;e3e_ZZ[I]F]l x*_6" _T do>15 JAN 2004 SERVO CONTROL OF A COARSE A q?ﬂ%&hlZUO#
FIELD OF THE I NVENTION This invention relates to servo systens for
accessing and foll owi ng defined servo tracks, and, nore particularly, to
servo systens having conpound actuators conprising a coarse actuator and a
fine actuator nounted on the coarse actuator. BACKGROUND OF TH

In data recording on data storage nedi a having high track densFMMWMMM@MﬂMWMI
magnetic tape or optical disk, a conpound actuator, which conprises a
coarse actuator and a fine actuator nounted on the coarse actuator, "
provi des both a | arge worki ng dynam c range and hi gh bandw dt h. ﬂﬁus t he
data head can be transl C r wi dt h of

magneti c tape or betmeé%ﬁﬁﬁéaﬁﬁﬁgéﬂéﬁgqbE?@%ggr%gﬁé&%I‘an opticJUI HWUMW"MWM
using the coarse actuator, and can track follow the novenent of a t*ceodk
using the fine actuator. In the typical conpound actuator, the fine
actuator function follows thertfack aywirdirR@efirsbidr bances, as determ ned by
a servo sensor which senses servo tracks, to position the data head in the
center of the desired data track or tracks. It has 1 15 JAN 200g
relatively small mass and wi de bandwi dth and is thus able to follow high
frequency di Shiisbaneestidiowaslaitesi tohasreo vigrstdnishitbedarasgei of dd@vel in
order to provide the high bandwi dth. The fine actuator servo system

typi cal IfplHaviagcdrpensat sarfaurnckicgn, wmdh neredpsirghedlanl gnatbd esgraxi mum
bandwi dth with adequate stability margins. Exanples are Chow et al., US
Pat ent NYSTBmEobagony eerPR@thasiuetons .comprdsipgt entohlose 3@BG2E0. The
coarse actuator carries the fine actuator fromtrack to track and al so ai ds
i ni cent é%g CHBef PREVARR LGBt ePy Bl cEe AR SadchyahoF el at i ve position
sensor to sense if the fine actuator is substantially in the center of its
range with respect to the coarse actuator on which it is nounted. Thus, if
the fine actuator drifts syt Bbk?lé% fﬂﬂ’fﬁ%@k%& guring track follow ng,
the relative position sensor detects thi's novenment and causes the servo
systemto correct the coarse actuator in the direction that the fine
actuator has noved off-center. As the heads and actuators becone

i ncreasinglyIf BeasUréz®eiing dnf Bihesll 4o dd mean el ALV Vieg POSIH It gensor s
that the space in which to nount the relative position sensor and the

el ect r omlemsditye ustish ass ot catettd cwk bbe i dr lgodrrs Hasksnal tompAddid i onal |y, the

cost of such a precise, high resolution sensor is detrinmental. 2
actuator, which comprises a coarse actuator and a fine actuator

mounted on the coarse actuator, provides both a large working
dynamic range and high bandwidth. Thus, the data head can be
translated between tracks over a full width of the magnetic tape
or between the inner and outer tracks of an optical disk, using
the coarse actuator, and can track follow the movement of a
track, using the fine actuator.

In the typical compound actuator, the fine actuator function
follows the track guiding disturbances, as determined by a servo *
sensor which senses servo tracks, to position the data head in

the center of the desired data track or tracks. It has.

1



15 JA N 2004 SUMVARY OF THE | NVENTI ON An obj ect of the present in7g?&l8ﬂ!?ﬁﬁ4
to allow tracking of the fine actuator by the coarse actuator whil
elimnating the relative position sensor. A servo system and nethod are

di scl osed for positioning a head laterally with respect to defined servo
tracks, enploying fine and coarse actuators. A servo control integrates the
position error between the head and a desired position in accordance with a
predet erm ned function, and operates the coarse actuator to translate the
fine actuator and the head in accordance with the integrated position

error. In one enbodi ment, a servo sensor senses |lateral position of the

head w th, RARRAY %ﬂaib%gseéimg gﬁegvgaﬁa@ﬂ% MNPIS £hed SI1orcsignal |oop

is couple servo sensor eterm ning position error between the

head andedh,Aesighed -PQsildPhiih@badcts. t henwieidmedtSgay 0a tyabks, for

operating the fine actuator to translate the head in a manner to reduce the

det er m neghy POSH ta@ReCh E Of ravidle iROSIFHEONt &IFvisieghak hogp Hasdwi cxenpensat or
function that includes an integrator and other transfer function el enents

such as nd efidrd agthinbet i SdrvoThgseear sgpser Moy ¢ast sokbomperisoper ati ng t he
coarse actuator, conprises a connection coupled to the position error

si gnal | fopctdempensahois f dexitgnenl ftor epalple diaxjreonbepbfividth hel tdoar se
actuator fromthe position error 3 15 JAN 2004 integration signal

r epr eseradempatiee sitabégi by i Tar fimvsot | BRaBPleheaysosheroAtert or BiSgnal | oop;
and a driver coupled to the connection, operating the coarse actuator to
trans| atRatendt MNone SalPhab ot A FlRenABade rf“]a'ccélgéangét%‘? H%he integration

signal. For_a fuller understandi&gFof t he preﬁinthnvent%on ref erence
shoul d be Hhite 0 t RBef P 0¥ iy tYELar| 8 Wester %ﬁti SRt AKER T -dEFunct i on

1L e CcomANLRY S 10 1SR ELRESRTAEN, O, T BRAINGS Tl 1
Ot A ket M PSSP QUL O 052 5 b o ey,
bl ock ang; (i agranBti ¢si shvstdratiia@n yofint 1€ center of its range with

respect to the coarse actuator on which it is mounted. Thus, 1if

the fine actuator drifts substantially off-center during track

following, the relative position sensor detects this movement and

causes the servo system to correct the coarse actuator in the

direction that the fine actuator has moved off-center.

As the heads and actuators become increasingly miniaturized,

a difficulty with a relative position sensor is that the space in

which to mount the relative position sensor and the eléctronic

circuits associated with it becomes too small. Additionally, the

cost of such a precise, high resolution sensor is detrimental.



mpgnetic head of FIGS. 1 and 2, with a magnetic tape drive systemand a
servo 8ystem which may i npl errent the present invention; FIG 4 |‘k5aJAN 2004_ .

diagrammatic illustration of an optical head, disk, and conmpound act uat or
whi ch may be enployed to inplenent the present invention; FIG 5 is a block
and diagrammatic illustration of the optical head, disk, and conpound

actuator of FIG 9, with an 4 t) ,, 25 JA N Z00O optical disk drive
system and a servo system which may inplenent the present invention; FIG 6
is a block diagram of an enbodi nent of a servo systemin accordance with
the present invention; FIGS. 7A, 7B and 7C are illustrations of exenplary

gain vs. frequency response teri ilgqag onpensat or function of
the servo systemof FIG 6;5@@@ggp§§rgﬁg g Tf%ﬁﬂ ustrations of the PES
and integral signals of the servo systemof FIG 6; and FIG 9 is a flow
chart depicting an enbodi nent of the nethod of the present invention.

