APPARATUS AND @N@D FOR MEASURI NG FOCUSI NG CHARACTER! STF&S

OPTI CAL PI CKUP AND/ OR OPTI CAL DI SC AND ) APPAW 5 . ¢

METHOD FOR RECORDI NG ANDY OR REP 3 RIG

OPTICAL DISC 5 Field X the

I nventi on t and a net hod
G

for measuring focu5| n ngfﬁs %WI%??sﬁ%PAgﬁRgﬂthl ckup and/or an

optical disc. WEERIS&HC&I%OP’EI%&EICKUP ANIYORrOBPICAIaPIRC AND a net hod

opt i cal i <o tor 1 ecOPPRG LoD METAH EDR R GRBIVG Aigh P ©F "

Description of the Rel ated Ar REPRODUCING OPTICAL DI®Ce has so far been known

a device for inspecting characteristics of an optical pickup used in
an opticaf di sc drive. The device for inspecting characteristics of
an optical pickup is used for exanple for inspection for shipnent or

reception of an optical pickup in connection with whether or not the
optical 20 pickup satisfies theEEmgggﬂmQ@gmﬁQ§0|flcat|ons
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characteristics of the optical pickup In a reproducing device
for an opt i cal di ?E‘S myatien Fjatse oA 4P§a@§’rsrain€& magthodsfor “?Ssur’cnigeff’c‘ts% | aser

l'i ght the ku duc 1S

spot on- 107 e EEPHREP P 2 REbpRLpRiE R on gBloBLYRE 2o PP E6hs,
reflected | | gl ap aratusfzfn@rﬁ‘ ﬁx@tﬁo@?&r'aﬁﬁdstxﬁ’é ffoutifig gﬁér@&&r?ﬁlcpl‘f Qtpo%mal cal

pi ckup and the reflected |ight as detected is converted by an

phot oel ect ri pickopuesd optipatidive o reduirding hed/or repaddusing tisd aptical dise.f r om whi ch
focusing error signals are produced. Wth the optical disc device, the 30
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There has so far been known a device for inspecting characteristics of an
optical pickup used in an optical disc drive. The device for inspecting
characteristics of an optical pickup is used for example for inspection for shipment
or reception of an optical pickup in connection with whether or not the optical

20  pickup satisfies the prescribed specifications.

Among inspection items of the device for inspecting characteristics of an
optical pickup, there is in general the inspection of so-called defocusing
characteristics of the optical pickup.

In a reproducing device for an optical disc, focusing servo is carried out so

25  that the laser light radiated from the optical pickup will produce a minimum-sized
spot on a recording track. In an optical disc device, for example, the reflected light
from the optical disc is detected by an optical pickup and the reflected light as
detected is converted by an photoelectric converting device into electrical signals
from which focusing error signals are produced. With the optical disc device, the

30 objective lens of the optical pickup is controlled so that the focusing error signals

will be reduced to zero. There are occasions wherein, due to adjustment errors of a



w |l be reduced ¥ o zero. There are occasions wherein, due to adj ust nent
errors of a 2 2

sem conductor | aser or an objective |lens, characteristics thereof or to

l ack in preci sion of the photoelectric converting device, the

m ni mum si zesemipotduaér kake or an objektiseclens,ichidactedsticattiaedfroono tdek inpt i cal
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pi ckup, 10 jitter conponents of the playback signals of an optical disc
are det ect ecchamcteristics ofithe opiti¢ah giclep veassiresghe efoeusing dharactesistiés efitbe opt i cal
pi ckup. ) ) wever, the_ _conventional characgterjstics inspection
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structure fqg-c tecting the jitter conponents and an extrenely costly
circuit for dé cting data of higher accuracy. 15 Moreover, if the

def ocusi ng char acwahiasdoheéntidhsel JHeASietietcs iNsgeBRoC@VWRNfitR8dtical pickup,
charactéristics inspection device of the optical pickup based on the jitter

conponentls, jitterlrampbesats ofi the playbackisigratshifen @pties sliscenedétedtéd fdrar act eri sti cs
of high acc_uracfy. . 20 L . . SUMVARY OF THE
| NVENTI ON  measuring defocusing ¢haragtesistiegof the opficel gigkup-nventi on, there is

provi ded an appar@iis..f e conven i&%?é#a@écg%isfu%& L% of RRGBE bR Shhigs of an
optical pickup and/or "dn optica I SC comnmprising:
pickup necessitates a complicated circuit structure for detecting the jitter
components and an extremely costly circuit for detecting data of higher accﬁracy.
15  Moreover, if the defocusing characteristics are measured in the conventional
characteristics inspection device of the optical pickup based on the jitter

components, it has been difficult to achieve measurement of characteristics of high

accuracy.

20
SUMMARY OF THE INVENTION

According to the present invention, there is provided an apparatus for
measuring focusing characteristics of an optical pickup and/or an optical disc
25  comprising: -
focusing servo control means for controlling a focal point position of a laser
light beam illuminated on the optical disc, based on an output of a photoelectric
converting unit of the optical pickup, for focusing the laser light beam on a
recording surface of the optical disc;

30 reproducing means for reproducing data recorded on the optical disc based

on an output of the photoelectric converting unit of the optical pickup;



focusi ng servo control neans for controlling a focal point position of a

| aser light beamillum nated on th®e optical disc, based on an out put
of a photoel ectric converting unit of the optical pickup, for
focusing the laser |ight beamon a recordi ng surface of the optical
disc; 30 error iretp rdetbatiom neamesclios détectingeyprembn eata g f dath aepredeedédd on t he
optical disc_based. on an out put of the photoelectric converting unit
of the opti cF reRtedusing means; and
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anount of the focusing servo control nmeans for varying t ocusli ng

posi tion of Iabe lighf gettingsfesm theditaor rgtetdetebford memstaheridr ke of AdpeodigéeCct i on
means an error rate of reproduced data when the focusing position of
the | aser | i4sta when therfpeusingnpsition ofithediasgy lightis varied afibfoyrdindipgabei ti on of
the laser light .corresponding to.the mninumerror rate in . accordance
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each focusi ng paghdd @ﬂ? 0h e&vﬁﬁioh%? & rl)kigﬁrti%m of-fhe error rate corres]ponémf to
nmeasurenent nmeans nmay find the equation of approximtion of a

quadrati c cugaéR fédUsing@poSitioh F & theyr lighgpect i ve focusing positions of the
| aser |ight using an error rate within a pre-set setting range in
order tolfind the focusing position of the laser |ight correspondi ng

to the |l east errqg[ rate based on this_@l quadratic curve equation of
appr oxi mat i on. he measurement mepns My, g‘ﬁﬁﬂ?atWé‘é’r@PW‘%’cm‘t @ pre-set
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wi t hout dependency on the focusing position of the laser light.
position of the laser light corresponding to the least error rate based on this

15  quadratic curve equation of approximation.

The measurement means may set the pre-set setting range which preferably
is not higher than an error rate at a focusing position of the laser light enabling
focusing servo control and which preferably is not less than an error rate which

20  occurs without dependency on the focusing position of the laser light.

The measurement means may find the quadratic curve equation of
approximation of the error rate from data of the error rates in the pre-set setting
range from the focusing position with the high error rate to the focusing position

25  directly before or in the yjcinity of the error rate first exceeding the lower setting

range limit,

The measurement means may impart an offset amount corresponding to the
focusing position of the laser light with the least error rate to the control amount of
30  the focusing servo control means for measuring the pre-set characteristic values of

the optical pickup and/or the optical disc.



The measurement neans may find the quadratic curve equation of
approxi mation of the error rate fromdatga of the error rates in the pre-set

setting range fromthe focusing position with the high error rate to
the focusing position 25 directly before or in the vicinity of the error
rate first exceeding the | ower setting range limt.

The neasurement nmeans may inpart an offset ampunt corresponding to the

f ocusi ng positi orTlefappimstisdfeemedsurihg fadusing chayadtersios of poppticel ickep t he

control amount of 30 the focuysing servo control neans for measuring the

pre-set charad{esepoptigaldije ey gyther comprises optical pi ckup and/or the

optical disc. . o . . . .
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for adjusting focusing characteristics of the optical pickup 5 based on

the focusingrapnsition of the |aser |ight corresponding to the | east error

rate. Accordi ng to anot her aspect of the invention, there is

proyldFd a Eethod for measuring focusing characteristics of an

optical pickup and/or .an optigcal disc..10 o) i sing: .

control ling the foORPETRg t‘bgréqtﬁﬁr ﬁpe(g?oftﬁlgg “fvggé?n’l |eé§%snﬁ'wl&ﬁﬂi amethod for e
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t he optical cusing the [aser 1light on the recording

)
surface of téan@pingal disc; reproduci ng data recorded on the
optical disc based on an output of the 15 phot oel ectric converting unit
of the optical piedatgeiling the focusing position of the laser light illuminated on the optical
disc based on an output of a photoelectric converting unit of the optical pickup for
focusing the laser light on the recording surface of the optical disc;
reproducing data recorded on the optical disc based on an output of the
15 photoelectric converting unit of the optical pickup;
detecting an error rate of the reproduced data;
imparting a pre-set offset amount to a control amount of the focusing servo
control for varying the focusing position of the laser light;
finding an equation of approximation for the error rate for each focusing
20  position from an error rate of data reproduc.ed on varying the focusing position of
the laser light; and
finding a focusing position of the laser light corresponding to the least error
rate based on the equation of approximation for the error rate for each focusing
position of the laser light.
25 -
The method for measuring focusing characteristics of an optical pickup
and/or an optical disc may further comprise:
finding the quadratic curve equation of approximation of the error rate for

each focusing position of the laser light using error rates within a pre-set setting

30 range; and



detecting an error rate of the reproduced data;, Il nparting a
pre-set offset ampunt to a control anoung of the focusing servo

control for varying the focusing position of the |aser light;

finding an equation of approximation for the error rate for each focusing

20  position fropdady Skrofusimlfdstfondatik 18R 1RHUEREEsPehdIR dithgldakte focusing
posi tion of the laser I'ight; and finding a focusing

posi ti on of drhe rhtadesed dngihis quadratis porveliengation dfagprogmsdtiosr r or rate
based on the equation of approximtion for the error rate for each focusing
position of the laser light. 25 The net hod for neasuring

focusi ng char act ﬁtl'lgezge{tfnsg I%Ilgealrllla)gjgé ISC(%?G‘%) ﬁg#oﬁ%eu(f)%éno(ﬁ%glépgg%r%{' raqp aPPt I cal disc

may further conp C curve ‘equation of
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| aser |ight usin rror rates wthin a pre-set setting 30 range; and

S _ not leskithdli diGertdr@ate@cuating withsut dependeheyt trethedfoarsirg misttion of
corresponding to the least error rate based on this quadratic curve
equati on of thppasexlighttandwherein the quadratic curvgigguaiivntof approsivpdiondyr ¢sehset so

as to be not_nore than an.error rate at 5 .focusin Qsi.t.ign of the

| aser |ight 2GaHPERH ’?%%ﬁ%ﬁ&s’%{‘éﬁ n@ﬁrﬁeﬁ‘fm’nda\%ngs?}l %orgﬁgt%lthm%ls not |ess
t han an errogcﬂjgl@gtr(?i Qeccurri ng wi thout dependency on the focusing position of
the | aser I|ight And- Viher ei n t he guadratic curve equation of approximtion
for eachy focusing position of the laser |light my be found using an
error rate within this setting range. 10 The quadratic
curve equation of Tieppradsaticenierequitionef approzimatismeofithe etyer rate may be

found from data of the error rates in the pre-set setting range from the focusing
position with the high error rate to the focusing position directly before or in the
vicinity of the error rate first exceeding the lower setting range limit. ’
15
An offset amount corresponding to the focusing position of the laser light
with the least error rate may be imparted to the control amount of focusing servo
control for measuring the pre-set characteristic values of the optical pickup and/or
the optical disc.
20
Focusing characteristics of the optical pickup may be adjusted based on the
focusing position of the laser light corresponding to the least error rate as found
from the equation of approximation of the error rate relative to each focusing
position of the laser light.
25 -
According to a further aspect of the invention, there is provided an apparatus
for recording/reproducing an optical pickup and/or an optical disc comprising:
focusing servo control means for controlling a focal point position of a laser
light beam illuminated on the optical disc, based on an output of a photoelectric
30 converting unit of the optical pickup, for focusing the laser light beam on a

recording surface of the optical disc;



found fromdata of the error rates in the pre-set setting range fromthe

focusi ng position with the high ergor rate to the focusing position
directly before or in the vicinity of the error rate first exceeding
the | ower setting range limt. 15 An of fset amount

correspondi ng t O rbpRahsifg feBll 00 $éprédiAingldatrecdrdsdon thegiptical disc baskd h t he
| east error rate may be Inparted to the control anmpbunt of focusing servo

control for ereasartputepftheplmteslewtic cinvedingemitxfitee opticabpickdp:t he opti cal

pi ckup and/ or the optical disc. K 20, Focusin
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focusi ng postiht I on cgf .t heel aser, | i ght corresponding to the |east error rate
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According to a furt'her aspect of the invention, there is provided an
apparatus  of the fécRking 8evbtiongélrmeums derciangngathedpesina positivkgf theldsar an
optical disc conprising: focusi ng servo control neans for
control | i ng heltdeam, gasting frgmsthe ppr ie detechion means an erfqrirgwfls%%{ﬁﬁhicleﬁum nat ed
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recording supfacs Ofnt MReORitCBlrePoRing to the minimum error rate in accordance
6 ' b repr oducfngé neangéﬂoorn%epr oduci ng data recorded on the

optical d¢scwitBagdquation of @ppRRimdtionw tinf ertdreatplootrespoading ite eavbrfoarsitigng uni t
of the optical pickup; error rate detection nmeans for

det ecti ng anpesitiay ofithe dasof lighttbgam apd Serimeertivg to a contrel yamoupteidhtici ng neans;
and 5 ust ment. neans f

