilyi owelriye cealy i2sa, rxsel sir38éy HR8Bytcdsi ¥En bys,mabor s 29A,

29B, formovikMi fig the: taps duangiitydidakk yeRCEQRSnthe 15apey Latg@&léée
cartri dggens%gn é),r sgé'l agué}bé;% Q@Rl"@cgr eRrF Igla;g%l Ve ﬁﬁc}/ to 1rp OV ded to

i ndi cate _ whet cartridge 1's presen e exenp ary magneti c
t ape hea‘ﬂhﬁ%’eﬁ’ai/ c&ﬁ‘h‘iltd%rfa‘sl P?esieélﬁd"rséf"%?‘t i nformation recorded on the
fagnetic tape in order to properly position the head laterally with
respect to thend apeyplusi RgghbielCospouasl act wat Q&dltll%naﬁys@éélcp s€%r0| ler 27

provi des;ihengl 86t LAN).GS4 m%@%@&&g@&%%@ ordbd tof@lgo 28 ol l%gletsﬁ“t

mventmgheiligla erqg | ustra timng based' serv ter
type deScribed in-coadsighett B8 Patefts NGPE 5 68 383, cMpared ﬁcﬁ‘éﬁfﬁétl c
servo 14. A servo controller 27 provides the electronics modules and processor

20 - to implement the present invention.

FIGS. 2 and 3 illustrdte a timihg baéedlservo pattern of the type
described in coassigned US Patent No. 5,689,384, wherein magnetic servo
track patterns contain transitions recorded at differing azimuthal

25 orientations across the width of the servo track. In the specific example
of FIG. 2, five longitudinal timing based defined servo tracks 30-34 are
prerecorded on a magnetic tape 36 for track following at these positions.
The pattern of magnetic transitions recorded in the servo tracks is a
repeated set of frames 38, each of which contain bursts 40-43 of magnetic

30 . transitions which are of different azimuthal.orientations. In the example
of FIG. 2, a tape head 15 comprises at least one narrow servo read element
45, and, in the instant éxample, comprises a second narrow servo read
element 46. With two servo read elements, two servo tracks may be sensed

simultaneously, and the outputs averaged.

35
Position sensing is achieved by deriving a ratio of two servo
pattern intervals and is insensitive to tape speed. Specifically, the
lateral position may be the ratio of (1) the time between trangitions of
bursts 40 and 41, called the "A" distance, to (2) the time between
40 transitions of bursts 40 and 42, called the "B" distance, the ratioc called

the "aA"/"B" ratio. Thus, as the tape head servo read element 45, 46 moves

toward the edge 47 of the tape 36, the ratio of the time between the



track patterns contain transitions recorded at differing azi nuthal
orientations across the wdth of the servo track. In the specific exanple
of FIG 2yobrva7d ongitudinal timng based defined servo trarksoB@Bg&! are
prerecorded on a-magnetic tape 36 for track follow ng at these positions.
The pattern of magnetic transitions recdrded in the servo tracks is a
repeated set of franes 38, each of which contain bursts 40-43 of magnetic
transitions which are of different azimuthal.orientations. In the exanple
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tracks. A pl urallty of read and wite elenents 57 are provided at the
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are prov FoP° y sensible servo track as illustrated by bursts
40 and 41. Thus, specific ratios of the two servo pattern intervals define
each of the rodex {JOsistt+4H¥S. an amplitude based servo pattern of the type

described in coassigned US Patent Application Serial No. 09/365,898, filed
August 13, 1999, entitled "Decoding Digitally Sampled Servo Tracks", in
which index positions are provided displaced at an offset with respect to
each edge, and wherein specific ratios of- the two servo pattern

30 . frequencies define each of the index-positions. The specific ratios are

at predetermined offsets from the centred on-edge ratio.

In the specific example of FIG. 4, two outer tracks 70 and 72 have a
recording pattern of constant amplitude signal of a single first
35 - frequency, on either side of the middle tfack 74, which alternates between
a constant amplitude burst signal of a different frequency and a null
signal to provide the edges 77 and 78. Thé specific ratios of the
amplitudes of the two signals are selected to define the desired offset to
" define index-pOSitions 85-88 as identified by the positions 90-93 of the

40 servo read element, e.g., servo read element 45 of FIG. 2.



