;e3e|‘vaPP‘QTRFZST6" UTvUT_| TITLE OF THE | NVENTI ON Met hod and Apparatus for
Measuring Characteristics ‘ Wm\\mm Pi ckup BACKGROUND OF THE | NVENTI ON
Field of the Invention Th\mm relates to a nethod and apparatus for
measuring characteristics of pgldcal pickup. Description o{)pﬁﬁe | ated Art
There has hitherto been known an inspection device for arl C pi ckup
used in an optical disc drive. The inspection device for an optical pickup

is used i r I i cal pickup shipnent inspection or
accept anc&HLgpgg?ﬂgE I&@ﬁ&@\wduct ed for inspecting whether or not the
optical pickup neets the prescribed specifications. For exanple, the

present appethad andfAppareasdor Meashangharactenistscsodf OpeicalPickap pi ckup
nmeasures the RF signal level, fitter of the RF signals, TE (EF) signal

| evel , dejggg;@g i i N nce and error rates. |In neasuring
characteristi c?%?%g %%FH%FHE%:}E?Qt he appﬁmwﬁmmm’MMMasuri ng
character'gseé' C? of .the optical pickup also nea erance of the
respecti vél A QL 4ks LIVEIiOBs . The tol erance means t hestifkeshol d of al | owance
of variations in the neasured values, for exanple, the range of neasured
val ues for whi Thisinveption sdlates ¢iamathod epd apparatest fos faedsaringwhafgterstissr i ng
the tolerance values, it is possible to estinmate characteristics on
reproduct pbpRpAtalgsicki.i cal disc that is outside the prescribed range of the
rel evant staﬁdar , or a defective optical disc. 1 4 JUC. 2003 The

tol eranceyval ues are f oynd by .pl otting data of neasured val ues on a graph
and anal yBeﬁgrlpﬁgngzlﬂ?edeegiﬁegﬁ he neasured val ues fromthe graph, and

hence cannot be nmeasured if only routine measurenent processing for an
optical pi ckup There basdritharta beenfingsn an mngpertinmde vipe fon an optirabpdupaged
val ues of the characteristics data of an optical pickup. Fig. | shows
changes i in hheptkal éigeldrivet Hrlﬂea'&rs?ecttidmdwiee dogh @pttidab pidi@iptisngedin afor
direction of the optical disc (defocussing). The EF level is the |evel of

e L eckLaprels o 98ROk e Re gk At ypeatal Y3y o

Fig.1, the eranc angenti1 al drrection, cf§1 t he
EF | evel can,be ected, is -,1.0to +1.5 . Fig,2.shows changes in the EF
Fovel i t fondusted tof ghifiecting Whewher iod ndhaioRfisAL SUFM SRcetn G BIeLaPORi oo,
On analysis fromFig.2, the tolerance of the tilt in the radial direction,
for whi chsperifications, Epr exampls, thetnseseatiapparatus formeasuring characteristics of the

optical pickup measures the RF signal level, jitter of the RF signals, TE (EF) signal
level, defocussing, TE (EF) signal balance and error rates.

In measuring characteristics of the optical pickup, the apparatus for measuring
characteristics of the optical pickup also measures the tolerance of the respective
characteristics. The tolerance means the threshold of allowance of variations in the
measured values, for example, the range of measured values for which an optical
pickup can operate satisfactorily. By measuring the tolerance values, it is possible to
estimate characteristics onreproduction of an optical disc that is outside the prescribed

range of the relevant standard, or a defective optical disc.



Fig.3 shows changes in fitter with respect to the tilt in the tangenti al
direction of the optical disc. On analysis fromFig.3, the tol erance of the
tilt in the tangential direction of the optical disc with respect to the
anount of fitter is - 1.7 to +0.8 . Fig.4 shows changes in 5 Jiien

respect to the tilt in the radial direction of the optical disc.

analysis fromFig.4, the tolerance of the tilt in the radial direction of
the optical disc with respect to the amount of fitter is - 0.5 to +1.3 .

The tol erance Yhe usleratice Vatuesie F6ifl by plotin®ilath o nerisifed validoia geaphbe

anal yzed 2 ~ ~r Jut 2C43 fromthe graph show ng plotted neasured val ues.

The val ussEhMMDzR FLGatalion % heahEadBLEi Y HeiRiniraBR A FIRRICARAGE, |

certain optica erance va ues can

measur e itens paratus for neasuring.characteri,stics of the
opt i cal "ﬁ?ecmasum@%fy roUbing aRASHTEmEH ProGRsEREToE A0 aPtieal RiFkIR S aRPTiesh
fitter, RF levels, EF levels, EF balance or error rates, by way of
exanplesJObecause these characteristics are deternmined on the basis of the
tol erance values of different paraneters, such as defocussing, |ens

di spl acenent, Figkt] 04 shew'the éﬁéttéﬂ #Ra§1ired valuels b ithe chaagRMstiad deliar §tdn on
of the optical disc etc. For exanple, the fitter anpbunt characteristics are

measur ed . the tilt of the optical disc in the radial direction
and the U%%gﬁgﬁ%ggghlue in the radial direction of the optical disc is
found fromthe_neasured fitter. Meanwhile, in the conventiopal apparatus
for measuring Biat BRqes changes imthedizleyghwithrespeekdohe grdicahinthe tangestinks of
the optical pickup are measured in accordance with the nanual systemor the
aut omat i cdisgeticanof thef optredladiac ddefolussong)i Tindi kol levet isathevieveteott the teatking

tol erance values. In the manual system the operator vary pre-set

par amet er gréy m@ﬂlﬁiut?@@é&by @he photddéfRbar. OaranaRaKUEGREE. 10thd fakerBhés 6£1
paraneters are found nmeasure the characteristics of the optical pickup.

For exa t u I t ScC
accor daggég%vt[nﬂk ﬁq Wnua 1 J;Fesc?l gﬁt ﬁ%r %ché@% ﬁ:rlgg%lr%&gs t#tgﬁkfl’t Sof | Cﬂto

opti cal #gg o N the radial dlrectlon by a manual operation or the range of
variatio the tilt is set by a manual operation for each pickup bei ng
neasured. 3 1 4 JUL 213 In the automatic neasurenent system the

measur ement r ahige2 stovss ehanges patherht level with paspoctda shetiké én thegadishdireaion
characteristics of the optical pickup. For exanple, in neasuring the anpunt
of fitterobthd bptiogh dizal Ofi analysisatomr B2, ethei foferbhiee afitthenili in tleasadiehent
system the range of variation of the tilt of the optical disc in the

radi al di gieedtiq fbﬁ“ﬂﬁ@fYt}féiEF)Iev?e%an%E@et&%d’ﬁé Lapf tglige. is tilted in the
radial direction with the same range of variation for all optical pickups

