" AI5PARAIUS FOR READI NG A DI SK- SHAPED RECORD CARRI ER'. The invention rel ates
to-apparatus for reading a di'sk-shaped record carrier having substantially
concentri ¢ information tracks, which apparatus conpri'ses an optical system

for praducing three radiation beans and projecting said radi a?g{\-gﬁg

onto the record 5 carrier as a first, a segcond and a third ra gﬁeﬁ.
the secowd: and third radi ation spot being di sposed on opposite sides of the
first  radiation spot in a direction transverse to the track direction and

the di stance between thei ryppS@esinée LOBINES Bisk-ERedXi s whi ch ext ends
through the centre of the first rggi gii%i%“t and parallel 10 to the

I nformati on tracks being at.|east t Iy 1/4 of the track pitch of
the information tracks, a first, a second and a third detector for
detecting the anount of |um nous energy in the radiation beans energing
fromthe record carrier and corresponding to the first, the second and the

third radi ation 15 spot respectively and for converting this |um nous
energy into corres@badnuentibsatelptes b Eppasatmsafs, readingck idibgk-shatedm whi ch
co-oper at es W bledeBCodi2dl b PiheP Sditan £ 1 £ WRhEktRHc RPoltiln kaEhA T ON
spot on an information track, aérjl a controf ev{'dt:e coupl e .ont e sécond

and third det etbiihsapregptusic FSmRALPRT) 2R MAER FYstepofay prefucins these si gnal
vvhijehhdegegds pédilaltor(l Sb&iﬂ SRE Prhfdctery) shie rﬁ?iéﬁibn&ie@ﬂﬁhﬁt@&hb%ﬁ@ond
and thir 't ect or.S. Such_.apparatus.i.s._kho Qm.Br,.tish Patent -
Speci fi cati dh SaeFsi 9,8 SABPEE" behna endh 2 Mhe LA QLN "ol DR, cecond
carrier descri bedl third hadiagion ispht beirg dismsefl forc appashte [Fddesiofuthesi gnal s

25 of the secopfrsanfadiBidh 985tC¢h Y 31160 RbihleBSl fthOfHeL BEdbKONIRELIdh
order to obtain adj.al contr.ol s#ﬂg%% whi ch, when fed to, the trag? ng

system centre o e S FeEREEhYe CRTTERaIIo RN ALK W
gener ati on of  éktends ddirakghc ting cehtre gfidhei Sirish sadiatiocBOsHoltcaridapardiiel t he

average. | Umiflops dhat GRSkt 04 128c8"S at.lea%trsagg kPR 1goR deRgRds on

the position of the corresponding radidation spot_relative'to an information
track, specifi EzackyPiiightofe theAnfigfmations tragksat? Firshop WPREIMEsAwith an

informati on  third detector for detecting the amount of luminous energy in
- the radiation beams energing from the record carrier and
corresponding to the first, the second and the third radiation
15 ‘spot respectively and for converting tﬁis .'luminous energy into
- corr_espbnding electric output signai_s, a tracking system, which
co-operates with the radiation beams, for’ centering the first
radi-atiori spot on an information track, and a control device
coupled to the second and third detectors, for g_enerating a tracking-
20 sy'sﬁem_ control signal which depends on the difference between
the output signals of the second and third detectors.
. Such apparatus is known from British Patent Specification 1,434,834,
® _ In the read apparatus for an optical record carrier described
in this British Patent Specification the output signals
25 of the second and third detectors are subtracted from each other
in order to obtain a radial control signal which, when fed to the
t;"acking system, centres the first radiétion spot on the
information track. | - |
The generation of this radial control signal is based on
30 the fact that the average luminous intensity of an emergent
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diréection, are.situated at equal distances fromthe first radiation spot

t he out put S|gnals of the second and third detectors will be equal if thg§

flrs_t radi ati on spot is centred on ap information track. However, if the

sp(_t. i's off-centre, the output signals of the second and third detectors
W& 10 .unequal and the difference signal may be used for driving the

t racki ng-aa;(ﬁiemmma&pteodmbnaﬂw pded tilors iof cthec epnnespepding di sadvant age of the

Syst €M QoseisBRtl Sk bb oy BRLRIN: oSPEGK| GBEL@AChRY Nal the Magni t ude
n

of the resu g control s gnal depends not onY% on ntr| ng 15 error
of t he .Mhether; aglingti G scrasiatian, prafecoincifies WhEDL AR SW %k but also on a
| ar ge nuxbek. 0§1r{h%rﬁ|§3tsed5cﬁxdbaid"ltbird badiattoh sppla,avisvedtizel f and of the

recor. gdgzg‘ﬁr |a?%?1 < QSr oL d&tr%&gie?{__%g %fdig%cggrgrmlﬂg gnal around the

desir P8 f6t we ut may vary d@g_gndl ng on a
nunber (fﬁ:sysaétnﬁenmpané#‘er@%ﬁ’ Shanale of e ctecerd e These

par aMet Glesedia®s WAL B bhgel O gl figst (eaniation qmnss iegntfedt he  adi at i on

beanms, (b) the_transm ef ficiept, of the rier material or,
in“the @sen nforpt éﬂ%?ﬁﬁ?n&%"?‘éﬁt ﬁg the gpot e?‘ ?I on
coef fi mtﬁato\ni:ut hes.gnadfs eﬁtﬂlagsmwland(@?r@mtmg willthR i nformation areas

in thg EM%U %eréxgl S1GR41S B beClsdd FordlariVinigr @l ati on spots
relatlve t e plane of the in OI‘IT&'[IOI’I trackI #g) the track pitch of the

i nforrrat"rréﬁkit’\gaﬂk‘é‘e'“aﬁ’ as topebtain fhedesised GeR *exhibit a substanti al
spread this meﬁvamagetaetmgmswdaemm inesalldt iBartisbnt rol signal as a

function gém%%ﬁbst L '¢pht "% fadhliBide 8f smBstantial variation. This

correspon antial varration of the gain factor in the radial
ser vo- | omesultiogescvirekissgnakpd¢nends mot Py 21 $he Bn8Finghe servo- cont rol

| oop. o W%%V&s&@ﬂéé@ka&ﬁ%d Esott rrarafieé to tﬁélahmtidt ic for the
rel evant control functiop is op ugngy- dependent
net wor k<sEraph R e3iso; o 3 13RS a‘r?ée{%&e or WI e variations in the
gain fao&ppa:&ﬁmssits&pﬁsaaﬂ cfestxea'leqoxsi Qﬂﬂtlhe- ovarether twogdsf er characteristic.
| f the the slope of the control signal around the desi.red control point
is not well-defined but may vary depending on a nunbe.r: of systan
20 parameters which are subject to variations.
These parameters are mainly the following.
(a) the intensity of the radiation beams,
(b) the transmission coefficient of the record carrier material
or, in the case of reflection mode reading, the reflection
25 coefficient of the reflecting layer,
(c) the shape of the information areas in the information track,
(d) focussing errors of the radiation spots relative to the
plane of the information track,
g (e) the track pitch of the information tracks.
a0 As all these parameters exhibit a substantial spread this
means that the magnitude of the resulting control signal as a
" function of the tracking error may exhibit a substantial variation.
This corresponds to a substantial variation of the gain factor
in the radial servo-loop. However this impairs the operation
'35 of the servo—control iodp. In a servo-control loop the transfer

ttack. Since the second and third radiation spots, viewed in 5 the radi aI
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5='"ov_er"fall transfer characterr stic is laid down for one specific gain facto [
the. contral loop is likely to becone unstable for markedly different gain
factors. .It is an object of the invention to provide read apparatus for

