2214961. 1 TRACKI NG SERVO CONTROL SYSTEMs FOR DI SC MEMORI ES Thi s i nvention
rel ates to(tjackr ng servo control systens for disc nenories.or disc drive.
systens. 5 .. Recording density, and especially track

méasured in units of . TPt (tracks per inch), has recently bggla i@é!

i nportant factor in the field of disc menory systems. To obtain higher. :
track densities, nore precise tracking syst'ens are required. One proposed
fm ut(l on to; thls traclkl ng system probl em resides in the use of a 10 '
racking servo ‘signal ..\ : rin
operation,. a closed | oop—t st - OIrtlgn of a
head in accordance with the reproduced servo si. gnal " This tracking servo

technique is call edy ispgntén%? DG SRSV ERLUKIRE sell bontroRIsyaLdsALd Bosc

ser-vo control acconplishes only a rough positioning of 15 “the head with
t he nmechani cal mgmardpsiamdise ﬂﬁl‘ﬁcﬁﬁﬁ"ﬁﬂs Coarse tracking servo control

;ﬁgscogpsé&{’fgck: ﬁoﬁecoi?(ﬁjﬁé)odéﬂsfiﬁw tand egﬁ?él&[mylwackadémﬂtynahemred fine - -
o coaroe {1 3500 AP GoRM-Chol bR 18! ob i, MR Aryolebditabed
However, the abowr anptia feeld rofcKisy rewoty systemshni Toieobtain ddghery(track
probl ems, espeﬁéﬁélde.&fm%ée;g%wséj't%ﬁéréﬁfgc %%ril‘:eesaa?ret Peqfiirad. Mgy opogéace

fl oppy di scs arencercha I'e on sonme eccentri CI .
tracks cannot “Belublendéd. thtmetraﬁbm& syptes rrbleminepides ige h Pn“ Béo%nce '
\émo:rg gggaﬁg@gh%%}%{@f s?W& QHLH&'{' rlﬂu@ﬁt Qst f&eﬂécﬁﬁdﬁ& on dlal \lﬂsc FLmirhﬁg, .
raction a i on of ‘the disc .
of tepperat ur e °BerakiAT oid 9l°se§re°°ﬁ ﬁﬁ%&éﬁ? SERLP SLFEPHE f’?‘&ts” il chI g%cﬂg. scs..
Accordi ngl Y, t b€ acthieal 0 Saédopdan e Withcitbe veprodteeddisscver sighatfer dhis - .
fromthe ideal rg%kég’geg r%f: 9&%89&%' Eé 005184 fihe ér%@ﬁ?r% serWaUSontirbl ] un{€& Y

hard to nmake the e actual ‘tracks_by using trackrn -error
data when the gparsscbrapking SEEKQ wgnerranareorehr%ﬁrcﬂr&mjrw&tweﬁélar‘ of

??gg‘;sgoghﬁsathcheaHdaﬂ:ﬁQ:h@'ie%ﬁAhﬁﬁ%éOéretcﬁafdﬁ oﬂﬁﬂla%ﬂ:UQﬂ.’ocrfr@ﬁaiseEtrdﬂﬂhg L
itrons is v ccor di ng one -aspect aqf the

there i's provi 388V%. 33'\{""“%611 g’éﬁ? s IRFY . ]EJQr?P oﬁergglstcgﬂ?ltldr’ a 8%%\@gn€}

t he 'syst em conebhisinagiomt of erine elmla hiarse mecHokimg rserivp c hontrpl ukal ised é‘f)r' '
Concentrl ¢ dat %rackmg control of the head in dlsc memory systems 1f‘ they need,

_ _7 preclse tracking control _ ,
20;'_,_ . However, the above-explained tracklng control technlque has
' several problems, especlally when floppy d1scs are used as the disc
'medium. ‘Since floppy d1scs are interchangeable on a d1sc dr1ve, some’
eccentricity of tracks cannot be avoided. .The_amount of eccentricity ___-'
_ changes in accordance with the condition. of diSc'chucking onto'the disc“J
| 25 drive. Further, some expan51on, contractlon and- deformation of the
disc, due to a change ‘of temperature or humid1ty, are inherent
characterlst1cs of floppy d1scs Accordlngly, the actual p051tions of
tracks on the disc are different from the ideal or theoretical
_ positions of the tracks. Thus, it is very hard to make the head follow
30 the actual tracks by using tracking error data whén the prerecorded
tracking sxgnal is reproduced from the dise, because the amount and the
| direction of track. deviation from the ideal track p051t10ns 1s very
large. _ ' ' '
Accord1ng tc one aspect of the invention there is prov1ded a
35 'tracklng servo control system for a disc memory, the system compr1s1ng
at least one disc med1um on which a plurality of concentric data
' tracks are provided for recordlng and/or reproduclng data slgnals and



"77tracks are provrded for recordlng and/or reproducrng data srgnals and o2
on which servo sectors are provided for prerecording servo signal § B
transducer neans -for.” recording and/or reproducing said data slgna S. and

. for. reproducr ng sai d servo signals; act uat or nmeans for noving the.

_ transducer means radial I'y of the 5 - disc nedi uny . fi rst detecting. means - for/ )
. detecting tracking error:in accordanc@ with shi'd servo si.gnal s reproduced EE

~by the transducer neans ‘said tracking. error| bei ng represent ative of - any.