25 FIG 4 illustrates an anplitude based servo pattern of the type

descri bed in coassigned US Patent Application Serial No. 09/365,898, filed
August 13yot19®873entitl ed "Decoding Digitally Sanpl ed SerpOT/GBav&®63 i n
whi ch i ndex positions are provided displaced at an offset with respect to
each edge, and wherein specific ratios of-the two servo pattern 30
frequenci es define each of the index-positions. The specific ratios are at
predeterm ned offsets fromthe centred on- edge ratio. In the specific
exanpl e of FI ter trac ave a _recordi attern of
constant anpl ity eogs:l\%l of % &f % l(Z,‘LQfI rsf"s"’fgl Fradq QRN 5% r‘?mg YWer side
of the rHgkEng faeR a?Eeancﬂos&ItF%? P&t @ SBEP \iEBAK “&ch‘?\ﬁamm&ﬁ%’l iapdide

bur st sigral nafifiedivefret@nt of reguenoyland iadexihh switghalmal bepeayigedt he
edges 77 and 78. The specifi c ratios of the anplitudes of the two signals

age sel ect eddI_tJ_gs dgf %egem rgglifgf;stt t:‘?' deftl e i ndex 05|t ons %5 88
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I ndexi NgirddeRdq dosetionedo fRShEd QN ed f@n@%rc\fﬁaﬂd’raﬁgrmﬁ Rerend éélg'ﬂ%dof and
that nodjfiged va%sefen%o set Qs?u%égm'oéwo ngez' gpse\ésagt%% ”E%h %”E' gyed.

1lg 5 i Iustrat es a Hccess servo
ttack an@rf’ﬁre (Tés]??céﬂ’afﬁd’é’x%epp%’r‘ﬁ 8ﬁl*rsom"{kﬁemé“&5\?o°ﬁ IP& %es Fﬁet he

typi cal wurted ifoam wharéetdnde crai sEoracswdt o8 grorhe ook ofimbvedabe, tshé i ndexed
POSi ti Oreccd ivmicht pbdittibe ifsi Decaaed Ut rsfRer &bt Beahel dsppeAtkeoof NDti on,
and the coarse actuator portion is a stepper- notor which is driven forward
or backward b ste 1%I6IV pgl ses. The nunber of pul ses are counted froma

- reference positrorf Sdeh s HIIF HE BAGE™Gf 17 T8¢t Hp&Pe A11dP w¥Ph ThdB

posi ti orfieiserﬁ)éati@éﬁdafie%u@?eiﬁr(’yeLﬂ’ﬂSlé‘a#OIt heThst éppest Fbtmcouttn ot eEpl10®, t he
tar get stsepomgsuratl i thetcuroedithetst epusOUnt stfp the. desivegdadendexedustef i ned

Servo posiebi i3 mg‘}ﬂ% AL dfarsd %@t%@t pcg.jtlgxti & 100 o ﬁio&gr@@guggoé o Lhe

current step count.in step. e ho 02 noves the
coarse dct gg sorcorﬁt:L on % Qnee E%ar?ﬁ(%u?]cfuﬁg?ﬂgtea?h = SﬁF%cé’gﬁt SGntihues

until tHESEH §€d%iiﬁdu§?%1ﬁlelﬂe%ﬁi‘]’fésp°csﬁ‘él<§’t -epThezuntn gftep HES, desi Faxpetndexed
gef i ned eyl positiconratilens sien 8t epatl @5, thchdetBregeindexed defined servo

position, and, in steps 106 and 107, the coarse actuator portion is moved
only to bring the fine actuator portlon w1th1n a desired tolerance
criteria so that the fine actuator is locked to the, hopefully, desired
indexed servo position, and follows the desired indexed defined servo

25 position in step 108.

However, as discussed above,‘during the track following operation,
both the coarse and fine actuator portions are actively controlled to
achieve the track following requirements,- resulting in a continuously

30 . varying lateral position for the coafrse actuator portion. Additionally,
translating the head between servo tracks or bands comprises a long

distance move, requiring 'a large number of steps.

Consequently, if steps are missed, for example, due to frictiom,

35 backlash, non-linearity, or mis-stepping,.the position control for the
coarse actuator portion accumulates an error between the actual coarse
position and the assumed coarse position. The count can therefore easily
vary by more than the number of steps between adjacent indexed defiﬁed
servo positions, with the result that the wrong data tracks are accessed.

40

FIG. 6 illustrates an embodiment of a servo system having a servo

controller 27 in accordance with the present invention for operating the



| ateral position ratio is set to that of the desired i ndexed defined servo
position, and, in steps 106 and 107, the coarse actuator portion is noved
only to Iwonyizihe fine actuator portion within a desired POT/€BaNE®63
criteria so that the fine actuator is |ocked to the, hopefully, desired

i ndexed servo position, and foll ows theodesired i ndexed defined servo
position in step 108. However, as discussed above, during the track

fol | owm ng operation, both the coarse and fine actuator portions are
actively controlled to achieve the track follow ng requirenments,-resulting
in a com RS FGEURFEFyPhg Fatler & S5BEF (9°6RCHEr 1 hesceripded 40t Har Grrvo
porti on.elAfent icsnaldments t45ansd afi vty téwe head et veemisierve termoksnepr bands
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posi ti orhacrwonegm rg&ﬁ tasti}atzn££ne 1%@%1@'@ & LLACKSs al6-aagessed. FIG 6