DETAI LED DES@R'BESQ%kq§%1g#é bNXEQH{CIﬁvention is to allow tracking of

the fine actuator by the coarse actuator while eliminating the
relative position sensor.
A servo system and method are disclosed for positioning a
head laterally with respect to defined servo tracks, employing
- fine and coarse actuators. A servo control integrates the
position error between the head and a desired position in
accordance with a predetermined function, and operates the coarse
actuator to translate the fine actuator and the head in
accordance with the integrated position error. 1In one
embodiment, a servo sensor senses lateral position of the head
with respect to the defined servo tracks. A position error
signal loop is coupled to the servo sensor for determining
position error between the head and the desired position related
to the defined servo tracks, for operating the fine actuator to
translate the head in a manner to reduce the determined position
error. The position error signal loop has a compénsator function
that includes an integrator and other transfer function elements
such as a lead-lag function. The coarse servo control, for
operating the coarse actuator, comprises a connection coupled to
the position efror signal loop compensator function for providing

control to the coarse actuator from the position error

3



This invention is described in preferred enbodinments in the follow ng
description with reference to the Figures, in which like nunﬂeﬁgjﬂggr t
the sanme or simlar elenments. Wiile this invention is described in ter of
t he best node for achieving this invention's objectives, it wll be

appreci ated by those skilled in the art that variations may be acconpli shed
in view of these teachings without deviating fromthe spirit or scope of
the invention. The present invention relates to servo systens having
conpound actuators conprising a coarse actuator and a fine 5 F 115 JAN
200g actuator nounted on the coarse actuator, and both actuators operating
in substaptialdes dhei5are Ly arldn@nny Examl @Ak SHCR.RELIG, YSLEIE are
i npl enented 1n magnetic tape drives and In optlcaﬁ |sﬁ drives. éhc servo
systens goéh ¢ fsh agsee @&ggapqrmwnqnacat@ﬁ%% RLApKBAWA, tn 4 hose of skill
inthe art, and, as is also knowmn to those of sleI in the art, such servo
syst ens @dthesipeyndpachtai@rindapabee i aph et €d thanthere trachmalegi es as
wel |, such as optical tape and magnetic di sk. Many exanpl es of conpound

act uat oractaratdinema tbethese of askbklance theharthe antegddtionray gnapl.ement
the present invention. FIGS. 1-5 represent two such exanples. Referring to
FIGS. 1 and Zoram dnbddi nendeftaadépapofintheaagireatot amderat imagneti c t ape
head are illustrated. A nore detailed description of a conpound act uat or

for a negficdienceapionhy e masindoi hhSchmaiowing, Setphl edhtdaNeriptdpe, 170.
Briefly, a magnetic head and actuator assenbly 10 conprises an actuator arm
32 mount Y™ 1Hagrei FRCE e Hedd th0. 22cRaryd ndcitay b 9%t or 52 drives a

|l ead screw 36 to nove stage 44 at an aperture 44A in a vertical direction
perpendi cular to a base 5. An aperture 44B is provided to receive an

anti-rotation pin 34, Wﬂ%é%léﬁﬁgRﬁpi%ﬂ9<ﬁBJ%% Bgﬁ%;ﬁ@? bet ween a housing 16
[ 0

and the stage 44. A torsion spring s fi'xed he” stage 44 and is
coupled at its ends 46A and 46B to the actuator arm 32 so that 6 15 JA
N 2004 the stage 44 noves the head 30 nounted on the actuator arm32 in a

vertical direqld.0n 28r9ssidfthdBeviy ACeSRabhacks Wdad and compound
actuator which may be employed to implement the present
invention;

FIG. 2 is a partially cutaway side view of the magnetic head
and compound actuator of FIG. 1;

FIG. 3 is a block and diagrammatic illustration of the
magnetic head of FIGS. 1 and 2, with a magnetic tape drive system
and a servo system which may implement the present invention;

FIG. 4 is a diagrammatic illustration of an optical head,
disk, and compound actuator which may be employed to implement
the present invention;

FIG. 5 is a block and diagrammatic illustration of the

optical head, disk, and compound actuator of FIG. 4, with an



recordi ng tape 50 which noves along a transport path and acro h
nagneti% tape head 30. A fine actuator coil assenbly 60 is at?ﬁéﬁeﬁAhbzgﬂ4

end of the actuator arm 32. The coil assenbly 60 conprises a coil frane 61
a coil 62, and a mandrel 64. The coil 62 has an upper p portion 62B, and is
di sposed. between ortion 62A and a | ower magnets 40A and 40B held in a
magnet housi ng 38 which are arranged to split the north and south pol es at
approximately the line 70. The coil noves vertically upon application of a
current at the coil 62 and causes the actuator arm 32 to pivot about
torsion spring 46 and nove the magnetic head 30 transversely of the tape 50

to nmake sn?ll fg%gsé nts such as ipn track follomﬁggrnnde. Referring to
FIG 3, SPtipd’ dtd AdCsEY bR t%M FEFVY SUMBunthisdt favoimas gment

iIIustraE$ . ;q;ﬂgapeVSOtEs noved al ong a transport path across the
magnet i ¢ "t apR" hedt 3G V58EweRA reels 71 and 72 by reel motors 73 and 74

under, the co ol. of a e tion controller 75. The magnetic head
assenbly 30 c%%%?f%gf a éZ@sg“@gggaﬁbg ld §§ﬁ§§W@?£ Pllaf SBRYRsS%S &t vo
pattern o in,.a vp, track 77 of the.tape 50. The servo read head 76
may conp??s%gé%r)%ﬂgﬁ ﬁ??go?h%e?ﬁ%“?%aénggﬂgﬁﬁg’at various positions 7 .

15 JA N 2004 he, ,nagpet | a t servo_track, 77 my
conprise a nu (éf gﬁ”pgga%+§lﬂggg§b§§§g%kga%ﬁﬂ} éﬁfgﬁng_aaét%?H%éﬂs7sz

whi ch ”aYr&QﬂQﬂhs%e%%ﬁﬁgglcgéiﬁﬂﬁﬁqgQW@Et ft53ﬂﬁﬁ%ﬁ§5EOrl?u§99ﬂ91Q%§ltlOned
over a data track region 79 of the tape, for exanple, containing a

pluralityn®fsdafpldy@leedaba f1@cks. As is understood by those of skill in
the art, typically, the defined servo tracks of magnetic tape systens are

parallel to amgwpf fess.et-mdf_é@nalt@alci%fs@rﬁﬁ%@-ofot@led@ﬁsrQ%Cﬁ%&fﬁlﬂe 80 of
a desired servo track 77 is illustrated, and extends along the 1ength of

the tapesbbhalAs dfhenkaperts akorgst he: tyansport path, the servo read
head 76 reads the servo signals which are provided on a servo signal line

84 to a servarmdecedes 86r1dhecaitvacfeconed A Qaesssschhesf 6GRl R 138f VO
signals and generates a position signhal that is provided on a position

signal leomecr3d thresanseliNeeg0idd 0l | er 90. The servo controller responds to a
seek signal to cause the coarse actuator 52 to nove between tracks, and
responds to the position signals to generate servo control signals on line
91 to operate the fine actuator 60 to follow the desired centerline of the
desired servo track, BREATER)ENSCRLIBTERN QF ddat AYVENTEHPRI s on line 93 to
cause the coarse actuator 52 to tend to nove the fine actuator in the
direction of the desired centerline, as will be discussed. 8