" - produce a deI ayed-sttl @rtabtingamaaslmg detesting ar:

difference between the posrtlon of the transd icer: neans' and the posrtlon of
a desired datwnidh) serva sektown avei piovided Coraps elrdineaaesvclsdmaisbe o

posi tioned;: secggg,sgg‘it Sl BNk (r;?.e‘f: hdéat %[n &}ériﬁ ngaigoghu on of - the

-transducer means means sal rror efected by
the first gtgnadsiang Fﬁé’anspraﬁnpisaumietﬁer%tsi Fir on of the transducer neans -

15 detected bxcﬁtﬁgors%ﬂlm oL IRA g EnEBFBAsH Qer %W%dﬁi@?d)fd@ﬁ@- -del ay
reans said added data produce e adding_neans. for a -
f§ gg d - -added dat d d by th ddi f
or

-period 4.t o -at-| east. one. revol uti n.-of -t he .di sc nedi umto
ctdngmrom dn B@iordanse erit

posrtlon [o} e a o e S d- ectlng -
- means Wt h];"siat{1 c?}el af/;e‘; rtslgyaq] 3§%d’deb§' Cth dé aXml;hr’r‘%ang'ggg sg‘ri‘éackl ng -
' servo cont toickipginerriopr beingt rreprtqsngtatthree aft L odiftfsaemer hetweenr gheice with -

_anoutput’ %b&li‘téibnfdfo'thé hgahsHuRas | 'nl?zgné’“’aﬁasuhe 1299 tdpeat deaiSel! GRta MEANS i S -
posrtroned -on said_ desired data track. preferred- -enmbodi ment - of the .

. inventi'®n &ea Phatpich taettaers%errbneﬁrsosr%e B‘?sééil%‘t? §racking servo .|
v system for a di secoibi detesinigeneandi fir OMRENEES AirrkaRpbstashict kyethe . OJ
-~ above-descri beg E%‘obi em; of the: pr evi ously pr oposed di sc dr| ve system 'T;he_
_preferred é
N o adding means f‘or adding said tracking error detected by the first

_ '”detecting means and said current p031t10n of‘ the transducer means. '
15 'detected by .the second detectmg means to prt oduce: added data, '
B delay means f‘or delaying said added data produced by the addmg .
' means f‘or a perlod corresponding to at least one revolution of‘ the disc B
' d1um to produce a delayed 31gnal o
) comparmg means for comparing said current posn:ion of‘ the"
'2'0' i transducer means. detected by the. second cetectmg means with said'
| delayed signal produced by the “delay means, and ' S
trackmg servo control means f‘or controllmg the actuator means.
in aceordance w1th an output signal from the comparing means, uhereby _
.. '_the transducer means is pos1tioned on said desired data track S A
25 _ : o




5 particglarly, t hough not excl usi'vel.y; applicabl.e to floppy disc drive
systems anq_uses a servo signal preéerecorded on servo sectors on a-floppy
disc " to .provide precise tracking control regardless of expansion,

contraction or deformation of the disc caused by a change of tenperature or

humi dity, and regardl ess of any eccentrlcEty of tracks 10 on the floppy
di sc :caused by various conditions of chucking of the floppy disc onto the
disc drive. ‘In the preferred system current tracking servo control  is

based on previous atgragkired cbbOImeA8lcT EiRY ehvanedor aeeerﬁb@d/uﬁt&tﬁypbelw the.
O oL 0o 1B LS b PAY FAS ok b e llye 1o
eccentrici ty overtchmes r at Kkgastopaekizdigi dhe cabaverdesmrtibeh mfobiéms d@SctheThe o

~invention Heng%‘.’l)?' %Ef)pésleﬁt HF% dg??é; régg’ééln bﬂ‘:e erfdd lemboiFimeat | i’se

and .non- I|m nce t acconpanyi ng .
“drawi ngs, 2n m@nulzgdy » though notgxcdusively, a?PBF‘bQﬁbled'rcaﬁi%ﬁﬁYofh%F Ariv&i ng

control Systeswdmgdahmg;stebeal Beet Isqanélorprarshoieedirdd/%er% OsdcRors smvss a ,
pl an-vi ew. of ort| n of _a disg, and of signals devel op ed a
‘head " scans suan RRYr 1 §15iGs, te oP”%’%ﬂFalﬁiF\A@’ grea[r‘r’g&?ﬁ n§°g'ifé’r1at’|’e§ﬁr%]f 5§ o- -
si gnal r ecor dexpamsiome cdmfmaptm or deformafiapuof tBeidise cdusepdt bynajehahgfeoof

expl ai ning a ?gtfde?a%rl SJ~ uﬁl@ftg%r%ﬁ; E@ar%%@sr gk 4 deﬁcé?x'é?feidc 6’F1tr§é|9é”e

4(A) .shows a tlon et we position a tron 1n
pr evi ous| 10 pr epothed flpwuqigc conused| bysyrarions crpditdons mf shueking PFaE*PG ng
error wavef or M &Ppyt Besd b Otisd nggt driﬁéQfoﬁﬁQhTer éﬁkﬂ‘éﬂge@ £, %ﬁ?i‘&m

et ween trac

Fi 5(A | at i onship b { et d tion
e Vo eptisher Sp BBt BhoBh, el 1B Brb o raier 1sed Sebbun o

t. r acki ng errodevelaped olrmaoprévious reyelengfl cihiet dide wtatannenddmdyby\gmebhse '

i nvention; 35y..01ng & Eb&%éﬁ@@rl' forP il ﬂ%cﬁﬂ%ﬂﬁee?s ggésﬁig'ﬂfﬂ'ﬂgtﬁe]tebﬁ%' ng

control- eratlon perforne Ing a.tra I gure
V\f %7 . ah éxd}ﬂlétsdqel& PE - mntopﬁapcgqntricity of the- tracks, or .