di sk- shaped record carriers in which the generated radial 10 control signal
depends on the said paraneters to a nuch 3educed extent. To this end the

i nventYef: conpri ses apparatus for reading a disk-shaped record carrier
having substanti al Iy concentric information tracks, which apparatus

conpri ses an dpractdristixt for fthe relevanti coptisl tAunctionats sptwizeedys and

proj ecting sahdhnkagk %Eé&ﬁn@ﬁﬂlﬁer%@ xie%sz%corfﬂwéﬂrr | §f a@fowankdrSt, a

second and-a third radiation he second and. third radiati on spots _
bei ng di sposetfHie ffpBRis §°’§|"&€% "ariﬁ*ﬁen? itnsthe gt £pEPTSHS in a direction
transver se t oiiposes rastrainte ohi the avslallectrahsfeanciarhetardetid.helf thespecti ve

centres ang t !Egﬁ@ t n first
radi ati on ‘spo ‘F&ggl paral | el eE| oxr)ghg"?rggn trzf\ogs&g ﬂ%cig?gl east
subst anti al | W%fiﬁ“?h%‘etﬁmbrlpeh 1@f15&’1?éyr‘ﬁ’fb?%§?| wisteblecfE a first a
seqond and a ﬁmedlﬂmﬁatfgam@aaﬁ@;ng t he amount of | um nous energy in

t he radi ation be enerajng.fr t he re ord carri 25 correspondi ng
to’the first, the 3‘50%%%?1%% éq%‘ﬁ 85""5’%8 efaga&?f? eﬁy and for
converting tth;‘ Hisii-sbapedarasogy qan:tﬁr@otn @bp@n@hﬂgewmeﬂrﬁdém put signal s,
a tracki ngiesysinepd: Wi 885eRR8 Gl 8% Whid phPSnetard 3bi £ Mube 3 TBucddO’ -

centring the first radiation spot on an |nforrrat|on track, and a control
device, 30 co%?ﬁ’ﬁ@ﬁ'to the first, the second and the third detector, which
i n use generates &&hﬂslézﬂ@eym\eﬁtmwmisésgapﬁaﬁtgé fen deadingeac formul a:.

[sg(r:{)]nd[ grurzl] t ﬁ‘g thi r% gq%or respect P&é)w*&ra%ggg%nust&ngﬁti#éﬁ cﬁ'wgnd
Vef is a ref'f-ﬂaéh%sewb*"éh apparatus comprises an optical system for producing
15 three radiation beams and projecting said radiation beams onto the
record carrier as a first, a second and a third radiation spot, the
second and third radiation spots being disposed on opposite sides of
the first radiation spot in a direction transverse to the track .
direction and the distance between their respective centres and the .
20 axis which extends through the centre of the first radiation spot
and parallel to the infarmation tracks being at least substantially
1/4 of the track pitch of the information tracks, a first,a second
and a fhi;'d ‘detector for detecting the amount of luminous energy
in the radiation beams emerging from the record carrier and
25 corresponding to the first, the second and the third radiation -

s _ spot respectively and for: converting this 1uminous energy into
corresponding electric output signals, a tracki.ng system, which
o co-operates with the radiation beams, _for-centring the first

radiation spot on an information tfack, and a control device,
‘30 coupled to the first, the second and theé third detector, which
in use generates a tracking-system control signal v, given by the

formula:
V V
V = e V
¢ v1+v2 av ref
R1 R2 s

35



ref As ‘a result of this specified conmbination of the various output 5
signal s of the three detectors the control signal V thus obtained C :
depends on said paraneters to a much reduced extent.- This means that the
transfer function of the radial servo-control |oop can be optimzed with

much Qgguced risk of instabilities. ¥n a first- enbodi ment of apparatus in
aceor ddance with The 10 invention the control device conprises a first

diff elrema-efw thdtetar glq[ign%l@of“&éefﬁ@@? éa};e}gw&sadthfe out put
signal s h%ﬁf 0 e et ect or ecqn erence-forning
st age fﬁ?‘I &éf ‘ﬂe E &t ¥ B"eg é‘?ﬁ’@ gﬁ‘&f’ﬁe ¥t put si gnal s
of the ¥ggohs aam‘dfmcerﬁimauet ector and the output 15 signal of the first

detector, apd £ divitdsE éﬁé%&ﬂﬁeﬂ%&& 1580 de1endlVakiat oaipuihe out put
signal s of the fi rst and t second dif erence form ng stag and suppl yi ng

a conft r 819°e13PH |tBﬁe%5FF§§BBﬁcf§‘et%t€?’o el Kot hus nt an
anpl i f i aépends aon saye gakmietens) tbhe maclt cetuctid éxtents e-Thos rneags stage and the

20 di vi HDI e, u || gf ond
drfiereflrji\sa(et?lt'él sef:ae%%dQg ués)&itageratron a resu of this

nmodul usoeﬁéaiMGg*smrmmd s%ﬂ'gefrfatftwléﬁﬁﬁorfred Nbreover the
control sigmala ke W&ww&smmwmwrﬂ to the

iﬂr‘eogﬁaﬁ? t%ra%g? va&ﬁg_mc nt| nuoug %; f}:%?-p mlﬁ&gv%r n, the rra%(r;\rNt gge of
descri bethgenfmmming tquiﬁﬂensﬂce)bsm the outpudf ekgnade to the Figures

of the %%@W&nﬂr% Rifrd GEtalBbe a sdcofd A rfetnRelRichERY | Y represents
an enbodi nent of reag 30 ﬁgga {us in accordance wi th the jnvention, Figure

2 showsSE3%e FRde ereret) befgted the MR et QUMY i er . Figure 3
r epr esestignallheofy fhe ecani aﬁdtthe uurqnmet'aemaw ¢he tdagpalet ect ors in the case

o an ﬁe%e‘??%etfﬁgé\ﬁar actérr sta?é' 5&0 . ?&t Rermininy £ OUTE 4 15 an

exa requenc IC O
P q tXe signalsofthefixstandtheseoond

differen:_:e_ forming stage and supplying a control signal which
corresponds thereto. In another embodiment an amplifier is
] _arranged between the second difference-forming stage and the
20 divider stage for subjecting the output signal of said second
- difference-forming stage to a modulus operation. As a result
of this modulus operation the divider stage may be simplified.
Moreover, the control signal obtained in the case of movement
transverse to the information tracks varies continuously,
25 especially when the magnitude of the control signal is limited.
Enbodiments of the invention will now be described in more
detail, by way of example, with reference to the Figures of the
accompanying drawings, in which:-
Figure 1 schematically represents an embodiment of read
- 30 apparatus in accordance with the i;nvéntion,
' Figure 2 shows the position of the radiation spots on the
record carrier,
Figure 3 represents the variation of the output signals of
. the detectors in the case of a displacement transverse to the
35 track direction,



obt ai ned by. neans of apparatus in accordance with the invention, 5

Figure 6 is the bl ock diagramof a version of the control devi ce used in
apparatus in accordance wi.th the invention, Figure 7 shows a detailed
C|N”DKL,d|agran1of this control device, a®d Figure 8 is a variant of the
resul tirfng:-control signal [err]. 10 In Figure 1 the ref erence nuneral 1
denot es\& di sk- sha ed record carri_er rising a multitude of concentric