d
Sence on the pake> SPOUREapaslpd s ?“égéus e q@héh“?*htﬁ?“?ﬁtéeﬁﬂﬁﬁdﬁ. éﬁtt to
e LS TR G bt o THRSHR B8 Ba 5 e el

pre-set range of varlatlon the servo | oop of the optical pickup i .
occasi onadirgctiims efitherepticad dissraish respechisothei ammeuntofgteriinuel e +0. 8
measurenent. For exanple, if in nmeasuring an optical pickup having poor

fitter charactEig4éthess chdn%e@m jieat withgespest to the ¢itt inithétadial direetiorbf tlange
of variation, the det ect i ght volune is decreased abruptly if the tilt

exceeds gopﬁt‘?fep%h%e'd)fl‘aha t&ﬁomthgn o8 ﬁﬁéx%ﬂéé bm%' g'raatat @Eeétﬂﬁﬁ%ﬁ' ng

servo lo neasurenent ca e contl nue I'S manner

operator i.s obliged to.re-set t preV|ou set e oariation of the
par anet er 18Pt ﬂ‘éé‘-‘ﬁ ‘&4‘ TESRGSE t‘h&’f nctsfJ %FﬁSd%s#ﬁ?g "@ RY OF THE
INVENTION It is therefore an object of the present invention to provide a
met hod and app&hatelsranse vabiesof thachanaoteristies of thecaptisnl piskip aan be analpzedhi ch
enabl es efficient neasurenent of optical pickup characteristics. 4 14
JUL 2003 I n one aspect, the present invention provides a apparatus for
measuring characteristics of an optical 2pi ckup, in which laser light is
illumnated on an optical disc to detect the reflected Iight to detect the
informati on recorded on the optical disc



to measure the characteristics of the optical pickup, in which the
apparatus includes control neans for halting a processing of neasurenent of
the characteristics of the optical pickup that are changed during the
measur ement in dependence upon pre-set paraneters, or fordskeddr I¥lg the
direction of changes in the pre-set paranmeters, if, during the neasurenent,

the resulgs_of asurenmant eed or falls b W re-set.upper, limt

val e, 1 dindhs ERRAENTRE pRE e Bhref xo DS TR L AuEE SaR N ERRY Jorht
measuri ng chgfr]acteri stics of an optical, pickup,,in which laser light is

i'l | umi nafeRrebntypical giimpeasuagsent of aleersain optisal pickupt ed |ight to detect the
information recorded on the optical disc to neasure the ch of the optical

pi ckup, in whi Thesewleranbodaluescadde foahd fogak of the assisognwdnt ieasusfehent of
the characteristics of the optical pickup that are changed during the

nmeasur e : r : r [ e

i root | onbpRH R R R e R b Rk ORI O
the results of neasurenent ceed or.falls | 0 e:set upper limt
vatue. - actBratoey atars e tovad Kot ervRRIGvRIS Eilevals, ER YR58 of Blfereates by
characteristics of the optical pickup that are changed in dependence_ upon
the pre- y&ay phexsampless becaiserthese chamsttaristics nsedetermined andhe bapisofitbeow a
pre-set upper limt value, the neasurenent processing is halted, or the
change oftolkrareet valiePdf differpiitepatinepas aieheissdefocushing, Jdds AGNdcement, tilt
reversed. This enables efficient measurenent of the characteristics of the
optical pj I I . i : g in
the EF |2"\}§"i%ﬁm’a 'El rcggepcelagﬁ (ﬁlo?%-ﬁfei%\ltt%:%éﬁlﬂﬁlt e l%ﬁ*&aﬁp g?érl‘é@g ?%ﬁ‘goﬁ% (gn
optical disc as asyred b onvent i.onal appar at for_ neagur|.

char act eFFaMALE, T Wit apotel chgraskaristics dse Sherled byargati e W Wirhecyel
W th respect }‘g the tilt. in the radial direction of an optical disc_as
measur ed opyical disairthe redial dugpteniand the tolaranca valis inilhe metad dirseiensolhet he
optical pickup. Fig.3 shows changes in the fitter with respect to the tilt
in the tapgpeal dsk islfowent from tife measnped gigter.di sc as measured by a
conventional apparatus for neasuring characteristics of the optical pickup.

Fig.4 shows chapaeshile ihiRe thhveéitional Ebﬁeﬁ‘ﬁﬂﬁ%r h&a"sllﬂﬁné thdraétRristies sdeal
direction of an optical disc as neasured by a conventional apparatus for

measur i n%g?%?ﬁ @%ﬁégﬁ,j el &Pargételli?tﬁcsogf {th%aclpéﬁagéwgppﬁgg n?ez{sﬁreaq o é)c%éacgs[n%gr am

of an app Measuri ng characterl g optrcal pic
enbodyi ng_t.h rese i nventipon. Fig.6 shows an illustrative ot,odet ect or
ot ovi ted YA S RRELAY SHRFE 06 56 BT HHESTE tB JoRRu Al Eranffey ROy | ng
characteristics of the optical pickup shown

above-mentioned tolerance values.

In the manual system, the operator vary pre-set parameters by manual operation

or a range for measurement of the pre-set parameters are found to measure the

characteristics of the optical pickup. For example, in measuring the amount of jitter

of the optical disc in accordance with the manual system, the operator varies the tilt

of the optical disc in the radial direction by a manual operation or the range of

variation of the tilt is set by a manual operation for each pickup being measured.



in Fig.5. Fig.7 shows the relative position between the optical disc tilted
inthe radial 6 1 4 JUL 2003 direction and the laser light. Fig.8 shows
the relative position between the optical disc tilted in tEe;,tﬁqggmi al
direction and the laser light. Fig.9 shows changes in the EF level wth
respect to the tilt in the tangential direction of the optical disc as
nmeasured by the apparatus for neasuring characteristics of the optical

pi ckup shown iln thegabtontatic hfeashrassenthsysgmn, ithe theasBFernemetangiet 6f pespetct t o
the tilt in the radial direction of the optical disc as neasured by the

apparatu Iy t18nak 4 i I t L
_Spafrglpelfﬁgﬁg \Hsré‘ﬁoﬁ 4t hEehdiie Harhdterigids Gﬁlthé)tbﬁ!gé‘e?i@w F(ﬂe

Fig.5. Fig. changes in fitter wth respect to I'n t

tangential_dinection of.the optical disc neasur.ed by the par at,ug for
ronaur | neeiiEcrfadirds e BhoSTatlear GRERRRLHGHsE T AP p BB Wil s
shows changes in fitter with respect to the tilt in the radial directjon of
t he opti caitomatie measweeinenietystyn tthe rapgsaehvariatiosrofithe silirafithe eptiealdlisinst i cs
of the optical pickup shown in Fig.5. DESCRI PTION OF THE PREFERRED