. expansion or contraction of the disc.
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The invention will now be further described by way “of
illustrative and - non-limitlng example, with_ reference "to the
__3'accompany1ng draw1ngs, in which: - | ;
20 o Figure 1 is a block diagram of a tracking control system
. embodying the invention for a dise drive;
" Figure 2 shows a plan view of ‘a portion of a disc, and waveforms
- of signals developed when a head scans ‘such portions, for explaining a
detecting operation of a servo signal recorded on the disc°
25 - Figure 3 is a diagram used for ‘explaining a bas1c principle of .
R tracking control for a disc drive; |
Figure M(A) shows a relationship between track position and head'
'p051tion in a previously proposed tracking control ‘system;
_ Figure U4(B) shows a tracking error - wavefbrm of the previously:
30 proposed tracking control system, : _ ' S
' _ Figure 5(A) shows a relationship between track position and head_
o position in the tracking control system embodying the invention;
Figure S(B) shows -a tracking error waveform of the tracking
control system embodying the 1nvention, | |
35 . ' Figure 6 is a dlagram used for explaining a tracking control
' 'operation performed during a track Jjump; and '



: '_a magnetlc d| sc. F| gure 1is a bl ock d| agram of a tracking control system
. appar at us . enbodyl ng the: |nvent|on for a disc nenory. In\.tJm s 5
errbodl ment, the invent | on is applied to a. f1 oppy disc system which. utili ses:- '
a recording format as,” for exanple, shows in Figure 7. Servo sectors S and’ -

o data sectors D are |ntermttently provupled on concentric tracks of a floppy
- .di'sc 1.which has a cential. hub. 6 by neans of which the disc is m)unted for

. centre line

- i's an enlarge

rotation in a direction represented by 10 "~ an arrow R - Servo. SIgnaIs 2
- . having a feCOfdbE!%m@' FtRoWiB 225 Rarby 6P afleskap1 & BE 5 Ped6TdIRg toFmatabd data
- signal s 3 .having recording width-\WD are recprded i'n"or reproduced from. = -
the dat-a -s@chgngtis digech servo si gnal 2 is p erecorded so that ‘the Centre

‘Iine thereof isrogirmeets riadaabtdcl( idlagiem dify ac’ltrmkiog aontarptoaysnemf oom t he

a ata f.of tr t h
- begi nni ng ﬁaﬁ"%ﬁsofmg%@ﬂnger grslgk?&igé %L grc{/l%c l%enxt‘l P fi ggPl otr?iéE I }I)) ° -
- signal 52| Bmbedipent & ctived duventipnleis. |€P?1§F%é?°v  Slenpyr disqE sseR Mpiche servo -
I'D si gnal %EPlJéePoumeggﬁdeE Rke atwr?ér 2§oa§eupmgtﬁeorlded Figure 2

e

ot hey ver.e &Joh@érﬁ:blc ltraéits bora exqipgnoiseon vhiiciphae s pential Hubwh byrmeafisgur e 2;

brve cecr oF S ElaR Ao VARl Botlih i SRR Gedth el bR o] 15

sl-gna data Secfor- 1D -
si gnal-10 arae farrowdRin 2%ervoa Sdat@lsse%t Bavipg - ﬁh@er‘iﬁlﬁteﬂ ar"'§ r"”é‘ﬁeat edl'y °

- “formed on ?Er&!cﬁ‘ﬁed CEY ﬁipﬁgr\id’sgé&'t‘sehna dme igl

-~ track) of ata sector D Irt 'may al so
“ach of a pdtiﬂt%fubs%‘r'ﬁvé‘eﬁ%r@f’ 2 é’ﬁaf%pr?@ 8 -
~track. | Tr aekie@igas zlmpaé}ecordsdosamuamhe ' nmemnean:hatﬂoe bjoﬁtaqsaru ng -

. the envel °R%a ielgﬁtaft: th h& LER] %dafea?, Qmu 21 ﬁs&gnfbuér&tesmnatsofe sho

in Figure-T dieed magnet|c| hea are ‘a i fied o
filterag bWa&arsitzoal‘il&wgy /haéﬁerdectl’fﬂgk hfﬂ e Atlﬁharmgtmgsl?&ﬁ?l PR®Pfto an .
envel ope del@at is@Evs S&dtol 13- Ehndsé-vseriuentlﬂ?i iondqtm):t sDghali 1210 tisl4. A

sanpl e -of -the output signal EN of th I S
~shown'in FiRj§Feecrd edfﬁeg‘i‘?”é‘ acéﬁer\wﬁsg °?SO§§1€%\5§$E) s,\e;r{\/r&?l(;ﬂr %}13%1' ° _

o 'gener ated- Vﬂlﬂ)n tdwkﬁai}neflserheaﬂlr&ﬁ qi’gsaleﬁs prerecorded

Figure 2 is an enlarged 1llustrat1:>n of the recording formt
- 20 '(Although ‘the tracks on the disc are actually concentric, Figure 2 |
. 'shows the tracks as. 1f‘ they were straight - lines for. explanation.._ .
' _purposes ) As shown in Figure 2, “the - :Lrvo ID signals 21D and the
_servo burst 51gna1s 2S ‘are formed in the servo sector S; and tracks -
comprismg a data s1gnal 3 'and a data sector ID s:.gnal Y are formed in U
.25  a data sector D. These patterns are repeatedly formed on' the disc, as '
' -'shown in Figure 7. ' '
- When a head scans a track (data traclc):of_':a' dat_a _se_ctor b, it may
.. also secan, at the same time, a portion of each of a pair of servo burst"
_ signals 2S on opp051te sides of the- datt3 'track' Tracking position"
- 30 information is made available by comparing the envelope levels of the
'reproduced pair oi‘ servo ‘burst signals ' T
- As shown in Figure 1, signals reproduced by a: magnetic head 11
‘are amplii‘ied and- filtered by a recording /reproducing ampl if‘ier 12 and
_ _“then supp_lied to an envelope detecting Ecircuit 13 and a servo ID
35 d_etecting circui_t 4. A sample of the_ou_t;'ut' signal EN .of-'_th_:e -enVelope
_ detecting circuit 13 is shown in Figure 2 ' The signal EN, which is an
_ .en\'relope' waveform, is generated wnen _tne nlagnetic. head_ 11 passes over -