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

The present invention relates to servo systems having

compound actuators comprising a coarse actuator and a fine
5



15 JA'N 2p0~r Referring to FIGS. 4 and 5, an enbodi ment of a o]
aCtuat dr and an optical disk drive and servo systemare |IIus$f§Pegﬁﬂh2ﬂB4e

detail ed description of a conpound actuator for an optical disk may be
found in Fennena et al., U S. Patent No. 5,060,210. A coarse actuator 136
noves an arm 134 |aterally of tracks 106 of an optical disk 130. Munted on
the arm 134 is a rotary ' fine actuator 146 arranged for rotation about
pivot pin 1@ which is secured to the arm 134. A lens 145 is suitably
mounted at a distal end of the fine actuator 146 to focus the beam of a

| aser 117 onto the optical disk 130. The optical disk is nmounted for

rotation qn a . sp nmounts_the notor 132
ua

and sui t801Y noun?gngﬁé %4 Q? %§%ﬁgét8$%f§§)Foﬁgge%sgpo%% U4 drent
lateral | éyééigg Eha§5 sééﬁ%%afg%'gﬂgeggﬁ% Sy %Q?o 28 Qﬁé#%?‘%f %%%%l

access t any o ura concentric trac optica

di sk. The, t's%tgﬁlftgfeﬁe ;smleélg Y 90 B 6 ”taseaargpégcgwq or focusing

| ens 145 and optica nts 't ng"the beam and for all ow ng

the trangftqlcaaf sdakadriHhes bi SQchhe%E'r%‘aéyM{E‘ hsadepet gdsby; fweral 147, As
i s understood by those of skill in the art, the optical disk tracks are

typi cal laonipelutiad aabda p6 oy i L& tm%wﬁetbﬂﬁ%zﬁeero}rfo skiackigsefy® 44, 0rpRt i on as
well as a surface for the data recording nedium A data and servo detector

129 conws tis Bheo9known Wo lthakaN2@04kill riaf teet edtbesmath nd e watsy saehsser vo
information and supplies position servo information on line 116 to a servo
control lagxd £20poThd setvat@onteyl ber imekpondsdt onaoctkek segnallagdesause t he
coarse actuator 136 to nove between tracks, and responds to the position
signal s %%)W&éﬁer&P@hs@$va¥%ﬁﬂh’6PP§|@%%J%@Qﬂ@tPFnéligi t¥pp e les. g., a

coil 148.of the fine actuator 146, to nove the Iens 145 to follow t he
desi r ed e FCEPPIRE B?tTﬁ%ﬂﬁb§Fﬁé&nPW5cV3tﬁﬁﬁetS gehdtht ¥ sEt ¢ tonerel

| 113 1 th t uat d t th
?E%Q%ifﬁ&fb‘ REK LRI BT e in FOF CONe TRGH'da cent S0 1 k. dETRPabe

dISCUSS% u i scussed above, many ot her exanples of conpound actuators
are knowt ot §UFHoSEATF SKi 11 in the art, and may i npl enent the present

i nventi on. - Saug exanpl s ind ude Lingar. o crBBLakLELOOE o e nd or ooar e

actuators, operated by analog notors,” or analog or digita rrven stepper
motors. An@rRedLABNL LR S %%p%oﬂééé"alreer i9QuQErdR0q1 s A Idist rat ed

detailed description of a compound actuator for a magnetic tape
may be found in Schwarz, U.S. Patent No. 5,379,170.

Briefly, a magnetic head and actuator assembly 10 comprises
an actuator arm 32 mounting a magnetic tape head 30. A coarse
actuator motor 52 drives a lead screw 36 to move stage 44 at an
aperture 44A in a vertical direction perpendicular to a base 5.
An aperture 44B is provided to receive an anti-rotation pin 34,
and a load spring 48 is provided between a housing 16 and the
stage 44. A torsion spring 46 is fixed to the stage 44 and is

coupled at its ends 46A and 4€B to the actuator arm 32 so that



in FIG 6 as part of the servo system 170. The el enents of the drives,
sérvo Sensors, detectors and actuators of FIGS. 1-5 are iIIu§16aLh@hJ2qg&
generically in FIG 6. The servo signals are sensed by a servo sensor
froma head to nedia interface 172. The position of the servo sensor
.relative to a servo track is detected fromthe servo signals by a servo
position detector 175. The detected position signals are provided on |line
176 and 10 15 JAN N 2004 preferably conprise digital signals. The
position signals are then conpared to a reference signal 177 by a
conparator 17B to determ ne position error between the head and a desired
position related to the defined servo tracks, called the "position error

si gnal ", the *BE 44qoveaethydiedd 3naopphedaP? ifpdahHahef uak®r32 tife fine
actuator 180 follows the track guiding disturbances, as determ ned by the
PES, to PoSFIiigith e T@sLtACReatrT3° (1 LaREelC o1CIHe d4E5¥Eratk® or tracks.
It has relatively small nmass and wi de bandwi dth and is us_able to foll ow
hi gh freﬁﬁ@ﬁ%%”ﬂ?éfﬁ?béﬁc@g?c¢kmﬁﬂﬁ§'?lPPghﬁsg%FRﬁﬁgftlPﬁ%geﬁn$dﬁﬂﬁxﬁﬁ travel
in order_to provide the hjigh bandw dth. The coarse actuator 182 carries the
fine actﬁgﬁcﬁgqqﬁﬁﬁQI%%?ﬁ bga?rgﬁk in accordance with the seek function 183.

The fine actuator servo systemitypicall s, a cqonpensator function 185 in
the position %rrdi® §F§H§F¥Fofﬁﬁl\d%s #é g sf@rﬁﬁi%? eéngﬁl%n rﬁﬁ;
bandwi dth with adequate stability rgi ns.. The_ conpensator_function 185
o 11 e bheA PRSI Ra B aBit oG S0P RS eS GAPRILRCT e PG g

whi ch gaip is based _upon the fr ency of, the jnpuyt PES signal 179, or,
from ago%ﬂ’era ﬁoe\%p%znf,anﬁpﬁnm?lh%%%a{%é% o&hgh%%]glep%f heRedP n'%%‘feIPES si gnal .

- The conpensat or éﬁmction 85 incluydes ?2 ingggrg}oi 187 gn% q&her transfer
funct i onP®t etfEht®? &iich3adCuet dxdii ey PaRet P8hal® S'ERBREY 188 1D achei ve

the desired statjc an 1 c. system 11 Y 15 JAN_2004 perfornmance and
overal | %?%&ﬁ?%t%ﬁi-€£ hqéPgﬁ%ﬁ? ﬁﬁj’ﬁ?gPﬁﬁ|%ﬁ%ﬁ?Ehu§sfgl ?I?%ﬁ, ei t her an
anat 09 fLHL S EIMIOLLNG (AL RET 18 UROBILR. pOf o 2 Ul Aobabidhlief, duch as
an IR (rnfinite inpul'se response) or as a = ? inite 1 npul se response),

or as mﬂr?{"ﬂ@. caygl ng ;3 {Jb%@weqctq%%%yt gpperdgnmdihecfuneti oGS, 7A

7B and 7C illustrate exenplary frequency response characteristics for the

integratgr 4@y cdihe doeadhl agnglendid 2188at8pdafiorsst he poubi nagh. gl ement s

conprising the conpensator function 185, respectively. The integrator 187

provi dest@rf £505E nk90 eWhg hmOeD & ki ghedusased&og@akBnadsetdiar f rxquency
i ncreases. The | ead/l'ag el enent 186 provides a response 191 which is

enhancedtgé Hi@h g0 e@UeRGkesnaNd Jedueadnat bovn faequeneher. tdieweienpi ned
response is shown in FIG 7C, and provides the highest gain 192 at the

| oner frggaencies, dropping to a stable mddle range 193, and then droppi ng
again 194 at the higher frequencies. The y-. result is that the gain
provi ded by thef«eonpensat erct unctda aepk8birive and servo system for a