or quasi- concent F®reshHiisad ?‘?H}Fn%ﬁ QERRY chagactersii et dFaidt be

recorded in tkme-syﬂteﬁ;ratlon tracks in various known manners. As an

exanpl e, referenc g L& cati 11 t he
i nformation t rack§ dc‘ﬁ'errpn? aregggs%d%%eiroﬁe tﬁg %ngésl \Mﬁ%‘a %éfg?'gr ent

| engt hs r epr ¥ meansh OF| Wmsl m acqppsapce, with té%ﬁdiﬂ"ﬁp'éi%dl ate areas
influence & radi apigirebsam® ﬂ[é)hﬁé‘dkediﬁi'ﬁﬁ dehe vets0sdREI €2 Edrgkli N

di fferent manpers.  so . that thi I ation .beam.is noqul ated dependi ng on
the informati ‘gﬁ"’& 3“539 e&é’aﬁlﬁﬁq@ﬁ‘&%’%’r reflection
coedficient of théigw:ea'é smpys @ déiaﬂ.léci sﬁmtiﬂ-&tdidgraﬂn@fi thisy candiral e areas, so

that a read bmés&gplltude nodul ated. It is alternatively possible to
arrange the areas And internediate areas at different levels in the record

carfier, so that Flare B dshe Jariant et the zasuliing sandgol \#ERA Yetiul ati on may |
be “convert d8 i nt OImIPiguss Qi tiske réfutehcd natieda] X dehotdscanddaksshapedice t he

met hod of rmd ggﬁ qging r t!gg orgi re of mnor
i rrportance to +%H’pl’ ese% enti l?{gl'et%&tvfﬁ% PF %{&ges?grl in nore
detai|l. |n theonsentrist (spizpd) dnformations Stanks. IThe %r#erwéepwawi er 1 30
has a refl ect p&q@ried AhNBHeis@ LnEbihbth o &:a&s B8 +aRPeds khélh mdrtiewsl ecord

cont ral ép'eﬁ. I P Stempley sipghed R B PPl ol B AR o

there is pridvenese the Mmﬂmyumwshnesammmtan a housing
5. This optiCaleasVidHo38) £he20rENt PaytRs Rl édeh tnaOtfomOrivi] Clinedd ts three

6 radi ati on beans L‘erﬂ These three radi ati on beans are -
areas termediate areas influence a radiation beam projected

onto the infomatimtradc in different manners, so that this
radiation beam is modulated depending on the information stored.
20 As an example, the transmission or reflection coefficient of
the areas may differ from that of the intermediate areas, so
that a read beam is amplitude-modulated. It is alternatively
possible to arrange the areas and intermediate areas at different
- levels in the record car:ier, so that the read beam is phase~
2% modulated, which modulation may be converted into an amplitude

servo- system Figure 5 represents the variation of the control signal 6
(b

v ' modulation by suitable means. Since the method of modulation
. to the present invention they will not be described in more detail.

. In the present example it is assumed that the record carrier 1

- 30 nag a reflecting information structure on the upper side.
. This record carrier 1 is rotated by a motor 2 via a spindle
3 which engages with a central opening in said reco:d carrier.
For reading the record carrier 1 there is provided an optical
system 4, which is accommodated in a housing S. 'J.'his optical

35 system 4 comprises a radlation source 6 which emits three



sem--transparent mrror 7, a-pivotal mrror 8 and a lens 9. The radiation
beans [err] reflected 5 fromthe record carrier are reflected to the
detectors 10, 11 and 12 by the mirror 8 and the semi-transparent mrror 7.
These\;t ectors 10, 11 and 12 each s#pply an output signal on their

ou -whi ch--eut put signals represent the lumnous intensities of the

I tlon heans [err]which have been nodul ated by 10 the record carrier.
These outBdte¥rgPaams i: Rycndchpct Thase three radig RSt ied to a
control ebgemla:ojub'tehodw ithe TebbfiNchiidee Fi@Noddatidndgpeds control signal

V for rad ally, EOLSIMQIQ t IOn[adl atIOE o.;s [e{]vo]tPﬁ rojected onto the

record carrikr 2 fe™=ra eans obtain this
radi al p&sand @niﬂ'@F 9ai Fheaxrdiption beans %‘hgﬂiﬂ avdl%z'aptpﬁlﬁe’eled 0 an actuating

devi ces 14rby &emaqum@m&efm&eartﬁt@@emmedwbout an axis 15.
Thi s- act uat.i devi ce, 14 y | e,. be an el ect o magneti ¢ act uat or
driven by"8 {%Fﬁ’ %Te §n$ ahﬁu&'ﬁh%‘l"ﬁ’g??“sﬁ'% %Fo derive an

aver age cletectwirssiQynil andol? ebch aupplygen putput sﬁgn‘a‘l bxhd':heiu‘ ror 8, which

aver age CRRhal m@ga& t fRdni gﬁ;!gggg@ tnﬁnﬁlmgeﬂlﬁnlﬁti ed to nove
t he housmg£ radltgé darectlo | gure ;ls ows. how t radi ati on spots
[er¥] ar é‘hﬁo‘%ﬁdﬁ'\‘ﬁﬁé‘d”?a&sﬁlwgﬂé“é 1 WicB, hayegbeen medulated b¥he i nf or mati on
25 tramka:herrécbedrdaenrei-.carrler \/evved |n the r adi aI direction x, the"

radi ation spGhs 5!9; P;Ih the sc ng spot
at a di stance qfélq#‘ m scanni ng spo err’] gel ng 2[ Re t ng%typl tch, i.e..
t he di st diece doatreledevice thnwhich dérives fromt these ssignala radisks CT1, T2) 30

Thi s pat tghfedif s{ﬁﬂlaii' @Br $RALH1}3To1eEshinh OjRN rRAGRUGE shotes EWO radi ation
beans R and R2 Sr spondlesgFe 0 the radiati on spots ! err| —have the same -

aver age [Ean?ih erked: onke reserd canrigr by, Hie Sptte 8% ctly centred
at an ¥nfsgr tandrth.r alk orddr thebtaih ahiomradpal pesitdonidlg sakd ect|y centred

t 23 gver 81 5Moﬂoéﬁnhft\ﬁ”§é ShbfiedOto lCadiabbfify 80vi'c@dAbyON beams
means of which the mirror 8 can be pivoted about an axis 15. This
actuating device 14 may, for example, be an electro-magnetic

. actuator driven by a control’'current. Furthermore, it is possible
L2 o derive an average control signal from the average position of
'. ‘the mirror 8, which average control signal is fed to a coarse .
' control means 16 coupled to move the housing 5 in a radial direction. -
Figure 2 shows how the radiation spots s, r, and r, are
positioned relative to each other and relative to the information
_ 25 tracks on the record carrier. Viewed in the radial direction x,
. the radiation spots r, and .'r.' are situated on opposite sides of

to{jethér projected onto the record carrier 1 as radiation spots [err] viaa@‘

the scanning spot s a}: a disiz:arxce q9/4 from this scanning spot s,
. g being the track pitch, i.e. the distance between the centres of
adjacent information tracks (T 'r Ye
30 This pattern of rad:l.at:.on spots has been chosen because the

two radiation beams Rl and RZ corresponding to the radiation
5 have the same average luminous intensities when

the radiation spot s is exactly centred at an information track.

spots rpadr

If the radiation spot s is not correctly centred the éverége

35 luminous intensisties of the reflected radiation beams R;' and R,



7-are.different. Here the term"average" signifies that variations in

| um.nous i ntenskty caused by -:the high-frequency information structure in
the information track are ignored. In fact,_these high- frequency
variatjons are renoved by means of Iowpass7fllters when 5 deriving the
r adi‘al a;{rol signal. Figure 3 iflustrates the variation of the average

ntensT( 65 A gfy ierdadk 3 ek BRETRrk Vabke e SR 0B vidiSe el

position of fation spot s rela I nformation tracks.