5 the servg sector .S, and i s supplled to-an anal og to d| gltal (A/D)
convert.er 'él,,5 A signal SID (Figure 2) generated at the output of the servo
| D detecti ng circuit 14 conprises a pul-se PSID when the detecting circuit '
14 detects a servo ID signal 21D and is supplied to atiming 5 * control
circuit 16. The timng control circuit 1@ then suppli-es sanpling pul ses
PS1 and PS2 (Figure 2, line SP), derived in accordance with the ti m"ng of
t he pul se PSI D, to the Al D converter ‘15 and a latching circuit 17. "In

response to thenéaggivbNSedtiorsss Hsl 1%”§u5>p§aedt H@ a&%h%é)fto’[ g el ap® -
wavef or m.EN corre‘{ﬁpondl rvo are Iatched by. -

t he
the | atching cPPRNErEen 7 152 Feeﬁéﬂqlngn? dFFﬂfGr% gengqatgﬂoatl_fhe ateuk Af this:
envel ope- | evel sefva hEdeeec:Mnbwiséum it abmpri Ses \ahpuliseaSIDORASt Heelgteob iget

fromthe contrguling o debecdd BolervBlss 3808 S16TR B aRRLALENCGibEYE! S

L1 and L2 are supplied to a subtrac ere are Stracte
each’ ot her.5 Thentredulcipeuit196. cZheukiming ppmmﬂnglmu‘l@r 16athen 1supplies

supplied to a Q&iﬁﬁl‘iﬂk';ﬁ\ﬁsésq PSI Al Bed (ﬂh%re f@ctix{wspﬁr GeFived i actkbice | S |

nultlplled by unber (coefficient) a is sel’ected to be between 0
and 1.: The r e¥tth "6‘9 thring of; ﬁP?c%!fllsSnP%r é”f’l GHelyDSL?BBY?"éGrt d>atrdhder -
21. - Al so, -anlatdhing cirgnst 1hpd Iaf responsel tpottiel sanpldag qmusélg Pshraid es20 is

+ h dd
;gplpls' §§| gge . %ee ;ﬂgee Qﬂhg%m % el El]%% res%t%& ding? Qg,d %}gg Bergelder

period of the aiwls 2§ ama lsmhﬁd tyethorlet@inawibeum d)?u dReferpingbeRigdes a
sector D and 'the LOIUTaH&'tLZS rgpdseRt shlaeemcisﬁe %Lvéf d!'pi'ﬁé %@Lr@é Ul sﬁgﬁwﬂa

each_sector, t he del ay circuit_ my nprise a shif g{s er avin

number of stag@§ é‘&éﬁh tal'iSt°PcPH§“rﬁ}*b‘efFf36F fé‘m“f‘ihen@e’lfp'@r Neofs "rhéq'&ﬁ"é‘d ?

pass dat a througbataheslghaits I eginet eawtﬁdaswemeLaSaﬁdwa.muﬁbeﬁupﬁhweto a
ooy bo R ek, BB enbf Srd SBpracted 5 Robh St bR s
t'he out put1%i gealcudptedtradkingexdos@ata gdsla iisrsupel ket itaa mulumlueQGQV\irt h
the del ayed oufjpit Stwatragkld?eﬁ%qerda%; L1Af2 oL pH&ltZi'pv\,g@d Py %h%umber

conpar at or 23 IS supp led to a ase control circu ects a

phase correcti S?Ped?l???@téd’pﬁm%igls@h%ﬁteﬁn@ pe betivesn Qmngutputhesresit ofhich -
is supplied totke friuneiprieakidiy op@rivieh ©d rsugbliedSto Iﬂneaﬁeﬂeztrathsag &P Vo

Corn rol CIrCu'Emtput signal hpd of a head position detectlng circuit -20 is supplied
20 to the adder 21. The output s1gnal a(L1- L2)+hpd ‘of the adder 21 is
' delayed by a delay clreult 22 whose delay is- equal to the rotatlon
3'perlod of the disc. Slnce servo sectors S may be prov1ded for every
- data sector D and the output 31gnal of the adder 21 is updated after.
3-f'.read1ng .each sector, the delay circuit _may - comprlse a shift reglster
25 having a number of stages such that the number of shift1ng operations
requ1red to pass. data through the shift’ reg1ster is as same as the
number of the sectors during each rotation of the disc. A& FIFO (flrst- '
in, first-out) memory may be used as a part of delay circuit 22.
. A comparator 23 compares ‘the output signal hpd of ‘the head _
.30 position deteet1ng c1rcu1t 20 with the- delayed output signal of the
. adder 21. An output signal of the comparator 23 is supplied to a phase o
| control circuit 24 which effects a phase correction,of the - supplied
signal ‘and produees an.output signal Whieh is supplied to a fine
" tracking control circuit 25. The fine tracking servo control circuit
35 25 controls ah'actuator'26 which'may be a stepping motor, a lihear
~ motor, ete. , SO0 that magnetic head 11 1s p051tioned in alignment w1th
the oentre line of a track containlng a data 51gnal 3. '



'"35 - 25 control s an-act uator 26 vihi ch may be a steppl ng rmtor a I,Lnear
~notor, etc., so that magnetic¢ head 11 is p03|t|oned in ali gnment \Mtt—fh the .
centre line’ of a track containing a data signal 3. . 6 A basic principl e .

under l'ying. the operation of the present tracking control -systemis that
‘the present or current tracking: error d@ta is used for head p05|t|on S

control- after at |‘-east one rotation -or revolution of the disc... In other

~wor ds, the head position control - can.5 be carried out ‘with the. previous. R

tracki ng error Aty i Cﬂhﬁ@ﬁplﬁaluﬁ‘ﬂeﬁﬁﬂgdlthé ngp@ztatllsﬁsbfo'tﬁe pbiﬂ&ren‘é' sC¢ -
rotation. gure 3 shows an ind exhg)u se | XP. wh generat ed once-every

rotation orbrp uBPRITod  Syshem fisg that RP%(P"‘*F?%P@ %‘“"§ﬁ btracking ngrrops track ° |
' posi H on vvruaeh is5 usédI Fes hdah ptlmcubﬁ icdhtol arteieaﬁrmst @neOfotialb ortlioC ; R
citse re r € pn.as s own .-
in-Fi gure 3 V%I‘t]ﬁtgnc‘ﬁa% %l{ﬁgt h}én roagtg'aﬁ'ﬁgggt tt% 8? %%"ﬁ?‘?"d"f’ & of t he.
-actual br adles agirrhed. eetpeaultho thiec R!‘GMLQ!@ |¢rm;kbtg m:tear data hetirobt iwasl

tracks, as diigudites cmtia%%& leéstt b& phidh afswiPBeheiBR! Pyaltets SheRganof
‘track position is_relate t he angul ar position.of- the rotating:

~disc..15 iAE%PH%?R;IWP which sisaﬁ%‘sr%&e?uﬂ% eYerY Ratation r ireveiutiey of he.“ |
change ar e thkabise.i n AL &e, Fipureo3abhads @r cliamgel uflwacarpbslimdmehtmh)st h-

rotation or.reyv i on. t ha | ren the . :
posi tion ofcat"ﬁeeé)ng‘bn%‘t‘fe@t%%gg fg ng‘?mg@g%r{ g"r ac qasey tc%g?a r ack| ng- -
_error, 10s @ertimddry.eithe shangs of th?etlta@kcmaiglm agrsrm:nain ﬁiswre 3t sector -
3\3 dur i NEnkNendtgB iRt did Q-'%dPa[l THRYOL idn! @F tﬁe %QQW‘E qsmgr&( ihe NRSHua1n) .
ere trp(i) is the actual ‘track ‘g"(d)‘tstltlon ‘and ﬁ??é t'he OSItlon_o 8
the magnet itapkR YT reAPeche bo (Hhe SRRALEF 1HIFi 9y id o H" P‘b‘te&t‘F‘b‘n tppoks, o
. revol t(Jt i OE asl the rdetseaa:ttatei.t hat cantanso ldssenef thie sudrad dmmef(tiﬂut h 25
‘magneti c head. posi tio
O on | RN, R L bl I3 i G BoSFER of e T8RRI, £

. sector 16f theeordingtys dtti malsdrhesumdathainsmrpebenmm efckhe, ¢change ard

hpd(i, n) i %tﬂbl’é?'in liﬁhe ﬁé‘ﬁ rotHtdon. d?-"’ﬂdvo.’cufwit(aﬂh) id tﬁet(rnﬁﬁ )t)h' Pkt o ok | V\,he_r e

~o<a<l. 30 Al t he | eft’ hand si de of F uation. resents 't he
desi red heé-gvolutm On the other hand, the dif ence betuee t e posltlon of

the magnetxc head 11 and the actual track, that is. the tracking error,
. ::ls detected. every sector The tracklng error data in the ith sector_f :
.[_ 20 .hduring the nth rotation or revolutlon is shown as trp(i)-hpd(l n),'T
' where trp(i). is the actual track position and hpd(i,n) is the: pos1t1on'
~of the magnetic head 11 in the ith sector durlng the nth rotation or .'_
revolution with respect to. the centre: line of the 1deal tracks. _The-_* '_ _
_ . magnetic. head position hpd(i n+1) ‘in the 1th sector during the (n+1)th_ ;';\;;:
. .25 rotation is controlled using the tracklng error data obtalned in the_-
- " ith sector of the nth rotatlon The relationsh1p between hpd(1 n+1)
- {-and hpd(i,n) is given by..: . S
(1) hpd(i,n+1) = hpd(1 n) + a[trp(1)-hpd(1 n)]
o ” uhere o<a<t. o - S o
30 -Although the left hand s1de of Equatlon (1) represents the desired head -
o p051t10n_to_which_the magnet;c head- 11 will be positioned, it may be _
considered as the actual position - of .the"magnetic'_.head 11 if the
~operational characteristics of the fine tracking servo control circuit
25 and the actuator 26 are substantially: fast and linear. _ .
35" “If (a) is equal to 1, , hpd(i,n+1) has no tracking error. -However,
 in actual practice, a number of rotat1ons of the dlsc may be required
to -obtain flnal,accurate placement . of the ungnetlc_head 11. The



position.to which the nagnetlc head 11 will’ be p05|t|oned it may be
consi deredias the actual position’ of t he nagnetlc head 11 if the =
operat|onal*éharacterlstlcs of the fine tracking servo -control circuit 25
and- the ‘actuator 26 are substantially fast and linear. 35 = 1f (a)
equal to 1, hpd(i,n+l) has no tracking err However, ‘i n -actual praCtice,
a nunber Qf rotatlons of the disc may be FQGUIF

pracenent of ‘the magnetic head 11. The 7 present systemis desi gned- to.

performonly: aPPéée%tta' /SO %gt?aitg(.@a t%ubémpﬁaatw Q! Bistdn GRrasion upid

overshootlng 0 re5|s uatron (1) can be rewrltten to
i ncor porate. théUFw&:tanh B5Ptatien m o ias| {ter aYQid, OVERSHOgENE Hr a hysterepis

PPdEI ) nzr%) )3?1 Eraddind(Equakion @1) chhifde }?(rl;;f[aér{ e]td]i][lliiﬂdfporﬁiel):hé‘ fab&%(og-ﬁ)] R
p(i a a)ferr r :
+ a[ 1+(1-a) + ?‘ggaﬁ‘gtﬁ’lﬁeflgé) %grlg’il]l?'f%(l) 10 . -p(l )(g) a?t[ehr!>p[((elrr]) o

hpd(i,[err]¥ - (2) hpd(itmel:) (1-4)bpdfim)t + @(i.) trp(3)
because 0 <a<l. Therefore eﬁﬁd( s“a,qtyteaq_,@,_gr;gl the (ghe fine tracki ng
é accard gfion (1) finally

servo operation of the nagnetlc
control s the magnetic head b ?‘Pﬂﬂiih‘p't?)t'b adé*‘haélt*g(ﬁn%ht] RN the track