illustrates ~an.8 or irent servo % tem hav| g a servo .controller 27
in accordance W th tRe rm@s HOTRVERt T PF%?raB‘Bé? PR ERRC WS B/ 15173
BT/ GBOl‘?OGSﬁBlB 1D rYe wuzol%cewlss %G potiréondoatreatorthsf sEh@ 1. A
servo deteget¢0ri1315 is coupled to the servo elenment or elenents 45, 46 of
the tape head 15, conprising a servo sensor ~and detector for sensing the

| ateral positjan o he hea respe t he def nhed servo tracks. The
servo det.ect (;ﬂr% ]i%sfltgon L F seLEQ r‘o’Erﬁrc “HoHite G 53t VT EORPFBT er

27. A=pJdeftith 2EofftsI S@fgll)l?tpb‘l‘go\}?ﬂedzén@rrrﬁye%ﬁﬁm%’é gemegied i on Wit hin
8 cont r gletwaticqr forrdsétien She \agitng-aanpoxddbas hambbsengf swidltirethaldrtcontr ol
unit NMaywiCDNPdeSEahd Bhdd ORF RUESE&DiceSUGH @«Salaslbléﬁw'pﬂo%@e £k theealy

att aChecg1Q%svgjygtﬂhleese%ngégec1'&17 afngrposst.l.g J)fgg:o}l@rt It?crzl and pa‘g ogr amm ng
for the ol ervo In cou e pos i tion control

t 0
to the S%F I Jré%?‘f”s&%l‘i%“’em Epost P W&Bﬁtsreﬁl"o %Pb‘f GBS 2F fiute%anpl e,

di gital %gérﬁﬂ)tégt%nygoprlate drive signals for operating the fine actuator

20 : portion 20, and a coarse servo driver 125 converts the coarse servo output
signals at output 121 to, for example, the approprlate step drive signals
for operating the stepper motor 17 of the coarse actuator portion 16, 17
of FIG. 1. The position control also tracks the current step count of the
coarse actuator portion, which may be initialised at startup by beginning

25 operation at a reference position. However, in accordance with the
present invention, the step count is maintained and corrected without
reinitialising the compound actuator at the reference position. The
position contrcel function 116, wmemory 117, servo input 118, outputs 120,
121, and drivers 124 and 125 may also comprise electronic modules of servo

30 . controller 27.

The present invention employs a table of defined servo positions
130, of the type depicted in FIG. 7. The specific table of FIG. 7 defines
the singly sensible servo tracks, and the laterally indexed defined
35 positions within singly sensible servo trécks, for the magnetic tape that

is illustrated in FIG. 2. Similar tables may be arranged for the amplitude
based singly sensible servo tracks and laterally indexed defined positions
of the magnetic tape that is illustrated in FIG. 4. The specific
arrangement of FIG. 7 is for servo tracks as sensed by two sensor elements

40 which are averaged by the servo detector and/or position control.



signals at servo signal outputs 120, 121 for operating the conpound
actuator to position the actuator portions. Those of skill in the art wll
under st amdo bhat173ar i ous devi ces are avail able to provi de pOERGBeEM®
signals for the servo detector and position control functions. A fine
servo driver 124 converts track foll owing servo output signals at output
120 to the appropriate drive signals for operating the fine actuator
portion 20, and a coarse servo driver 125 converts the coarse servo output
signal s at out ut 121 to,. for exanple, the appropriate step drive signals
for operating FhE&™8r B Aotiord PredFitite vt Eheaétliﬁ%ltsdflgg'ors??%lﬂ?lf6 17
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respectively. I i,agrans_of colum_ 134  are not [l)art of the table, but
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Thus, in accordance with the présent-iﬁﬁention, and with reference
to FIGS. 1-7, the position control 116-§ositions the coarse actuator
portion 16, 17 at an estimated position with respect to the defined sexrvo

25 tracks, and responds to the servo sensor and detector 45, 46, 115 to
determine which servo track is closest to the estimated position, for
example, by looking up the determined defined servo track from columns
133-135 in the table 130 to determine the coarse actuator portion
predetermined nominal lateral position indication in column 137 of the

30 - closest defined servo track. The pogition control sets the coarse
actuator portion position indication to the predetermined nominal lateral
position indication of tle determined defined servo track, for example, in
non-volatile memory 117, thereby correcting the indication of the position
of the coarse actuator portion. One of skill in the art will recognise

35 that the present invention is equally appiicable to servo tracks, for

example, of column 134, if no index positions are employed.