. adj i nparting a pre-set offset t ot
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15 The adjustment means may find the equation of approximation of a quadratic
curve for error rates for respective focusing positions of the laser light using an
error rate within a pre-set setting range in order to find the focusing position of the

laser light with the least error rate based on this quadratic curve equation of

approximation.
20
The adjustment means may set the pre-set setting range which is not higher
than an error rate at a focusing position of the laser light enabling focusing servo
control and which is not lower than an error rate which occurs without dependency
on the focusing position of the laser light.
25 -

The apparatus for recording and/or reproducing an optical pickup and/or an
optical disc may further comprise:
an optical pickup for detecting a signal from plural optical discs using plural

objective lenses of different characteristics;



light beam getting fromthe error rate detection neans an error rate of
r epr oduced data when the focusing position of the laser light is
varied, finding the focusing position of the |aser |ight
corresponding to the mninumerror rate in accordance 10 wth an

equation of approsaiidrmchgﬂﬁ@érvbféen@aﬁﬂéang Bé:RrotRid B8 FedingGokRiofdE e OCuUsi ng
position of the laser |ight beamand for inparting to a control anount of

t he f obusei light sldmvinated onitid optzahdisarespdfsbetto amdhuoyiticelodisefpondi ng to

t he focusing position of the laser light with the | east error rate.

15 ﬁQ‘r‘éSlaélfdifsl??Féﬁ’tghh%‘hH@ rpgppding serfageeof dhpenticahdiss- appr oxi mati on of
a quadratic curve for error rates for respective focusing positions
of the laser light using an error rate within a pre-set setting range

in order o find hR&&agys! yB RPdbi 188t thdiBvention, th'eféslglbrd\ﬂxmta MedhBa t he
| east error rate based on fhis quadratic curve equation of

appr oxi mat i ofvr reetdding and/or reproducinghad opdpalickaptandienms opival 88t t he pre-set
setting range which is not higher than an error rate at a focusing
position of térapmuaer |ight enabling focusing servo control and

which is not |ower than an grror r at h .occ dependency
on the focusing p&&HT G ?‘f’l’émlgd’é’é‘?mﬁ ﬁi ¢ lases ght Mfukalitea & ¢-PRE °q
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optical disc t her p for

detectingoa Sdoggiag tﬁeﬂ@ﬁﬂrmgﬂf&hﬂﬁﬁbuﬁ&hgduﬁ&& df&heﬂ@t&hhd@é obj ective
| enses of different characteristics;

7 smmmmsiawges@ﬂed)ommmpalmmsm woputpeiepfithe f ocusi ng
position of tﬂe . laser élg L1 um natcgd on the optical disc
responsi ve t BPUARRCtHpCPRYTtiRg Wit pifhe optical PickUPisi ng the | aser |ight on the

recording surface d&LctIn%eanerHr Gk of! tieSeproduced data;

imparting a pre-set offset amount to a control amount of the focusiné servo
15 control for varying the focusing position of the laser light;
finding an equation of approximation for the error rate for each focusing
position from an error rate of data reproduced on varying the focusing position of
the laser light;
finding a focusing position of the laser light with the least error rate based
20  on the equation of approximation for the error rate for each focusing position of the
laser light; and
imparting to the control amount of focusing servo control an offset amount

corresponding to the focusing position of the laser light with the least error rate.

és The method for regording and/or reproducing an optical pickup and/or an
optical disc may further comprise:
finding a quadratic curve equation of approximation of the error rate for
each focusing position of the laser light using error rates within a pre-set setting
range; and
30 finding the focusing position of the laser light corresponding to the least

error rate based on this quadratic curve equation of approximation.



5 . According to yet a further aspect of the invention, there is

prOV|ded a net hod for recordi ng apd/ or reproduci ng an optlcal pi ckup
and/ or an optical disc conpri si ng: controlling the
focusing position of the laser light illum nated on the optical di sc

based on an out put of a photoelectric converting unit of the optical pickup
for 10 focusi n% the laser light on the recording surface of the optical
di sc; he petiing manee ﬁgycbatsat §0e86 49 heaomorleﬁbawqrmlrafmaée based on

an out put of the e onverting unit of al pickup;
det ecti ng aﬁ°°é‘?‘f“§rp°?1&f’%°Eg‘etqﬁ%’r§‘§ ﬁ‘&‘&jﬁ’a‘éﬁl%qs"“’" Confol it fw% frting a
pre-set off

control for ﬁgt;lre mw%% ?%ngé;%ggﬁl Sl t| SN d%fe n&sﬁgy Iog?ge?foggslﬁﬁ)y&mnléf
finding an gmagdrqmghaf approximation for the error rate for each focusing
position froman error rate of data reproduced on varying the focusing

posi tion of t he Iaser l'ight; finding a focusing

position of the |aser ht with the |east error rate bhased 0 on the
equat i on of appr 6Rf Fﬁ%ft}%‘ of gseoding andfog repradueingn piich! Rlaﬂi’s‘? T#8sition of

t he ‘%/géalldksgmx ﬁﬁﬂer omprise: inparting to the control amount of
focusi ng servo contr an of F sat “anount correspondi ng to the focusing

posi tion of the lggsting slgms ﬁ’bﬁm%lﬁr‘&?oﬂtﬁﬁﬁ&s&de‘?i'iffér@ﬁtesorts uding glural The
met hod for recordi ng and reproducing an optical pickup and/or an

opti cal 1di S(Dbjmiyva‘hn$dserfd¢ftﬁerpmﬁ®eractenstlcs, and findi ng a quadratic curve
equation of approxi matl on of the error h fqcusi nq
t

position of the FemElling &ﬂf%}és?‘}ﬁgf’oé’rt’r%@flﬂ%&@?’Ngbhﬂhmﬁnﬁ?‘é%Q’F oplet); ng

d he | h
o pondi e dspending qn, o Bplicar i %‘33%?%}1%9%@%‘*%“ Pk atdiel ' I e
equation of sARRdeQfiHRbHLRA disc.

15
BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention might be more fully understood, embodiments of
the invention will be described, by way of example only, with reference to the

20 accompanying drawings, in which:

Fig.1 is a block circuit diagram of a characteristics inspection device of an
optical pickup embodying the present invention.

Fig.2 illustrates an example of a photodetector provided in an optical pickup

25  inspected by the characteristics inspection device of an optical pickup shown in
Fig.1.

Fig.3 shows the relation between an error rate and an offset.amount as
measured by the characteristics inspection device of an optical pickup shown in
Fig.1.

30 Fig.4 is a block diagram of an optical disc device embodying the present

invention.



8 . : The setting range nmay be set so as to be not nore than an
error rate at a focusing position of the laser |ight enabling
focusi ng servo control and so as to be not | ess than an error rate
occurring w thout dependency on the focusing position of 5 t he | aser

l'i ght. The nethod for recording and/or reproducing an opti cal
pi ckup and/or an optical disc may further conprise:

detecting signals fromplural optical discs of different sorts using plural

10 objective lenses of different characteristics: and
control ling the focusing pgsRtReAlBpQRIHEEMBODIMENLS | ynj nated on the
opti cal di sc dependi ng on each optical disc for focusing the | aser

| ight on the recording surface of the optical disc. 15

BRI EF DESCRI PTI O éfrribigleo AWML RHA2s, an embodiment of _the'ﬂ?eé%hfjfﬁ"vcﬁtmtwizllﬁ

i nvention m ght be nore fully understood, enbodinents o

I nventi on w dxpldieeddesietailbed, by way of exanple only, with reference to the
20 acconpanyi ng draw ngs,_ in which: o - _Fi g 1 is a block
circuit di agram ofhesdeyipariarivspqcting eharacierpdics pban ertidat pickep embodying $pt i cal
pi ckup enbodying.the present inpvent.ion. . . E%g.z I llustrates an
bxampl e of aPrSHat Buet it Srenrdth Mtnier a1  dstics o iprmsrig oSt ® e by
the charact egtapdctét it 2REGLS Qe By ifpeal RRaQB{RRl0r Bh Gt SRUS uldd

Fig.1 .~ ¢ ' Fig.é ghgms’fﬁﬁerefat?on %etﬁben an e?ro?p?ate and an

of f set arounih adptical discdrdauThid sbit of ke dHafkaeishes inbpedting BonaCisivedd fbevi ce of
an optical pickup shown in Fig.1 . 30 ) ~_Fig.4 is a block
di agr am of ainsresting specificstionons aheragtepistiss afghe prtioat piskun in, for example,

shipment or acceptance tests of the optical pickup.

Fig.1 shows a block diagram of a device for inspecting characteristics 1
embodying the present invention, ’

15 The device for inspecting characteristics 1 is used for inspecting
characteristics of an optical pickup 2.

The device for inspecting characteristics 1, shown in Fig.4, includes a test
bench 3 on which to set an optical disc, a matrix circuit 4 fed with an output of a
photodetector of the optical pickup 2 for outputting a playback (RF) signal and a

20  servo control circuit 5 for performing servo control for reproducing an optical disc
based on an output of the matrix circuit 4.

The device for inspecting characteristics 1 also includes a first analog-to-
digital converter 6 for converting RF signals of the matrix circuit 4 to digital data
and a first memory 7 for transiently storing output data of the first analog-to-digital

25  converter 6. -

The device for inspecting characteristics 1 further includes first to sixth
sample-and-hold circuits 8a to 8f for sample-holding outputs of the photodetectors
of the optical pickup 2, a multiplexer 9 for switching outputs of the first to sixth
sample-and-hold circuits 8a to 8f, a second analog-to-digital converter 10 for

30  converting the outputs of the first to sixth sample-and-hold circuits 8a to 8f into



I nvention. 9

DESCRI PTI ON OF THE EMBODI MENTS 5 10 Referring to the draw ngs, an
enbodi ment of the present invention will be explained in detail.