Fopr esents {ne magnet ¢ he 8”‘*’“"1“*"’“’@*‘ﬂ[""t““’”‘e‘“?“* o and the
ead poQsit, rotation period ago an e
second termrepresents the tragﬁ 8?0(33 one. rotation period ago. The

rragnetlc head posi ti(@) hitigi-»neoin the ith sector dur| ng the nth rotation
i s.also given by the foll ow ng equation: 4(4) -hpd(i,n) = hpd(i,n-1) + -

altnp(i) - hpd(i,n-1)]. I AN exgl anaE,tpqn of the ~operation -of the
system when t-he ‘magneti c ad 11 is runpilg on the ith.sector during the

nth rotation will now be. gl-v%(l)The track| ng error data a(Ll L2) der| ved

'fron1the nultl pller . S
15 because o<a<1 . _

B ' . Therefore, if (a) is betueen 0 and- 1, ‘the fine tracking servc"

- operation of the magnetic head 11 according to Equation (1) finally_

. controls the magnetic head position hpd to be in alignment with . -the

. ‘track pos1tion trp In Equation (1), the first term on the right hand -

- 20 -side represents the magnetic head position one rotation period ago and.
- ‘the second term represents the tracking error one rotation period ago. '
The magnet1c head position hpd(i,n) in the ith sector during the nth
rotation is also given by the following equation. |

_ (4) hpd(i,n) = hpd(i n-1) + a[trp(i) - hpd(i, n-1)]

.25_ .f . An’ explanation of .the operation of the system when the magnetic‘
. . head 11 is running on the ith sector during the nth rotation will now
'_be given. The tracking error data a(L1-L2) derived from the multiplier
19 in Figure 1 corresponds to a[trp(i) - hpd(i n)l, as explained above.:

---t Since the magnetic head position detecting circuit 20 supplies the
30 current position data hpd(i n) of the magnetic head 11 to the adder 21, =
the adder 21 prov1des an output hpd(i,n) + a[trp(i) - hpd(i, n)][ -

representing p051tion data hpd(i,n+1), to which pos1tion the magnetic

head 11 will be moved in the ith. sector during the (n+1)th rotation. .

" At the same time, the delay circuit 22 provides an output hpd(i+1,n-1)
.35+ a[trp(i+1) - hpd(i+1, n-1)] as position data hpd(i+1, n), to which
R posltion the magnetic ‘head 11 will ‘'be moved in the (i+1)th sector.

- during the nth rotation of the disec.. Accordingly, when the magnetic

head 11 reaches the (i+1)th sector, the data hpd(i+1,n) - hpd(i,n), .

ed to' obtal n final accurate .



'19 An Flgure 1 corresponds to a[trp(l) - hpd(i.,, n)] as - explalned above
o Since the magneti c head position detectlng ‘circuit 20 supplies t2§;30 L
..current position data hpd(i,n) of -the magnetic head i1 to the ad ther

- adder . 21 provides an output hpd(i,n) + a[trp(i)-- hpd(i,n)], representlng _
p05|t|on data hpd(i,n+1); to mhlch posigion the: nagnetlc head 11 wi k]l be =«

| ‘moved in the ith sector. during the (n+l)th rofation.. At-the sane tlme th_e-'._;. _

"delay circuit. 22 provides an output. hpd(i+1,n-1) 35 + a[trp(i+1).

“hpd(i +1, n- pjciascqreespdngs dat ahbPdl Frckelde bELeBH CbhePOéMxJeHE' Pbﬁtgﬁﬁg]?t{ﬁe |

' t d nt
2?22 11A\c,:vlco ﬁg?mvfe&ﬂ%nmt hgtéﬁiaﬁ%‘{ qu‘ﬁg’agrﬁI‘lé?r‘legﬂﬂﬁégﬁm’nép‘((ll#l)ﬁh d®ctor,
‘the data hpdl?nhzsi nfrom lypel(¢omparator : 83 vty cthecprrarseswtmsltaﬁchet diyf fgg ence

- h net i c the neXt-._._.- E
oy Lot e Mty Al ™
~control?c qtio sheady. 1t‘héﬁ eqpélsienaql ©0 thee desheedt taaek nigr sthevbi-rd()ﬂhrol

. circuit 25sectdrhat the. 5 magnetlc head.11 i's positioned on' the "desi red o
| osition of the nagnetic head 11

 track the (ifldth,Ses he fnt.

i ;agc)rovlnded b§/ accu%"ﬁf'f’ nBP¥ Eé %f{aﬁi‘f "‘8@'&" 16nhhead tHe nphetided hbad ‘11 °
~ “has been hec@uulatingnghe ndimtancoovert Akicti thethagnetic rﬁé‘dantﬂthaslgeeré '
- Den trackiafedconiuial infol Rt Yhe Btke®s b AFKidiiniy O data I's ve

. stored, usual frack g tec
~controf®may be WhEY tEAcking %@Eﬁ?ldliﬁ nisiated endaoklmge!emgoerr@mdawamd on

“the repr odyeledtsieafd\.{Ouﬁiagnaradlﬁng hfecﬂhfcﬁies NBeltusdd Or iFd8 Slanffd aﬁiw the
- tracking eLk ﬁl cet etra error. data 15 cones Within . a \J
predet er ni Ret iaﬁ ntf?ci]; g?‘# o‘g" tqaeepraing tor &he okragkingy edremd used.