‘ compound actuator are illustrated. The tape 50 is moved aleong a
transport path across the magnetic tape head 30 between reels 71
.and 72 by reel motors 73 and 74 under  the control of a tape
motion controller 75. The macjhetic head assembly 30 comprises a
servo read head or sensor 76 that senses a servo pattern recorded

in a servo track 77 of the tape 50. The servo read head 76 may

comprise a plurality of servo read sensors at various positions

7



allows the servo controller to apply the gain to the PES and p h?
SErvo dignal to the fine actuator 180 that has both high bandmngg
stability, as is understood by those of skill in the art. The |ntegrator
applies the gain to the current PES and integrates the current signal wth
prior signals. This results in a integration function signal on connection
200, and 12 ., 15 JAN 200 the lead/lag gain as applied to the PES results
in a signal on line 201. The signals are sumed by a summer 205 and, if
digital, are supplied to a digital to anal og converter 206. A power
anplifier 207 then applies the signal to the fine actuator 180, operating
the fine 2 2 uat or t translate the head in a manner to reduce the

det er m ned WPgBﬁ &f rlbpad /ﬁﬁ%ﬁm?&ﬂvvéPQ the $iegveab @k visr ™y be enpl oyed
to operate t he fine actuat qﬂﬁln accordance with the present invention,

the coars@®ddt’FafoP TPatKd t9ﬂ¥ Sefvatide 'tHBu?h?eﬁﬂHQW ng daFelative
t f | the PES is jnt , I th

Pﬁf;glzﬁof‘%ﬁ?%r oA REF 'r&%ﬁ%ceﬂédmﬁfaxsféir#a%@?? AL HE THeRgraER B

functloq_ou |s g ovided to co 0 t]féiq([coar.se ﬂctuator 182. The

i nt egr at'or PN éﬁ@ﬂi@d &PI1igP FdrotarkPen4PBE: f fPFer
| t t di fil , f bl IR
Sh”.pcﬁyh%aﬁﬂﬁfkﬁfe kel ?@3@&?@/'&% o L e gendass
di T t t i i 200
I scussed /RAYBoq T8 ’c}%&groaﬁ '5941 1hungtion gy p?f%;éféagllnlfz Wﬁll gﬁ g?fvgg”t e

provi des an integration contro gnhal to a dr

coarse aeltdl @kalBs, o PRRAA NG 1B CORL S AGHY tranghat fine
actuat or 180 |naacco?dané§{mnth tEe |%%egrated %%%?%?ﬁhéﬂ)ghécgﬁﬁgg%lon

200. |f firfom epargetactuaiiy. 182 8081 SEERRALFDLRE .80 kA dr ivgy 241 is
preferably digital up-down logic and a stepper driver. Thus, if the

i nt egr atseafrof iratk on7 ol putl ukIratdq, JAM 20Q4n8k gélpénge&@x%ed%nétlﬁ)oéft lve
threshol d, the driver 211 operates t he stepper notor to step in one

d|rect|¢me aagei 50t hend nirpgraipdeonsf oedd enoayt pré Signabrexgeeds endegative
threshold, the driver 211 operates the stepper notor to step in the

opposi t setivbeebhanhe Al stepefdst haesteppersidakos WRycH el brbided i sear
translation of the fine actuator, for exanple, of 3 microns. Alternatively,
if the eoseseoastwatbriirs: @altega thevardecere?lds Mayrreorverd ddeoddgit al
signal to analog and enploy a power anplifier to operate the coarse

act uat oPrpg8esses the received servo signals and generates a position

signal that is provided on a position signal line 88 to a servo
controller 90. The servo controller responds to a seek signal to
cause the coarse actuator 52 to move between tracks, and responds
fo the position signals to generate servo control signals on line
91 to operate the fine actuator 60 to follow the desired
centerline of the desired servo track, and to generate servo
control signals on line 93 to cause the coarse actuator 52 to
tend to move the fine actuator in the direction of the desired

centerline, as will be discussed.



FI.G 8A illustrates an exanple of a PES signal 214 at |ine 179,

representl ng the difference between the servo position si gnal p Aﬁ%{ﬁ
and the reference signal on line 177. FIG 8B illustrates an in g i lf
function signal 215, e.g., by integrator. 187 on line 200, of the position
error signal loop (PES) signal 214 of FIG 8A. For exanple, so long as the
head is at or oscillates about the desired position, the integration
function signal 215 remains at substantially zero. But, as disturbances at
the head nedia interface 172 cause the PES to grow in a single direction,
whi ch di sturbances may be counter ed to sone extent by the servo controller

operating the, fine .actua |ntegr nction 215 grows. If the
PES decreasegR foewl/errl glp %?%e wﬁegrétiaon @%Oﬁ@ﬂ r’% ﬁn%l? o7 9y stop

i ncreasi he PE gn the integration 14 15 JA N

ZQO~r fu%‘g‘%‘f%%’% Wit OBeg cr ea5| HS,angdservo S¥86°¢hAnge sign if the
PES remai 5, o JI 1S iNybhe ggeqﬁ'etdedggaefga ofg h&s‘g QLA LN LYRGE on
signal on line 200 is enployed, 1n accordance wi th t resent 1oAvent i on,

to operatér tdie KA3SE AGLNALLY Y%At mnﬁérﬁ};eeat he fine @cd UgLQLL180 in

accordance wth the integration function, so that the coarse actuator
tracks tme. iftedy,@10or | ong-term average error of the fine actuator,
allowing the fine actuator to becone nore centered with respect to the

desired positA asarse attestor 185 mdlegr ah i i fisact heBri EP) ace s bbesrel ative
position of the fine actuator versus its center, rest position on the

coarse artdéiaifrarf @pbtibaldessx exbposMbunted Wi theahsR 884 Ual F rbitesybecones
p05|t| oned such that the fine actuator remains at its rest position over

{heé | ongfirer mcaverage 146l &r&hddd ustr abest am embadi pewst ofid hesmehhed of
the present invention. Referring additionally to FIG 6, a seek input is
provi dedi aatsestieed?230 thenmave 13te headehd MM sadt bl he knountfear aat hon
decoded fromthe servo sensor 171 or froma separate track sensor indicates
t he currairtalr ki bdcaheofimd ddtmaservddhead fionust epe 23am lof @t @ps2B5, the
servo controller provides a seek function 183 to operate the coarse
act uat or11IB2ntoo theanpt at el tdis i 1186 . acThatartit8Q anhdk headwdheitwaenoones of
the desired positions to substantially align the head with one of the 15
rotation on a spindle 131 by a motor 132. A frame 135 mounts the
motor 132 and suitably mounts the coarse actuator 136 for
reciprocal movement laterally of the tracks 106. The movement of
the coarse actuator enables access to any of the plurality of
concentric tracks 106 of the optical disk. The optics of the
optical drive may comprise an objective or focusing lens 145 and
optical elements 133 for cohtrolling the beam and for allowing
the transfer of data. The bi-directional beam is denoted by
numeral 147. As is understood by those of skill in the art, the
optical disk tracks are typically molded and provide the defined

servo track servo information as well as a surface for the data

recording medium. A data and servo detector 129 converts the

9



~, JA N 2009 desired positions as defined by the servo sensor gLBh r espect
to the 'defined servo tracks. Steps 233 and 235 nmay conprise a c g%
process until the servo sensor indicates that the correct desired track e
posi tion has been reached, as is known to those of skill in the art. Upon
reaching the desired track, the process transitions froma seek operation
to a track follow ng operation in step 237. The process transition nay be
made gradual ly, for exanple, by conducting track follow ng as soon as the
head reaches the vicinity of the desired track during the seek, or
suddenly, by switching froma seek to track foll ow ng when the head reaches

Lo qaeo e i 3RKpe ! s dNAINLO L0054 o bn | nd Ao LUPOR

conducting track ow ng, In step erence IS set on |ine

177. At P&%t&%ﬁesgk i ForitaR %49n ier?Sﬁré/q;oS'aggawo LS SRNSed hygservo

sensor 171 fron1the ead to nmedia Int ace 172, and the position s

det ect edrifer Q@ Be-SREVS11 S gs%lp%ng¥ E a MO sggﬁhi' E)(ﬂ deiector 175. In

step 241, the position signals are then conpared to the reference si gna

177 of JRRs238chbiatOFPRIAUY nbid berfederiveg st NenBOSI dd MU L Lok KBt veen
the head and a desired position related to the defined servo tracks, or