The device for inspecting characteristics of an optical pickup enbodying
the Pr & gied) ldata AN 4e@Bnd FehBH leldfol- BaRERIy NS oudsut dadlevfitke f or

i nspecting characteristics or characteristics inspecting device,

i nspect s chageacideanabig-osdigitalaronegrter d8!  pi ckup used 10 in an optical disc
drive. This sort of the characteristics inspecting device is used for

i nspecting speci let%éeivtﬁ?sf°bWSE‘f?§F‘&6P‘§P?‘§’tlﬁtt9§ 1 gfsorpgluessia compuirdédpr in, for |
exanpl e, nt or. acceptance fe f t \
Fig. 1 shomcﬁn%tIBEnﬁﬁP‘étﬁ?lgﬁﬁ Patdes Og A ¢ ’c?rqugkuﬁsfgaé??%mhdlga%@% stics 1
enbodyi ng; t hﬁ‘ar&'ic%ﬁ?@ioré@ﬁﬁ% 'fP§-mentoty 7 and in the sIéﬁd%&? 11 @br deﬁlEﬁﬁE' ng
characteristics S used for inspecting characteristics of an
optical pi ckisp cdmputed results and for céhigoltiny tiasefvorcontrsamhitrigbasbhombteer i sti cs

1, shown in Fig.4, includes a test bench 3 on which to set an optical
di sc, a nmatréommpitedcrgsulty fed with an output of a phot odet ect or of the

optical pickup 2 for oyt put ti ng b . (RE ' |,
control circuit °Vb‘iflr[)$’f)}“lr??? Fyng BL?%“E%%"% 3Ia)dfl'§{r°%$%b1n§8%8?ﬁ §ORF of)'ta |r \égl
di sc b%sﬁiQa A0t Q9! PHEmOdudehe c%{lft '(ﬁEﬁ) 4 lfblt dénodulating resulting ~ he

device for inspecting characteristics al'so 'ncludes a first analog-to-

di gi tal genvehkELvduddylaytask Gitaiand aRErrGﬂ @nftbBornéirdulte]l nfdk correctingahd t 4 to
digital data and a first nenory 7 for transiently storing output data
of the firstdemedubaged plapbagktdata fopgrorsconverter 6.

The optical pickup 2 is the subject of inspection by this device for inspecting

characteristics 1. The optical pickup 2 is detachably mounted on this device for
inspecting characteristics 1. The optical pickup 2 includes a laser diode, a‘beam
15  splitter, an objective lens and a photodetector. This optical pickup 2 condenses a
laser light beam outgoing from a laser diode via beam splitter and an objective lens
on the optical disc. The optical pickup also forms an image of the reflected light
from the optical disc on the photodetector. The photodetector provided on the
optical pickup 101 is a photoelectric converting device and converts the imaged
20 reflected light into electrical signals.
The optical pickup 2 includes plural photodetectors. Fig.2 shows an example
of plural photodetectors provided on the optical pickup 6.
The optical pickup 2 includes four photodetectors A to D, arrayedina 2 2
matrix configuration, and photodetectors E and F arrayed on both sides of the
25 photodetectors A to D for.side spot detection, as shown for example in Fig.6. These
photodetectors A to F are used in, for example, in a so-called three-spot optical
pickup adapted for radiating three laser light beams to the optical disc. The
photodetectors A to D are irradiated with a main beam as a center beam in the three-
spot system. That is, the photodetectors A to D are irradiated with reflected light
30  from recording pits recorded on the recording track of the optical disc. The

photodetectors E and F are arranged on both sides of the photodetectors A to D in



The devi.ce for inspecting characteristics 1 further includes first to sixth
sanpl e-and-hold circuits 8a to 8f for sapple-holding outputs of the

phot odet ect ors of the optical pickup 2, a nultiplexer 9 for sw tching
outputs of the first to sixth sanpl e-and-hold circuits 8a to 8f, a
second anal qge Pa‘&iéi“dﬂ‘e&ﬁén &fot'ﬂtl%ﬁ i& aike. TR phoRflietecfoPI¥ @hd FNige IrhllifAed IOUt s of
the first to sixth sanple-and-hold circuits 8a to 8f into

10 diwith silde Bednis afittle shreeepndysremoFor ekdmpley the paoidetattoys Bamd Fng

out put data of the second anal og-to-digital converter 10.

The devi ce fase irasiped withdighheafleeted fomm. ifesexpmples the sdgrueide gréepigiseer 12 for
conputing charcgcterl stic values of the optical pickup 2 based on the
di gi tal dat &7® transiently stored in the first nenory 7 and in the

second ngory 11 4r hq{o%me@%k.@ﬁ to F conv&hgeq&w%xeﬂe 0@ Bl {18 mAdaged’ O

controlling the servo control circuit 5 sed on the conput ed
resul ts. reflected lightfifit> signalcA td Br The specdl ipiegup Dadbaes thebssipnads A to F
additionally includes a convert- to-binary circuit 13, a denodul ating

circuit (DEMp thdmbtrix cemitchy[The iontical pinkup ﬂrsgndsﬁbe SIBnaiaAyto\FatIoub@i fipit 4/ back
data and an error correctlgn ci,rcuit 5 for rrecting the
denodul at ed ﬁﬂ“&)ﬁb’&ﬂ? Herhe! BVc‘H?erGrtgg resPectwey The optical pickup 2 is

the subject of i §t b%ﬂ Nific f‘svée ﬁw 085 cd1 e s@lge ({Pncal disc in

characteristics e op |ca pI C etac nted on this
device fgr rotatlonlfﬂﬁt%@fddluﬂﬂgffwd@&fmélo§f1baﬂ$1s1: seTbﬁ tlﬁpitdscﬁénchlxi@lnea

I ncl udes a | aser diode, a beam 15 splitter, an objective lens and a
phot odet ect ogs.a fElfﬂranarfbt thid chpraskeistios mepritios deviee 1. That is, Q@eqhatapghmmtfeam

outgoing froma | aser di ode via heam splitter and tive I
on the opti cAFPEGHAR eVFFFel alserEe charackenistion ldhe gpitee awﬁpf?rgé segron g

reflected |ight r C phot odet ect or. The
phot odet ect 2 br"‘t()’l\(/sx& o?ﬁieh(gﬁmglp&lgc @egq rg{écr:‘{?%g 101 is a photoelectric
converting devi cergnaeRMyRLHtS M@awm&@ﬂaﬁ@uorreédtﬁ&te«adoﬂmeht into

el ectrical signals. The optical pickup 2 includes plural

phot odet ext oplstodeigtds ahoisofahe eptigab bizkup 2 for generating playback (RF) signals,
focusing error (FE) signals and tracking error (TE) signals based on these signals A
to F. The matrix circuit 4 generates these RF, FE and TE signals based n the signals
A to F as follows: That is, the matrix circuit 4 computes A+B+C+D based on the
signals A to D to generate RF signals. On the other hand, the maftrix circuit 4
20 computes (A+C) - (B+D) based on the signals A to D to output the computed results
as FE signals. That is, the matrix circuit 4 outputs FE signals by the astigmatic
method. On the other hand, the matrix circuit 4 computes E-F based on the signals
E and F and sends the computed results as TE signals.
The matrix circuit 4 sends the computed RF, FE and TE signals to the servo
25  control circuit 5. Also, the matrix circuit 4 sends the RF signals to the first analog-
to-digital converter 6.

The servo control circuit 5 performs servo control for reproducing the
optical disc based on the RF, FE and TE signals. Specifically, the servo control
circuit 5 drives a biaxial actuator actuating the objective lens of the optical pickup

30 2, based on the FE signals, so that the FE signals will be zero, for performing

focusing servo control. Also, the servo control circuit 5 drives the biaxial actuator



of plural photodetectors provided on the optical pickup 6.

The optical pickup 2 includes four photgdetectors Ato D, arrayed in a 2 2
matri x configuration, and photodetectors E and F arrayed on both sides of
the 25 phot odetectors A to D for side spot detection, as shown for
exanpl e i n Heguabing Thesective lend$TahOsRIALpICkS £ YaSedronthe T‘E%alsn so fHat
exanple, in a so-called three-spot optical pi ckup adapted for

radi ating t htheé‘ B sigredls wilbbe zdyeafivs perfortrimg wadkingaderdi @mtroll e servo control

phot odet ectors A é D are irradiated with a_nain beamas_a center beamin
the three- cireuit %‘df“g g tumpporeRtsef the FE signals i pegtormdhigad sexve gontrod of

di at ed | t f d th
Fecor d ng t r BePlfARENE R sou i nged do oA BRI ? s FERNEL G | e e
arranged on btk §él§@ﬁer@$rn¥shﬂt RP QIRlof ErQbRtraNih® tHe 1i1Pof the optical dise L N€

radial direction of the optical disc. The photodétectors E and F are
i rradi ated based om/ntlterRE bigealbe Meanwlild, itids bérveeerﬁﬂmcxrswissmmyblé(;ﬁo\ewrpl e, the
phot odet ectors E and are irradiated with |I? reflected from for
exanpl e, thewéH gésmwetdnfé tébéthwndmﬁcfor performingathk tilt ssrvo control.  The
phot odetectors A onve t he o ume of t.h um.nat ed
reflected |ight ?ré’eg Iﬁ\sfrgolfm%ﬁle frv(?ﬁf’mﬁ?lcckrﬁb’tf ‘F‘E}E&éé t hese
signals A togd sel.t,da{ezm%ws drplifler 32 fINEn g ing 3h oRiphKbPRE Sends
the signals A ?s(;n%:seirg tﬁe first 01ng' thpt selrx r‘%ﬁl g go I d igtl rcuits 8a
‘to 8f, respefichaing yervo circuit 21 for supij’mﬁg ttl&ﬁém}ilmfbuﬁ)ut €a Yusig c6il 38bf t he
optlcal disc, runs the optical disc in 10 rotation for reproducing the
di sc. The op'thF@atlcfd ipiekup een offsat isppplying rirpuih2h i@ applyingpeetset offset tosthis
reference fo eristj.cs inspect.i vice 1. Th t he
characteri st °8§smg am&a{ e 8% fﬁ“‘ﬁé?f?’&é“i“‘ﬁ%&?ﬂgé?aﬁmgég’ﬁ’ %‘F%fq fr of the
opti cal pick | | disc
er eﬁ%%‘?xe bt of Bhe trackmg@#ﬁ%tl%tﬁt 24 98 Ll@:&)ﬁilnéﬁﬁ a?ribtlféf\eﬂ

used as the o rix cir
signals A tOoﬁpmubﬁuiatceﬁgl@yslltsztﬂéopnc@mua@ez ectors Ato F of ‘the optlcal
pi ckup 2 for generating playback (RF) signals, focusing error (FE)

signal s &hd t r ackTheefétet srpplytey cisiuini2d s abdseil forrppheneprsisghalfsst & the
control signal outputted by the focusing servo circuit 21. The offset voltage
supplied by this offset supplying circuit 23 is controlled by the arithmetic-logic unit
12d.
Thus, in the present characteristics inspecting device 1, if the pre-set offset
20 voltage is applied for focusing servo control, the focusing position of the laser light
radiated from the optical pickup 2 is deviated from the recording surface of the
optical disc.
The first analog-to-digital converter 6 converts the RF signals supplied from
the matrix circuit 4 into digital data at a high sampling frequency, such as at a
25  sampling frequency of 30,MHz. The first analog-to-digital converter 6 sends the RF
signals converted into digital data to the first memory 7.
The first memory 7 transiently stores the RF signals converted into digital
data by the first analog-to-digital converter 6.
The sample-and-hold circuits 8a to 8f .are fed from the optical pickup 2 with
30  the signals A to F as photodetector output signals. The sample-and-hold circuits 8a

to 8f sample-hold the signals A to F simultaneously using the same clocks. The



to F. The matrix circuit 4 generates these RF, FE and TE signals based n

t he signals Ato F as follows: Thgg is, the matrix circuit 4 conputes
A+B+C+D based on the signals Ato Dto generate RF signals. On the
ot her hand, the matrix circuit 4 20 conputes (A+C) - (B+D) based on the
signals A t okt Qupfiddth thd1€ sEaPRULBG oIS 8a to 8f arddt frbqiehgieahst That is,
the matrix circuit outputs FE signals by the astigmatic nmet hod. On
t he ot her hapstker tHae, fSRekdniple] SICkH. Thusah@singde-mnd-héld saduion8a tocBfstpmtl s

E and F and sends the conputed results as TE signals. The

mat ri x ci r cufhe smpléngiend hndding eperetiensrth the clgel 0% potlesnthpy 5P HERE 0B rvo 25
control circuit 5. Also, the matrix circuit 4 sends the RF signals to the
first anal oggycle- to-digital converter 6. The servo control
circuit 5 perfor S I F | -and-8o0di Sahitdi sc
based on the Re, | Fie BRYERED SRRk BulR| Y thethmple end ROK rebie
circuit 5 drgygssroPhidbplydhg s srhokarast-hald cugputdi® thbfeohd weelbgnsdigital he
optical -pickup 30 2, based on the FE signals, so that the FE signals wl|
be zero, for c@aeftar Hi. Ahe switching fpred of thy meltiplexerchisrsglected|ta e syffisieay v o
control circuit 5 drives the bjiaxial act '