~for head. pdatat bmdngn dbei r@rbu\ecedeaervnosmnabmnothé Beseli fethout stobisg Case,

_ ter rotation
' g}t[}ﬁgggl }s?:te Jélggﬁé;%k‘%ﬁguc%ﬁn f rtr:agsc%{rgffg oepu:ithgc 57‘%1% T’H'°Fh§a'far acki ng
- error, 13 t FRSS kbhd Priy W‘Gﬁe@rménedonenseot the dnackingyerroAndatdv fststigmedf t he
~ present trecldedgyedoahd qlseaysdxemseauldosmeﬂ&nbsg Gasehd RRE NbiN rbEIE3bETGE 1O
Fi gures 4(é}e tc?is%( B) I Uirse c% aPaiough the tracking control of ‘this - _'
. embodiment starts after one rotation of the dise, the. tracking controll -
o .1s carried out according to the tracking error, without waitmg f‘or a.
20 one. rotation delay. - - . L
g _ _An advantage of the present tracking control system will now be' '
R 'described with ref‘erence to Figures L(a) to 5(B). Figure ll(A) shows
_ ‘the relationship between the track position and the magnetic head'
_' ' .. _' _position for a prev1ous1y proposed system and Figure 14(8) shows the \J
25 . amount of the tracking error encountered- in . the previously proposed o
| system Figures S(A) ‘and S(B) show, respectively,_the same data for-'.
‘the. present tracking control system. In Figures 4(a) and 5(A), a.
broken line shows the ohanging of the actual track position on the disc
.' with respect to the ‘ideal track position, which has no eccentricity,. '
30' and a solid line shows the posxtion of the magnetic head whioh is -
- _tracking servo-controlled Lo S : .
Comparison of Figures ‘l(A) H(B) and S(A), 5(B) shows that the_
tracking ability of the magnetic head in the prev1ously proposed system
begins with an imperf‘ect pos1tion, and the amount oi‘ the tracking error
35 '_is never -improved af‘ter subsequent revolutions .or rotations ‘of the
' disc, whereas the tracking ability of the magnetic head in the present '
- system is 31gn1f1cantly 1mproved after the second revolution or

eXarrpIe fine trackl'n'g S



‘the. relatlonshlp betmeen the track positi-on and the magneti ¢ head p05|t|on-
for. a prewously proposed systen1and Fi gure 4(B) shows the 25 anount of

the tracking error encountered in the previously proposed system Figures .
5(A) and 5(B) show, respectively, the same data for the present tracking
control system In Figures 4(A) and 5(A), a ‘broken |ine shows the. _
“changi ng of the actual track position: on @he dISC with respect to the |deal-_
tt'ack position, which has no eccentricity,.- ‘and a solid line shows the

~position of t e 0 n
Conpari son -of b‘él %Qt}rggsy}l 'A) 8@%@%‘:\ ﬁﬁd ?{etA)w&?(‘B? %ﬁ%\\f\ﬁa a?gf% ﬂ‘iiflcal?t#
ability of thé‘e%&ﬁﬁ'etl c head i'n the previously proposed system begins with

an’i rmegI f efc: pOSI t i1ANcheadWbve Nekp2amitibn Ofit WS atssaﬂéa fér 8asi@r ﬁﬁerstamm@g/er o
i nproved after

sequent evoI utions or rotations of th reas
tho tr acki ng dHRF: E5° oPemstitmbrad | £ Tadiniog (ins° enchradk qapfimialiy "
si gni fi candly Howenerqvtie ahdmerctetistic axfotik Wevidtibn wf any actufl toacit ifoom and,

consequent |, thBCedBGiIRIng! (s 45! Svetl YIS Pdtky! BAkGEhs | 14 ARy

‘above expl anation, or easl er unders _
‘magneti c head Simélﬂ‘caﬁnthﬁg angwiars pegitipas: jare obhe saBeis| y&ccg-dinm\empn ahe

characteristi Q:thfxget *iﬁ &%Vs@ié&@doira%ﬁyt&% Uﬁ”&'acér aghtf (PR Ef@ckcaﬁrﬁﬁso@ﬁ@éj' ng
i deal track over varjous radial Eosm ons is simlar if the angu

Ve
‘positions are PHA%ess g tragkipg eyirRp data g cthed ’JWSK fracksdnayebe useg- t&%ck
takes pl ade, tthas daSeaasrsmbhn | innPiguls 66 ;Heaafrf‘et-ém:et d atktheghedd positdbas of

~the different r 8 u I i .au _
~thediffer enceﬁ’d o‘%( jthﬁagﬁ %gfsl?rtel gﬂé i the tﬁ‘?ﬁﬁse&@orgwglr"gd{n% Iiﬁ?er a
.track junp compestiionimg te@romecapgscl thyotheh goarseotraciisg Rpparatus duninge the

‘tracki ng ‘apparggahte ﬁh‘nb' Nhdl '%ﬁetsét,ci:'iiﬁé”ﬁimeam thie® tA&dilihg nﬂertvbn'&uﬁfngt BRe
tracki ng servag dur'@“ﬂg he trac shortened b
[

difference d &Eag%¥ GRP b Sh"'f'{'}'eg%r bﬂo?d‘{}f’ﬁe?hef HFFWEEF sde@tso?sbi&ﬁjlf’%
i nventi‘on1bs mattdr Mok ethen ftolmeosalngvsecwimdl rrent ~but' can al so be applied

to-a hard magnetic i $c, Sustem (g1, %pﬂm(i%%dcu ?%%ne%bo& ent., but can

.magnetlc opti-cal. di"'sC” system as wel 'e Tregnet
' also be applied to a hard magnetw disc system, an optieal disc system

o or a’ magnetic-optlcal disc system, as well as to a flexible magnetlc _
. disc - | : | |



theé system conprising:. 5 : | east - one di sc medi um on whicQla

~disc.. - 10 CLAI IVB 1. A trackr ng servo control system fo'r"'a di sc negnry

__;:_-:pl urality of -concentric data t'r'acks are provided for. recordi ng and or -
reproducing data signals and on which servo sectors are, _provi ded for -

prekecordi.ng servo signals; transducer ygEans. for. recordr ng and/or - T

. reproducing sai d.data srgnals and. for. reproducrng sai d servo 'signals; 10

~-a current.- p‘é

. actuator -neans for -nmoving the transducer means radially of. the disc medi um

first- detecting means for det ecting. teggMsng error in accordance with said
servo signals reproduced. by the. transducer means, said tracking error. bei ng..__--_