EVMBCODI VENRSradtislatirdoni@nti ptdvdouklpwetngsd therajtivat didcentihed irethe sadih] dipectioresent
invention will be explained in detail. An apparatus 1 for neasuring

char act ory shiS She i 0BE | 62kl KM oRTAPHIIAGS LhACPERSTmRYoNt | o

measures characteris an optical “pic l'oyed 1'n"an optical disc
drive. This apparatus.far neasuring character.istics,of the optical pi,ckup 7
the epuel syt ebjhe

f
1 4 JUL 2003 i'SOWEEL: D © SERETIPRLERT HRSeBe omihedit
pi ckup or investigating into optical pickup characteristics and is a useful
t ool for operpiesas resuizeds suehnthas it ia shifrenitda perfarmeefmientanessusempnt. Fi g. 5
shows a bl ock di agram of an apparatus 1 for measuring characteristics of
the optical piAkopifeiimeysuringt hdefoctiwespticabprkupdy.the automatic measurement
system, parameters are varied within a pre-set range of variation, the servo loop of the
optical pickup is occasionally disengaged to render it impossible to continue the
measurement. For example, if in measuring an optical pickup having poor jitter
characteristics, the optical disc is tilted within a pre-set range of variation, the detected
light volume is decreased abruptly if the tilt exceeds a certain limit value, thus
occasionally disengaging the focussing servo loop. If the measurement cannot be
continued in this manner, the operator is obliged to re-set the previously set range of
variation of the parameters to render efficient measurement impossible.
SUMMARY OF THE INVENTION
It is therefore an object of the present invention to provide a method and

apparatus for measuring characteristics of optical pickup which enables efficient

measurement of optical pickup characteristics.



The apparatus 1 for measuring characteristics of the optical pickup
nmeasures characteristics of an optical pickup 2. The optical pickup 2 is an
obj ect for measurenment by the apparatus 1 for measuring chgqag%eq&ﬁtics of
the optical pickup, and includes a | aser diode 2a, a beam spli &er 2b, an
objective lens 2c, a photodetector 2d, a focussing actuator 2e and a
tracking actuator 2f etc. The apparatus 1 for nmeasuring characteristics of
the optical pibkume aspecteshe ppeanedalanion povides WrappareudYort hedsadag

|l ight radiated by the ‘optical pickup 2, a rotational driving unit 4 on

o a phot SABERETsITe Rt el ficB bR AT e MARL Mol e A AR A

reproduced, signals (RF signals) etc. The gpparatus 1 foy neasuring . .,

char act er8§9it@ etpet t(fwerezlsﬂegdlg rt@ﬁaqscgﬂ anforsIasieRsregor mﬁiﬁ@ps@ab@sc
circuit 6, for perform ng focussing servo control based on the FE signals
from the tmhréasur thewhardctedsticsonfshe nptidal piekup, ihowhhthe ppmgtsninoludest of
the focussing servo circuit 6 to send the driving voltage to the focussing

actuator 2gn@bl fis@n® Py KaltingiaC pkm:easmgreﬂf ;ﬁeatsha&{séﬁg%tsmre%afdc&&ﬁ&trcs%ﬁtﬁé
perform ng tracking servo contfol 8 1 4 JUL 2003 based on the TE signal

fromthe LlXeGhreyit 5. (Th s f Surkn racteristics of
theopt 1 cSPBHAEISIS e o et BB B R R s s BB 5 4P B W i Rt

out put of the tracking servo,circuit 8 to supply g driving voltage to.the
tracki ng BeYAmeters, o for reversuig ﬂ’@a‘lhr‘%ﬁt&@u%fs Qﬁarzgs:a 13 tbp BFeBek PATaARRIETS, 1ft,
processing circuit 10 for perform ng processing operations, such as

bi nar y- codungg the medshement, ¢he egsuits of agasntdmentaixcebd oRFalki lgdaivsa pressed on
the RF signals fromthe matrix circuit 5. The apparatus 1 for measuring
characterh?ng§nﬁgv£ﬁ@.optical pi ckup al so includes a control circuit 11
for controfling various circuits, such as rotational driving control of the

optical disc 3y0r .0 r i n i
characteristicgggp%?%é %%??géﬁgdﬁggﬁg3h¥%§%%g§#§§?e%?%ﬂﬁ%ﬂgigéﬁﬁgésﬁgﬁﬁted
or dismounfed with respect to.the apparatuys,1 far. neasuri.n haracteri stics
of an opt FRaaclristiGh OTFN SPUGAlImGT, fe RapCTb asehDghbBa undtsd AR 41 gRical
radiated fromthe | aser diode 2a via the beamsplitter 2b and the, objective
| ens 2c odiscite detsct thelrefliesteddight te detset thelinforeatipnretorded amtherapgicabdische
reflected light fromthe optical disc 3 on the photodetector 2d. The

phot odet e¢d afeaddrothd oh epthecaptipalcpidkup, irs wiich phoheethbé dhcludes hahiipuger
as descri bed above and converts the imged reflected light into el ectrical
si gnal s. gﬁghﬂ% I i ! LMe to
the drivi ﬁg& véé tage r ogtagjrﬂﬁtg?nmt%ﬁzggﬁaggé&g%?%ygﬁ %;&%Hit%lgg gﬁﬁtﬁ e o

obj ective l.on P i f o 1.r Lig i 1 on
he-opti oA ueRignielf PRleskRlgRE bR pleie kEMBhebTSh o PR AP, on
into coinﬁidence ith the recording surface, of the optical disc ﬁ' Alfo;

the trackfHgeson ot changpsin thgpreaset hatagietoss, Hy AWHRS Bisneasurgnekk shorgsylts
responsive to the driving voltage routed fromthe tracking driver 9 or from
t he drivi of messtxyeenyeneeed bn@al& belawta e-sed upper lintitealuwj ecti ve | ens 2c
along the radius of the optical disc 3 to shift the laser light to a
pre-set track @rcbhdingRb itﬁ@Frsibﬁtchﬁentme, 16 pdiried nidiagisiepnent iofchaige ferivties al

phot odet ectors 2d, an exanple of which is showmn in Fig.6. The optical

pi ckup 2 | y&9§ J t 4§q% §3ﬁ1§i - YR o\ tb L X
configura??gk, aﬁ°1§ﬂ%?§ﬂ§%§%?é$ﬁﬁ§g éﬁﬁglé%aiﬁot g#gggfgﬁﬁ%ﬁéggﬁﬁhgides
of the photodetegctor Ato D, as sho {,n ,Fi.g. 6. Thes hot odet. ect or to F
are used FFWEP égw%\pe%%e%qqcﬂg\fnfahémggf atﬂ@'sfg- elr:]gmt‘w’ég‘-esﬁ F
system adapted for radiating three laser |ight beans to the optical pickup.
On t he photeadutesntdpsogessingds halted,lonthachange 1 direatipe aftheprerseprramerdrght
beamin the three-spot system That is, the reflected light from for
exanpl e, recording pits, recorded on the optical disc track, is illum nated
on the photodetectors Ato D. Also, the photodetectors E, F are provi ded on
both radial sides of the light reflecting portion 3 with respect to the
phot odetector A to D. The photodetectors are illumnated with side beans in

the three-spot system The photodetectors E, F are illum nated by the |ight
reflected fromthe track edge of the light reflecting portion 3.