12 ~ achightte ﬁ’g)ﬁlhg’eéﬁmlﬁ"#e\}%°P@H§.°51gﬁh%é‘°@f”ip&°é?“dﬁli“gﬂ Gieutts $88aq on
the TE si gnaégwgﬁﬁztc;:ng%&oc]f time tol € se-lc_:'gnf ?%{i@é-?o-x\fgitél Qev&fdrq0. TRk perform ng

tracki ng ser he servo con ircurt 5 detects dc

conponentg Ohuﬁtgtﬁefeﬁ 9pBfiadsSat b Qate Qof RESMhaR sRA &S HgCasB0rkHz, of the t he
optical pickup so that these dc conponents will be zero. The servo

control 5 sahpleand-hblddisnitp 82 tosfperformtsampleviwlding operhtismrwigothercitoks ng t he
tilt of the optical disc based on the RF signals. Meanwhile, this
servo controlfé9kHeit 5 may be provided with a separate disc tilt

per formng Chi's SOPbEeBnFHTE ¢ sl fopBEek ORIV ol famole-held onpute "

performng this s ervo contr [ I ncludes a

focusing ser \6? el sréﬁlgietan%lhol@ cirOnRkSHane s25Riplikl eHeredd viOmuRipRixef ¥intg an out put
of the 10 ocusing servo circuit 21 for supplying the anplified output

to a focusi ngigial Hat2avhidh is supplietihe thepsetarall menaryUp . Zhisaeconfifaggogderppl yi ng
circuit 23 for applying {)r e-set 2f Lset t % t 1h| S ItOCUSi nogi_t érpl ifier 22,
a tracking sdigitsl eonverten 1Ohas agpaversiongairispificignd e sonyert SEtpuLy
sample-and-hold circuits 8a to 8f within one cycle of the clocks supplied to the
sample-and-hold circuits 8a to 8f. Since there are six sample-and-hold circuits 8a to
8f, the second analog-to-digital converter 10 achieves the conversion at a
20  conversion rate not less than 300 kHz if the sample-and-hold circuits 8a to 8f repeat
the sample-hold operations by 50 kHz clocks.
The sample-and-hold circuits 8a to 8f, multiplexer 9 and the second analog-
to-digital converter 10 convert the signals A to F outputted by the photodetectors of
the optical pickup 2 independently into digital data. Moreover, the sample-and-hold
25  circuits 8a to 8f, multiplexer 9 and the second analog-to-digital converter 10 convert
the signals A to F into digital data at the sampling frequency of, for example, not
less than 50 kHz.
In the characteristics inspection device 1, the signals A to F as photodetector
output signals of the optical pickup 2 can be converted into digital data by means

30  other than the above-described sample-and-hold circuits 8a to 8f, multiplexer 9 and

the second analog-to-digital converter 10. For example, the characteristics



anplifying an output of the tracking servo circuit 24 for supplying the
anplified output to a tracking coilg 2b of the optical pickup 2. 15
The offset supplying circuit 23 is a circuit for applying pre-set offset to
t he control signal outputted by the focusing servo circuit 21. The

of fset vol t ag®pection devitefl l@fbdYorhHsed of El&%raﬂ'épfblubéldmh&dﬂa%fo dAgitd]S
controlled by the arithnetic-logic unit Thus, in
the present @havmr;rmaacbﬁ:msgIthmawhnm@ed@mzefiqkHi t he pre-set offset 20
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as at a 25 sanpling trequency of 30 MHz. The first anal og-to-digital
converter 6 Ss&ﬁﬂki debidorR2b, an outpst goaibs 1 2wandemt azidhmetielogicgidiial2dd@ha t o t he
first nenory The first_ menmory 7 transiently stores the RF
si gnal s convemeefacmzn sestigndie qptputs a contyak fgnp) conirolling Be sawawegme lpingpHi t al
converter nd- hol d 8f.are fed
fromthe opt| tglthﬁlsgvﬂﬁo’itrwcilﬁuﬁ§n%e 9%%%9&53?" 10 Cltihthﬁs stgfeﬂﬁB?rS}ﬁ‘et ect or
out put si gnalgeceddify SRAFRINS &?ﬂsé’&h%g% hfedbdrém8R items of théébti%ﬁl p‘ié‘lEHi:' ?bf'()' d

t he signals to F sSi rrul t aneous using the same cl ocks.

13 10cl ah«shaswpmsmedutspedtﬂoﬁslevxsamprrhe amtqlufmbﬂomlzccdisﬁlsysaaedsmreﬂf are at
frequenci es not | ower than, for exanple, 50 kHz. Thus, the

sanpl e- and- hc;pqyxltgpf&gqhgragggntsbcseqfth@mtmal pickup 2.t he sanpling and hoI d| ng
operations with t ck of not lLe as 0

The mul tipl exer 9 af‘@}{‘é?wbl@ﬂﬁélélﬁ %at z['}fe °°8’fp“%<°1l’_i§2 I°B“§‘ﬁc]mh%$%’ %i rcw ts

8a to 8f for c%Hpef?{eﬁ'Iﬁ'lg ROGighht diE SRR ﬁrs*?%{e%o?}'?%’xtéetéc‘i‘ink higes eCONd

anal og-to-digit
components of the RF signals based on the read-out data. The arzthmetw-logxc unit

15 124 of the computer 12 also reads out the signals A to F, converted into digital data,
from the second memory 11, and executes 'arithmetic-logic operations on the
measurement items for measuring the characteristics of the optical pickup 2.

In carrying out the processing for the regpective measurement items, the
arithmetic-logic unit 12d of the computer 12 performs the following arithmetic-

20  logic operations on the data stored in the first memory 7 and the second memory 11.
For example, the arithmetic-logic unit 12d performs filtering, peak level
calculations, calculations of the waveform period, calculations of the phase
difference of two signals, signal extraction by a level window, signal extraction by a
periodic window and calculations of the ac and dc signal components.

25 The error correctign circuit 15 corrects errors in data recorded on the optical
disc. The error correction circuit 15 detects the number of errors detected by the
error detection processing to transmit the result as an error rate via interface 12a to
the arithmetic-logic unit 12d.

The items of measurement by the characteristics inspection device 1 are

30 Thereinafter explained.



converter 10. The switching speed of the nultiplexer 9 is selected to be
sufficiently high to supply the sggple-held outputs of all of the
sanpl e-and-hold circuits 8a to 8f within one clock tinme to the second
anal og-to-digital converter 10. This 10 mul tiplexer 9 operates at a rate
not less than sixrHel jiB@nfShatd Btisties R8peeHEn dbdicd Doneasures the M weing idmigo! d
circuits 8a to 8f perform sanpl e-hol ding operations with the cl ocks

of 50 kHz. for searching into cHarsctaétiondf theaptigpitpickaip@t t al converter 10 converts
al | sanpl e-hel d out puts of the sanple-and-hold circuits 8a to 8f
supplied thereto RFsigmllevpl@ter 9 into 15 digital data which is

supplied to the second nory . LNl S nd anal og-t o- di gi tal
converter 10 has TO&SH@/&T%"‘?%?&%WF?@%EM to convert outputs of the
sanpl e- and- hol d Ch{t&%ngE%“Lp(ng within one cycle of the clocks supplied

to the sanpl e- an dcircuits 8a to 8f. Since there are six

sanpl e- and- hol d cBegriipbsitiSa of the main bearB{P4)t he second anal og-to-digital
converter 10 achi eves the conversion at a 20 conversion rate not | ess

than 300 kHz if tMAE signapleweld®d) hol d circuits 8a to 8f repeat t he
sanpl e-hol d operatjiops b kHz cl ocks. The sanpl e-and-hol d
circuits 8a to 8f %‘%‘I‘W‘i‘%l‘gg}ar 9 and the second anal og- to-digital

converter 10 conver i to F outputted by the photodetectors of
the optical pi cku% ’Ezpf‘%géigfé‘%%?ﬁs? into digital data. Mreover, the

sanpl e- apgl- hol d = 8Fetterdevelyps)s 8a to 8f, nultiplexer 9 and the second

anal og-to-digital converter 10 convert the signals Ato Finto
digital data at tBdetenmiplinag®@equency of, for exanple, not | ess
than 50 kHz. . In the characteristics inspection device 1, the
signals A to F asDsfrsesias{®®or out put signals of the optical pickup

2 can be converted. jnt Loital data by neans 30 ot her than the
above-descri bed sg:rrréﬂs'etglggg? old circuits 8a to 8f, nultiplexer 9 and

the second anal ogakfpdhid ABérraAv@Ider 10. For exanple, the characteristics
14

15 The processing programs for these items of measurement are stored in the
data storage section 12b as processing programs P1 to P12. The arithmetic-logic
unit 12d reads out from the data storage unit 12b the processing programs P1 to P12
associated with the measurement items for performing arithmetic-logic operations
on the data stored in the first memory 7 or in the second memory 11, In the

20  processing programs P1 to P12, measurement of the above items is carried out using
the filtering, peak level calculations, calculations of the waveform period,
calculations of the phase difference of two signals, signal extraction by a level
window, signal extraction by a periodic window and calculations of the ac and dc
signal components as described above.

25 The processing fox measuring the defocusing as described above is now
explained.

First, the arithmetic-logic unit 12d of the characteristics inspection device 1
sets the offset voltage outputted by the offset supplying circuit 23 to a pre-set
voltage value. The output offset voltage of the offset supplying circuit 23 is

30  supplied to the focusing amplifier 22. Thus, the offset voltage is superimposed on

the control signal outputted by the focusing servo circuit 21 so that the focusing



i nspecti-on device 1 may be conprised of six parallel rows of the

anal og-to-digital converters each ,having the sanpling frequency of 50
kHz. The second nenory 11 transiently stores the signals Ato
F of the optical pi ckup 2 converted into digital data by the second
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error detection processing to transmt the result as an error rate via
i nterface 12withghe offset velfage sutputiad by the offetsupnlvingl girpuit 23. The

itens of neasurengnt .b he .charact.eri,st.i cs .i nspection_device 1 are
nﬁe cha}lacgenesncs %spec ion device ?then vgges the offcsiet vo?tage

outputted by the offset supplying circuit 23 to vary the focusing position of the laser
light radiated on the optical disc for detecting the error rate of the playback data.

20 The characteristics inspection device 1 repeatedly carries out the above
processing for sequentially varying the offset voltage applied to the focusing servo
control signal in order to hold the error rate for each focusing position of the laser
light on memory. The characteristics inspection device 1 detects the error rate
associated with each offset voltage to hold the data on memory. With this

25  characteristics inspection~device 1, data such as those shown in Fig.3 can be
obtained as the error rate,

In general, the error rate with respect to the deviation between the focusing
position of the laser light and the recording surface, that is the error rate with
respect to defocusing, is as shown in Fig.3.

30 That is, the error rate becomes progressively smaller as the focal position of

the laser light approaches the recording surface, with the focal position of the laser



30 = hereinafter explained.