FIG. 8 depicts an embodiment of the method of the present invention
as conducted by the servo system of FIG. 6, beginning at step 140. The
40 method both locks to the desired servo track index position and corrects
the step count.



servo tracks and are not enployed as indexed positions. As is known to
those of skill in the art, the specific servo track of columm 134 may be
defined wonmpaa@ ing timng or |ongitudinal position rel apCDeBhi/pehet ween
the tracks, or by a separate sensor which senses the gross position of the
conpound actuator. Columm 135 indicatesz2the specific ratios of the two
servo pattern intervals which define each of the index positions. In an
anpl i tude based system colum 135 indicates the specific ratios of the
two servo patfern . d.ldgéstthat n%?:fape ga 41 of the, i.ndex %)03| tions.
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both | ocks tord he.gesir Q@es‘%aéolérr@%ai ndﬁéfn Qsége?094]athngesggéc§s the step
count . \ég; Qg/ 173 PCT/ GBOl/é)SOGBl Two nodes are

depi cted, .a nor Al el - ode T of Trarnt ﬁieﬁglnasc rrg%‘t EF%‘b 145 represents a

major error s1tuatlon, for example, if the servo sensor 45, 46, 115 is
20 . unavailable, and will end the current process at step 146, leading to an

error recovery process.

In step 150, the target step couﬂt is compared to the current step
count to determine whether the counts are not equal, or "NE". If the
25 counts are not equal, "YES", the coarse actuator portion is moved in step
151. The process 1s repeated until the coarse actuator portion has moved

to the target step count, "NO" in step 150.

Upon reaching the target step count, in stép 155, the target lateral

30 . position ratio, for example, of column 135 of the table 130 of FIG. 7, is
set to that of the estimated indexed defined servo positiom, and, after
error step 158, in steps 160 and 162, the coarse actuator portion is moved
to bring the "A"/"B" ratio within a desired tolerance criteria of position
error (PES), such as within 5%, so that the fine actuator is within range

35 of the closest indexed servo position. Af this point, there will have
been an accumulation or build up of missed steps, but the estimated servo
index position will be reached by steps 160 and 162, employing the "an/wBH
ratio.

40 After error step 164, the PES validation continues, the servo
positioner locking the fine actuator portion to the target defined sexrvo

track index position and moving the coarse actuator portion ag needed to



count, and an acquisition node which may be required to check the
condition of the servo at initialisation at the begi nning of operation, to
| ock thewapoyett7irack as the result of error recovery, orP@IVeBOHEYGI ring a
target track with a servo track or band chan~je. Step 141 conprises the
mode selection. If initialisation, errqg recovery, or a band change is
required, "YES", step 143 sets the centre of a band, or servo track, as
the target position. The step count may be incorrect, thus in accordance
with the present invention, a centre position is selected to make it |ess
likely { PRRCTE highes i %0 AFFERERY rorgiont r Ackshi81p@8ti rthk| Resi2iomidohtd hmassed.
Al so, thgosidgesecdthe hetser wotrddtaeksodtayn haVeny akt Btac0 odshetodraken t he

det ecti opd 288 aCend @e@médns&m exaR e.0f dgée@méed R,H&hC%QHneedPQ%JVE' on
conpri se_jndex ositi,on 62 or_index opg%é)gsﬁ 63 In the exanple FI G

4, the centt e Posi ?Solnl?rrélsc%]rﬁf?FFEe b‘%aitfiio‘??s%l%} Prdtex {6 PRi on
87, all o WAl é?‘?"a?fé:l@qual |y distant fromthe centre. |If, instead, the node
is normal, "NO'" in step 141, the desired servo track i ndex position is

directly set mlssterps:eéﬁ 173 o165, 0 SRS B0 TBLOL R G SEbyaL of, [ or
current process 73 il:ll flo an é’rF er"’@b%?ﬁei“? Jﬁ’ra(}c%as? tn step
150, thePtFget lgflbﬁ?té%r?tf F%atcéﬁf)’d}eéds%%’ot Heckurfoenexaymép. asount to

det er mi néebaieitrelr f1dve ccbumt $3aRE rrotleetpalin TXG. "NE" As |thet h&sulepundys are not