Thi s shows t hain dHRingustintensidyheaused byt kae bighnfiraguency infeemdienes, . e.
the differ encesﬂtehwm ReheOLifRhatiol NElatk Qiret IhoBled LCINIFaCtE,] taade inﬁth S

representative ng |re on and the nltude oimt he ra rackl ng
error. This d| en e S|gnansar n%ﬂﬁey & e ?/sesd gié - r
control sigspaldexdvincth&he adial &ellmﬁl ﬂg;ndb«/l ce 14 by which the radi atlon
spot s is 15 kept lﬁﬁg‘i&éeﬂ iQﬁuédi-etédetﬁé RRLi & oh &L khe BREFReOirtbenbitits

radi ati on spot_ s s _a read spot and is dul

i nformation stdrP&d ‘Fﬁe@%‘??ﬁ S’Fﬁ‘ﬁ"t R mﬂ FERK' 28ch ‘%t g'i‘?]é'fgﬁ’cﬂllput of

t he. det ect or 1fsikion Fuehlthe adiatibor spiti gredativel tmrtﬂelmfomtém ed to an
i nfornmation-pr S NG iighawstASE thd & £20-dnBE YBLLL 0 g unit is

irrelevant to t resent I nvention It I's not re esente In gure 2. \When
t hesr adi al dﬂ)h’f‘?"ﬁf‘s%*rigﬁali'% hendifipencenbeteen B8 WUl Bend® &F i ses t hat
thé control si gmaaetdaardemeaﬂslm is fepa‘be&ztaf:imbﬁmeu&ew@haﬁ ehsubj ect

to variation tg%; he rol si gnal
depends on the%pe g? ﬁh’g I'n orma |on%a§%r§% Hﬁ?ﬁ %ér‘rgrgtsﬁ%q rack

Thi s shape, fopaYesenseuently ke grployrd/as avadinl GPnH?é plamal | fergthe

i nformation tr,_aéggai devikd Nl SYwinsén Qﬁ&tgaaiagg}.e ngxst he aver age

| um nous intens the r cted | tion spot
coi nci des witt ﬁ‘?&f 5$ ﬁ%%ﬁ%ﬁ' g‘i%‘?‘a ?lgfﬁ?%gf’} ‘%‘P{Fs" h %Bnpl i t ude
of the intensi spptvgmaatbe)nS@arals]a refd tspet randi ¢ wodulatedwydthe ng radi al
movenent acr os:ﬁ,gggga sﬂ.%e ant BaRhaRga gg?!;_,m fiy mat i on

ar eas. Asismlcated byt ebr II‘lEII‘?FIgUI‘EZ e ygnltude of the
control signaloY® the, detestos Wewille SRRy Bhe LRformation simaland [err] 35
thus on the sr‘weomiect&e ﬂonixﬂmﬂnﬁﬁidﬁ’-ﬁﬁﬁcessmg unit. Since this

- 20 -information-processing unit is irrelevant to the present invention
it is not represented in Figure 2.

When the radial control signal is generated. in this way the problem
arises that the control signal then depends on a number of parameters
which are subject to variation. For example, the magnitude of the

25 resulting control signal depends on the shape of the information areas
in the information track. This shape, for example the depth and/or
. width of the pits in an information'track formed as a high-low-
- ~ structure, determines the average luminous intensity of the reflected
. radiation beam when the radiation spot coincides with the information
'~ 30 track. As a result of this, the amplitude of the intensity variation
VR].’ R2 of the radiation beams during radial movement across the
tracks depends on the shape of the information areas. As is
indicated by the broken line in Figure 2, the magnitude of the
control signal V, thus obtained depends on this amplitude and

R ~ R2
35 thus on the shape of the information areas.

C



A’sim1ar variation of the resulting radial control signal occurs if the

focussing of the radiation spots at the information structure is not

entirely correct. Normally, the focussing of the radiation beans at the

i nformati on surface of the record cagrier is optimzed 5 by neans of a

fg.ls@fi ng control by which the lens 9 is positioned in the direction of the
c

récor®carrier and by nmeans of which a conpensation is provided for
of - f | at ndsEmb}ag fraciatien efcthe F@?ultﬁaeq)éﬁesrqh cotrrheSionat RESEEHf t he
record cif cherfochssimgess me&ﬂmsiloﬁogml 4t thé riaformaeion Structaréd hat the

di'arreter %ﬁ‘:}%&&?@” Nmtﬁ%f[t?‘ﬁqo&[lgg@} o?‘*l:lﬂia{ YN ertain

vari ati ons Var: at L ona JePs OFf the Fadi ati on spots,
i n turn,beamasat Fhe infropediom suptacenef ithadvesosd capelqryif epttmizetdensiti es

[e&_r] f[eé}f}ne&& of 4 rfde@@dlagl doRtFd10bY which - the Vel ﬁtzsotﬁésﬂtﬂoz}é@!ti‘hr eful t Lng
radl a n € case 0] a varli (0] e trac
pi t ch th’g“g"% £ %%8 c"&ﬁ?‘?%lca’é W ?\’/‘gﬁ

proporti mmgnsal pravidek fprtqm-ofﬂféa'gassoazf ¢hetdesonb|¢armiler5| gnal
di rect| ypdleRBG bt #12thdss Bf% Pidotl cazPidd)hoddiRr S re8PRRSS | S

i nver sel proportional thereto. Variations in the magni t ude of the
gener at a SETRES RATSLFEm 4P '9"@§t‘?¥$i flameters of o Frdatiom of the radial
ser y o¥c osgoits| s, ogpandas \Wied irh @uisijaire s f:atﬂinvwdrhatﬂi‘ne: eimhaesé 0 Fi gure 4.

Thi s Fi mgg! e cteristic of
t he open- &galn éﬂof ara |a?g§{e{%\%sg%n ro %?‘?ﬁé g%{s%haracterlstlc
is flat Yarisblomsfindheprplitudesnt %Wf?@&a pesra ™ Yphigh gain is

requi redaéaasaumcaiadsmemgua Bes, el NPard G E16nCYn Chel RBUTAING! Pdassyst em From
t he frequeg_FX]e taﬁ. f2 the frequency characteristic rolls off conparatively
e

st eepl y 12dB/ oct.), because in general the influence at high
30 fréqguenci&s thém'asexqﬂrpl mat@dobythbnmwhcbrﬂm steepressecord carri er,

on the g wlmh&m shgih A9 ug ¥Ghorttohadifal, bensure that the

cl osed control renmal ns stable the rofl -off of the characteristic at
t he poi ntrack We ITH% REALPR PECES: centrel cpigngh dg) HasetL Yexceed 6 dB/ oct .
Cor r ect i propactionak tontye madsﬁﬂtdm so that the steepness is inversely

proportional thereto.