15 The present characteristics inspection device 1 neasures
the followi ng itens for searching into characteristics of the optica
pi ckup 2: _ RF signal level (Pl) _ I[err] and

| [err] of thgHrboStHoating ?@)he&urt}ﬁist focal posdtidnt (ﬁfth@fa_?_ééﬁigﬁﬂt dh@vhick3)

Beam position of the nain beam (P4) signal |evel (P5)

E- F bal ance pgdPfjts focusing servo contrbd 4z apnhipper liinft oe temdeal(eld Jof tHefocal

S-letter |evel (P8) S-letter bal ance (P9)

Def ocusi ng (Poséjon. If the error rate comegeleser 4¢ R PrePset ponstant rate, the error madq | gnmatic
Aberration ( se itﬁjems of

neasur enent %’ék”ﬁ %‘ﬁ’é&nﬁﬁmﬁ ﬁ@s;g%?wgﬁgfgfd%gé}%g?%rdg’%égﬂ‘;{s?i%ﬁgié%&ggmp Scessi ng
09" o 5 syl O oL OB OV ot il Gt [0
W th the nmeasur enEliu chataeeeistioy ingpsction devige REdts,werhialloweigle carpRLsuRhiaoNS
on the data stored in the first nenory 7 or in the second nenory 11. In the
20  processtange prtygemamerpar ety for whichbe focelmositiopfof threlasdsdight istfurtbest s
SR IR SR AR W R
O e oA ML AN Pty ep g AS,
si gnal conpothedistards beseh tIC c @MY Fosition of the laser light and the recording
| surface of the optical disc. The characteristics inspection device 1 takes out the
error rate comprised within the setting range to find an equation of approximation of
the error rate with respect to the offset amount. For example, the characteristics
inspection device 1 approximates the error rate by a quadratic curve, from vjlhich to
15 find an amount of offset minimizing the error rate. With the optical pickup 2, the
focusing position of the laser light corrected and controlled by this offset amount
becomes an optimum focusing position in reproducing data.
If the amount of offset is equal to 0 or within a pre-set range, the
characteristics inspection device 1 judges that the optical pickup 2 is in meeting
20 with the specifications and hence gives an affirmative decision (OK). If the amount
of offset is not equal to 0 or is not within a pre-set range, the characteristics
inspection device 1 judges that the optical pickup 2 is not in meeting with the
specifications and hence gives a negative decision (NG).
If the optical pickup 2 is not in meeting with the specifications, the optical
25  pickup 2 is re-adjusted imaccordance with prescribed adjustment process for the
optical pickup 2 and again the defocusing characteristics thereof are measured to
give a decision as to whether or not the optical pickup is in meeting with the
specifications.

Thus, the characteristics inspection device 1 can measure the defocusing

30  characteristics of the optical pickup 2 with high accuracy by a simplified circuit.



25 : - The processing for . neasuring the defocusing as described above
IS now ~explained. - Fijgst, the arithnetic-logic unit 12d
of the characteristics inspection device 1 sets the of fset voltage
outputted by the offset supplying circuit 23 to a pre-set vol t age

val ue. The out puts;afchsfine/RidR%G RbcriftfonHal 86k B4RV R¥erehdeqyithe 23 is 30
supplied to the focusing anplifier 2Z2. Thus, the offset voltage is

super i nposed:haricteristics inbgectiontievite s f@gmdasmirigntht thatadiyristive of theuwpticgl servo
circuit 21 so that the focusing - ) i .

16 pastkupch thef presrat | inspeption davicer heanalsobeapplipdtosiptrectirn af e i s
devi ated by this offset

Wth the foctharasisristies 2 l"g‘?catl isey Q@aé?s”]aftﬁﬁ&gﬁﬁﬂﬁép%‘é}wg%éaf PIHHEE of f set

val ue, e cliarpst st LEPrdisRRhl R RN ERedndrkAdUERRed ipdiabs | ecor ded

on the tal di sc. I's, the characteristics Inspection device 1

processes t hgvide 15i18alss possible toulepstiré Cithritferisties obdheiopticdldiseitly 4 wi t h
convert-to-binary and denodul ati on oper ati ons. The

char act er i stémsloying tlecentival piekurces alrefdrenseper f orns error correction on

pl ayback data processed with the convert.-to-pi d dyl at i
operations. 10 Inpaddition, pithqugh Fléecﬁﬂt’\éﬁl Rf?lf‘{%f %’Q%yeéjﬁ%ﬁ%gg%ﬁct er?ﬁ’iigggr ror

correction wy le?tigg h&gbd ?gnetag‘ﬁgsdthgis%ggaﬁ%g)r F b@he 1R phbRaeREQY Bifwn fat a based

ins
on the numbel BF 8F ror-corra rror correction circuit

15 furni shesgighi, sheffrefnt frvetiot B nohliRitb@ &Lthis2eptical gibleup. For example,
arithnetic-logic unit 12d. The arithmetic-logic unit 12d of

t he char act eemsddiments o fheqiresent theention ate hppligeble 1Gan opticahpiesvy/ farite error
rate supplied fromthe error correction [ ' i

the of fset vBRERE§EODIA)discon 2pPrHicid PHERR g‘{rragﬁ‘lﬁtbq %?54"?&?‘1‘,‘1[&% :[‘? g’fée cases, "
out put  ed by o BRHEREP STt 1 EERFF B HEBnqRIERo BBkt B Ol L03P on
of the laser qference to Fig.2, so that the numbers of the sample-and-hold circuits 8a to 8f or
15  the second analog-to-digital converters 10 correspond to the number of the
photodetectors. On the other hand, if the disc is a2 magneto-optical disc, the
playback signal is a difference signal exploiting the Kerr effect. Therefore, the
processing contents of the program in the arithmetic-logic unit 12d need to be
matched to this difference signal.
20 The present characteristics inspection device 1 2lso can add the amount of
offset found during measurement of the focusing characteristics to the focusing
servo control amount for measuring other items for measuring characteristics of the
optical pickup 2 under an optimum focusing state.
The characteristics inspection device 1 sets the error rate setting range to
25  find an equation of approximation. It is however possible to get data in the setting
range beginning from those having a higher error rate and to get data directly before
that first exceeding the lower limit of the setting range in order to find the equation
of approximation from these data. The purpose of doing this is to reliably remove
data in a range of the error rate occurring without dependency on the distance
30  between the focusing position of the laser light and the recording surface of the

optical disc because the error rate is varied at random due to measurement noise or



light radiated on the optical disc for detecting the error rate of the

pl ayback data. 20 The charactyeristics inspection device 1
repeatedly carries out the above processing for sequentially varying
the offset voltage applied to the focusing servo control signal in

order to holfindrF8ct6seQbn brhBng Qat @R ok fb SérdnPRSubitoitiallly thdorlsamer
| i ght on nenory. The characteristics inspection device 1 detects the

error rate value witlssodegendenoyi dnithe distenod between/tbk foapeingpobidiod of e lasera on
menory. Wth this 25 characteristics inspection device 1, data such as
t hose shown light pndsthe reeaiding surface of She eptirelidisgin he visipigy of aprg-set rate as

In general, the ery oL r.atetvm' t({'u regpect to the deviation between the

f ocusi ng etectodty; hg inSBFCHIPLAGIEdy i ght and the recording surface, that

i s the ergor raterp dybracteristicd BSfRGbn HAisle] BQLGES B erfof rAE, Redn tHe Fi g. 3.
30 That 1's, the error rate becones progressively smaller as the

focal positigmk of corrected duta,luaingrthéd erpdrtcoappticadivas ltShdoveyer,dheng surf ace,
with the focal position of the |aser _

17 | i present bvertiqroisaiohjmited thihis methpd of ergraate dstrction .o Fonsxemples| aser

i ght and which ermts focusing,seryvo cantr as_an er limt or
term nal end¥ Fﬂ?"rﬁe?"é}g‘éﬂr“ rafe 4 g’gfl P%gf?%’ %F(’rteﬁ&aledl%aorf c?rg‘f%grgglﬁeos? B€oser to
a pre-set co i ‘t&nal G Q1RH pAHBRt Wikkh & th¥
constant w tﬁ%?‘%gég# éor}% s&%g% ﬁ{ef:hd‘?ﬂrswt1 anrllec%orget ween I%he 5 focu%i ng

posi tioni1@f §&spdr@bRIplaybabit dibdor Melinghertongptsur f ace of the optical disc.
The characteristics inspection device 1 sets, as an all owabl e range, such a

range between an Eremesentinyehtion mhy elso bhepilisd4p apontieal discsecordisg pad/er | j ght
is furthest fromthe recording syurface, qf the.opfical,. di and for
whi ch the fofBRINERESEYiSe Pf°"1&dc"6‘m gfb?flil?eés b@?%?‘é"‘ﬁh%‘taaﬁgef?? %‘fd%}ga? e which
becones constant, W.th e | t he

f ocusi ng posPEergﬁX\f(;%et?‘#@eheﬁgg%E}% glgg‘%%&glﬁaﬂ%ﬁ%é?%cdgdrél %gﬁgr Fb?tﬂé@girgf ace of the
optical di scdefShRirpiHamcteistisd fr6 thOePerhiewT pliybhdkedata inakkish aithsirbd

error rate conprised within the setting range to find an equati on of
appr oxi mas i oresoks of the defocusing characteristics are fed back for recording/reproducing
signals under optimum reproducing or recording conditions.

Specifically, an optical disc reproducing device embodying the present
invention, referred to hereinafter simply as an optical disc device, is explained with
reference to Fig.4.

20 The optical disc device 30, shown in Fig.4, is configured for reproducing a
so-called compact disc (CD) or a digital video disc (DVD).

The optical disc device 30 includes an optical pickup 31 used for both the
CD and the DVD, a matrix circuit 32 for CD, a matrix circuit 33 for DVD, a
tracking error (TE) signal generating circuit for CD 34, a reproducing circuit for CD

25 35 and a reproducing cireuit for DVD 36. The optical disc device 30 also includes a
tracking servo circuit 37, a tracking driver 38, a focusing servo circuit 39, a
focusing driver 40, a digital-to-analog converter (D/A converter) 41, an addition
circuit 42 and a system controller 43.

The optical pickup 31 detects signals recorded on both the CD and the DVD.

30 This optical pickup 31 has two objective lenses of different values of the numerical



the error rate with respect to the offset anbunt. For exanple, the
characteristics i nspection device J, approximates the error rate by a
guadratic curve, fromwhich to 15 find an anount of offset mnimzing the
error rate. Wth the optical pickup 2, the focusi ng position of the

laser |ight ﬁﬁ’érﬁﬁ@?ﬁﬁ% AREERCAA e Qi terk diepbilisy M 1 ¥ypeBdMHloaded ?pﬁclazecorres an

opti mum focusi ng position in reproduci ng data. | f the anpunt

of offset isdisgual to O or within a pre-set range, the

characteristics inspection device 1?iudges that the optical pickup 2 is in
nmeeting 20  wit Abe metdpesut foxCGbhs senstrtesariodagk (RE) signaly for Chaandy e
decision (OK). If the unt of offset is not . egua 0 0.0r is not
within a pref ‘é’ﬁ%%fﬁ@é?%n%%%@é@eﬁ%é Pran °Utpup°ffpr§’§g’§5{°f’{%s ?ertg?ce 1

j udges that 1GR3 1 Pri&kHRe diuli%hr YD HRhBQtediRd i ks for DVD, F
specifica?i otr? Ggaggli%kgﬁgepgives a ﬁegat |Brve gecieése?lon égING)STIE s tor » FE | f
the optical RigakldFoRDVD 41 TE Sigh#le for MV Dibatedidaahs phstodetedr autsut of e opt i cal
25 pickup 2 is re-adjusted in accordance with prescribed adj ustment
process for toptical pickup@pt Thaltragkiok epon(THidisnghganerating ¢iateit fogi Gy 34
characteristics thereof_ are as d to I ve.a decisio s to et her
or not the offPLars H}eclt%fj‘gp%lgg‘?f (#égﬁeﬁé’n\ﬂ“’t ?Pt?'%é’f ph°t°g°t§f)t8@i ‘?r}it %l?l?ttfﬁ@
Thus, the chgﬁ&(& ghi stics inspection device 1 can nmeasure the defocusing
30 charactéeristics of the optical pickup 2 with high accuracy by a

sinplifiegd circuitrhe reproducing circuit for CD 35 generates data recorded on the CD based 18
Al t hough the foregoing description has been nade with reference to the

char act eri st ionghé REpamelsqencreteddy the matrixnamsitfongDt3deThisaemodwingst i cs of

t he opti cal .. pi ckug'Z, t he present inspection device_ 1l c¢can also be
applied to i SEFEELTdrD 3p ingludes e.£., a qRyprite-Sett ¢ipityp demadyplingcireudfi sc.
That is, alt he opti.cal . di. t. i benc . .S used
as a refer _enggh'? grg P ﬁcéorgcé:g\(c}gg ggglg?qrggrgylggg}xg@x g?lﬁ‘%ﬁ'@éﬁflﬁgbgﬁ%ﬁm#
device 1, it ah§ eAbSSorRREiSH BpErationsEAR YR GRMAGLRIL f8F £D350end1e opti cal

di sc by enpl oying the optical pickup as a reference. In
addi ti on,15al tregprodireet hdntopt other experadulevizeneiasiy. ,coh duyput hermidedr act eri stics
The reproducing circuit for CD 35 detects the number of data corrected by
its error correction circuit to find the error rate based on the number of corrected
data. The reproducing circuit for CD 35 sends the error rate to the system controller
43, _

20 The reproducing circuit for DVD 36 reproduces data recorded on the DVD
based on the RF signals generated by the matrix circuit for DVD 33. This the matrix
circuit for DVD 33 includes a convert-to-binary circuit and an error correction
circuit, for example, in order to execute convert-to-binary, demodulation and error
correction operations. The reproducing circuit for DVD 36 routes the reproduced

25  data via e.g., an output terminal to another external device,

The reproducing circuit for DVD 36 detects the number of data corrected by
its error correction circuit to find the error rate based on the number of the corrected
data. The reproducing circuit for DVD 36 sends the error rate to the system
controller 43.