"PES". Igbs3teBn2d2gnihe @@Wkerséwtd&&&%sn@ﬁm%hﬂ%%&%&nal by
applying a variable gain, enploying the |l ead/lag drives elenment 186 and

i ntegratgerk8é, 46g., 15 1 IN14@08r ThRe resid tarha8bonNBle, LAY tRd from
digital to analog i f needed and anplified by drive anpllfler 207, operating

the finacagt 435080 18011dW SHRP 1849 re FORRG AN nd46 £ depd Cies iR ¢@RELKNUOUS
nature of the track follow ng function, cycling back to again conduct st eps

240, 24knd248 gbHe29Be Siidd LRRLOY glggrtah% AR hEf ILNCE SRkl Bnstep 238.
At the sanme tinme, and in accordance with the present invention, the

| Nt egr atdRArskUREt 19 Pf13d1a CeRpaNSAt Mvd TireSensedadtuW Ut 280 in step
250. The integration function signal on line 200 is also converted from

di gi tal dieeatiabagof ftineated radcanpeifiad Ry dilvebampldduserd?ll and

enployed in step 251 to operate the coarse actuator 182 to translate the
fi ne actuat oAs180scus et aridarec emany hothher iaxeegiati ofi dampetunadn. Thus, the
coarse actuator tracks the fine actuator, allowing the fine actuator to
‘becone msitEatenterte Mra rtespleset of thid dedinr 6He past ¢ iadl M@gnnect or 246

agai n depi cts the continuos nature of the track follow ng function, in
accor danc® Rtt RS g eksitt ARVERt i om; cﬁOW&oFﬁaFﬂéeﬁl%ﬂ?%ﬁﬂﬁ fhBeRBaPSe

t uat t fferent t d by _step 230,
o et o AR I ByflhrBEEr ke Sl SERATLY MeBbiP 0 .

the seel tu@gt' ap, awlé(seoor %@%ugys\r,raﬁ%nt e .GRaLSEoagtuator integration
function until the seek’is conpleted and the transition Is nade back to
track foll ownRgehBo&i®PhR2IE a servo controller 90 or 120 is illustrated
in FIG. 6 as part of the servo system 170. The elements of the
drives, servo sensors, detectors and actuators of FIGS. 1-5 are
illustrated generically in FIG. 6. The servo signals are sensed
by a servo sensor 171 from a head to media interface 172. The
position of the servo sensor relative to a servo track is

detected from the servo signals by a servo position detector 175.

The detected position signals are provided on line 176 and

10



17 ", ~5 JA N 2004 The step of overriding the coarse actuator
integrdtion function may conprise applying a much | arger seek fuﬂcﬁidAMt2004
line 183 that swanps the integration function signal, or nay conprise
actively switching fromthe integration function when switching fromtrack
following to the seek function. Once the track follow ng function is

resumed in step 237, the track followng of the fine actuator and the
integration function operation of the coarse actuator 182 in steps 242, 250
and 251 resune. Thus, the present invention allows I[imted tracking of the
fine actuator by the coarse actuator while elimnating a relative position

sensor. i Lred | e of t present invention have been
illustra edhl’ernatﬂ}gyt g{oﬁ%%ﬁggsﬂgg?%e%%%alrsént }?E%alfosrfbecdiqlni Eéf—’flﬁﬁ@ AR
adapt at | gRsn tQ 10 di Ve s r one skilled in art
wi t hout deparc‘%iﬁng f?o%g?%ekggg%éen%? %1f?§%§rét§2n Y i hVERPPoRTRE 552? drth in
the fol | guy A B 1 4 0 i 1. In.a servo, systemfor
posi ti oni %\%éhgnlﬁeﬁﬁég:éégl fglr&gal?] wé?’vé%?%%% %:Héjnﬁr AsPhged BF Vot ¥ensor
for sensiémndet afcaltnBOskkiNBd O SR & Read, Wl Iy LESRECH E‘I?'E'%ﬂu ned servo
tracks, a fine actuator for translating said head l'at efa Ily Wit respect to
sai d defsimpthlser wa tPasks, o@ Lo I cactuator for translating said fine
actuator laterally with respect to said defined servo tracks, and a
posi tion erram shgnakplesp eauprt Letaatdr SeFNO SeRSQELHIF o Hefgy m ni ng
position error between said head and a desired position related to said
def i ned Serlooist theksratir gopeiafl idigtsebanééne ACleakoRi hoa tERNS Aty sai d
:head in a manner to reduce said determned position error, said position
error sifgnalodigdpnhéliengate donpensatbe Eamncédt ot whiehdbo he i adegnat i on and
other transfer functions, a method for operating said coarse actuator,
- conpri si Hgcksensiliighaai bel aitiamgrlat ison1f unes $ omdfwislai Haposi ditomarer rier si gnal
| oop; anq1
t

us able to follow high frequency disturbances. However, it has
a very limited range of travel in order to provide the high
bandwidth. The coarse actuator 182 carries the fine actuator
from track to track in accordance with the seek function 183.

The fine actuator servo system typically has a compensator
function 185 in the position error signal loop, which is designed

to enable maximum bandwidth with adequate stability margins.

The compensator function 185 modifies the PES signal by

-

applying a variable gain to the PES signal, which gain is based
upon the frequency of the input PES signal 179, or, from another
viewpoint, upon the rates of change of the input PES signal.

The compensator function 185 includes an integrator 187 and
other transfer functiqn elements, such as a lead/lag functional

element 186, to acheive the desired static and dynamic system

11



operating said coarse actuator to translate said fine actuator d said
head i1 accordance with said sensed integration function. 2. Th neb@NM2804
Claim 1, wherein said operating step conprises applying a | ateral
positioning signal to said coarse actuator directly related to said sensed
integration function. 19 15 JAN 2004. 3. The nethod of Claim2, wherein
said position error signal |oop conpensator function conprises a digital
filter, and wherein said operating step additionally conprises digitally
driving said coarse actuator. 4. The nmethod of Claim1l, additionally
conprising the step of operating said coarse actuator to transl ate said

fine actua&or and salg head .het eskr q93|t|ons relative
rrormgnce an

n,ones d
to sai dPGEF I hea s&r Y tHack é‘tg guﬁs%a%t|§%¥: gﬂfmn sal e hdad with one of

sai d deﬁsg?QmBﬂﬁé& 8%, 85 dc%fr' ned RY-Sal dar?a r:’%;gfﬁﬁﬂ pl@.{{&{lnﬁspe(:t to said

defi ned rvo tracks, sai pération overri sai of said

coarse agLUaLeL b@mﬁ&%QﬁQQnQﬁ:W'BQg§€ég seNs8d NERYRAT 40N frunction. 20
15 JAN 2004 5. In a servo systemfor positioning a head |aterally, said