‘equal "iEStep tdrCc£RAT 5€ At Uali 0kt RO b Qhel ﬁos@yw o N1t BarskOlerulhE,

process Lgcg_,tgglpqq_t g&r%éé the coarse-actuator portion has noved to the
target step count I'n step 150. Upon reaching the target step count-,

in step 155, the target lateral position ratio, for exanple, of coluffin
135 of the taﬁieenag@loiraﬁkC‘xFOMOWim byethet gondeabd afcttliteress i vmebed | ndexed
tef i ned servecqiDshtdtes, 18and, aftblsrrcRl §ih 4EPsIGB18b NcibePi160.R0L162,

the, COArSs igeluabOruROLLI Ands HPYAT et QDL GuLNIRa, Al L1 BoLatiig w thin a
e criteri,a of position error % ﬁ1 In 5-., so

desired trol grang t
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posi t i orPTOAESE KivSlyoPatk tehere® W4 Itohamrdn frfefmhafeatcadrsbatd onady ibdsd d up
of m ssesbsstieps, but the estinmated servo index position will be reached by
s eps 16b and 162, enploying the "All/"BlIl _ratio. After error step 164,
the PES validat i on, CO”Ee'sréH@S t he, servo EOSI tioner_locking the fine
actuator portion to-the 9B U SRS Htf(?ﬁllﬁ?&é%l%ﬁ‘f‘?vﬁﬁyand
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13 5 10 nominal position indication already calculated and prepared, for example,
in the reference table of FIG. 7, after the lateral position is identified

25 as valid. This system cancels the (accumulated) lateral position offset
after the coarse actuator moves. Further, the lateral position recovery
system, which selects the coarse actuator target position as the centre
position of the target servo band, instead of the target position
directly, at initialisation, or erxor recovery, or when the lateral

30 - position changes with a servo band change, provides a reliable basis for
the identification of the correct lateral position. Additionally, the
direct selection of the target track if there is no servo band change

allows a high performance switch between data tracks.

35 Those of skill in the art will understand that the steps of FIG. 8
may be arranged differently, and that the functions of the elements of
FIG. 6 may be rearranged or modified without departing from the present
invention. The method may, for example, implemented in microcode and
stored in non-volatile memory 117 of FIG. 6, or distributed to the

40 modules, for operating the servo system.



15 20 25 30 35 40 centre the fine actuator portion. At this point, the
position control has positioned the coarse actuator portion at the

esti mat edaW@oxidirdn with respect to the defined servo'traPkpGBaNao63
determ ned which defined servo track index position is closest to the
estimated position, e.g., based on the4"A"/"B" ratio. Thus, in step 170,
the position control sets or resets the coarse actuator'portion position
indication to the predeternined nom nal | ateral position indication of

that defined servo track r. e et er m ne ed framc 137 of
table 130 in BFGS 95 NP s e RS BRI Sy eIt SR 9 cat i o
of the pbSiYFHHFGf l’% W@téb]ar d& Fhodatksr aPR?é”FPT— ofafk suqdsftetiers ade nor mal
track fokdapnengpnsyte hosompbudiheact ualyoscdus tdiefe sxandetiadcienast ep 180.
After ergDinost Qﬁp&&?z:ngsf% 183 LREPIdsSeRe drbtl DEvent Pofl@l:CLdH BE-MPQLNEr a
$M/targg&an§hgﬁg§ requested, and, if not, the track follow ng continues.
If a new target béen- requested, the process cycles back to step 144 to
again set the desired servo track index position. Thus, the present
invention conprises a lateral position recovery system updating the
current coarse actuator position indication to the nomnal position
i ndi cation already cal cul ated and prepared, for exanple, in the reference
gble of FIG 7, after the lateral positionis identified as valid. This
System cancel s the (accunul ated) lateral position offset after the coarse
actuator noves. Further, the lateral position recovery system which
sel ects the coarse actuator target position as the centre position of t he
target servo band, instead of the target position directly, at
initialisation, or error recovery, or when the |ateral position changes
with a servo band change, provides a reliable basis for the identification
of the correct lateral position. Additionally, the direct selection of the
target track if there is no servo band change allows a high performance
swi tch between data tracks. Those of skill in the art will understand that
the steps of FIG 8 nmay be arranged differently, and that the functions of
the elenments of FIG 6 may be rearranged or nodified w thout departing
fromthe present invention. The nethod may, for exanple, inplenented in
m crocode and stored in non-volatile nenory 117 of FIG 6, or distributed
to the nodules, for operating the servo system



WO 02/15173 PCT/ GB01/ 03063 14 Wile the preferred enbodi nents of the
present invention have been illustrated in detail, it should be apparent

t hat nodiwo ezatdiohs and adaptations to those enbodi nents PEYGBOUI63 0 one
skilled in the art wthout departing fromthe scope of the present
invention as set forthin 5 the followng clains. 10 WD 02/15173