The photodetectors A to F convert the light volumes of the reflected |ight
into signals Ato F, respectively. The optical pickup 2 routes these
signals Ato Fto the matrix circuit 5. 10 1 4 JUL 2003 THhe Jupt 2ogwl di sc
3 is set onthe rotationally driving device 4 of the apparatus 1 for
measuring characteristics of an optical pickup, and is run in rotation by

this rotat] I EVLN ee 4. The i isc. 3 s alsocused as.a
ot or encel 3 ersed b bARIES e mdTrRRERERE M Hiardclemisf e RESHER Sa
pi ckup. That is, the apparatus 1 for measuring characteristics of an
optical pP P- measures the characteristics of the optical pickup 2 based
on the information derived fromthe reflected Iight fromthe optical disc 3
used as t BRIEFEDESORIPTION ORTHEDRAWINGS is fed with signals Ato F,
out putted by the photodetectors Ato F of the optical pickup 2, to generate
pl ayback (RF) gt fmé r Y : i (TE)
signals. The ngéél??g}]?ﬂscw t 53’2%@ g?e]g(/{l%nw%gﬁgﬂ;&ﬁ@gﬁg?@#ﬁ%\% t he
signals A,to gQ as. descri bed above. Thﬁ? is, the .mat{ix circuit 5 .

cal cul at e SURSEREOH QR Gh J1sSi A5RFasuReq BY 8 ¢ vaHong éPRﬂfa‘é%nglﬁéF“s‘?aS#*H%g
matrix circuit 5 al so outputs FE signals in accordance with the astigmatic
net hod. Teharacteristigs ofshke pRrtiealpickup.5 cal cul ates (A+C) - (B+D), fromthe
signals Ato D, to output the calculated result as FE signal. On the other
hand, the matr Fig.2ishewschangslietHeR R vEl WithFespechd thiegilahshéradiul diretton
output the calculated result as TE signal. The focussing servo circuit 6 is

fed with plpeaf Eoeﬁt'i&h'l'ahﬁch EE’”?n%E@ur?@tB Xa Cddrfléntional A%}{}?Jrat@'s' 5ol H&sﬁﬁﬁ%FE
signals in a pre-set manner, the tocussing servo clrcuit routes a control
si gnal of si gnal . vol icgh.will reduce the FE signals to zero to the
f ocussi ngcﬁgx{aﬁngl%gfgggpﬁﬁc%&%. pi ckup 2 via the focussing driver 7.
Thus, the focussing.servo circuit 6 contraqls the laser light radiated from
the optical pi &k&ip shoyes changes ip the Jitien it sespsct datthe délign shattanggntial pe
reached on the recording surface of the optical disc 3. The tracking servo
circuit 8directied ofianhoptival Hiscsisgmaisured by ¢ benveattiaqnal epparatits for mifasering
filtering the FE signals in a pre-set nmanner the tracking servo circuit 8

routes a @ﬁgpltarcfgrissﬂcgMlthgb%)gcﬁilgaa{p_voI ume which will reduce the TE signals

to zero to the tracking actuator 2 f of the optical pickup 2 via tracking

driver 9. Thusg; clg | L . | 4: g
radi ated from I!éﬁgg%)%a%ﬂagg%iﬁg@ Jgtoé’rﬁ ﬁg}i r%spj(égf;{c{ frﬂgitﬁltt E}F giegx%\%f ld'u%gﬁon
reached onft he recordidnsg surface of ghe optical. diaic 3. The Pl ayback .si gnal
or ocessi nQf P cOPHCA oISy RS JMBATYChRFDY | §nePRVaTtinnal naPRALRINS « I MSASHIIBE The
pl ayback sjgnal processing circuit 10 perfornms filtering, binary-coding,
denodul at CBaragtrissics of the ppticalimiekum t he supplied Rf signals to out put

pl ayback data obtained fromthe optical disc 3. The control circuit 11
performs rotat Fog4lis drblock giagpararafl aroéppdnetus ffor madasdirmig characteristics of the

optical pickup embodying the present invention.

Fig.6 shows an illustrative photodetector provided on an optical pickup being
measured by the apparatus for measuring characteristics of the optical pickup shown
in Fig.5.

Fig.7 shows the relative position between the optical disc tilted in the radial



controls various circuits, such as servo control circuits, and neasures
‘characteristics of the optical pickup 2. The control circuit 11 perforns
rotational driving control o the optical disc 3, by contgq IJhFQP}ahe
rotational driving unit 4, while perform ng skew servo contro or
controlling the tilt of the optical disc 3 in the direction of the optical
axi s of tlivectioniand ¢he laseelighi. ght, based on the detection signal of a
detection nechanism not shown, adapted for detecting the tilt of the

optical disc Big 86howhthereldthe poritidnetiees the optibal it tilted $tueHel tingemtiat ol s
the tilt of the optical disc 3'so as to be perpendicular to the direction

of the O%jﬁgﬁ%%gﬁirii}ﬁghsregﬁgbﬁser light, is responsive to the contents of 12

9 4 JUL e optical pickup 2 to cause the reflecting
surface of the,optical disc 3.tg be tilted.at a certain .angle wth respect
Lo the direct FihdctovreclEes ap the EE levek withirgseect |tq>31'h@ tlﬁpartﬁéﬁ&mﬁﬂrw,a t he
control circuit 11 causes the rotational axis of the optical disc 3 to be
tilted i diracpbrofthdafptivatidisy as meaaped bath@apparatus fortheasuaswrchhragteristiosl t he
center o of the optical disc 3, as shown in Fig 7 so that the reflecting

surface Gftﬁélépﬁéélkﬁﬁkuopjélﬁﬁvx?’iﬂFigt.5.| ted at a pre-set angle 81 in the radial
direction. Also, the rotary axis of the optical disc 3 is tilted in a plane

per pendi cul ar xt 0 a efine tihe opt.i cal i 0f:q, t: | | i ght
and the cent eﬁ%lggﬁtoﬁ‘lé @Sﬁdgggl&d&?tggg,leg%l @Rtbvﬁsi’%&ﬁ%gé%{‘“ég%ﬁﬁg{ e
reflectiag syrface of Ih? opti cal diaﬁ_;) 3 istilteq at a pre-set angle 82 in
the tangEHertpng tigd! dise anmsrswred Phehe apRaratus 4o MERBIRAE GRarACEETtics
illumnated on a track of the optical disc 3 without being illum nated on

t he cent ef tle opticdlgickuip sledwmlirsEigd3S. The control circuit 11 is fed with
output signals Ato F, as outputs of the photodetectors Ato F of the
optical pickupig]]Rhowkhahgeahgiteh witlerespe&itofiad gt iR tiataygosted dnsctibe