Servo SysheiheeapihsiNg: & o e$eBs0ks fOrrsengingtbatgpal sgosi tion of said
head with respect to defined servo tracks, a fine actuator for translating

sai d heagspaheed | yr whd mir@spede teusing ﬂeﬁkneﬂrseéy@ofreﬁkﬁufamd a coarse
actuator for translating said fine actuator laterally with respect to said
def i ned tber vonttaocks, a nethod for operating said coarse actuator,
conprising: determ ning position error between said head and a desired
posi tion rel &L€d.t dAsalBl ataf i7Ged ldvptbate aviesp liony e§ratieny s aiedspdaser m ned
p05|t|on error in accordance with a predeterm ned function; and
, characteristics for the integrator 187, the lead/lag element 186,

and for the combined elements comprising the compensator function

185, respectively. The integrator 187 provides a response 190

which generally reduces the gain as the frequency increases. The

lead/lag element 186 provides a response 191 which is enhanced at

high frequencies and reduced at low frequencies. The combined

response is shown in FIG. 7C, and provides the highest gain 192

at the lower frequencies, dropping to a stable middle range 193,

and then dropping again 194 at thé higher frequencies. The
{“_ result is that the'gain provided by the compensator function 185

allows the servo controller to apply the gain to the PES and

provide a servo signal to the fine actuator 180 that has both

high bandwidth and stability, as is understood by those of skill

in the art. The integrator applies the gain to the current PES

and integrates the current signal with prior signals. This

results in a integration function signal on connection 200, and

12



operating said coarse actuator to translate said fine actuator
head i h accordance with said integrated position error of said
step. 6. The nmethod of Claimb5, wherein said operating step co
applying a lateral positioning signal to said coarse actuator
related to said integrated position error of said integrating
met hod of Caim6, wherein said integrating step additionally
filtering said position error. 21 15 JAN 2004 8. The met hod
wherein said integrating step additionally conprises digitally
said position error, and said operating step additionally conp
digitall dr'vi sai d coarse actuator. 9.

addi t | ondPFy EBMPI A1 i1 S SEBRIER g%e?}ﬁ BhC SBF Ebas e aael:
transl at salg?ﬁlne act uat or. and sai W% d ‘between o of , sai

position P8 &Ptve T sHihedér PREAS WBPD BY ScRE™PST stibs iy i &fF

head wi th.on f dd def db d
win respAgEeel <FE aﬁnﬁ%@%@?ébﬁ?ﬁ%&?%%ﬂa et a5 e

.o~

operation of sald coarse, ac at o acc rdance th sa inte
£ onBabes: appLERTer i bgan AgbLi eh P31 o8s L aniSogintos

g;:;ehsp pO;ItIO qg I d Iat8 mnth respect,  to _define

t racks, ggﬂbr?&?ﬁ@ §§} 3g§§n§8§u? T sensfﬁ&sigF%rgraﬁﬁ?thB

head wit h nggegg ;E*gdggé C%h efcfeterm%r%éfopc;[srl%cio% error. Alternat

12 JAN 204

npri ses
directly
step. 7. The
conpri ses

of Claim7,
filtering
rises

ato?™t o
d desired
|y allgn sai d

¥o nsor

idi‘ng said
at ed

2hoa et o

d servo

n“of said

ively, a

digital driver may be employed to operate the fine actuator 180.

In accordance with the present invention, the coarse

actuator tracks the fine actuator without requiring a rel

ative

position sensor. Specifically, the PES is integrated, employing

the integrator 187 of the compensator function 185, and the

integration function output is provided to control the co
actuator 182. The integrator 187 may be implemented as a

either an analog filter employing discrete components, or

arse
filter,

a

digital filter, preferably as an IIR which may be implemented as

discrete circuits, or as microcode, as discussed above.
integration function output signal on connection 200 prov
integration control signal to a driver 211, which drives
coarse actuator 182, operating the coarse actuator to tra
the fine actuator 180 in accordance with the integrated P
signal on connection 200, If the coarse actuator 182 is
stepper motor, the driver 211 is preferably digital up-do

and a stepper driver. Thus, if the integration function

13
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a fine actuator for translating said head laterally with respect to said

defined servo tracks; a coarse actuator for translating said fi
|aterally with respect to said defined servo tracks; and a servngd%hwgbﬁo4

coupled to said servo sensor for operating said fine actuator and said
coarse actuator, said servo control responsive to said servo sensor to
determ ne position error between said head and a desired position rel ated
to said defined servo tracks, and operating said fine actuator to translate
said head in a manner to reduce said determ ned position error; and said
servo control integrating said deternmned position error in accordance with

a predetsqrgmaaeg?ggggé féba A9 OPeh AL LG B LA 56 gaotp%ratt%st (ot ate

said fine~ actu ad 1'n accordance with sai I'nt egr at

posi ti 0%1; ga gemé%o r 8 S P ArS¥aked Phcd, Malg. s PhELE1 ), ¢S ?85"0

control p05|t|on|ng signal °f'o sai d coars uator, said

| ateral ﬂ%?i%'ttlbﬁnbﬁ‘ Oogmjz nfl EEbYs £l ARE e sREshdt tcegrﬁ]eeqrﬁ%kt' on

error. 23 15 JAN The servo systemof Caim ereln said

servo conlir gbeeQERS i 885 & ddderehof oF tJ“é%EbaEhnghéaé§b6§¥%é'd&@e@EEQﬁ in
accordance wth said predeterm ned function. 13. The servo systemof C aim

12, wheneishepabd BRE VO SGYPUL @brbPt RYy atd A tf iiht 71 AQcH  11an@lsh¥r¢eAPEFses a
dlgltal filter providing a digitally filtered integrated position error

control tslegfahei actegOsanes wikhfipsa) bpredecesns nedafusciataRelgndisai d
servo control additionally conprises a digital driver responsive to said
di gi t al [thef cbhesedactiegratied apasdyi orherdrdvecoRlt ahay sicgivelr tf oheoper ati ng
Sal d coarse actuator.
H.; digital signal to analog and employ a power amplifier to operate
the coarse actuator 182.

FIG. B8A illustrates an example of a PES signal 214 at line
179, representing the difference between the servo position
signal on line 176 and the reference signal on line 177. FIG. 8B
illustrates an integration function signal 215, e.g., by
integrator 187 on line 200, of the position error signal loop
(PES) signal 214 of FIG. B8A. For example, so long as the head is
at or oscillates about the desired position, the integration
function signal 215 remains at substantially zero. But, as
disturbances at the head media interface 172 cause the PES to
grow inra single direction, which disturbances may be countered
to some extent by the servo controller operating the fine
actuator 180, the integration_funcfion 215 grows. If the PES

decreases toward zero, the integration function will gradually

stop increasing, and if the PES changes sign, the integration

14



14. The servo systemof Caim10,. additionally conprising a tra’clj \ymrm
control for operating said coarse actuator to translate said fine a t

and sai d head between ones of said desired positions relative to said
defined servo tracks to substantially align said head with one of said
desired positions as defined by said servo sensor with respect to said
defined servo tracks, said track to track control overriding said servo
control operation of said coarse actuator during said track to track
translation. 24 15 JAN 2004. 15. A data storage system conprising: a
data storage nedium having a plurality of defined servo tracks; a data head
assenbly_for, rec in nd reading data on_sai d dat.a storage nediu a
drive foFu?r%%%onI]gcaélgj: (‘ﬁ&gt ge%%%r%ed%eﬁédflam Wi hmaryesaplesccz)t c (a)mg%i %l%latl? head
assenbl y; vo _sensor _for sensi | ateral, position of said data head
assenblytgézéféé%%ggﬁst8rs%F%w%é¥}E%ﬁ 88?%%1¥$é§%§?%é°Prne actuator for
transl ati ng i d .dat a |y | I it hespec i d.defined
servo'tracks?ﬁggéggf®gggcgﬁaf%$ 5%1F?gﬁé?a.%h%bgﬁfg%fﬁgeggégﬂéggrf%

| ateral 'Xc%f&d{cgesgggksgﬁgzﬁgse%%f LnGd BELYO {d aognl‘%%at@”@hé &85 & contr ol

coupl ed to sai e or operating sard ne actuator and said

coarse agtidQfy 1% QOS%E%HSFQEE e rf?cﬁgoé‘é{d’a@c&xo 189 dnSEEYG, GANSOT tO

determ ne position error between said head and a desired position rel ated

to said @efi nak SerwQrhtacksSruand MReLst LGt said ddaRecagttal & r tqddikans! at e
said head in a manner to reduce said determ ned position error; and said