30 The tracking servo circuit 37 controls the tracking actuator 31b of the optical

pickup 31 via tracking driver 38 based on the tracking error signals supplied from



I nspection device 1 neasures the signals A to F using the photodetector
shown in 10 Fig.2, the present invengjon is not limted to this optical
pi ckup. For exanpl e, enbodi ments of the present invention are
applicable to an optical pickup for a magnet o- opti cal disc or an
optical pi Cl‘tﬁpgfaﬁx SrafeRE DVIRAS bf {hQPTEjéi?&&l gbRbritiRSArceaYBSCD 34.  the

phot odetector differs in structure fromthe photodetectors explained with
ref erence t dUpit@am, ofshe triclting feevarcinduitr3y ioprdvidedsoaviich-3dndomtodlitddivtbei t s 8a
to 8 or 15 the second anal og-to-digital converters 10 correspond to the
nunmber of t heystem contnoHet 4tifr eutnytting aoputmd obthshE Heprl ,gewa‘ﬂ%‘“bﬁpué s a

to-optical di he , | [ ' i, Y '
expl o L1 g (PDIA e freins sores BrGHCRF gl Wt of Beludli RESRIG VBT (e
program i n t?‘aetoatﬁné mg@ﬁé §érb9gir9uiy%gvhér?ﬁxe %ﬁﬁgaltd%c%vice 30 reptB&iegehet 0 this

di fference stgna present characteristics inspection
device 1 al sgptalb\qﬂ,q-egﬁwﬁaay,unt of of fset found during neasurenent
of the focusing characteristics to the focusing servo cantrol anount
for measuring ot hEle iraoking feovo sipait A7 cegtrels shanlesaslight pegoing frompthe

optical pickup, 2 under_an, optinmm focusj State. . 11 ED

char act eri st PRUca] pisker3} Uﬂfgdmﬁté° ihes?é’tt’é;g]?ﬂ%c ?r"?‘i’)trthf Laser Ughtyiflp cr’%ﬁge to

25 find an equat .0 f . i L QR kS however possible to get data
in the settiwgyém_k Qatgr“véﬁg%g‘ggeég%% ﬁghﬁ‘alrl glrsﬁ those having a higher error rate
and to geg§ data OTREELIIKINPREAS Srcuit 39 conirbRithd focaéing ¥aesdi By dffte | ower |imt
of the setting range in order to find the equation of approxi mation
from t hese deptical fiekupdt pasfecusingidrivey 40 hassdion theofacasihgpirgr signadsy supplied

data in a range of the errg t [ i t hout d h
i stance . S0Tomybe A SHEMT B G HOoHSEROr BT REDVILGT PPOIRETaH 1« he
recordi ng Suh&%ﬁ?xgﬁ% ﬁteg\?o circuit 39 if ﬁ%&vﬁ%:dsagé“ggzhggg @&ﬁ?olféﬁ%y%ﬁ Q)FstJn?t eis

varied at ra nmeasur-éne J
19 ot Bl IRFUSES RIS ADbIPS: TR mbAR BFchR ol @DB2t6 MR fosusiig
substantially the constant val ue wi t hout dependency on the distance

bet ween tihe ta@evsiragt posi i eutputfoftthembtmixarircuit for DVD 33 to the focusing servo
circuit 39 when the optical disc device 30 reproduces the CD or DVD, respectively.
The focusing servo circuit 37 controls the laser light outgoing from the
optical pickup 31 with respect to the optical disc so that the laser light will be in a
just-track state with respect to the optical disc.

20 An addition circuit 42 is provided between the focusing servo circuit 39 and
the focusing driver 40 for summing a pre-set offset voltage to the control signal
outputted by the focusing servo control 39 to route the resulting signal to the
focusing driver 40, This offset voltage is supplied from the system controller 43 via
the digital-to-analog converter 41.

25 The system contreller 43 finds the offset voltage suppﬁed to the addition
circuit 42 based on the error rate of the playback data supplied from the reproducing
circuit for CD 35 or from the reproducing circuit for DVD 36 to add an optimum
offset voltage to the focusing servo control signal to reproduce the optical disc.

The system controller 43 performs the following processing in order to find

30 the offset voltage:



i ght and the recording surface of the optical disc in the vicinity of a
pre-set rate as detected by the ingpection device 1. 5 The
characteristics inspection device 1 detects the error rate, based on the
nunber of corrected data, using the error correction circuit 15. However,
the PresentTHe gkl Ak d&vidtodo ﬂiﬂsf‘%ét@ﬁlxeto?fs&tWoﬁaE?Mb?ﬁc@{o @eror rate
detecti on. For exanple, with the present error rate detection nethod,
t heoreti cal diditionrdraitdi@doarpréhet voftegeedlue. This impressesrmpyreset @ifey ivoltgley
stored in an internal nmenory as a data pattern which is then 10 conpared
to pl ayback Ruteddy the frevsige serao sirewit 35 dn dhe optical disc device 30rteadeiates ent

i nvention | so. be appli to an opti.cal, disc recordi apd/ or

Fepr oduci ng. W sreangReR gt e e e PouiReadhuf opiGToe B BEdRiR et ¢ or
adding a erQt sigk. to the focusing servo control signals and a
controll e5r f‘éarlue?l?)ﬁgi?ﬁg def ocusi ng characteristics fromthe error rate
of playback dat a Inthisfstatd) theastivabdisc dévicd BBtepicluds dabered@ridod us thHrg
characteristics are fed back for recording/reproducing si gnal s under
opt i mum r eprendigel dige. ghat iscir e eptierd disic deving 30, the reproducing circgiyéeri PS4l |y, an
optical disc rﬁgr oduci ng device @{;‘&?Pd(iyi ng the present ) i nvention,
referred to HererPRErEATRityoL oI ESAU Heon¥ertiteskinays expl ai ned with
reference togki : : ' L. SG ' shown in
Frga e conpdbufktionsPerror sormcotion. TR rBftolfidihe B MPLLPR eblne 2NOMC Moy
or a di gid al reptode@ingicituit BDVD 36 detects the error At AR teppddudéBaatsiersi ce 30

i ncl udes an optical pickup 31 used for both the CD and the DVD, a
mat ri x cir cusupplying the ¢GDr rade trathe isysten contrdlle833f or DVD, a tracking
error (TE) signal_generatin ircuit for CD 34, a reproducing. circuit for
CD 25 35 and améafﬁauﬂ"?rgﬁea Thelfs prpmemory the P"?h@t?)ﬁ’tpil’léé‘? infregingevi ce
30 al so inClHﬂﬁ?heaoffsety?lta:%g.r acking servo circuit 37, a tracking driver 38,

a focusing servo circui . a focusing driver 40, a , _ _
di gi tal -t o- anal ogrikOsy ¥R EntlolerM T oY Qiri&the dfkset IBItAFENubp Y tothe  CiTrcuit
42 and a systemcontroller 43. The optical pickup 31 detects

si gnal s tecosddéttbnosirduiit4? fohear@ingahel facheinPpbxitiorB6f the Tasesligigtillgminamidaup 31
has two objective | enses of different values of the nunerical
the optical disc.

The system controller 43 repeats the above processing for sequentially
varying the offset voltage applied to the focusing servo control signal for holding on
memory the error rate for each focusing position of the laser light.

20 As described above, the system controller 43 detects the error rate for each
offset voltage for holding the detected data on memory.

The system controller 43 then sets as an allowable range such a range
defined between an error rate for which the focusing servo control is possible and
the focusing position of the laser light is furthest from the recording surface of the

25  optical disc and an error zate for which the focusing position of the laser light
becomes substantially constant without dependency upon the distance between the
focusing position of the laser light and the recording surface of the optical disc. The
system controller 43 takes out an error rate comprised within this setting range to

find an equation of approximation corresponding to the offset voltage. For example,

30 the system controller 43 approximates the error rate by a quadratic curve from



20 . aperture (NA) which can be sw tched depending on the type of the
| oaded opti cal di sc. okhe matrix circuit for CD 32
generates playback (RF) signals for CD and focusing error (FE)
signals for CD based on an output of photodetectors of the 5 opti cal

pi ckup 31. TRBicHBAE éystem Edtdilet B3 MBS TRERGIEAL RSrrEipondidpaé thef or DVD, FE
signals for DVD and TE signals for DVD based on the photodetector output of
t he optiimiatunpéredeupte3l. The tracking error (TE) signal generating
circuit for CD 34 generates the TE signals for CD based on the out put
of phot odet ect or sTht S)tSF?éﬂ extrodlar 43 furnishesithg ffses yoltageghus found to thee

repr oduci ng ci cwt fo ner at es dai?)rsrecorded on the CD based

on the RF si 4P &Ié‘ﬂlé %&Cgaf‘wg t PPt PEui ¢ for CD 32. This
reproduci ng ’ll‘ﬁé btiblal 4fs@ ﬁe\q& ?@adcﬂc‘ahggﬁﬁmﬁ Sset FoltQP Y& He-thQssBighar y
circuit, a denodulating circui an error correction circuit for

carrying out sérh@c@rﬁfﬁlefgﬁmlmbépﬂ&du)émgdﬁ%ﬁttda&ﬂilsﬂﬂt an optimandoodingr correction
operations. This reproducing circuit for CD 35 sends 15 reproduced data

to ot her extevm@wndeV|ces via e.g., an output term nal . The

reproduci ng circupt for 5 det t t

itg erlrJolr gorlrec'ltJ Brnexéﬂp&?fwt(’c?%ftgﬁha‘tc tl&aﬁgﬁgsﬁ‘ﬁ‘flﬁggg&e’éﬂ‘ hofi} u?%g nber of
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circuit fipr Dyaijaﬁea&péﬁdmﬂsodﬁaﬁ@ seRGQhslacteARtidshe DVD based on the
RF signals generated by the matrix circuit for DVD 33. This the matrix

circuit for DVD 33 includes a convert-to-binary circuit and an error
correction circuit, for exanple, in order to execute
convert-to-binary, denpdulation and error correction operations. The

reproducing ci rcu %n?xé% tﬁ tﬁgmrb SR sto(??hé’ SQJS%H&QGde\gée thedeq*}oq' rXtieQ)f €.9.,

an output term na erna
the playback signal when the focusing position of the laser light is detected and an

15  equation of approximation representing the relation between the focusing position
of the laser light and the error rate is found based on this error rate for finding
focusing characteristics of the optical pickup and/or the optical dise.

With the embodiments of the measurement device, the measurement means
finds a quadratic curve equation of approximation of the error rate with respect to

20  each focusing position of the laser light using an error rate in a pre-set setting range
for finding the focusing position of the laser light with the least error rate based on
this quadratic curve equation of approximation.

With embodiments of the present measurement device, the relation between
the focusing position of the laser light and the error rate is found from the quadratic

25  curve equation of approximation for measuring focusing characteristics of the
optical pickup and/or the optical disc.

In summary, with embodiments of the measurement method, the error rate of
the playback signal when the focusing position of the laser light is detected, and an
equation of approximation representing the relation between the focusing position

30  of the laser light and the error rate is found based on this error rate for finding

focusing characteristics of the optical pickup and/or the optical disc.