20 Variations in the magm.tude of the generated radial coritrol
signal restrain the the optimization of the radial servo-control
loop, as will be demonstrated with reference to Figure 4. This
Figure, by way of example, represents the frequency characteristic

 of the open=loop gain G of a radial servo-~control loop. This

25 characteristic is flat up to a frequency £1. For these low
fr.jequeneies a very high gain is required because this determines

- the accuracy of the control system. From the frequency £l to £2
' the frequency characteristic rolls off comparatively steeply
. (for example 12dB/oct.), because in general the influence at high

30 frequencies, for example caused by imperfections in the record
carrier, on the control loop should be avoided. However, in order
to ensure that the closed control loop remains stable, the roll-off
of the characteristic at the point £3 where the gain factor G is 0dB
should not exceed -6 dB/oct. Correction networks may be used to

35 ensure a roll-off of 6 dB/oct. of the characteristic starting from
the frequency f2. '



frequency f2. + 9 However, if the magnitude of the control signal now
varies as a result of a variation of the modul ation depth or of focussing
errors, which neans a variation of the open-loop gain G the frequency
cha/aoterlstlc Is shifted vertically. If this results 5 in the
charactigri*stic représented by the broken line, the servo- control |oop will

become ‘wast abl e bemue& ,! e theQRgnikide '&&Qaet&bnd& B4t nowdvaddes poi nt of

i ntersection vvlththe Bax Therefore N .
characteri sti &%a2 EFHhEEi W‘%q‘i‘feﬁl ?f‘ﬁ?eg%’r 3% %afg%’sgﬁo al | ow
for a possi bl Grte'-‘ashwlﬁtchoﬁeaﬂsr 8 \@htati-etteqfr m@pee-dmhagaiorﬁ,r #heati on of the

characteristi “frleﬁué?i@&edﬂb&éd&%éic 10 RELQARAI NI tHewRiLseRItknvention
the generated radial  control  si | is rendered substantially |1 ndependent

of the sai f pdPafift EPEFEEFASHE esented By Ut hrdear Hde Y6t P YRAS 15 been
selected it i sonttdl liafp nm hacbmesmx::abmgecambtmsmp eillf thegbeThi s

means that thi e Lch may

provi de a subs?’ané |E al 1 rrpr ove tt 5# h& con% roriﬁ’tehavr our The radi al
servo-control | ooﬂ"##%écc#’&awmg%mﬁﬁiﬁiﬁ hig %Lﬁ“ﬁﬁﬁ%l gnal |
[err] of 20t hﬁ ey shdulidSbel $@lected addstﬁooalm f&leatwsmeput si gnal s

[err] of thg ct 1 _and r der n ntr | gnal
[err] Specifi cf?’fgt °§ %81? ag%eg?f %‘%ﬁzﬁgg
Cc i s given by chheadteristic: i Bore difflwlto [err] \%

(1) [err] ﬁ:naccordancerﬁ{ththe present inventioh thé& "ggieémﬁ&e ais an
adjustnment factor "and [err], is_a reference Si gj{ In or der toé%em)nstrate

the effect of TRfitdl seRfFelt et FYRe r] and VR2
of the detect @ahe daldopataietaray doctid: euq:nr asmhuh;cyt téﬂstnghfasr mul ae:

[err] [9”115 been selected it is well defined and is no langer subject to
shifting This means that this frequency characteristic can
be optimized, which may provide a substantial improvement of
- the control behaviour of the_radiai se:vo:-control loop.
_ In accordance with the invention the output signal V_ of
20 the detector 11 is used, in addition to the two output sidnals
le and V of the detectors 11 and 12, for deriving the control
signal Vc. Specifically, a control s:l.gnal V is generated which
is given by the formula:

35 ensure aroll-off of 6 dB/oct. of the characteristic starting fromthe@

25 o - = Vro '
Ve VRI — * Vres (1)
Rl R2 ~ s
where a is an adjustment factor and V is a reference signal.

ref
In order to demonstrate the effect of this step, the variation
- of the output signals V., and V, of the detectors 11 and 12 may be
30 expressed by the following formulae: '
: X
VR1=H(1+msj.n21ba-) |
(2)

. X
Vg = H (1 - m sin 23

35



(2) "VR? =H (1 :msin 2[err] 35 10 Here, His the luninous intensity of
each of- t he. radi- ation beans R and R projected onto at the record carrier|
and 'm.t hé nodul ati on depth ,.which depends on the focussing and the shape

of ‘the information 5. The out’put signal V of the detector 10 is then
glven\%theSforrrula \% H (1-mM%os 2 [err]) (3)
His the.l.umnous intensity of the radiation beamS whi ch 10.

gene raII di f S fromthat of the radi ation beans err] Inserting
for mul as"Y‘?' "213‘6 PROPYS Rteptidy 9% epfyof the radiation ]bea"‘sv (4)

ref. [errl}ép IR‘ pmjtebtedtenamdtoﬂteaneeai]dueémai—, fandin ithy maduldtdonont r ol

devi ce r AU, r ef

[ ERR] tghﬁf&% ‘ﬁgeﬁ&pgnathe foc%ss{:@ §n59; - %"E?PTJ% j'éﬁows at the

undesi- re ¥hr ameter 'm can be elim nated conpletely. Furthernte, it can be

seen ‘§hat th‘ﬂ'nesb&mtoﬁiﬁdaﬂ: COBENle 8é@R8br Y0a5s dhéniRfl&DByOfhex (See Figure
IS . no Ionger . sinusoiddl as in the case of VR - [ERR] (see Figure 5),

but tan 25 as is represented by the proken line in Figure 5. It is

obvious that the shape of, tie=ud ket @ comtart signal nmey bel3ddapted to

specific requirenents by further electronic processing. By neans of a

hyper bol i c-t e peration-the ta ential shape may be convert.ed into a :

st r ai ght"heFR gg]%sﬁst th ‘ﬂﬂ‘gﬂ\ﬁg‘ﬁ ofhthe redhation Pedp 5h Whishr i od of 1/2 g

S obﬂnalgséralma%rsffrummasmi abé tradhalﬂantmaamstnlcand R,s al so possible to

genefate a SM% g&qﬁ&g;e(rzl)s&{dc(gnﬁ\ihngnay@&rdsgd q by Znifti ng the first-
| z!-xm sin 2nX '
, m-a(sn l-hncosztl-'-) _
15 If, with the aid of an adjustment facility in the control device,

_it= :Ls__ ensured that a a = 2, this formula reduces to:

: X
V .=--.‘$iﬂ 2= = X
) e : COs 2n=

_ ‘This shows that the undesired parameter m can be eliminated
- "cbinbletely. Furthermbre, it can be seen that the shape of the
control signal V. asa function of x (see Figure 5) is no longer
‘_'-.sinusoi.dal as i.n the case of Vp, - V,, (see Figure 5), but tangential,
25 as is represented by the broken line 1n Figure 5. It is obvious

. ~that the shape of the ultimate control signal may be adapted to
‘ SQ_ecific' requirements by further electronic p&:oces_sing.
v 7' By means of a hyperbolic-tangent operation the tangential

~ shape may be converted into a straight line, so that a saw-tooth
30 characteristic with a period of 1/2 q is cbtained. Instead of
this sawtooth characteristic it is also possible to generate a
" sawtooth characteristic having a period q by shifting the first-
nentioned sawtooth within specific quadrants of the range 0 {x <q.
' 'Alternatively, the sawtooth ‘characteristic may be converted into a
3§ _triangular characteri.st;c. Of course, this is of minor ‘importance



mentj oned sawtooth within specific quadrants of the range 0 <x <q.