Servo Coftd ointidyregr aki Ngn§at srleteraiynedr posidd wheeriae hbt@cear,dance with
a predeterm ned function, and operating said coarse actuator to translate
g@iq firmﬂkmﬂiﬁﬁ(ﬁheaﬁdnsahdtﬁm%ﬂiit@ becondanos: Wehltesatdwi tit exyateed
position error. 25
to the desired position. 1In effect, the integration function
replaces the relative position of the fine actuator versus its
center, rest position on the coarse actuator for the desired
position. The coarse actuator thus becomes positioned such that
the fine actuator remains at its rest position over the long term
average.
FIG. 9 illustrates an embodiment of the method of the
present invention. Referring additionally to FIG. 6, a seek
- input is provided at étep 230 to move the head to a desired
track. Information decoded from the servo sensor 171 or from a
separate track sensor indicates the current track location of the
servo head in step 233. In step 235, the servo controller
provides a seek function 183 to operate the coarse actuator 182"

to translate the fine actuator 180 and head between ones of the

desired positions to substantially align the head with one of the

15



15 JAN 2004 16. The data storage system of Caim 15, wherein sai $er>AcM
control' provides a lateral positioning signal to said coarse actua o‘r’, ﬁaﬂm
| ateral positioning signal directly related to said .integrated position
error. 17. The data storage systemof Cl aim 16, wherein said servo control
conprises a filter for integrating said position error in accordance with
said predeterm ned function. 18. The data storage systemof Caim17,
wherein said servo control integrating filter additionally conprises a
digital filter providing a digitally filtered integrated position error
signal in accordance with said predeterm ned function, and said servo
control additli Ly I ses-.a diqit driver responsi to said
digitally ffltétd(e):‘sg’él?éﬁ@gg% echplélse%tlg ngllel?r%?rvsol dsr?éllsg owlgge’f%ﬁq‘?{gt 8 d
coarse aHdidlinelOselhe dAAS! 063AB:SYSS SN PlAE fl Lon, pdI t onal |y
conprising a track to track control Tor operating sard coarse dctuator to
transl at Gk i N t an al - of, sai.d desired
posi ti on%rﬁglngltl%\?esgg%glgdﬂ{dtelfl %é% ggfgg%ﬁii%qgglggg%aﬁﬁ%l que align said
head wi tdyr32@ tohiesk8q desi£18%dAa%ii bhoRss %&?Tfe@%@lea}i 881 fls SEI NG, gensor
with respect to said defined servo tracks, said track to track control
overri diti@ssaicd SREYD 26 thd a3 .JAN 2004 control operation of said coarse
actuator during said track to track translation. 20. The data storage
system of C @ipenlBeavhet@ithe aied idatiat 84Ok agthaTpdiodss 6 00Psih SES hsragnet i ¢
tape, and wherein said data head assenbly conprises a nufti-track magnetic
head haVineg resdesindperation ransdtcecs fndl sding servetsemsor dtepradit.ed
with said data head assenbly. 21. The data storage systemof Caim 19,

wher ei n W& @roqrasst bamyet imedinam bempads esr avadpli c4br déskgp land byher ei n
sai d data head assenbly conprises an optical head having a novable | ens and
associ at¥Rdystiiag tep SlomgRar eadp e et B fieag Bpdckewpissi ng said
servo sensar. 27 15 JAN 2004 22. In a servo systemfor positioning a head
| at er al IWC18&td 8&r T3° SRR SABFK TGP S §8&nsBF ?kbq?deé“elﬁ’si kY I ateral

positiorg qft aid head with r spict o] dﬁfi ned s?lrvo Itérr';&geks a fine actuator
for transi af?lﬁagsaif%mheéasaeqka&é’r Irﬁ?}(wf? PEHF BP0 RS AL TRER Ser vo
tracks, @hCoRLSeactualiol Joih LLARabAL! 0 SRIL biengiael Ul dlnd ateral 1y with
respect to said defined servo tracks, and a position error signal | oop
coupled to S@bdnsebﬂﬁhcting track following, in step 238, the reference

value is set on line 177. At the same time, in step 240, the

servo signals are_sensed by servo sensor 171 from the head to

media interface 172, and the position is detected from the servo
signals by the servo position detector 175. In step 241, the

position signals are then compared to the reference signal 177 of

step 238 by comparator 178 to determine the position error

between the head and a desired position related to the defined

servo tracks, or “PES”. 1In step 242, the compensator function

185 modifies the PES signal by applying a variable gain,

employing the lead/lag drives element 186 and integrator 187.
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sqnsqr‘for determ ning position error between said head and a dQﬁBred
position related to said defined servo tracks, for operating sai fdvﬁaN 2001‘.
actuator to translate said head in a nanner to reduce said detern ned
position error, said position error signal |oop having a conpensator
function with both integration and other transfer functions, a coarse servo
control for operating said coarse actuator, conprising: a connection
coupled to said position error signal |oop conpensator function for
providing an integration control signal representing said integration
function of said position error signal |oop; and a driver coupled to said
connectiofe QRANALIT 18hd)1CoB! ShAGIMAL QLohOal NS ale 5N d, ML pe actuator
and said head i n accordance wth sai |ntegra?| h ‘contr &f* S|8na . 28 15

JAN 2oo4nggdea%ocg%§gf§@ay9ycalﬂ\reolan@fli@ié£n&@v?,, J %fa%iiﬂgzwghg pryer

provides a lateral positioning signal to said coarsé actua ireé%ly

rel ated focsAidl a@epligds¢apnggsi ondiieeqbat b9 Sl dnals 74 JThe; coarse servo
control of Claim23, wherein said position error signal |oop conpensat or

functi omgam icresnd drgbkakoiiddBly RLALILAY & diGid & bl
i ntegrated signal, and mhere?n séié’d#iver cgﬁg¥igggfgag¥gg%a%§%$?ver

responsi ¥éndurtsaitdpdi aubal by1fiddered eaypl sdi conigalQny RHEILALL ON
control signal to operate said coarse actuator. 25. The Coarse servo

control eérddetide 22+ addktbpnasdy conprising a track to track control for
operating said coarse actuator to translate said fine actuator and said

head between mnesheokamai difesi £d iPOsictbopsnEealtny @ nkOpsakgndef i ned servo
.tracks to substantially align said head with one of said desired positions
as def i netvdntisai, dtber yntegnsoiomifiincreéspect tie sampedettoedi sesamsdd acks,
said track to track control overriding said driver operation of said coarse
act uat oraduutmgts 208 tiraskep 02%¢ackher anstatratoipn ZAncAYan. ASHEE on

line 200 is also converted from digital to analog if needed and

amplified by drive amplifier 211 and employed in step 251 to

operate the coarse actuator 182 to translate the fine actuator

180 in accordance with the integration function. Thus, the

coarse actuator tracks the fine actuator, allowing the fine

actuator to become more centered with respect to the desired

position. Ccnnector 246 again depicts the continuous nature of
o the track following function, in accordance with the present

invention, of both the fine and the coarse actuators.

Upon a seek to a different track, as represented by step
230, the seek function will be conducted as discussed above, and,
additionally, the seek function, in step 260, overrides the

coarse actuator integration function until the seek is completed

and the transition is made back to track following in step 237.
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The step of overriding the coarse actuator integration function
may comprise applying a much larger seek function at line 183
that swamps the integration function signal, or may comprise
actively switching from the integration function when switching
from track following to the seek function. Once the track
following function is resumed in step 237, the track following of
the fine.actuator and the integration function operation of the
coarse actuator 182 in steps 242, 250 and 251 resumé.

