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cancel l'i ng swming%wah%cmmﬁa Sidrls TArSuB @b 0 eé; E ﬁal i et e ng a
cancel | i ngy Siail¥Bdusing rfd FERGRAMG thedils SRrkctED SAi@LMEellng & baﬁra&??enab&wung the
det ecti ng t heunkdiag Sighdd réih a0dignSil d@RYGhing 3H8 GELLEMRPSHE Yighd! bEblbd'® dalad6dibiRg séVd hcuit,
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generator for subt ract| ng the cancel i ng 5| gnal from a signal containing



zero,. partlcul arly when-an optical pickup traverses a recording track such
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wi Il now be described by way of exanpERORRTH4FBierence to the acconpanying
dr awi ngs, throughout which i ke parts are referred to by I|ke references
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expl ai ni ng t heoabihgetorkigra;dual on the drive signal; 15 Fig. 8 shows a
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i nput at ki gdherates ke eebr\sigBal dndicand il @lchsrigy P8 bosEDpf the dbjextits loes roktiva t¢ thadige T
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i ndi cati ve ofengrated afrgusingferposignel Eif) tof phéve cohjeneating/ereliictdovhich |ganerajes atdjve signal D-
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O- order arsel [fiesr stippd andsposiiordetthel refekied Goht opot lieaed on the tthelodetegiot Plie dependefit| upon the
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50 . The mechani sm by- whi ch the disturbance WS) is introduced wll be
descri bed ‘i n greater detail under the assunption that the focusing error
signal E(S) is obtained according toeRm Zevtadgmati ¢ met hod as shown in Fig.
3(a), which utilises a photodetector placed at a position [err] between two

astigmatic points [err] and [err] of a light beamwhich is reflected from
the optical Q?legtb'e ﬂ‘sh“‘aé s digiance, F’?mrgﬁ @l digengnd|the-gharpgsy S+ indicples %%ﬁcﬁ‘ fight
Fig. 3(b), BEléfteé’é‘Pfﬁ?et‘tﬂ"ﬁE *t'g ?rwra@as B ¥ £i "19(@%’ djstangq fran) F’ ogra qisp
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hglahtﬁ%rﬁn\éEif e%}ﬁetﬁ RitPdroctes 8Ok Olo

from the optdigak rmeaﬁs ir¥dro L GneCitRiodddcRr Pl &Y divbwrl fﬂ(ﬁgcﬁtrﬂféreﬁﬁb &latabtat 4 makates the
light spot fpganbreife lobiRieP BRY QURrbREdoP EiffiRctibh BBarkd RteAdth, Bifid bhéfacteP BSndidated ttheParea
longer di st agieR thd 0BtdeahdOPAritGRler Eithaetion VBRI idterfdrd) Rhd T8 Qharhdter fcORdIREbs QML 4rBL on
phot odet ect Ghich,onk Wer @& difirdefidn Jeam &fisinge £ (Bvdn @srRalidevidtive 6f the R3ddadight spot S from
respecti ves dhe/cetislofiier ghowtidector Plchyses & bigrifitant indreade i he dislndbreed £The edflected lightTdpet S
focusi ng er roir dedapntadm H{eSjenires ciothé photaidietitr B dua d ogtidal rsggermviotidet, tdise skewp roe yaricos
E(S) = ([ er rdstigmafie perjubationé.[ Ee rdjstutbaher leve) chafigee edehstrug tharighs spétSjavérses the recording
i ntroduced itratio Petfeuldriy cludigng egcessr mae gpfi aberE)fordeerching tobredadi hfomabien, ersigfiicant.
the |ight bedgtirpantd isoniaduded dne thecfoeusing eudr sitinglccausing safusatian ioh thij sgrvo gircuitgynamic
t he WL ghtZobeelmﬁraeffm@’eltveihchﬂmf?qw"wrvpémﬂoldﬁﬂ%é'QC'SO%I(FOPWO&ct ed and incl udes
0-order and fThesiolughcgef thaiintpdused figiirbanes asthe fasusing epr fignalc(Ploand theciike siensl RE
intensities wﬁ@wwew the position of the light spot with respect to the
recording track. This is true 10 particularly for an optical disc of the
data witing type formed with grooves G The O-order and [err] first-order
diffracti®n beams interfere on tGgifﬂiotodetector P, as shown in Fig. 5,
where the charact &{(® ihdi Cargs+ sarea r“%‘st’he' 0-or deh? and +
first-order diffraction beans interfere,_.the chagacter b indicates the area
where the 0-order aﬁgg) first-order dnf(fgr)aé‘t Gae ms interfere, and the
character,c indic the area on gergdiffcact(@h beam
inmpinges. Even a snall deviation of t he & &f ed light spot Sfromis the
centre of the photodetector P causes a significant increase in the