The reproducing circuit for DVD 36 detects the nunber of data corrected by
its error correction circuit to find thgserror rate based on the nunber of
the corrected data. The reproducing circuit for DVD 36 sends the
error rate to the system controller 43. 30 The tracking
servo circuit 37 WARREhBhLAINAE $IRE KieBbht RichMAbREnt IndtRod khd HEasBRienf]

pi ckup 31 via tracking driver 38 based on the tracking error signals

suppl i ed fr omeans finds a quadratic curve equation of approximation of the error rate with 21

the matrix circuit for DVD 33 or the TE signal generating circuit for CD
34, Upstesreghioofack fecusing prpitign o€ thedaser ?le’eﬁ ysingzan ST ree il a@reasdwi t ch 37a

controll ed by the t tr.oller. .43 tput.ti,. tput of th
TE's gnal  getiRTERes B HRIIE b foeusine pprenal B SRERER R el Y Poui
37 or an us\ﬁg]batg dgpﬂligggd['dlr iCduréed a{ia{oﬂxgroxﬁmati@@ to the tracking servo

circuit e optl I sc device 30 produces the CD or DVD,
respectively. With embodimebi€of tha plelséi} nfeREMOmEmtMethéd, e eluriondesvdehe | aser
| i ght outgoing fromthe optical pickup 31 with respect to the optical

di sc so t hat the fecusingaositiogtaf thei laser Bight andethe error raeis tfoundafeem sheaquadygtich

respect to the optical disc. . 10 .The tracking servo gircuit 39

control s the*WttBI2Hgn SgFMP’GFnaﬁn forgpeasyring fe"cusm%éwg‘é mb’]ct‘,ﬂﬁg‘%l vi a

focusing dri ) . ing error signals supplied from
gp%{ ¢ aﬁ?lc?%f 5%5&%5& §§’t1 c{aﬁ gﬁa

the matrix crrcul matrix circuit for DVD 33. Upstream of
the focuggng servo circuit 39 is provided a swtch 39a controlled by the
system controller 43 for outputting an output of the matrix circuit
for CD 32 to the Iomusiarg, inkfWbodiments ofithe apriarl3@s for revording pad/orof the matri x
circuit for DVD 33 to the focusing servo . circuit 39 when the optical
di sc devi ce BOTadEpinganopEcelipickup aad/oporticel fise. the grrgr rate of reproduced g

st 19 S HinSh ik e STl R AR O
Wi ll be in aggpation of rokitAtibn sépRélniitd fhe tERHEQGhip! 1WA tROFIcEsihg di SC.
15  position of the laser light and the error rate is found based on this error rate and an
offset amount corresponding to the focusing position of the laser light with the least
error rate is imparted to the control amount of the focusing servo for
recording/reproducing the optical disc at the optimum focusing position.
With embodiments of the present recording and/or reproducing device, the
20  adjustment means finds a quadratic curve equation of approximation for the error
rate for each focusing position of the laser light using error rates in a pre-set setting
range for finding the focusing position of the laser light with the least error rate
based on this quadratic curve equation of approximation.
With embodiments of the present recording and/or reproducing device, the
25  relationship between the focusing position of the laser light and the error rate is
found by the quadratic curve equation of approximation for recording and/or
reproducing the optical disc at an optimum focusing position.
In summary, in embodiments of the method for recording and/or reproducing
an optical pickup and/or an optical disc, the error rate of reproduced signals when

30 the focusing position of the laser light is varied is detected. An equation of

approximation representing the relationship between the focusing position of the



20 . An addition circuit 42 is provided between the focusing servo

circuit 39 and the focusing driver, 40 for sunm ng a pre-set offset
voltage to the control signal out putted by the focusing servo
control 39 to route the resulting signal to the focusing driver 40.

Thi s of fset yol i u i from,the system cont.r ol i
the digital - ;{"(‘)s-e ;aﬁglﬁ(?éﬁé%ngrgéﬁrgg lif?und%’gsed o &“s etror t%g%é/g %ﬁeé\éﬁ)t%%tl | er 43

finds the of feagbspbRlifnBde tHeUBBs Jsmomﬁtﬁéiﬂkérgfggxt with the leGdtlefrdk batdds based

on the error rate of the playback data supplie romthe reproducing
circuit for Ghpadedto the conttdiemoeiproadfdhcioagsing seavo forfredor@Préoduzimpdile an
opti mum of fset voltage to the focusing servo control signal to

reproduce t heoptipalidissl at gheseptimum focusing positiomhe syst em control | er 43 perforns

t he foll ow i . d to fipd 0 t ffset. t :
2. O U MO PTOSHER LalpditheRsof tne lotenlreserima dndfor SRS Fieim RO RE: Mo ¢ age
suppl i ed 10 yifiment meAOhAOY BBk RgpRSImaRh B8R loie. ThI

i npresses a pre-set offset vol tage out put ted e focusing servo
circuit 39 i nafelfor @Rhifcclsingdipdeitida of € 13 lightietighéreor rates in 4 pre-de0SatingQ
position of the laser light radiated on the optical disc fromthe usual 5
val ue by t hi gargefforfinding dlee focusing position of the laseright svithithe lepsteeroprateal di sc
device 30 re rq%yce .datg recorded on t ical disc. That is, in

n LPEe .__.opt
the optical CREE PelHis@agito cpyecapaioy iaﬂbméin?a&’t?gt for CD 35 or the

reproduci{g Ci r CuUigy; 1 - k0= hi Ak,

denodul at 1:aon or ervgglﬁ g@B%@éﬁ?Sﬁ%%??ﬁ%&%@% %g%\éﬁéﬂgﬁ?l%l@o% gg or the
10 reproducirggtichshipbétweal thoVe2ushgPotitich Sf iHedaRf light dndltRe &forlrar ig epr oduced
data for supplying the error rate to the systemcontroller 43.

The syst em cdnendby e qudirhté carve nquation of apirexisation faraterdinpphd/ed i n neeting
with the offset volta The, system controll er 43 then varies

the of et vaPRAEEFiLg isioptigel discras an optimum focusing posttion.

With embodiments of the device and the method for measuring

’

15 characteristics of the optical pickup and/or the optical disc according to the present
invention, the characteristics of the focusing state of the optical pickup and/or the
optical disc can be measured with ﬁigher accuracy by a simplified circuit.

With embodiments of the device and the method for recording and/or
reproducing an optical disc according to the present invention, the characteristics

20 of the focusing state of the optical pickup and/or the optical disc can be measured
with higher accuracy by a simplified circuit and an optimum reproduced signal can
be obtained based on the measured results.

The embodiments have been advanced by way of example only, and
modifications are possible within the spirit and scope of the invention as defined by

25  the appended claims. -~



15 addition circuit 42 for varying the focusing position of the |aser
light illum nated on the optical digsc. The system
controller 43 repeats the above processing for sequentially varyi ng
the offset voltage applied to the focusing servo control signal for holding
on menpi\ifke error rate for each focusing position of the |aser
light. 20 As descri bed above, the systemcontroller 43 detects
the error rate for each of fset voltage for holding the detected data
on nmenory. The systemcontroller 43 then sets as an all owabl e
range such alrangdn apparatugdpt messutiag fieasing gharpetoristicgtof ak opticeh pisup he

focusi ng servo,control i . possi bl.e and the focusing position of the

| aser |ight PBY/PL# PRIk a’tsgﬁ?’m%sm%cordi ng surface of the 25 optical

di sc and an error f ] CUSI NG: | £.11Qn: . r..J i ght
becones sgbstantigh%ﬁég%gto ‘3’%{1&%'@ glaif&d%%{erﬁglggg?og%g’ﬁm‘?th)gélﬂl&é%’ g%gaéeljbet ween

the T ogysi BnPRRiAA8 64 tHelWRtibARdC, bis8hon 3R AuiphBof £eMItEEIEErEUr f ace of
the optical disc. The systemcontrol ler 43 takes out an error rate

conpri sed w tbavertidy wnitef the ngtica pipkup,ofor focusing ithredasem lightbeaimoon of
appr oxi mati on correspandi n%?to the offset voltage. For exanple, 30 the
syst em cont r 6$908¢ing surfacs of theentical ifs error rate by a quadratic curve from

23 whi ch the system conttsoller, 43 f.inds apn ,of fset volt
corresponding to f‘ﬁ’éoa’ucmg. ?ﬁmﬁif%rﬁre"rd}%?gflﬁttaé?cor&d on the %pticall ‘F’%g%gﬁ/cgtem

control | gy 43nfalolipaR8siHchBoRkietic 6aVERAS uhit W8 tHeQpBidalipickub® _addition
circuit 42 for reproducing the optical disc. 5 The optical disc

devi ce 30 adds anenpt rataidetedtionateans fdralgecting hin errbroatesefiiyta reprodusesd byo
control signal for reproducing the optical disc at an optinmum focusing
posi ti on. said reproducing mgpnspeathpl e, if two sorts of the optical discs
havi ng different val ues of

1 ¢ theS ; n#lrtrlerai ca_ls taoﬁ.?s%urefggot Qe ooj ective
lens are to be reB} BB PHE S(B't fn_é’ﬁ &3S S gre aﬁj ?fg}" dto
opti mum f 0CUSHRANSET MR BRRIAS IR Sdto? means for varying the focusing position of the

15 laser light, getting from said error rate detection means an error rate of reproduced
data when the focusing position of the laser light is varied and for finding the
focusing position of the laser light corresponding to the minimum error rate in
accordance with an equation of approximation of the error rate corresponding to

each focusing position of the laser light.

20

2, The apparatus for measuring focusing characteristics of an optical pickup
and/or an optical disc as claimed in claim 1 wherein said measurement means finds
the equation of approximation of a quadratic curve for error rates for respective

25 focusing positions of the-aser light using an error rate within a pre-set setting range
in order to find the focusing position of the laser light corresponding to the least

error rate based on this quadratic curve equation of approximation.

30 3. The apparatus for measuring focusing characteristics of an optical pickup

and/or an optical disc as claimed in claim 2 wherein said measurement means sets

L g




In summary, w th enbodi nents of the neasurenment device, the error rate of
the playback signal when the focusing pogition of the laser light is
detected, and an 15 equation of approximtion representing the relation

between the focusing position of the laser light and the error rate
i's found basﬁﬂdQ&-Ea's&tﬁgﬁﬂgerﬂi% {590t highEl A an errod Akt ladksliiy act eri stics
of the optical pickup and/or the optical” disc. th the

enbodi ment s @bsitite oNthadasee light endblinCROcudifeseransint@iesd whighisnot less thahnds a
quadratic curve equation of approximtion of the error rate with respect to
20 each focasiengr péswhichwcorrs pidontgdependenghen theifaepsing nosition of dhelapey g
pre-set sett}légg range for finding the focusing position of the | aser
light with t Y east error rate based on this quadratic curve
equation of approxi mation. Wth enbodi mrents of the present
measur enent device, the relation between t he focusing position of the
| aser light and the error rate is found fromthe quadratic 25 curve
equati on of approximtion for nmeasuring focusing characteristics of the
optical pickdp andheeppranatusfirinecasurdigsfocusing characteristics dfansaptivak pickup t h
enbodi nents of .the neasurenent, method, the error rate of - the playback
signal when BRYOT BLERHGGAISE ST FleBRedon daim 4 WhapinspgipessiregepLRedl fdiy an

equati on of i oAt i : €S LDQ: r i t ocusi ng
pasi i on 30 R GpR AR RIGRA R hilfer @ o LR AEAGERAPACT T T,
error rat1@ f Qfrof tatéh ilGaid pre-set seBgThilE FHA R IS possticf with tredagh Cal
pi ckup and/or the optical disc.
24 error raf¥ tohthe fidvuidingwosisiondireétly fersaentin theascindyrefhithewetonoate t he
neasur ement means_finds a quadratjc curve equation of approximtion
of the error firshescsgding the lowersgitiggggngedimhch f ocusi ng position of the |aser
| ight using an error rate in a pre-set setting range for finding the
focusing position of the laser light with the least error 5 rate based
on this quadratic curve equation of approxinmation. Wth
enbodi ments of the present neasurenent nethod, the relation between

15 S, The apparatus for measuring focusing characteristics of an optical pickup

and/or an optical disc as claimed in claim 1 wherein said measurement means
imparts an offset amount corresponding to the focusing position of the laser light
with the least error rate to the control amount of the focusing servo control means
for measuring the pre-set characteristic values of the optical pickup and/or the

20  optical disc.

6. The apparatus for measuring focusing characteristics of an optical pickup
and/or an optical disc as claimed in claim 1 further comprising:

25 adjustment means.for adjusting focusing characteristics of the optical pickup
based on the focusing position of the laser light corresponding to the least error

rate.