Al t ernati.vely, the sawtooth characteristic may be converted into a 35 - )
triangul'ar characteristic. O course, this is of mnor inportance for\
the present invention, the non-anbiguity of the resulting control signal

in facCt permtting the application of ‘'suchloperations C w thout any risk.
Furth&” __jit has been found that the dependence of the control 5 signal on
track- @h vari ations has been reduced substantially. This is because

si gnal Pfocessengherpresent davendion theé monninbiquityt ob dhe oresahtimgpeantrodit el y
directly propgifi.anal iﬂ%df&ﬁﬁt%gt% bbsiGlaidnChs S0Bh pedtibRast partly

conpensates for_ the $revjously stated inversely proportional dependence. 10
Figure 6 schetfhiou) Fﬁﬁ?esents an exanpl e of the control device 13 for

generating the de®urdedrgdt has beemyfalind/ thafl the cdepienddnce e the eottBeadonpri ses

three input; t ' ; ' ';k%dﬁ : Sheapal s [ ERR
respecti\F/)elsy ?%@ﬁ%%?é%ﬁg#%%aﬁgg?f& he %%0955&%&%?1?1 {| Eand ]
[ERR] are suBbismdsdecrusansional prpcessiais 1p) agoerdepee afth ind st age 24.
Morgover, theggtrdodicds 8 dpprétimatsiyediteatby pRopidtesndln depenaaskar ontthge 25.

The signal V _is,S. pl i.ed. t n_adj us blg ggglif_i I A0 ' ves to

define the fac %cf‘c Biﬁ’f%@ncﬂl% i?a%éy% u ng gﬁ%%fg%?ﬁ ¥§?‘(La'}ra‘rlgl"@lg]d t he

output signal stated] inyersely prgriortianal Xippgndencabsequent |y subtracted 20 from

gafc]b other ¢gn a ?Fié&%eé?ﬁéﬂéﬁlh?ayzkﬂés&?ts azf\]E&hnme sfl_tfch_aecdz%gw tT Ih ng
ifference signal is again amplifi nmeans of .an a ie : s

anplified si gﬂﬁ%‘cler%'?nf @%ﬁ%’f‘?e&‘e S&ﬁ'afm@% R i‘%p‘!alﬁff °?'ht§°i

di f f er ence- f odevivg X3 ageprddesrtbrée dapity teppinads 21¢ 22 dndialefors regmivasy

whi ch producegnd (GeRld Shamh @@l W C 2ms 90 %&%¥tﬁ&m&ald&%¢a& the

present exanple this divider $&ag®2conprFses an anplifier 30 with a

feedback circtPt 1o 13 nghe A t49prt2 Vrp PRt PR FUBE-ACHRR Frpe 1Rach
possi bi | i tiBSottie® gt \&c8ifflebendecfomdihl (Mtagé 345 MdreoverqUitibisantwonsidnapsi er a
control signal V. iiSed to each other in an adder stage 25. The signal v, is
"~ applied to an adjustable amplifier 26 which serves to define the
factor c; in formula 4. The resulting sum’ signal -le + sz and the
output signal a V_ of the amplifier 26 are subsequently subtracted
20 from each other in a difference-forming stage 27, after which the
' resulting difference signal is again amplified by means of an
amplifier 28. This amplified signal from the amplifier 28 and
‘the output signal of the difference-forming stage 24 are finally
 applied to a divider stage 29, which produces a control signal V -
25 on an output terminal 32. In the present example this divider

. . stage comprises an amplifie.i' 30 with a feedback circuit comprising
a multiplier 31. - |
&’ Hereinafter two further possibilities are given., If the
multiplier is a four—quadrant multiplier a control signal v, is
: - 30 obtained whose variation as a function of x is as represented by

the broken line in Figure 5. However, it is altermatively possible

to employ a two-quadrant multiplier. In that case the amplifier

28 should be designed so that its output signal corresponds to

the modulus of its input signale This version supplies a control
35 signal V_' whose variation as a function of x corresponds entirely



c. 30, obt ai ned whose variation as a function of x is as represented by th
broken l.ing in Figure 5. Hovvever, it is alternatively possible to enploy
two-quadrant nmultiplier. In that case the anplifier 28 shoul d be designe
so that its output signal corresponds to the nodulus of its input signal.
This yersion supplies a control 35 s@gnal [err]' whose variation as a

f}jml n of x corresponds entirely 12 to the variation of in the
relevant ygugdr €£Ei§t90n<>6f<sl/ 44 &er&/e%& édr%nﬂs ek d1gakaripd in the
ot her two quadrants <x <3/4q (see Figure 5 dash-dof [Ine)

By
li mi ti ng%$Ke<Aadmtt Eﬂé“wqeﬁe”tﬁﬁ?ﬁﬂ‘e%ﬁﬁ'ﬁa‘l“aﬁéﬂﬁs Mt ﬁrﬁ’é<§é‘?%| onto a
speci fi c (ved Pegée 8 dashotdt Qimd)s By LititiAg GtheChaynitldesofrme as a function

of X is: r‘fg%f‘ntl()pital nqp aﬁ‘s;g]o_ ebgiolf‘l %e%d%]_cp 9£'|AX Qlffers fromthe

variatio heé “tont ol ~si gnal fegards 1ts shape. Finally,
Fi gur g 7 crekinuges variatdon oft eentrak \gigeal] 3sshupctHonfyur ks @gedn detail . This

\(/:\ﬁ'm LO! GSt’é:.ngdaésS%&ﬁnﬁﬂ&ti@ﬁréil dSQQ{HiEH'otle Sirgand b ti;teﬁ&wﬁn?ontrol -
ichis e.,so ed_asti gnati |ngne od as, for

exapl e, %aéﬁﬁg’ﬁ"?rfmﬂguan&zﬁ&t’é?ﬂ g@r}l%rsc FEh 7, 703,076. In order to
obtain a foc&ésally,ctigore i ngeswtth@o&qlhthmmmlet ector 10
(Figure habare tsb.edéaﬂhat 'm WRkrol bevith! disol Glddr@edd W &rekyy of 15

sub: det ectOrs. sul tabl e conbi nat I on_of the output SI ghal s of these
sub- dae eét®nad % W?@Fﬂl’a whichets paged,opdhspercAttrdihose difference
r epr esentastigaatic Cocussiifig tiethsd ak) fbbee:ﬁﬁﬂlé,OHed'meé‘cE iahown in Figure 7

these t d | r glgcLor currents,
are app}lvlﬁe%l#ggl‘dss[ Eate%la %ﬁpﬁié%%%tﬁfgo?h&& a%‘l aeg ?z respe%t ively of a
di f f er enfpeyssingriertor sigual Iy medns P@rt"ﬁ@emsﬂ\gﬁaﬂieAd#W #€n avail abl e on
the out pupid@eof) bk ndi Fdath&ith a;Lotamis sbeit 20ed arpnﬂamgr off OCessing in

whi ch TouARESREESsERts e eyt S rpRirtter o HEGHTH EGHE ¥ o appl i ed
to the i these sdb-dbtedtoranpbi $igprlPE, ani EH gap be loahgieédaﬂ\oaecur rent-mrror
circuit -%&Mg@&e%wkhé?f&g@sﬂwt&ed Si gnal current is avail able.
In the control device shown in Figure 7 these two sigxals
F and I-" s which are avai.lable as detector currents, are applied
20 to the t:nro inputs 31 and 32 respectively of a differential amplifier
- 30. The difference signal A F is then available on the output 33
_ of this differential amplifier 30 for further processing in the
. :Eocussing servo-control loop.
The sum of the two signals Fl and FZ’ which sum corz;esponds
25 to the signal Vs shown in Figure 6, is applied to the input 41
. of the amplifier 26, which is arranged as a current-mirror circuit
and on whose output 42 the amplified signal current is available.
This current mirror circuit comprises a variable resistor 43 for
-adjusting the ga'in' factor between the input an& the output, which '
30 gain factor determines the factor ¢ in formula (1).
The difference-forming stage 27 is also formed by a current-
mirror circuit comprising an input 51 and an output 52. The sum
of the output signals of the two detectors 11 and 12 is then applied
to the input 51, so that first the sum of these two signals must be
35 formed. However, a simpler solution is also possible. The detectors