PCT/ GB01/ 03063 15 CLAIMS 1. A nethod for positioning a head laterally with
respect to defined servo tracks in a servo system said servo system
conprising a servo 5 sensor and detector (115) for sensing |lateral position
of said head (15) with respect to s&™#™fefined servo tracks, a conpound
actuator (14) having a fine actuator portion (20) for translating sai d

head (15). | atgrakhys wht mosa@mﬁg% 4 @ieg@lqtgf‘afmg}eglélew@peua@aeéﬂgda coarse
act uat or éq_,%tlr%gkgl@ for translatj A9 said fihe actuafqr portion (20)
cf T0 T07%sard’ daf] negvseryv T raCRE 584 ¥ 65t se

| at er al Iy W th resp
att uat or*S56P¥ %A ?elt@ft%vﬁlﬁ@ fﬁésﬁq%’?ﬂ iLlagrEal PoTisioBmir Salhgend ¢dbt er mi ned
nom nal #ikheredpepogict @i defithedatéonstyidkh, respesduntioasaitoialit nedvsss vo

fj racks, aa(r:dn@ aﬁEﬁ&ﬂdeBor&QHt () éérlé):aﬁéilalgh%i shOq SRLE BN VL.EeRsOr el g
et ect or oL..Qp g..S oppound_act uat or POSiI n sai
act uat or p%%‘?% > ga]‘% S%QEEQ 3]% ttrgangp afngsalccfaae?|ar?5é§ts%r9°rttlf’ac{< 67 and to

track f ol Waélzillﬁtld’ﬁesa’cﬁeﬁﬁﬂ“e(fc§‘é?ti?6 PIEEARD (200 TRTCRBH Yo BiHEY FSFRRFE to
Bper at i mpidafsfipediseirvn toenks olsal{d keprie apositbk pprsabd (@eariseingct uat or
portion gokb}idt iadi RstommAiedoNRShd iﬁBdéMeHﬂlz{e@ﬁH@tﬁbinaﬁola%@kgl geefifngd servo

tracks; 20:0alendinino-ahich sAkddalingd §%rv%0tég&%k i £l9sgelol 0 sald

esti mat ed g si thon of ]g op erﬁt oarse actuat or
porti 6n TI6j>positi SAP 1 EAtT0R 16 °ss£n8°’braé‘5e‘fl%‘ieﬁ|tﬂ’éo‘lﬁ5)rnfﬁél | at er al
posi ti orPPieﬁéﬁJé’ét PO ePmReAng IEMPRR (14eteopavisthn det@ravtpetbr powdpds

tet er m niugg hept X5 2t skhe deFtihedl sasvelabamd b Goatfack, foMew eddlaSaid

Servo SY@f@H&&Q@f@@mQ&% U%EQVmeQ%é 'cQQpl(ljs@i conprises a stepper notor (17),
and wherein said  position indicati rlse step counts for said

st epper ot or P17y AR et elloﬁ %oéll séfL n§OsRUP TIPS E3E ti ng
sai d' codiSEaE Rt BAf P2 oY i Bh BOSYEGF O PPETGvni wdinc aeironttty saidl stej ~
count ofdesarafl peedetessisned nom nal. lateral position of said defined

servo track dﬁﬁ:@frmnnﬁg Wlcgaida Q&hﬁé&ﬂs@w& 58P 13126 ®S hods as cl ai med
in dai r@sllr%’teg }glcgsmtlén Vw%ega%{ Sé‘éa 1gg%li:ep, and .
setting said coarxse actuator porplon.(16) position indication to
said predetermined nominal lateral position indication of said defined
sexvo track determined in said determining step.
25
2. The method as claimed in Claim 1, wherein said servo system coarse
actuator portion (16) comprises a étepper motor (17), and wherein said
position indications comprise step counts for said stepper motor (17), and
wherein said setting step comprises setting said coarse actuator portion
30 . (16) position indication to said step count of said predetermined nominal .
lateral position of said defined servo track determined in said

determining step.

3. The method as claimed in Claim 1 or_claim 2, wherein said coarse

35 actuator portion (16) predetermined nominal lateral position indications
with respect to said defined servo tracks comprises a table relating said
predetermined nominal lateral position indications to said defined servo i
tracks, and wherein said setting step comprises looking up said determined
defined servo track in said table to determine said coarse actuator

40 portion (16) predetermined nominal lateral position indication of said

defined servo track.



35 actuator portion (16) predeterm ned nom nal |ateral position indications
Wth respect to said defined servo tracks conprises a table relating said
pr edet er waed1yiem nal | ateral position indications to sai BCOeBInedsEser vo
tracks, and wherein said setting step conprises |ooking up said determ ned
defined servo track in said table to ded erm ne said coarse actuator 40
portion (16) predeterm ned nomnal |ateral position indication of said
defined servo track. WO 02/15173 PCT/ GB01/ 03063 16 4. The net hod as cl ai ned
in any one of_C ai 1to.3 erein said ef.i ned servo_tracks conprise

| at eral I:}/‘ i nJehfe‘aetggofdi AP FOREYWThrh TGV t8etrsiBFE BePYS tr acks,

at | eastdedprebFesyr ¢rppite cemPriet | Iearaldyy sndgxedi d9fnsd ceatvimnpyvwitdéat ed