di sturbance. Thgs, Bednb&CnBw thel BiduaiRst venefdr IchardbRVibRE R teGRlok [EEs)ARS) dn8 DEVKER
phot odet ect bspBctilélf; it e BREdRA bt SHSHhrBdROMSS AtroduBddSifiio HeRMsecDBbop/ Entrd) éfcuit of Fig. 1.
astigmati s pewil be 8@h itande gdif Br ths St DSV id St 20 @B grgeSthaand gdin Ethé o E(Sywt
spot traver S6pattilequen@ascyretitan ghah o &Kz, TRatchson Udr aitis i tickt! this RigveasignalCR(B)SIS protibed aff the
oper ati on f oipgled thelphasg corepepsatagiciicuif Brierabictoihe foausing grierfsigoal &(S) & apbiledbance i s
i'ntroduced i nt BgiSshofrparuainutsignal wavefgimgriich may acsi sidhesaitoutr of thedorusifig erfoedatestop 33
circuit dynawtee ROintroduprgedisiyvbancs) bysed frequbnsy jarrynd @ kil Sudli a docysingserras slangt GI(S) 1s
into a | o®k-applledcde s phagh commeasating Fitguih it where tthis dmpfifiedaerces ke ween fMBAite tf‘a'ﬁfef
t he focusi nFheATRistcGURf Fig(%Sfo %Fﬁfdttﬂ‘té‘ym'cr/é“%r a?S“'DF at Wﬁ riyg siggl Q) satwgt
[ERR] Fi goltagesamaeet;lmg ﬂt?vr?“t” es°f"r P'bB‘?“@ “?tfP%!’é‘"g

as:
for the rati §’°E??>‘%'/‘ ‘%,Esﬁ’bqﬂ‘:{ senc
di sturbance V\(ﬂ m "i“‘ ..p.-( §f° p 'b;m % ?358 o °a§r %
35 |t WI mg nI on Eca%sgg s 1o um ﬁnml% étro 8
nd& iht
greater tha A ra at fr quencres—grea ‘er than
10 kHz. The reason for thrs IS that the drive srgnal D(S) is produced at
the output of the phase cmpen;at-rmgcogmua.tzﬁajt;@ whi ch the focusing error
signal E( is applied. F,g._ 8 sho utp na} waveform whi ch may
occur at t@he out put of tHEP foclsl ngﬁﬁ?% ?EE?S? 1B *when ?ﬁé i nt r oduced
di sturbance has a frequerﬁxy ardund 10 kHz. Such a fopusing error signal
E(S) Is 40 applied to the phase conpensating circuit 14 where it is
anplified, as can be seen fromthe transfer characteristic curve of Fig. 7,
t 0 exceedsd hehethy Adsritte suan giethe Tibie interslibs of the Whueder Kiffeaciibni heem SR(@Nand thY 3)first order
sat ur at es atdiffradtiora besmseR(et) cand regprodsed power [SROX B et |\R(FpB.8sis dise pladush of the Brayder
9. Thi's sat uditiradtiombgamaii{@)sant lthe f fivetesdendjifraeipy beage My 1bandi expressad kDB k= bRM) | x | R(x1)
condi ti on t ohisithegightetensty efdhd Srerdéraiifaction heara G0 enssexpisssed @o . = THE) ¢ is the phase
di sturbance WS) introduced into the closed |oop control circuit wll be
described in greater detail. 45 Assumigng that the pupil function
corresponds to a uniformcircul ar opening, the follow ng equations provide
proper approximations of light intensities la, |b and 1c on the respective
areas a, b and c: la = A + 2Bcos([err] + 2[err]v/q) Ib A + ZBcos([err] -
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diffracti on beam R(0) and the first order diffraction beans R([err]1) and
expressed as B=] R0) | x| R(1) |,Cis the light intensity of the