pl ayback signal processing circuit 10, and with the associ ated cl ock

si gnal s, . . Slha"i‘ﬁ LS4 : i

pi ckup 2 g&%gﬁ%ﬁﬂ%é@;?gﬁgﬁg@g_b‘ng_llf}]xtg'bﬁgasur%gﬁﬁggﬁ#g@aﬂméﬁ%{{%ﬁﬁhat put
devi ce, such as nopitor., via a termnal 12. The processing for neasuring
char actePPEF?ﬁ%‘cg\’p§ﬁ%WBﬁPiF&% *pickup 2 by the present apparatus 1 for
measuring characteristics of the optical pickup_is, hereinafter explained.
The appar at us Fig-1shawsshenges initterovish respest taothertis in phe radial ﬁu@mgpn of
nmeasures 13 1 4 JUL 2003 the following itens to investigate into

char act ethe bptisalodlist s mpasured byi the gppargtuREos npasirihg ehbractsrjstitk ofithaal

| evel (EF level); iii) anmount of fitter of the RF signal; and iv)

di f f er engpticdhSicRhPSRSWNIA FgEBt ents of the control circuit 11 in each of
the nmeasurenent itens are as follows: Measurenent of RF Signal Level The

control e i R.Q{E% Tpﬂ%iedfromthe opti cal
pi ckup ﬁ%%kﬁd?y{?@f)@gg{%ﬁ Ii%ﬁﬁgl:gon ro?@?@ﬁ@ 1 Then cal cul ates the sum
of the signal to D and calculateg the vpltage of .ac conponents formthe
sum to {1 nd t ReTegEng ot df ovees, Pretertes A bpdERnes pE e preaLanentpn il
changes the tilt of the optical disc in the radial direction fromO (tilt
wi th whi b explringd ircdetagdxi s of the |aser |ight intersects the
An apparatus 1 for measuring characteristics of the optical pickup, embodying
the present invention, measures characteristics of an optical pickup employed in an

optical disc drive, This apparatus for measuring characteristics of the optical pickup



reflecting surface of the optical disc Sat a right angle) to find the |evel
of the RF signals in each tilt to plot the neasured val ues on a graph. The
control circuit 11 pre-sets the lower lint value of the RF dlignil 208¥el .

If the nmeasured RF signal level falls belowthe lower limt value, the
control circuit 11 halts the neasurenent, or reverses the tilt in the
radial direction to continue the neasurenent. Measurenent of the TE Signal
Level 14is udedt fokUnspe&iingltiee spovificdtionsreflibe dpticabrpiekusot hevesiigatadgitfoand F
supplied fromthe optical pickup 2 into digital data, and then cal cul ates

the di 1 8pARACpRALMCERIBRIBEIUS By 31 GsEr OobR Bl Hifinbhic o Ak gpeurl the

ac conponents t evel . The contr circurt 1
sequentially chan the til.t, in the tangential direction of the optical

di sc froff ecvaﬁﬁ?? ﬁﬁﬂiﬁiﬁk‘%e optical axis of the laser |ight
intersects the reflecting surface of the optical disc Sat a right angle) to
find the | eveFigf showsable¢lydiageam of en@ppaiates { fopmeasuring chasaniersticsdfues
on a graph. The control circuit 11 pre-sets the lower limt value of the TE

si gnal | evebptid¢dl ﬁi&mm@uﬂ%gﬁe?&@wiﬂ&hﬁbm all's below the lower lint
val ue, the control circuit 11 halts the nmeasurenent, or reverses the tilt

in the tangenthal,.. Qi i I : ol il t hat
the lover i mtTAHEEaEr 1R S ab Ao TRASY BEBlipal ickep AR

val ues of . the, TE si | level of the optical pickup with respect to the
tilt in f’h@ratc&?{b%ﬁﬁ%g%n&ﬁg@kpﬁﬁf% ‘the optical disc 3 are plotted on a
graph, the results are as shown in Fig.9. It is also gossi ble for the
control circuilthelaptical qneksge 2t iseart pbiecoifor measprément by gbe fapparatus ilnforhe
radial direction to find the level of the TE signal in each tilt to plot

t he neasuie@uriabbaratedstitsaifihe dpecalgritg, aidriacitesld lasbsdiole @asebsarhhe
lower Iimt value of the TE signal level. If the neasured TE signal |evel

ol Sekubin] aiendicieues it masus o et b2 e |

tracking actuator 2f etc.

The apparatus 1 for measuring characteristics of the optical pickup includes a
photodetector 3, illuminated by the laser light radiated by the optical pickup 2, a
rotational driving unit 4 on which the optical disc 3 is set, and a matrix circuit 5 fed
with an output of a photodetector owned by the optical pickup 2 and adapted for
outputting reproduced signals (RF signals) etc.

The apparatus 1 for measuring characteristics of the optical pickup also includes
a focussing servo circuit 6, for performing focussing servo control based on the FE
signals from the matrix circuit 5, a focussing driver 7 for amplifying an output of the

focussing servo circuit 6 to send the driving voltage to the focussing actuator 2e of the

optical pickup 2, and a tracking servo circuit 8 for performing tracking servo control



') 4 JUL 20D3 It is assumed that the lower limt value of the TE signal
level is 8 nV. If the neasured values of the TE signal level, wth respect
tothe tilt in the radial direction of an optical disc, areqi@dl guit €03on a
graph, the result is as shown in Fig.10. Measurenent of Jitter The control
circuit 11 finds the binary-val ued signal supplied fromthe playback signal

processi rgasedIdittte ?Edmgﬁﬁlefr@ﬁﬂﬂfénﬁﬁh)@fcu%ﬁﬁ 5! qule sp (}ﬂ’ﬂﬁﬂu% I forf ﬂn’éﬁsdrhfg

phase difference between the binary-val ued signal he cl ock signals.