wi th respegly eaohilslai desiongtacksensi béestseny oHshiddkde@adashaeei dersai d

et hod aodi tiQRabid GOIPMHLSeSH REISEERRE ddi LLad LYnpQnduct:ibng said
OPe.r atl agjlc,ep Eiowkpe%sgi.ltlIsoandsrr?élt?xogo%lc‘i:ls_eio%ggyaté%{n 'pce)rtil_hon ‘(,16) fat an
estimat ed 'posiTTon of ‘sai'd cen PRy roCat b PARERED “FefTHed ser vo
posi ti ongltEdYsePtiugeing Frid R§eStépT sticl B9 dsesticgetdifedoarser 3 upEatk
conpri se®roimn dfiesatdan ndexedtedefdsietors efvenigoséntransy 146ated Thieexast hod as
cl ai ned derifdAisBt-do ARSI RIND, SALOsSlaNGL oLrREMSIPLES BRYP c1bEAGKS£QBRI | SE
timng based GSLO.bAcks B0d wholel hoaLd dldexed del laed  gervo positions
conprise positi ons 1 at eral V- equi di stantty spaced “across ' sard singly
S%nsible servo tracks, and wherein said centrally located 15 indexed
def i ned Sser v@hpossitiodnss aheinedciat €dado 4aswviherehavenid siulydt asensabley seevual
nunber afrasid Gonpelexeditieli nadasanve PRSkE i ARSWdYLLtNAk Side-qatdersaf. 6.
The net hadvas,ch ol dRdedib: GLaiil i H0OT8L0, 28 dosidglynaensiLe setyg 20
tracks conprise_anplitude based servo tracks having a céntral edge between
two fredidé cilmg?ﬁ?aﬁn@l%]ﬁd SRS T Sai 9 Huested e AR ebtX d°opdsid i ons
eonpri serpesid feohinddaservel Pysicdendipse divchyed paced tackossa sabdtitighyy
sensi bl egser vambéackssaiandnidxenedidiifad Geeehigoalt ionkosntechdndexed defi ned
servo pagkiipns are | ocated substantially at said central edge. 25 30 35 40
7. The nethod as clainmed in any one of the preceding clains, wherein said
operating step conprises operating said position control (116) to position
sai d codrse dEEuBtGrIpdT rietredls) Ghirtthidn wreedd ctdfintinedy | senetiale sdist ance
o sai d tchosesbmsaisd defliinedt desa0 strackradks AasRigVe Systameiges Haagedd oni ng
a head l@abefldnd¥ gk ASPELd whoreidefd et R8IMO0ad i ALK Ser GO PLESIAY:!

comprise positions laterally equidistéqtly-séaced across said singly

sensible servo tracks, and wherein said centrally located indexed defined

servo positions are located substantially at said central edge.
25

7. The method as claimed in any one of the preceding claims, wherein

said operating step comprises operéting said position control (116) to

position said coarse actuator portion (16) within a predetermined lateral

distance of said closest said defined servo track.
30 )

8. A servo system for positioning a head laterally with respect to

defined servo tracks, comprising:

a servo sensor and detector (115) for sensing lateral peosition of

said head (15) with respect to said defined servo tracks;
35 a compound actuator (14) having a fine actuator portion (20) for

translating said head (15) laterally with respect to said defined servo

tracks, and a coarse actuator portion (16) for translating said fine

actuator portion (20) laterally with respect to said defined servo tracks;

and
40 a position control (116) coupled to said servo sensor and detector

(115) and coupled to said compound actuator (14) for operating said



a servo sensor and detector (115) for sensing lateral position of said
head (15) with respect to said defined servo tracks; a conpound actuator
(14) haviwgozifirhe actuator portion (20) for transl ati ngPerGaBoITez6s (15)

| aterally with respect to said defined servo tracks, and a coarse actuator
portion (16) for translating said fineyyactuator portion (20) laterally
wWth respect to said defined servo tracks; and a position control (116)
coupled to said servo sensor and detector (115) and coupled to said
conmpound actuator (14) for operating said W 02/15173 PCT/ GB01/ 03063 17 5
10 15 20°FPB°%E 359I Coffduhd P&é%‘iﬁé’f‘o?aj(dl&ft‘tat’ioﬁd%ﬂrttiw $&fd 24¢Lt Rier

porti onseqsiior2@pntwdi dl1gesiti on control (116): providing position

i ndi cations for sa@ﬂxﬁeﬁgﬁgoaﬁﬁu@t@ﬁlcggkhgQnm(;@ﬁiegﬂn@ig&ﬁgtpfedeternined
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tracks; tionin coarse actu partron an” es
posi ti on” tﬁesrp€§be’%ﬁ Sf‘bd Safifedefsivedt Jéaé‘ikﬁo fracks; upon said positi on| ng,

respondi ng to sai deEfkyeniggnssdd teprsd et aupt pre DAk o $H)dasermvestimtckdi s
cl osest gaziSadd wesh inEBbest POSIalibodsFinddGhesed tiragkssai d coarse act uat or

portion (16) posi tisn Lol atlonaiy, saldpredes shtknagnomgl Latera

position: | ndi cat i on of efined servo trac The servo

eter .