0-order diffraction beam R(0) and expEB§§@a4&%BC | R(O) |[err],[err] is
t he phase 4 EP 0 227 445 Bl differeénce bet vveen the O-order di ffractr on
e

b R(O d.rhe + - first di ff bea
ﬁW?ﬁﬁﬁﬂﬂ Rl
krc? dr c
uatr the{‘i1

optical disc 'gh spotpit?reF%qY{?ethe

to the centré’ Ot PEaBeERY 2L track
that each t'greavs orr bl 3 o @.n i éayi R docolill ok or
the Iight Ing \YaIU Qé?:ﬂﬂ’i BridhisRinAio ol H«Eha telsRt Qlind \@HRr: Vaiye A in 2

direction W tafedi6s Bipbdite tO e drORSH @frﬁhar\é@ ok e AgFR RNk S, v{rrﬂ 8 e ity B oRMhe
the area b Chaa3esnheM dubstdnBS @€ con@ark eGP NSt ant va ue in a direction
opposite to thesdbtifghd @8 BligntldN@Rod®la tb@ingi BF siphd @ass tpdoviligd inLRK QBRarinBCas

|'i ght i nt egsiekptedsed mhgﬂa%\,@,@eguaqor}s hel d substantially at a constant val ue
C. According to the astigmatic nethod, a focusing error signal FE is

provi ded i n FEGh(la+ GRAGEF WS O  expr essed by the follow ng equation: FE =
([err] + [err]) - ([err] + [err]) (4) where [err] and [err] are the
currents obt ahered, kripend here e pachis whtared rake the kepeativkedigdddarhofpdetecion pertidns 111, I
1l 15 andssl \nd Msi ng equations (3) which express the light intensities on
the areas a, b Using eguatiengu@)twhish egpfgss iths ligkivniensitiesrondhs argiE a-b Bnd-c, (epuationg) is rewritien
sin[ferr] sin@¥err]v/iq) + (E+ F) cosf[err] cos(2[err]v/q) (5) 20 where E is
the val ue corresponding to the product of 2B and the difference of the area
a on the di viFBetd DphR dJasipeenérvig € itofso3s °&F{a""(q)l(5fromthe area a on the

di visded ph8t odet ector portions 11 and |V, F he va Iue corres ondi | ng to
t he product c‘ﬂ‘e’EIf' 'aﬁ'l? ‘tafr‘r‘é Y@P‘?{'F'é%é“eth%f’m %{'d h? a on tffe divided
phot odet ect o d | te and IV, F is the

f%%n@e of e a, bgrl;h th hn i EQ n rh%saréas a,

and 111 f romy e, ﬁé‘éw.ﬁed ea?o &ﬂén Rt 1Y Sﬂoﬁr‘a&t&h@z S’r rons 1=
and V. The valyge rl\/l é? h asZ€r 0. here ore equation (5) is
sin

sinplified as: FE = err rv/q + [err]) (6) 30 vvhere [ ERR] 40

Since equati eg « M4y esees @ghe focusing error signal FE when R(S) = 0;
that is, wgen the light spot is in focus on the optical disc, it also
expresses thengsst urbance WS) introduced into the closed | oop control
circuit 10. Such a disturbance WS) occurs particularly when the |ight spot
is offset fromthe centre of the photodetector P _and changes due to disc

skew. Although the digf w ba\[\cae W2 caytp he peasuped dpsciply an@ t he
closed loa control circuit, it presents a residual offset on the focusing

mﬂ ¥ ing ? fro r?ﬁ% l’en @0 %{%% vl
s Ay Efﬁﬁ o

error signal E(S), as shown in 45 Fig. 8. The residual offset transfer
characteri sti% E(‘asj'ﬁ(ﬁ(*sf)’(@errﬁbéﬁ“é&pr essed as: E(S)/WS) =
Q[err]).exp[[err]] (7) 50 Thi s equatronrs revvrrtten as: E(S) =

t”qm[*gﬁra]s)es'ﬁ?[ﬁ%fra%ﬁ %rarr af et :qurr’ e E%g

rg lr?e Sht spot is
f d l
Eggﬂ Ie,:—)::]] (?_) 'ﬁ“ 1 %g;? res f@r tcrz o%\ rgm%e e:t?ec::?hz
t S) C not bs measured dire
%% ) e P Sl hbt Labed

[-e”HCOS(Z[ rol | Giodit it
+ [err]cosg2 e
The residual offset transfer characteristic E(S)/W(S) can be oxpressed as:

E(S)YW(S) = G(w).expll¥z(«}l (7)
50 This equation is rewritten as:
E(S) = MG(e)sinf2av/q + ¥1 +¥ 2(w)] (8)
55 The gain G{w) and the Phase ¥2(w) vary with variations in frequency, as shown in Fig. 6.
Equation (8) can be expanded in the following form:

E(S) = MG{w) cos[¥1 + T2(w)lsin(2aviq)+ MG(w)sin [¥1 + Pz(w)lcosRav/q) (9)
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a(ferr]) = Mx[err])cos[[err] + [err]] [err] = MXJ[err])sin[[err] + J[err]]
10 It can be seen fromequation (10) than.the d| sturbance WS) introduced
into the closed | oop control circuit R0 e2nadEBreasur ed from t he
measurenents of the periodic functions [err] and [err]. Description will be
made of the neasurenment of the disturbance WS). 15 As well known in
the art, the tracking error signal is zero when the light spot is on the
track formed®n the optical disc and has a positive or negative val ue when
the .| kght sp IS offse fromthe track. Wen the |ight spot traverses the
recordi ng trglé?( gz ?rﬁl%“’)cﬁ(ﬁ”w??g?%?ﬁ access node of operation, the
tracki ng erro S|gnal TE is expressed as: 20 TE = [err] sin(2[err]v/Qq)
where g i s tﬁirﬁrack pitch and v is the position of the |light spot wth
respect tot g(m:t r)gosquj1 tQ Pptlcal disc. The main or RF signal obtained
from the pho @p LSh [*ln ﬁd) such an access node is at maxi nrum when the
li.ght spot,is on the recordlng track and thus the tracklng error signal TE
is-at m n| rmm The RF 25 signal is expressed as: [err] cos(2[err]v/Q)

SO Ref erri fg:ah Be REdHHdnP Bqueddd) (10) thER thedkikiOpAra8 VF(Q)WﬂlHdh&H $nt® &6 WossHBb control
cos(2[ err] v/ ghcuitideaniby meBfRedrom 1K theastilembrd &tid perishlic ﬁne&o@%)taﬁwﬁ(wﬁb&npﬁon will
[err] ll) WhBdmadeof 6 hnbasufshidbild @6 is\uioadceis)l and thus E(S) = [err] iii)
when v = G CO Abekroi inChhe &, theatrackirighan®r Sgra) is Zerb @ér] thé ight bpo) is\wh @R thick fermipl 3n
cos(2[er r] v/ th opticell disadind hassa fosie or nptivg vallé when thé fight et fsaifses frovg thertfacd. When the
signal E(S) light spenfpiversbsaimecredreding trebie ifor erespR) during erl gpcess nitde kidpeiation, i eacking exror
mai n or RF ssignablE is sxprassesi,ast he sanpl ed value will correspond to the '
periodic function [err] or [err]. The polarity of the focusing error signal
E(S\'s reveFSEsiarelai n t he periodic function signal [err] when v =
3g/4;that is, when the polarity of the'tracking error signal TE is
negative. Sifereg isghe tagk E"ﬁ%a'fddt'ﬁg? Pgsitiop obthe Ughtyspat withrespegt o e pRFirR of t%?rﬂ!’t'??e‘l“if
when si n(2[err in.or BF sjgagl obtaineq fram therphotodetecior dying spcly ansge él‘m?‘E'saé

the sanpled ¥ E { §Poldt O ErPEuYO o B HS PReFaoBEs BT GHEA i quwnb e A
[err]. Thé& pB¥g f‘f”§?'°8?° tffe focusing error signal E(S) is reversed to obtain
the periodi cﬁ%:un&t | g(? §qégnal [err] when the polarity of the AC conponent of
the main or negative. Fig. 10 shows several waveforns obtained
at the outputs of the photodetector while the Iight spot is traversing the

recordin rac s placed in a
sonmewhat k g%: ce %ﬁ,ﬁg‘:%ﬁ ifhod g,g@%&%%g}vg &%ﬁ%gr @gﬁ g?sgs%@g- ][0 he IOf ocusi ng

error signal whénRe= \6G/4, ,{(},_r,,wq)l q%namu§§@§-t4@,)t he main or RF signal, and
the wavef or m lijGnés atesostavighe 15,(@;;4@5@ £85)@hd Si gnal TE. The tine interval
t-t indicates i)wberd b ey, ee8@- QM =-ind @ub Bls) =r@byat i on of the optical disc.

The i || usts at ed teofeciSing e g EG) Brsainpibdariiasidavhemb@Rrpar ¢ 0t &,odietl tha Imaillue RF
to the di st usigrahie @ero,the sahupiedsalb @tiadiespbreino thaepetiddiphunciigrod(w)t or (@ Tiespotattig of the
Tecordi ng tr@clsing errgrsigoal E(S) st revessed fppabtatmihe pariodiv fangion Sighat Heltwieie =ndw/4itha s, Wien
signal is exihe egaiyofdls okigdmer signal TF Emegativre Similerlykif thg feusingeamonsignel EfSids sampled
expressed asamsi he{d2fen sin@ely). £t0ha is, twirer dhdrakingpas sigiab TEds zdne, diensanipled valus wil
peri odi ¢ fneaeepandiodhecderigdia fu Ct'?fyﬁ(s)amp‘?(?)n&etph'éﬂff gl foriging pires sigad! §iFhls revprsed to
each tine thed@mite Py dRFf”"ﬁ’Qg al i) yehers the @plarity pidhe é@é‘?’%ﬁ%@“ pige W@P 8‘? R §'9’l?f 1
the sarrpl ed OS&F‘UEF |f the t racki n(r:; error 5| a TE | s ne ative a