var ues. ofenepitcs b ORISR DA e ?°ralfpéiﬁ’?ﬂ%m

sequentially ch nges the tilt of, the optical disc 3 in ihe t angent i
di rect i orPYtPBHd the tracking servRnGiEGHIt ﬁetoof}mmma drivingvoltage tadhe tra mg
intersects the reflecting surface of the optical disc Sat a right angle) to

find the momoant 2ff of iheteptidah pedaip 2,idrid 4 playbatk signalnpascssthgvatouis 10 on
graph. The control circuit 11 aI SO pre-sets the upper limt value of the

amount Ofpérféﬁﬁ'hg n}éxfocEgb‘? f'shgﬁrasbﬁ .OF’B{% Efod{1aflod M. LRRET

limt val asure alte or t e tangentlal

di t hat th
upper || OGN #fs“’”f?rﬁ‘a‘é%@ %?iﬁ%lsn%qi@mtﬁe%%%ﬁ%ﬁ val ues

of the fitter, with respect to the tilt in the radial direction of an
optical disc 3Theax@q@af@§t dar measurinegheractemstiesnfithe optieal pekwpmlsonngliudes 1.
It is also possible for the control circuit 11 to change the tilt of the
optical dasentrolosirdhii hl fivecornrblhihg dariens ciocuits) shthds réwatibnal driving ceanbl ti | t
to plot the neasured val ues 16 1 ~ JUL 2003 on a graph. The control

circuit 1df ghécblﬁkﬁﬂ S?f%é 32(?% WaMBlis |sefd ottt ﬂBerIaHSnér Eafll 022! meq¥&ing ! 1

t he measured TE'signal |ev exceeds t he upper mt val ue, the nmeasur errent
5 1o e N R ARGLRIET 17 et on T reveraed (o continue e
ns. If the rrea’f‘klljé eocli)tlcal pickup 2 may be mounted or dismounted with respect to the
apparatus 1 for measuring characteristics of an optical pickup. This optical pickup 2
converges the laser light radiated from the laser diode 2a via the beam splitter 2b and
the objective lens 2¢ on the optical disc 3. The optical pickup 2 forms an image of'the
reflected light from the optical disc 3 on the photodetector 2d. The photodetector 2d
of the optical pickup 2 is the photo-electric transducer as described above and
converts the imaged reflected light into electrical signals. The focussing actuator 2e
of the optical pickup 2 is responsive to the driving voltage routed from the focussing
driver 7 to shift the objective lens 2¢ along the optical axis of the laser light

illuminated on the optical disc 3 in order to bring the focussing point of the laser light

into coincidence with the recording surface of the optical disc 3. Also, the tracking



val ues of the fitter of the optical disc, with respect to the tilt in the
radial direction of the optical disc, shown in Table 1, are 'f)l ottea on a
graph, the result is as shown in Fig.12. Table 1 tilt in rad 4190 288t i on
()-1.2-0.9-0.6-0.300.30.60.91. 2fitter (ns)17105.5461116.5 Anount of
Difference It is possible with the control circuit 11 to nmeasure the RF
signal level, T ignal .level,and.the difference of the fitte d t

o ovi de. Befaehen 2654 Bptiedlmektn 7 imeps v fodlr Ariing YeuassbRladon Be
continue the neasurenment in the reverse direction, This difference neans
the diff tragking drecendaor feemtthe drimngsinltage ganerating crawia 1 fashifishe abrestive y
before this neasured data. If, in neasuring the fitter, the difference of

this fitiafs Isalbag ke falingof treapeizal dige B3o BRIff then@dr liphttbe grelsepmhsigon
manner. First, the control circuit 11 finds the difference between the

fitter f certain tilt of an optical disc and the fitter
i medi at e yH%ﬁ%{/licﬂg%csgto this tilt. 17 14 JUL 2003 It is also possible

for the contr circuit. 11l to change,the tilt of t optical ,digsc,fromO
o the r adi ol erantiorbhickepr RGIUCRE PHrAL oAt FepEsch A aaipl OF WhidHepl ot
t he neasured val ues on a graph. The control circuit 11 also pre-sets the

upper |i shownahfegét the difference. If the neasured TE signal |evel
exceeds the upper Iimt value, the nmeasurenent is halted, or the tilt in

the radial di raetdgital pidkepel frtude’ foanphotedetddripasDeaRAjed infa Rshyagsumed
that the upper limt value of the difference is 5 ns The neasured val ues of

the diff i i ek >\ val us
he o) SEAGRRERERE 0 A dRtapLE o e ORI T
;r?b ll.ez-2 bf‘gﬂ?gi‘&(’éﬁ’%re,é% _:S?lf_r gmig&lié.%?t’f}?ege photodetector A to F are used in,

(ns)17105. 5461116. Sdi fference74.51. 5255. 5 Wth the apparatus 1 for

measur i nfoceramplecan eptical pickupref thp so-calledihsrerspot sysiean agansed far radiating! i mi t
val ues are set to those which will not cause di sengagenent of the servo

| oop. Thitlsreenkistrebighh deampatoathes optical pivkapur Ongthehphetotietec sirs s tofDtige

opriea illuminated a main beam as a center light beam in the three-spot system. That is, the
reflected light from, for example, recording pits, recorded on the optical disc track,
is illuminated on the photodetectors A to D. Also, the photodetectors E, F are
provided on both radial sides of the light reflecting portion 3 with respect to the
photodetector A to D. The photodetectors are illuminated with side beams in the
;three-spot system. The photodetectors E, F are illuminated by the light reflected from

the track edge of the light reflecting portion 3.
The photodetectors A to F convert the light volumes of the reflected light into

signals A to F, respectively. The optical pickup 2 routes these signals A to F to the

matrix circuit 5.
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pickup to neasUre the characteristics automatically, while there is no risk
t hat the neasurenent cannot be continued due to di sengagenent of the servo
loop. It is noted that the values exceeding the limt val uep4tajr @ig§set
significantly fromthe graph values and are not the information necessary
for the apparatus 1 for neasuring characteristics of the optical pickup in

anal yzing the_fol er.ances of. the i .4 JUL 2003 respectjve

characteri sti ng‘? oﬁﬂéaéﬁéﬁ’ g,ls fHeon @’IeerPEﬂﬁ’@@aﬁXhEB@n&Qﬁvjﬁé%'ﬁfé%?%ﬂar?fustlhese :
val ues are precluded. For exanple, analysis of Fig.9 indicates that the

t ol er ancforameatering characteristics axfganwipicabipickeip, andofs nmeinopdtaten byi thes whi ch
permts detection of the FE level is -1.0 to +1.5 , while analysis of

Fi 9.10 | olheRally Bflding! BevitoUeraRaspiRhl U 3 id hisoMddday #fRterbrBEtHON Of

the optical disc¢ whichh permts detection of the FE level is - 0O

Al so, anal ysi foFig, | . indicates. t he. t pl efanc .the tilt in the
Cangent | SyPAIRRs fos wiegsuping HteERiTigh SR e diRichEp BRERN 18 is M ipatagdd 15
to +0.8 whil e apal ysis of, Fig.12 indicates that the tol erance of the tilt
in the rhéomneasurmg hanagseristics ofpniopaicalpiskup measwes dhocharagerstiosodihg s -
0.5 to +1.3 . Wth the apparatus 1 for neasuring characteristics of the
optical epué&alpicksp ddmsed badhahnfoematicarderivednomi thie reflectied dipha e tie of
the optical pickup to permt the range of neasurenment to be automatically

determ n@%i&g d}gg§“g@dhpgﬁgp§f'e?&{c@_ri stics. 19 "1 4 JUL ?043 WHAT IS
I'S: 0

CLAI MED 1. An apparatus r measuring characteristics of an optical

i ckup, th t havi.ng. f ' ti I | i,ght
bt i cai i sc. THF GRS A Sl B0 L YpPiscare b QurBRRlby N RhBhts e
optical pickup to generate an output; the_ apparatus having control neans to
per f or m & tedagfithepptica p@ﬁap 2otp generate playback (RF) signals, focussing error (FE)

signals and tracking error (TE) signals. The matrix circuit 5 generates the RF, FE and
TE signals, from the signals A to D, as described above. That is, the matrix circuit 5
calculates A+B+C+D from the signals A to D to generate RF signals. The matrix
circuit 5 also outputs FE signals in accordance with the astigmatic method. That is,
the matrix circuit 5 calculates (A+C) — (B+D), from the signals A to D, to output the
calculated result as FE signal. On the other hand, the matrix circuit 5 calculates E —-
F from the signals E and F to output the calculated result as TE signal.