syst em a& EF e d™tH ’a‘?aﬁﬁeﬁvo tﬁ?:‘frgjdlsn@1°§e§‘ért\?os?:363nff%‘1mlaé?d PO8HPTI¢i ng: a
3Brvo i MGt (FEBEnE FEph erbaree sabehiser pertdensGi) apnpiderredndicatidB)te a servo
si gnal awtipuprddb2dimihet pehidl Lagersal foLieapw indi aalidAtdl sa{dlGptémipesi tion
sai d actyatQLs pRELd QRS 16, 20); and the position control (116) coupled to
said servo input (118) and to said servo si.gnal output (121). 10. A
magnetic tape data storage drive-for transferring data with respect to a
magnet i ¢t apeThSs AFT NEYTHET €° tCApEHat fg 2am pl-ufativdjnef spafcaFretrodéts ned
gervo traoksisxigending in the |ongitudinal direction of said magnetic tape,

conprising: a servo input (118) coupled to said servo sensor and detector (115);
a servo signal output (121) for operating said compound actuator
(16) to position said actuator portions (16, 20); and
the position control (116) coupled to said servo inmput (118) and to

20 ’ gsaid servo signal output (121).

10. A magnetic tape data storage driye'forttransferring data with

respect to a magnetic tape, said magnetic tape having a plurality of

parallel defined servo tracks extending in the longitudinal direction of
25 said magnetic tape, comprising:

a magnetic tape head (15) for transferring data with respect to said
magnetic tape; V

a tape drive gystem (10) for moving a magnetic tape in said
longitudinal direction past said magnetic tape head;

30 . a servo sensor .and detector (115) for sensing lateral position of
said magnetic tape head (15) with respect to said defined servo tracks;

a compound actuator (14) having a fine actuator portion (20) for
translating said magnetic tape head (15) laterally with respect to said
defined servo tracks, and a coarse actuator portion (16) for translating

35 said fine actuator portion (20) laterally with respect to said defined
servo tracks; and

a position control (116) coupled to said servo sensor and detector
(115) for operating said compound actuator (14) to position said actuator
portions (16, 20), said position control (116):

40 providing position indications for said coarse actuator portion (16)

comprising predetermined nominal lateral position indications with respect



a magnetic tape head (15) for transferring data with respect to said
magnetic tape; a tape drive system (10) for noving a nmagnetic tape in said
| ongi t udiw@b2/gilrecti on past said nagnetic tape head; a seP€DGBenswsr3 and
detector (115) for sensing lateral position of said nmagnetic tape head
(15) with respect to said defined servggtracks; a conpound actuator (14)
having a fine actuator portion (20) for translating said nagnetic tape head
(15) laterally with respect to said defined servo tracks, and a coarse
actuator portion (16) for translating said fine actuator portion (20)

| at er al | §° irth Jeéspetrerty sardksdepPviddoningr it Farses; acivdtar poskidron
control (ﬂﬂG}tcnupbedmtadsastSﬁrwnﬂseaaﬁmtandsdﬁiaﬁtnkd Edtk) thadks;
operating sai go&0BpalRds AGLHAL rré dwg QQS@E&%&@I Sb.ACL UB OB RRGET ONS
(16, 20) .53 ¢ PRELLLOR fankr ol (Ld8) o Provi ding, nosiLon, indicati ons for
sai d coarse actua R TL8) SR |es’:?’?1g S dét ErRcRed"hERThal | ateral
posi ti on %tr’raf‘\‘c%ﬁ PB?]’S“\RH hanfiespect WO 02/ 15173 PCT/ GBO1/ 03063 18 to said
defined servosd¢ttdokssaiposiatrEonrichgaisai dowdansEeachasdt ton padidaaion (tb6) at an
esti mat eghipOpiddeBrivinkd dRASRECH 2t Or-8abekidebh Ned: SRR I 36KS acHPAMI L84 d

posi ti onael}g L espo g to said servo sensor and detector (115) to
determ ne ?ch Sac?ﬂ!rg ]fl ned servo track is closest to said 5 estinmated

position; and = setting said coarse actuator portion (16) position
thdication to said predeterm ned nom nal lateral position indication of
said determ ned defined servo track. 10