sanpl i E \ﬁpagl avg is
peri odi ¢ funE‘T"F'ﬁ’H HE (f °'9 ot ] 2 ewave C;J

the out put' a &{ egt ufs rll"q r } n 69' me m t-t cg;%é
recording tr f ,r r HOYEIa a'ié 1€§ mug % fo major
relates to t Q%E?:”tﬂg stﬁ»’b%@kntr ec} ir eg'é%o I%track
tracking err gmﬁ,\,f fig) o‘ﬂﬁi’tﬁ i lilgss )‘F'a f'slte j s(ﬂﬁ né the Macking -
si gnal The & J‘fsee&ﬁ?aéseé ad sih@Rlos R IsCher o {'o%'céinrt riBdic findiibh signal a(w) by

rotation of A?fﬁllr%pﬁwé GRlsiy Sifor sighal IFE 309 ﬁlhb lﬂﬁ rﬁﬁn 8PRAIsEndl Q%s&@ 268 Ghé reversing the
function si gpdditld?irelsamped @R |if thidirdckify SrRF HghalTtE B mbgHiveSd: 8 3hmpling fiffe. kbl ifve
Bl FE each t bife wk\aiotni foakinditite® e désuihgifbnbdic! findlibrPSgmate(@er 0 and reversing the
pol arity of thaigsarstone sevatall @aveforrhdebtiakiaat ke ybuplis o the rBRbIBdeRctoRIhiRI thght $pdt is
negati ve. sd heavbeingl tielirouading tradkeor \ypooeé Gotedl b tHenahiticidizs. THaewaversrd] §1anglates to the
periodi c funttising esdrgsignk! Fi& the] waveksmcHb réistossiodine Facking et alghad (TE( 4nd )the waveform 11c
di st urbance a8 tgthe rein obRfsigall The time irtdryal i indicatel dheplione regliired Hr affulivotationvf the
si gnal [ err] odfigal slisn(1Pf @pssiole g)obtain|the prrigdion fynethe sigrst BoH bicsamplingt the fecusing wedr signal
[err] by cos(2[err]v/q),and adding these products. It will be understood
that sin(2[err]v/q)corresponds to the tracking error signal TE having a
constant anplitude, for exanple 1, and cos(2[err]v/q)corresponds to the
mai n or RF signal having a constant



arrplltude for exanple 1. Referring to Fig. 12, the waveform 12a relates to
t he perlodlc function signal [err] which i,s multiplied by 10 the tracking
error signal TE, as shown by the wavefE8rh22r245s Blo produce a first

di st ur bance corrponent a(w)- sin(2[err]v/q),as shown by the waveform 12c.
Referring to F| he vvaveform 13a reI ates to the erlodlc funct Lon
signal [err] \EQB t‘m%‘h Rk Tf\é FP i reyersi é’P’a"% o "f"HSem
wavef or m 13b,P ﬁ'd PLEgr PR PBRHPS ‘f”avffg?“r 1a '“ icates tie resulting

cos( [err]v/
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12. The per i atrespdnds i the Bigsd! givah by ahe Yavelernapddl of . 18 The Sexood synohrbriougtatestor 20b
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the main or [gkssilterreahl td € ebrd rossingstepiro22a cvbiict toduces X Ipelsd tocecdatendreuit 24a pachi tirahe
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detector 22a which produces a pulse to a gate circuit 24a each tine the
filtered signal crosses zero. The gate cireuit 24a has positive and
negative output termnals connected 55 respectively to waveform shaper
circuits 25a and 25b. The focusing error signal FE is applied to a band
pass fllter 21b haV| ng the sane. character| StIC ‘as the band pass fllter 21
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filtered signal is applied to a zero crossing detector 22b. The zero
cros$ing detector 22b produces a pulse to.a gate circuit 24b each tine the
filtered signal crosses zero. The gaER0cRrdds B124b has positive and
negative output termnals connected respectively to waveform shaper

circuits 25c and 25d. The filtered trackln error signal is also applied
fromthe baﬁ@?’%%@a‘f s pRRlipd b Porotorressiph ARiReion £ THEIRIQHPSEIRY detecia ﬁﬁ%P’é@“"?ﬁ%P"'se
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