:;__'represent ative of any difference between the 15. position of the - -
~ ‘transducer - meansiang traekingssdrvorcontral dpstiemefbrdatdise memkriopnthhisgstearhe o
transducer rreans ].rs{’houl d be positioned second detecti ng nmeans for detecti ng '
: €5f t he ‘transducer nmeans; addi'ng means for addr n said’ ..
' tiacki ng e]rror det deast obg dine meium opowhichar pluraldtynofneoneRptris; rrent
~.position .o st n d ns to. =
S tube agutiiis A piAGks TRATRGRIG iai Hcanoogfos S“‘*‘”S ced by
. the -addi ng pRaihich Gerye r?@FF‘H‘& E’Eﬁpégﬂﬂ'? Jrf’gj' Berff"’f §ts‘3‘r¥8 ? ?%‘t ion of
- the disc nedi gm t;mao@btceneanslef‘ayeebwrgmﬂ ;and%or reprodu@mgpaaidrgdar@ans for - .
- conparing saj urren Q lg.Means detected b the .
. second det eBt§H 3 E!p ?#odgg%ﬁgis% egpg‘?%ggﬁaqpr’oduced by .the dey o
- means; . #hd trackac@as:er maaorﬁqromomsnsher éﬂ‘awﬂcﬁbl“ﬁaﬁﬁ 'E%eé/alajf% 84 tB’i‘grreans

in accordange é"’in[ed‘uﬁln out-put. si. gnal - from the conparing neans; V\/nereby 30

. heor &?23"?8% ok, SaHBrEn meate oo BB S BE e S ek A foafom o) “S“
- Servo si gnal,,suprba'ier\sepw aa]gaaisn eeprddmdvdoyse:hwrtsansdbcem manse sabtks are’
of f SeF fromtsgckqng ag,".i,.(},.r% %ng Je%%éérl%uve of any difference between the
| "15 . pos1tion of the. transducer means and the position of a desired data
- track on which the. transducer means should be positioned‘ -
1 second detecting means for detecting a current position of thef
| transducer means;-. _d ' - : S S -
' adding means for adding said tracking error detected by the first o
20 _'detecting means and said current position of the transducer means : .
" detected by the second detecting means to. produce added data, )
' delay means for delaying said added data produced. by the adding"
1means for a period corresponding to at least one revolution of the disc
© medium to produce a delayed signal a R o \J
25 - - comparing, means for comparing said current pos1tion of the - o
'itransducer means detected by-the second detecting means with said .
delayed signal produced by the delay means ;. ‘and L o
tracking servo control means for . controlling the actuator means
_'in accordance with an output 31gnal from the comparing means, whereby _
| 30 the transducer means is positioned on said des1red ‘data track. o

2. & system according to claim 1, wherein said'servo signals
: comprise first and second servo signals on- servo tracks in said servo
. - sectors, which servo tracks are offset from said data tracks, radially
35 of the disc medium, by half of the track pitch between said data

- tracks.

(T



35~  of the\dlsc nedlun1 by hal f - of. the t rack pitch betmeen said data
tracks. "-ﬁif' A system according.to cIa|n12 wherein'the first detecting
nmeans- conpri ses envel ope detecting neans for detecting envel ope level s of
sai d first and second servo. signal s reproduced by. the transducer- nmeans, and
second conparing neans for conparing the envel ope |evels of 5 sai d flrst
and second servo signals. 4. A 'systemaccor8lng to claimi1, claim2 or:
claim 3, conprising nultiplying neans for nul'tiplying said tracking error
detected by.the first_detecting means by a coefficient "a". and. supp

ng
the resul't of 10 - thd mil 8YSHeR AacPisHng ot Riallmgdi igerfdnthes Sirstapetss ing
addi ng means addﬁeatﬂseecrm@swets étiveldie datlet:timhlmhs @or alademh@l ealiélopBtlevels

posi tion of the tpans neans et ec nd . detectin

means, the coef P£ cFadf t 1’5"" e Ageon, I%?f't"@ds’tgc')‘a#é rﬁ@?‘*ﬁ/@%ﬂ’cg ef:’r ucer

5. = A syst em accmeatispgandosezopd eompaping mednssfdr bmpdringhﬁreeenweﬂbpe de#ays oftans

is operative % ggiaa¥ ;J&e ﬁ’gs&ﬁaée% sq gd by the addi ng neans for a
on

period corres € revo ons of the disc medium 20. _
6.. A.system accord| ng to any one -of cI a| nme 1 to 4, wherein the del ay neans

i s operative to delayythg s9960aclR k@i g QAL LAN chiallﬁ @gﬂ'cﬂﬂima%mﬂr%i

period correspondllrﬁlt%?to oné revol ution of the disc nedium A-trackin _
servo control sy% ﬁbit"gal"eﬂﬁcmﬁe%FV’IYt‘ﬂ% sajd trpsking erpon ﬁ@t%‘ifﬁgt%‘[npl‘%l ly =
as herein descri pesstwidtact Rigenicans eyt & cobfRieeent1"d'0aid sbfpAy ind €Y resultbof

the accorrpan%ngtﬁié awflpﬁiieation to the adding means so that the adding means adds :
‘\/ " . the result of the multiplication and said current position of the _
o - '_transducer ‘means detected by the seeond detectlng means, _the ;”
coefficient "a" being selected to be between 0 and 1. ' .

.15 5. A 'syétem according to any one of claims 1 fo 4, wherein the _
' delay means is operative to delay the added data produced by the addingg'
- means for . a period correspondmg to multlple revolutions of‘ ‘the disc_
pedium.

20. 6. A system according to any one of claims 1 to 4, wherein the
delay means is operative to delay the added data produced by the adding
means for a period corresponding to one .revolu_tion'of the disc medium. -

7._' A tracking sérvo control system for a dise memory, the system
25 being substantially as herein described with ref‘erenee to Figures 1 to
-3, S(A) 5(B) and 6 of‘ the aceompanymg drawmgs
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