This.clUrrent mrror circuit conprises a variable resistor 43 for adjusti
t he.gai.n-~f.actor: between the i nput and the output, which 30 gain factor
determ nes the factor a in formula (1). The difference-form ng stage 27 i\s
also Tornmed by a current- mrror circuit conprising an input 51 and an
ouggqgﬁpz. The sum of the output signals a8 the two detectors 11 and 12 is
then - ned to-the input 51, so that first the sumof these two signals

nmust - béd 35 fornmed. However, a sinpler solution is also possible. The
det ect of' s 19, 13 and IZnare gepgraliy iotegdajed pncope, substaate gadstedrr at e and

their respect iregpélaiio6 tdditettdr! Eilirénty Qra\éiriaif’éﬁvl\.ﬁ_ &ﬂhtﬁél&el&&‘taéUtpﬁtﬁ.pUt S.
S a_cusrent | C

However, the bstrate al so .carri or.responds fo,the sum
of all detect ?g’ws‘ﬂ?ﬁ’e S S PRSI B S e(?nasqfﬁer[ter ch g 'édtédF%g t he
substrate cur rietsumof (adli dghectd] cofrenhe andr thwst corirespndg 7t Vappaigy e ¥gder

circuit 25 { FigglEgedihg B AsthHeCESRANYI N tneihbet sihe aaldichianal Term
[err] may be elimnated by adjusting thetgaln factor . of the anplifier 26.
The out put 52 MHFPeh e & SPERREtH: $6F SLFeil 35, (Tagues) &) P Rs A 0RRERUC of 1 he

curg ent mrromwi2h, whblsthshe takdditionaDepntV_cuay batelioindted Wyuadbuting rther s
are subtract eg;ﬁﬁ%@&?'&f egl@q_gﬁggedi f erence si gnal [err]
n the di

I s~ avai |l abl e the output 52 as Tference current. This difference -
curient is appli edPRoOWREt|FPef e Srrene mErory Y| s pameghed R eyl ifier
28 al so per{gorodiigpat BPCtHeUsurHRAt ailctdr 26)) sonfhet €he edtoutputiegatdnte pol arity
on the input 61 ] t.hr ont. 1 r SotHaB’ | he mrrors
62 and 63 and eﬁeegﬁééga#ﬁg%%?%%uﬁ%é% %n ou f)% current of
negative pol ardifferengeisigmal ¥y reMg, of *Hipdst avpdlgtiearn tthe outpie 2nput 61,
20 however, | agPass afirédtenedbusd@ecurrent mrror only, nanely the current
mrror 65, and is ns ently al so ,ayailable on the output 64 _as an out put
current of negati\?g‘gﬁo‘ﬁ%gﬁ#m%ﬁj\l{ﬁlﬁ”%ﬂ gﬂtéﬁesh?fb‘éfl %e&gtg‘ean i nput 71
of the divitecramplifijer 22B. Tihdssagpldifiiesi 98 a@lsd qrecfiums &imodulys spampdian 25
nput 72 1 s ol ped Lpamd e AdabaeBarei ) T the uaik 3. 10hel S for med
by a.current mrror, 10Se two mputngl .a?i%l 82 recelve the detector
signals VR ariiceugh fye cyersntopicraF$,c Rapaly the mirrors 62 and 63 and hence

o is available on the output 64 as an output current of negative

- polarity. An input cufrent of positive polarity on the input 61,
‘20 however, is passed through one current mirror only, namely the
| current mirror 65, and is consequently also available on the output
64 as an ouﬁput current of negative polarity. -
. This output current is applied to an input 71 of the
divider stage 29. The second signal for this divider stage on
25 input 72 is obtained from the difference-forming stage 24,
< ~ which is formed by a current mirror, whose two inputs 81 and 82
 receive the detector signals Vo @nd Voo The quotient which is
o - available on the outputs 73 and 74 of the divider stage as a
difference signal is once more amplified in an amplifier stage 90
30 and is finally available on an output terminal 91 as the control
signal V_. This amplifier stage 90 comprises two further inputs
92 and 93 to which reference signals may be applied for correcting
an offset in the circuit. .
Finally, the circuit arrangement shown in Figure 7 comprises
3 an output terminal 65 which is coupled to the madulus amplifier 28.




avai l.abl e ont heout puts 73 and 74 of the divider stage as a difference ‘
sidnal is once nore anplified in an anplifier stage 90 30 and is finally

avai | abl e on an output termnal 91 as the control signal [err]. This
anpli.fjer stage 90 conprises two further inputs 92 and 93 to which

reference signals may be applied forl&orrecting an offset in the circuit.
Fiamal 'y, the.circuit arrangenment shown in Fi gure 7 corrpri ses 35 an out put

t eLAl nal 65 ich js coypled to the m)dulusa lifier 14 Thi s out put
65 suppl?’gé %ﬂ?&ﬁﬁe%ﬁgﬁﬁﬁpﬁ?“%ﬁ optRyE) si 'i"c‘fp’h‘&%ic& B35 5t val ue for 0
<x <1/ 4 Emdst’slvdmsfogcg <ard/aq sadoliqwak lﬂ'Q,fam’d 4/ skgonX vadhelForas i s shown

in Fi gurg, ' Qh:frffp he | 0 ntrol signal.

V avai |€t§'§ gy{fg gﬁt%"sut {%%Egﬁ%ebs S\é V\elgéeﬂsklog%ea%ﬁ%er%r may be used . -
for rodithei H@‘-‘itaﬁéc”beﬁt‘i*ﬁl O%qtgﬁhlﬂwwvgrﬂ@uw%a@éwﬁ PRy Steror e rel i abl e.
cent risNgrhe ‘Sguarewdved ppgag inagamethﬁecslaapenaifyhagrdhe cadwopontrol range is

in fact-lim o -.1/ <1/4q | f thet I hcreases
further Wigdm%npl € as%g‘isu 2PoFveR P £ cong he cofitr ol si gnal
forg 10 m#em: QMMMr@a%@sth%mmlemegis( inl fﬁqthh:tnﬂ-d;aée and al so-
as a resy L plagRosayhbe QPaﬁﬁ QPSorl BAfkeR%eS Gtlk-ibel, Nl T Mt x = 1/

49, the control stem.nma apabl e efurning the read spot
to the PPy afr% I%/ %g?f‘?g‘g‘@ %ﬁgf%ei‘ﬁﬁﬁ spot to the .-
next 1 ack1lf4q sudgenlylaecreasSsrfm' incressing xdi §nvﬂray: d:asm.tand = 1/ .4q that

the squ gya%/se b&'&? Bg%gg , uggd for nodifying.
the p cggr}tro nal in order ?#?%rig?}%stiﬁgés blePety eC|f|caIIy this
si gnal \tifky ”act%d*tqe then 6PRECRE rFEE™ RY AP APREET: PR PPRRIE ?P 1/ 4q -being
exceede&dtﬁhd&gthﬁé eexd rspd:t TogtR) désiirel &tack heaptdlyiendgh?0x=03 | ong as this