The focussing servo circuit 6 is fed with the FE signals from the matrix circuit
5. After filtering the FE signals in a pre-set manner, the focussing servo circuit 6
routes a control signal of a signal volume which will reduce the FE signals to zero to
the focussing actuator 2e of the optical pickup 2 via the focussing driver 7. Thus, the

focussing servo circuit 6 controls the laser light radiated from the optical pickup 2 so

11



including: (i) ‘gradually changing pre-set paraneters of control circuits of
the optical disc, (ii) processing the output of the optical pickup to
obtain a characteristic of the output of the optical pickupji &30l (208 )
detecting if the characteristic of the output of the optical pickup is
reaching a predeterm ned | evel; wherein the control means is arranged, upon

the char aghes hl§§tli%cﬁ§ sttalf@w‘i’]‘llb@‘f'éadl’lfedtdiheth@%t@@lhng)b,\@ﬂf&% sfee gmﬁ 88c 3.

predeterm ned | evel, either to (i) halt the neasurenent oper or (ii)

everse e o Hgl a&‘*?@'wf‘?uﬁ& L

the pre- ar gneters r ate 0, skew servo conjrol for controlling the
tilt of tfeAgtﬁf Weringithe FE aﬁamzamensezmnsrt e Hacking sepio Gigcat & Toudes
characteristics of an optical pickup, the nmethod including: directing |aser
li ght ontacemtropsignal ofliassigndlivgphime afhieh vatl teduthehoPE sighaldits zebeitathe
detected by the optical pickup to generate an output; and performng a

measur enephclgR %%@Eda‘wr DPGIF el mﬁ(l 'p}cfl\gfgaljk}ﬁi grk(clﬁh Qigiv!ég OPThuS Ghe Rﬁ{cﬁi@ ers

of control circuits of the opt processing the output t he
optical pjcku bt ai. n ara |.C t. | cal
ook, S Birki e%Oélé{ql%@e“?setrﬁ@%Eﬁ%ﬂﬁggéﬁf% 85kt pictupen P8l ke
opti cal Gljgp is reaching a predeternined | evel; the nmethod further
i ncl udi ngtra state well be aeached andthe cregprding satﬁasgpf die eptecabgiscchl pi ckup
reaching the predetermned level, (i) halting the measurenent operation; or
(ii) reversingThéplaybaeksigoal prbccﬁshig;:émmﬁt 10 fed eith®RF signaisionn ¢heahawrdnt r ol
circuits of the optical disc.
circuit 5. The playback signal processing circuit 10 performs filtering, binary-coding,
demodulation and error correction on the supplied Rf signals to output playback data
obtained from the optical disc 3.
The control circuit 11 performs rotational driving control of the optical disc 3,
controls various circuits, such as servo control circuits, and measures characteristics
of the optical pickup 2.
The control circuit 11 performs rotational driving control of the optical disc 3,
by controlling the rotational driving unit 4, while performing skew servo control for
controlling the tilt of the optical disc 3 in the direction of the optical axis of the
radiated laser light, based on the detection signal of a detection mechanism, not shown,
adapted for detecting the tilt of the optical disc 3. Meanwhile, the control circuit 11,
which usually controls the tilt of the optical disc 3 so as to be perpendicular to the

direction of the optical axis of the laser light, is responsive to the contents of

12



4. A nethod according to claim3, wherein the pre-set parameters relate to
skew servo control for controlling the tilt of the optical qil'sc ﬁm
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& 10% u& ()- "10% u& (% :10% u&' ()- ; xyz{bCL10% u& 109%& ()- Y'l 10%& ()-

10-u 10-u 10- yEh©Zousol kircuit' 10ds fed (yith oulmes signgly A4e F, as outputs of the

dEbCL10% u& 10%T& ()- F&L00T& ()- 1094& ()- 1094T& ()-" 109%& ()-

"109%0&' ()phdiodetectors A to F of the optical pickup 2, binary signals of the RF signals, binary-
coded by the playback signal processing circuit 10, and with the associated clock
signals, to perform measurement of the characteristics of the optical pickup 2 based
on these signals. The measured results are fed to an output device, such as a monitor,
via a terminal 12.

The processing for measuring characteristics of the optical pickup 2 by the
present apparatus 1 for measuring characteristics of the optical pickup is hereinafter

explained.

The apparatus 1 for measuring characteristics of the optical pickup measures

13



@HJEbCL10% u& "™ 109%& () - 100/6'&'()- T1090& ()- "1090& ()-"1090& () -

"1090& ()- 7: dEbCL10% u& /" 109& () - -10%|'&()- | +L! 1090°&' () -

@"1099& ()-'1099& ()- $10%& ()- 5*bCL10% u& ss"109& () - Ml%‘y - 10T 10T
10T7t10(V6|'&'()-F410(V6I'&'()- 21090&' () - *{Iz[<1C 106" 109&' () s?

s"10%p& ()-!s"10%& ()-s"109& ()-! ss"10%&' ()- MIEC

10" oveihq oMoy 1 st %@?é%aﬁ{%%&#%&@ we‘yﬂpl“ﬁx}wég&l?) "oAT

dE~ @10|:( 1090 (1) 10908 () - & 10%08' () - " 10%0! (
n10%08 () REsigmallsvel, 1y ""dE/ 100 10086510%08 () L3" 10%08 () -
1"1090% () - . 10%3& ()- . 10%8 ()- s*10008 ()- ""-"""*"C#rsa/ 10"10%& ()- F

ii) TE signal level (EF level),
1ii) amount of jitter of the RF signal; and
1v) difference.
The processing contents of the control circuit 11 in each of the measurement
items are as follows:

Measurement of RF Signal Level

The control circuit 11 converts the signals A to D supplied from the optical
pickup 2 into digital data. The control circuit 11 then calculates the sum of the signals
A to D and calculates the voltage of ac components form the sum to find the RF signal
level.

The control circuit 11 sequentially changes the tilt of the optical disc in the
radial direction from 0° (tilt with which the opticai axis of the laser light intersects the
reflecting surface of the optical disc 3at a right angle) to find the level of the RF
signals in each tilt to plot the measured values on a graph.