Thus, the present invention allows limited tracking éf the
fine actuator by the coarse actuator while eliminating a relative
position sensor.

While the preferred embodiments of the present invention
have been illustrated in detail, it should be apparent that
modifications and adaptations to those embodiments may occur to
one skilled in the art without departing from tﬁe scope of the

present invention as set forth in the following claims.
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operating said coarse actuator to translate said fine

actuator and said head in accordance with said sensed integration

function.

2. The method of Claim 1, wherein said operating step comprises
applying a lateral positioning signal to said coarse actuator

directly related to said sensed integration function.
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3. The method of Claim 2, wherein said'position error signal
loop compensator function comprises a digital filter, and wherein
sald operating step additionally comprises digitally driving said

coarse actuator.

4, The method of Claim 1, additionally comprising the step of
operating said coarse actuator to translate said fine actuator

;e and said head between ones of said desired positions relagive to
said defined servo tracks to substantially align said head with
one of said desired positions as defined by said servo sensor
with respect to said defined servo tracks, said operation
overriding said operation of said coarse actuator in accordance

with said sensed integration function.
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5. In a servo system for positioning a head laterally, said

servo system comprising a servo sensor for sensing lateral
position of said head with respect to defined servo tracks, a
fine actuator for translating said head laterally with respect to
said defined servo tracks, and a coarse actuator for translating
said fine actuator laterally with respect to said defined servo
tracks, a method for operating said coarse actuator, comprising:
T determining position error between said head and a Qesired

position related to said defined servo tracks;

integrating said determined position error in accordance
with a predetermined function; and

operating said coarse actuator to translate said fine
actuator and said head in accordance with said integrated

position error of said integrating step.

6. The method of Claim 5, wherein said operating step comprises
applying a lateral positioning signal to said coarse actuator
diréctly related to said integrated position error of said

integrating step.

7. The method of Claim 6, wherein said integrating step

additionally comprises filtering said position error.
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8. The method of Claim 7, wherein said integrating step
additionally comprises digitally filtering said position error,
and sald operating step additionally comprises digitally driving

said coarse actuator.

9. The method of Claim 5, additionally comprising the step of
operating said coarse actuator to translate said fine actuator
and said head between ones of said desired positions relative to
said defined servo tracks to substantially align said head with
one of said desired positions as defined by said servo sensor
with respect to said defined servo tracks, said operation
overriding said operation of said coarse actuator in accordance

with said integrated position error of said integrating step.
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10. A servo system for positioning a head laterally with respect

to defined servo tracks, comprising:
a servo sensor for sensing lateral position of said
with respect to said defined servo tracks;
| a fine actuator for translating said head laterally

respect to said defined servo tracks;

head

with

g

a coarse actuator for translating said fine actuator
laterally with respect to said defined servo tracks; and .

a servo control coupled to said servo sensor for operating
said fine actuator and said coarse actuator, said servo control
responéive to said servo sensor to determine position error
between sald head and a desired position related to said defined
servo tracks, and operating said fine actuator to translate said
head in a manner to reduce said determined position error:; and
said servo control integrating said determined position error in
accordance with a predétermined function, and operating said
coarse actuator to translate said fine actuator and said head in

accordance with said integrated position error.

11. The servo system of Claim 10, wherein said servo control

provides a lateral positioning signal to said coarse actuator,
said lateral positioning signal directly related to said

integrated position error.
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comprises a filter for integrating said position error in

accordance with said predetermined function.

13. The servo system of Claim 12, wherein said servo control
integrating filter additionally comprises a digital filter
providing a digitally filtered integrated position error control

j'  signal in accordance with said predetermined function, ang said
servo control additionally comprises a digital driver responsive
to said digitally filtered integrated position error control

signal for operating said coarse actuator.

14. The servo system of Claim 10, additionally comprising a
track to track control for operating said coarse actuator to
translate said fine actuator and said head between ones of said
desired positions relative to said defined servo tracks to
substantially align said head with one of said desired positions
as defined by said servo sensor with respect to said defined
servo tracks, said track to track control overriding said servo
control operation of said coarse actuator during said track to

track translation.
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tracks;:
a data head assembly for recording and reading data on said
data storage medium;
a drive for moving said data storage medium with respect to
said data head assembly;
| a servo sensor for sensing lateral position of said gata
head assembly with respect to said defined servo tracks;
a fine actuator for translating said data head assembly
laterally with respect to said defined servo tracks;
a coarse actuator for translating said fine actuator
laterally with respect to said defined servo tracks; and
a servo conﬁrol coupled to said servo sensor for operating
- said fine actuator and said coarse actuator, said servo control
reéponsive to said servo sensor to determine position error
between said head and a desired position related to said defined
servo tracks, and operating said fine actuator to translate said
head in a manner to reduce said determined position error; and
saild servo control integrating said determined position error in
accordance with a predetermined function, and operating said
coarse actuator to translate said fine actuator and said head in

accordance with said integrated position error.
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16. The data storage system of Claim 15, wherein said servo
control provides a lateral positioning signal to said coarse
actuator, said lateral positioning signal directly related to

said integrated position error.

17. The data storage system of Claim 16, wherein said servo
control comprises a filter for integrating said position error in

accordance with said predetermined function.

18. The data storage system of Claim 17, wherein said servo
control integrating filter additionally comprises a digital
filter providing a digitally filtered integrated position error
signal in accordance with said predetermined function, and said
servo control additionally comprises a digital driver responsive
to said digitally filtered iﬁtegrated position error signal for

operating said coarse actuator.

19. The data storage system of Claim 15, additionally comprising
a track to track control for operating said coarse actuator to
translate said fine aétuator’and said head between ones of said
desired positions relative to said defined servo tracks to
substantially align said head with one of said desired positions
as defined by said servo sensor with respect to said defined

servo tracks, said track to track control overriding said servo
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track translation.

20. The data storage system of Claim 19, wherein said data
storage medium comprises a magnetic tape, and wherein said data
head assembly comprises a multi-track magnetic head having read
and write transducers and said servo sensor is mounted with said

data head assembly.

21, The data storage system of Claim 19, wherein said data
storage medium comprises an optical disk, and wherein said data
head assembiy comprises an optical head having a mcocvable lens and
associated optical elements for reading and writing and

comprising said servo sensor.
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said defined servo tracks, a coarse actuator for translating said
fine actuator laterally with respect to said defined servo
tracks, and a position error signal loop coupled to said servo
sensor for determining position error between said head apd a
desired position related to said defined servo tracks, fof
operating said fine actuator to translate said head in a manner
to reduce said determined position error, said position error
signal loop having a compensator function with both integration
and other transfer functions, a coarse servo control for
operating said coarse actuator, comprising:

a connection coupled to said position error signal loop
compensator function for providing an integration control signal
representing said integration function of said position error
signal lcop; and

a driver coupled to said.connection, operating said coarse

actuator to translate said fine actuator and said head in

accordance with said integration control signal.
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23. The coarse servo control of Claim 22, wherein said driver
provides a lateral positioning signal to said coarse actuator

directly related to said coupled connection integration signal.

24. The coarse servo control of Claim 23, wherein said position
error signal loop compensator function comprises a digital filter
providing a digitally filtered integrated signal, and wherein
said driver comprises a digital driver responsive to said=
digitally filtered coupled connection integration control signal

to operate said coarse actuator.

25. The coarse servo control of Claim 22; additionally
comprising a track to track control for operating said coarse
actuator to translate said fine actuator and said head between
ones of said desired positions relative to said defined servo
tracks to substantially align said ﬁead with one of said desired
positions as defined by said servo sensor with respect to said
defined servo tracks, said track to track control overriding said
driver operation of said coarse actuator during said track to

track translation.
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