\S;ialglrjlgl -X{)"' u‘ﬁ?}éﬁ?ﬂ%‘*‘f o 3:(%%”%\,\%&%& ng gL@Znggl \F/orl iegslr?ngt oErh'?he“ : '
track ¥t x 51@°e ithis afi éh’e?svar!:éhﬂﬁ)k sildAalthet thehpauerewave 1/ 4q (x <1/ 4q —
COr r espofigsal Q’ t Bohes) 1zefb, this signal may be used for mdifying the :
control signal in order to improve the stabi.l:.ty. Specifically
__this signal Vp may actuate a hold circuit which upon the limit
- x = 1/4q being exceeded holds’ the ‘control signal V at the value ‘Ao
20 as long as this si.gnalV :l.szero. Inthesamewayﬂmecontrol )

o signal V_ isheldatthevalue-Aouponthelimitx=-1/4qbeing |
exceeded, Forcentringonﬂxetrackatx=0tl‘ﬂ.syie1dsacontro1
signal V * which for -1/4q x< 1/4q corresponds to the control
~signal V + For 1/4q ¢x <3/4qthis control signal V ' has the value

- 25 Aoy for - 3/4q< x ¢~1/4q the value -ho, . whilst for x <= 3/4q and
< x>3/4q the signal V_ !is again equal to V_. Asis apparent -
from the Figure the hold range of the control system is
L substantialiy extended by this step, so that the read spot will
remain centred at the desired track with a high degree of certainty.
30 It will be evident that the present invention is not limited to - -
'-tﬁe embodiments shown in the Figqures. Depending' on the choice of
the optical system modifications may be applied. both as regards R
the system and the circuit design. '
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0 signal .[Jerr]. For 1/4q <x <3/4qthis control signal V' has the value C
C 25 Ap,: for - 3/49 <x <-1/4q the. value -Ao, whilst for .x <- 3/4qg and X
>3/4q the signal V is again equal to V As is apparent O
C from.the Figure the hold range of the control systemis .substantially
ext eng d by this step, so that the read spot will remain centred at the
desirett g#rack with a high degree of certaildty. 30 It will be evident
t hat - the present invention is not limted to the enbodi nents shown in the
Fi gur es. "Dependi ng on the choice of the optical system rmdification&may be
applied both as regards the systemand the circuit design. S
CLAIM 1. Apparatus for reading a di sk-shaped recorﬂlmnnllmlluﬂmnm
substantially concentric information tracks, which es an
optical system for producing three radiation beans 5*ant proj" ecfi ng said
radi ati on beans.onto the record carrier as a first, a second and a third
radi ati on spot, the second and third radiation spots bei ng di sposed on
opposite side the first radiation spot in a direction transverse to the
tragk direction and the di stance between their respective centres and the
axi s whi ch extend3-t Hipagatusoforhaeasdng ree dbtk-sheped] resord meraterohasisgt and
fagglkl el ttﬁ t}[ae?éﬁﬂaﬁerafmylémcéﬂ@@z%fsm&& tksaést, it ﬁddsyt %/ 4d0f t he
r pitch o i nf or 0 rac secon nd.a thir
dec oot or for GRIRELERH G RELERD FHECTY 24, FFRBIFend 1Bres SARCAER PRaPat i on bears
ener gi ng fromandereiestiog caid |redimdnch§amesqo¢qoﬁ*ngre®rd herfierses sl Fitdte
second and thg {hishd dhadi ahiAd @Qti&?%?@(?t 48! SecBRf o8l unEod aliddiGn N S

| um nous energy | nto carrespondl n el ectric output S| gnal S, a t racki ng
system whi chSEESopEng: %5555’6?/??41 °Ph‘§?PP§’cﬁeaF+‘%ﬁ? s dhe Firsk ‘(?éhi’iif’ﬂgs?f’ﬁei"f i rst
radi ati on spot meaﬁmniﬂhmsént& rtaelc;raamdimemahraﬂd e distaneo®upl ed to

the first, th SRS cLe% “%91? %Egsdgﬁg%gr%iwhg_gile%sﬁ g%g&ﬁt es a
tracking- syst em Cont ro Sl gha err| given byt
the centre of the first radiation spot and parallel to the information
tracks being at least substantially 1/4 of the track pitch of the
information i:racks, a first, a second and a third detector for
detecting the amount of luminous energy in the radiation beams
emerging from the record carrier and corresponding to the first,

15 the second and the third radiation spot respectively and for
converting this luminous energy into 'cprre.sponding -electric output
signals, a tracking system, which co-operates with the radiation
beams, for centring the first radiation spot on an information
track, and a control device, coupled to the first, the second and

20 the third detector, which in use generates a tracking-system control

‘signal V given by the formula:

Vc v__]_. = R2_ — . Vr of
Rl R2™ s _
25 where V and V_, are the output signals of the first, the second

Rl R2
and the third detector respectively, a is an adjustment factor, and

vref is a reference signal. _
2, Apparatus as claimed in Claim 1, wherein the control device
comprises a first difference-forming stage for determining the
30 gifference between the output signals of the second and the third
. detector, a second difference~forming stage for determining the

N
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[.e?r] 25. where V Y and V are the output signals of the-first, the
secoend [errr] and the third detector respec_J_ALeJ—y/'a’“ s an adj ust rrent

factor, and [err] is a reference signal. m“ med in d ai
1, whgrel n the control device conpriges a f| Am ‘\g rmng stage
for, determning the 30 difference between th w3 gﬁal s of the second
and t third detector, a second difference-formng stage for determ ning

the - 1Afshdehes e:aeeeémetwemtdfetmautﬂutt Signavs it tied geddna. &fd t he second

and thi rlgigfzt u S he first
det ector, gga&’g{ov?%% gé&’g %%’r’oogegxerm |(r%gL glqatfg%n?;% t he out put
si gnal s déf-eqtl'?é, fandse divbderhstagecard defarméningcthe guotigpt ofatke 5 and

suppl yi rwtﬁutcamﬂaqls oF GRAlEi b GRa ARk ASBAN UE rEdtRhes FormingAPRReat US as
cl ai rred CI ai EW]! 9 wher el bet \/\gélg t.he second, di fer ence-form ng stage and

the di VI h%l‘:gn'f‘? aTIRAL £ BRTPPTH SPB® Ubj ecting the out put
si gnal of sa?i-d Appevaidisded cdnimedein Corim B¢ whenefn thetweerplhe wecenger ati on. 10

4. AppaaktsreASe-Fhahitgd ia@eqﬂm@ﬁmesﬁg&%é@%n&z%aé@rasnce- form ng
‘stage receives a first input, signal which is Ero portignal "to the sum of the

out put SFRHLRES @‘tﬂ?ﬁ?‘?‘?ﬁ ﬂ’?e&‘éﬁi’&taﬁ?&“?%ﬁd Hé: BeeBf LEEergBEaT at us f or
readi ng farmhngcstﬂgapnﬂanﬁmmtk @pén‘amonsubst antl aI ly 15 as described with

;g]::‘g;rggﬁel tn% glr%&ngﬁégtsu; % 5" ra ugl %r EIF eadling a d%gé}ﬁhapeg'r%%%drd
carrier: Eﬂﬁéﬂaﬁqgal#efea!e-’dé Bh darPwf tsA IR Eh@gbeswaomrgéwé $02. 5 and 7 or
to Fi gURRE slmZof tREbulp@ stiR1aCHORREFIEEY, decuidngs tRkd25 30 35
| detector. _ -
S.' Apparatus for reading a disc shaped record carrier substantially
15 as described ;rith reference to Figures 1,2,5 and 6 or to Figures 1,2,6
and 8 of the accompanying drawings. '
6. Apparatus for reading a disc shaped récord- carrier substantially
as described with reference to Figures 1,2,5 and 7 or to Figures 1,2,7
~ and 8 of the accompanying drawings. . '
- 20

25

30

35