The control circuit 11 pre-sets the lower limit value of the RF signal level. If
the measured RF signal level falls below the lower limit value, the control circuit 11
halts the measurement, or reverses the tilt in the radial direction to continue the

measurement,

Measurement of the TE Signal Level
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pickup 2 into digital data, and then calculates the difference between the signals E and

F to calculate the voltage of the ac components to find the TE signal level.

The control circuit 11 sequentially changes the tilt in the tangential direction of
the optical disc from 0° (tilt with which the optical axis of the laser light intersects the
reflecting surface of the optical disc 3at a right angle) to find the level of the TE
signals in each tilt to plot the measured values on a graph.,

The control circuit 11 pre-sets the lower limit value of the TE signal level. If
the measured TE signal level falls below the lower limit value, the control circuit 11
halts the measurement, or reverses the tilt in the tangential direction to continue the
measurement.

It is assumed that the lower limit value of the TE signal level is 9 mV. If the
measured values of the TE signal level of the optical pickup with respect to the tilt in
the tangential direction of the optical disc 3 are plotted on a graph, the results are as
shown in Fig.9.

It is also possible for the control circuit 11 to change the tilt of the optical disc
from 0° in the radial direction to find the level of the TE signal in each tilt to plot the
measured values on a graph.

The control circuit 11 also pre-sets the lower limit value of the TE signal level.

If the measured TE signal level falls below the lower limit value, the measurement is

halted, or the tilt in the radial direction is reversed to continue the measurement.
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Measurement of Jitter

The control circuit 11 finds the binary-valued signal supplied from the playback
signal processing circuit and edge component of the clock signals to find the phase
difference between the binary-valued signal and the clock signals. The control circuit
11 then measures the average values and the maximum values of the jitter from the
phase difference.

The control circuit 11 sequentially changes the tilt of the optical disc 3 in the
tangential direction from 0° (tilt with which the optical axis of the laser light intersects
the reflecting surface of the optical disc 3at a right angle) to find the amount of jitter
in each tilt to plot the measured values on a graph.

The control circuit 11 also pre-sets the upper limit value of the amount ofjitter.
If the measured jitter becomes not less than the upper limit value, the measurement is
halted, or the tilt in the tangential direction is reversed to continue the measurement.

It is assumed that the upper limit value of the amount of jitter is 15 ns. If the
measured values of the jitter, with respect to the tilt in the radial direction of an
optical disc 3, are plotted on a graph, the result is as shown in Fig.11.

It is also possible for the control circuit 11 to change the tilt of the optical disc

from 0° in the radial direction to find the jitter in each tilt to plot the measured values
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If the measured TE signal level exceeds the upper limit value, the measurement is
halted, or the tilt in the radial direction is reversed to continue the measurement.

It is assumed that the upper limit value of the jitter is 15 ns. If the measured
values of the jitter of the optical disc, with respect to the tilt in the radial direction of
the optical disc, shown in Table 1, are plotted on a graph, the result is as shown in
Fig.12,

Table 1

tilt in radial direction (°) |-1.2 |-0.9 |-0.6 |-0.3 |0 |0.3 |0.6 [0.9 |1.2
jitter (ns) 17 10 |55 |4 |6 |11 |165

Amount of Difference

It is possible with the control circuit 11 to measure the RF signal level, TE
signal level and the difference of the jitter and to provide a limit value for the
difference to halt the measurement or continue the measurement in the reverse
direction. This difference means the difference between certain measured data and
data measured directly before this measured data.

If, in measuring the jitter, the difference of this jitter is to be found, processing
is performed in the following manner.

First, the control circuit 11 finds the difference between the jitter measured for

a certain tilt of an optical disc and the jitter immediately previous to this tilt,
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. from 0° in the radial direction to find the jitter difference in each tilt to plot the

measured values on a graph.

The control circuit 11 also pre-sets the upper limit value of the difference. If the
measured TE signal level exceeds the upper limit value, the measurement is halted, or
the tilt in the radial direction is reversed to continue the measurement.

It is assumed that the upper limit value of the difference is 5 ns. The measured
values of the difference of a certain optical pickup , with respect to the tilt in the radial
direction of an optical disc 3, are as shown in the following Table 2.

Table 2

tilt in the radial direction (°) |-1.2 |-09 |-0.6 |-0.3 (0}0.3 0.6 [09 [1.2
jitter (ns) 17 |10 |55 [4]|6 11 |[16.5
difference 7 45 1.5 2 5 5.5

With the apparatus 1 for measuring characteristics of the optical pickup 2, the
upper or lower limit values are set to those which will not cause disengagement of the
servo loop. This enables the apparatus 1 for measuring characteristics of the optical
pickup to measure the characteristics automatically, while there is no risk that the
measurement cannot be continued due to disengagement of the servo loop.

Itis noted that the values exceeding the limit values are offset significantly from
the graph values and are not the information necessary for the apparatus 1 for

measuring characteristics of the optical pickup in analyzing the tolerances of the
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values are precluded.

For example, analysis of Fig.9 indicates that the tolerance of the tilt in the
tangential direction of the optical disc which permits detection ofthe FE levelis~1.0
to +1.5°, while analysis of Fig.10 indicates that the tolerance of the tilt in the radial
direction of the optical disc which permits detection of the FE level is~ 0.7 to +1.0°.
Also, analysis of Fig. 11 indicates that the tolerance of the tilt in the tangential direction
of the optical disc for the amount of jitter is — 1.7 to +0.8°, while analysis of Fig.12

indicates that the tolerance of the tilt in the radial direction of the optical disc for the
amount of jitter is — 0.5 to +1.3°.

With the apparatus 1 for measuring characteristics of the optical pickup, as
described above, there is no risk of disengagement of the optical pickup to permit the

range of measurement to be automatically determined to measure the characteristics.
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(i) processing the output of the optical pickup to obtain a characteristic of
the output of the optical pickup, and

(iii) detecting if the characteristic of the output of the optical pickup is
reaching a predetermined level;

wherein the control means is arranged, upon the characteristic of the
output of the optical pickup reaching the predetermined level, either to

(i) halt the measurement operation; or

(ii) reverse the direction of change of the pre-set parameters of control

circuits of the optical disc.

2. An apparatus according to claim 1, wherein the pre-set parameters relate

to skew servo control for controlling the tilt of the optical disc.
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the output of the optical pickup, and

(iii) detecting if the characteristic of the output of the optical pickup is
reaching a predetermined level;

the method further including, upon the characteristic of the output of the
optical pickup reaching the predetermined level,

(i) halting the measurement operation; or

(ii) reversing the direction of change of the pre-set parameters of control

circuits of the optical disc.

4, A method according to claim 3, wherein the pre-set parameters relate to

skew servo control for controlling the tilt of the optical disc.
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