30 7. A method for measuring focusing characteristics of an optical pickup and/or

an optical disc comprising:

A



the focusing position of the laser light and the error rate is found from
the quadratic curve equation of approximation for nmeasuring focusing
characteristics of the optical picKup and/or the optical disc. 10
In summary, in enbodi ments of the apparatus for recordi ng and/ or
reproduci ng an optical.. pi ek and/ or... ti Nol| 3 of

r epr oduced °s°|ngrﬁgf’% t\?\lﬁgﬁcuts B pg %&‘ﬁ‘gfﬁg“’égﬁ Pg%tﬁiﬁgﬁﬁ%detf%@éroﬁﬁght IS
varied is defgehadd oifan output of 8 PRStbOIBCIAL cBPRIGAG d¥RE bOMe bPRER pRXup figr t he
relationship 1between the focusing 15 position of the laser Iight and the
error rate ifochstgthelasedighnod thexeandiog sudice ik eptical disc; of f set anount -
corresponding to the focusing position of the |aser light w t(g {lhe | east
error rate is i npupralycing detpcreperded on thempting! dve haped PHELMNPAY ¥dPSo for

recordi ng/ repyrodyci.ng the optical.disc,.at the optinmmfocusing position.

Wth enbodli nﬁmtgéiBT“‘?ﬁ&n‘fffté‘g%ml??%@%lpml?\% PIGKEP'or r eproduci ng devi ce, the

20 adj ust ment nﬁ%@gt%,{gid}ldér@r?(gq,@la&t,ieﬁroggée\d%@guati on of approximation for
rate Tor 0

the error each cusi ng position of the |aser |ight using
error rates in a phRrEed a pai-tdt Bffset amount @gedntrol ahoud iofi thet foeusingaesvang
position of the laser light with the |east error_rate based on this
quadrati ¢ curerdraddoratarging dhie foopsing boritioroef the laser light; W th enbodi nents

of the present recordi ng and/or reproducing. device, th 2 rel.ationship
bet ween ‘t he focus 1H€|1_n§&gieﬂ}‘m?ndﬁ‘f %) Té’xl’%%qé’?‘qﬁf’f ‘g‘ﬁ_tef%&t? ﬁoé e@%’r t(‘)orcuérlglll%e is
found by 4hne QAR AblCorCiol Ga B AutadBpRbuclBR EHHR 1R TolingRERIAIGIY and/ or
repr oduci'ng FhE optical disc at an optinmum focusing position.

In summary, ke @skoghieas of the method for recording and/or reproducing
an optical pickup and/or an optical disc, the error rate of reproduced
signal s when 30 finHingfacfoumssimgpqsition ¢fche taser light cersespondingto the 1¢ask ¢18ef i s
detected. An equation of . appr oxi mati.on reg_res n ing tfhe rel ati onship
bet ween t he Fﬁé@éﬁeﬁg)nﬁbg eayatiqn of a&n‘gmmatmn for the error rate for each focusing

25 | aser...l i ? nd the error rate is found based on this error rate
and an of f seP°HH8Y tneThétr 1.
15
8. The method for measuring focusing characteristics of an optical pickup

and/or an optical disc as claimed in claim 7 further comprising:
finding the quadratic curve equation of approximation of the error rate for
20  each focusing position of the laser light using error rates within a pre-set setting
range; and
finding the focusing position of the laser light corresponding to the least

error rate based on this quadratic curve equation of approximation.

25 -
9. The method for measuring focusing characteristics of an optical pickup
and/or an optical disc as claimed in claim 8 wherein
the setting range is set so as to be not more than an error rate at a focusing
position of the laser light enabling focusing servo control and so as to be not less
30 than an error rate occurring without dependency on the focusing position of the

laser light and wherein the quadratic curve equation of approximation for each

R




corresponding to the focusing position of the laser light with the | east

error rate is inparted to the cont r2§)I anount of the focusing servo
for recording/reproducing the opti Cal disc at the optinmm focusing
position. 5 Wth enbodi nents of the present recordi ng and/ or

reproduci ng %&-&sgx% %t%ﬂ?on of the 1a3 -eﬁ%trt %’hnﬁﬁﬁf ?12 %r%lsra?e Wﬁiﬂrt?io is&tiﬁ%éve

equati on of appr tion for t e for eac cusi
position of tfged.aser light using error rates in a pre-set setting
range for finding the focusing position of the laser light wth the |east

error rate based on this quadratic curve equation of approxi mation.
10 Wth enbodi nents of the present recordi ng and/ or reproducing
devi ce, the rel ati onshi p between the focusing position of the |aser

| ight ‘and 5t hel(f {)? therrgét o& Por mec?ftgriﬂcgofdg\sisixpg c};[apa%acg{’éﬁgsr @ft .ncop%éélvp% %uat i on of

appr oxi mat1 on recordi ng an eproducrng the optical *disc at an

opt i mum f 0CUSifafrRAptitAHisc as claimed in claim ¥ihBredT Guidal§ cive bhGtERGFCE and
the nethod for neasuring 15 characteristics of the optical pickup and/or

t he optical dimpeoxmetisrdofithe errot tate srfeweinfrom data ofithverndrirates irt $aéd pre-set
characteristics_ of the focusing state of the optical pickup and/or the
optical disc te#ipgrangafiontheifasnsing ppytien with dhp kil exsgr wmtestoripe facusiagcircui t .
Wth enbodi ments. of..th evice angd the.method for recording.and/ or

Fepr oduct ng. SPei itebty bEoRE i Bthe YRR it R i e fe
charact erigti Gsing?Qnge Bhitt he focusing state of the optical pickup and/or
the optical disc can be neasured wi th hi gher accuracy by a sinplified
circuit and an optinmum reproduced signal can be obtai ned based on the
measured resul ts. The enbodi nents have been advanced by way
of exanple only, and nodi fications are possible wthin the spirit and

;gope of t Qf A* ﬂ/\ée nflieomnetggd goeifnilerysagrinbgyfocgs?ng ghg?ac?deg%gsd gfd ahcép%xjcgis pickup
and/or an optical disc as claimed in claim 7 wherein an offset amount ‘
15 corresponding to the focusing position of the laser light with the least error rate is
imparted to the conirol amount of focusing servo control for measuring the pre-set

characteristic values of the optical pickup and/or the optical disc.

20 12.  The method for measuring focusing characteristics of an optical pickup
and/or an optical disc as claimed in claim 7 wherein focusing characteristics of the
optical pickup are adjusted based on the focusing position of the laser light
corresponding to the least error rate as found from the equation of approximation of
the error rate relative to each focusing position of the laser light.

25 ~

13.  An apparatus for recording/reproducing an optical pickup and/or an optical
disc comprising:
focusing servo control means for controlling a focal point position of a laser

30  light beam illuminated on the optical disc, based on an output of a photoelectric

S
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1. An apparatus for neasuring focusing characteristics of an optical

pi ckup and/ or an optical disc corrpgdsi ng: 5 focusi ng servo
control neans for controlling a focal point position of a |aser | i ght
beamillum nated on the optical disc, based on an output of a photoelectric
converting u [ : ' t I ght beam on
a reCOII} flve‘?{m%nﬁtﬂ gg{ﬂg;‘o%lncﬂ p%g{& . fg}?(gﬁug@,ﬁ%ﬂ&r lﬁﬂt {':éﬁ‘r%n I% r oduci ng
nmeans for repémmg@grfﬁk&ta‘mesgtaedis@,n the optical disc based 10 on an
out put of the photoelectric converting unit of the optical pickup;

error rate detect ireprofucarsmeEyrs faeteemdiuniggaintaepmdedrm@e@pti@étdéscr’oemdoduced

Ypar i ng-a PERRAPA S PRI GRS R T he oD RARD: of Sard
focusing Servo Contiol. IS Eohe ' A0 HE of Q6HP1A00 PR FRiu0ls e

| aser light, getting fromsaid error rate error rate of
reproduced  gid refRlddcinb @ltahfI@nd OCUSi ng position of the laser light is

vari ed and for finding fhe focusing position of the laser |ight
correspondi ng to tiédustimantmeans foroimparting a pre-set offsetigmoourd aona eonmrctl hmaant
equation of apprOX|nat|on of the error_rate corresponding t each

f ocusi ng posiafiseid fapusingesereseantno] prans fopyarying the fopusing Pq‘h@’h‘ifﬁ&? lasers f or

measuring fo characteristi.cs of a tical /or

opt a8 s At Brl 18R R Heirof s BrRRlon eon A MBrviass of BRI o

the equatjon Qfa v@ﬂeﬁ{t‘ﬂé IrHERsIng hoSitioR of H@%&} '.l1?htcik‘ K Bed, %dﬁ{grtﬂé fdcatiRg for
respective 25 focusing positions of aser |ight uSing an efror rate
wi thin a pre-mweftioaaif thd‘llgsdfrafggﬁ,‘corresponduﬁg tortHermlhhmim ertoi fhate fhacuaidmgpeposi tion
of the laser light corresponding to the |east error rate based on
this quadr at i%itkcen seuation a? prEROX Mmatipn pHibie PErOT thte correspapling @, each fopheing

apparatus for_ neasur.i.n ch cteristics of . a ti I ckup
and/ or an optROgHIoR f&&ﬂ“ﬁﬁﬁﬁ%ﬂ" ?’%@F HPPATIR G ekt %ﬂnﬁ"gé’?“g g&f? enent neans
sets focusing servo control means an offset amount corresponding to the focusmg

15  position of the laser light with the least error rate.

14.  The apparatus for recording and/or reproducing an optical pickup and/or an
optical disc as claimed in claim 13 wherein said adjustment means finds the

20  equation of approximation of a quadratic curve for error rates for respective
focusing positions of the laser light using an error rate within a pre-set setting range
in order to find the focusing position of the l_aser light with the least error rate based

on this quadratic curve equation of approximation.

25 -
15.  The apparatus for recording and/or reproducing an optical pickup and/or an
optical disc as claimed in claim 14 wherein said adjustment means sets said pre-set
setting range which is not higher than an error rate at a focusing position of the
laser light enabling focusing servo control and which is not lower than an error rate

30  which occurs without dependency on the focusing position of the laser light.

e
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27 - said pre-set setting range which is not higher than an error rate

at a focusing position of the laseq; Iight enabling focusing servo
control and which is not |ess than an error rate which occurs w thout
dependency on the focusing position of the |aser l'i ght. 4

The apparatus for measuring focusing characteristics of an optical pickup
and/or an optical disc as clained in claim2 wherein said neasurenent neans
finds 1be qUBeepdarfus for\tecoediu@bhd’or RbrodpEing ¥h opfi¢20 pickhp bhdoedn or rate
fromdata of the 10 error rates In said pre-set setting range fromthe
f ocusi ng posioplical disictal claimedingtiaim 13 further eomprising:t o t he focusing position
directly before or in_ the, yicini of the erfor rate . . first exceedin
Che. | ower setti ngah SRt pakpp for detecting  Signal frompbiaifpsiosh dises e AsELr | ng
f ocusi ng hf”‘%ﬁj%f:ﬁ%l% ;eg%fgjff&gm%%gag@is@gsckup and/ or an optical disc

as clainmed inclaim1l wherein sald nmeasurénment neans I mparts an

of fset anobunt cor gfaFeddingGeivd dohifoll 6448 icBAtrdllng tHePBcRingt fRitloasdthd | ght
with the least error rate to the control anount of the focusing servo

control neangaser light ifleminstealsanr the gptidad disc eespetsivhiareach epticst disc fal ues of t he
optical pickup and/or_ the 20 optical disc. i 6. "The appar at us
for measuri ngosiEghalpseriighi on &he repqréing spriase fiihe epticahfisgup and/ or an
optical disc as clainmed in claim1 further conprising: 25
adj ust ment nmeans for adjusting focusing characteristics of the opti cal
pi ckup ¢ based on the focusing position of the |aser |ight
corresponding to the least error

17. A method for recording and/or reproducing an optical pickup and/or an

optical disc comprising:
controlling the focusing position of the laser light illuminated on the optical
disc based on an output of a photoelectric converting unit of the optical picicup for
15 focusing the laser light on the recording surface of the optical disc;
reproducing data recorded on the optical disc based on an output of the
photoelectric converting unit of the optical pickup;
detecting an error rate of the reproduced data;
imparting a pre-set offset amount to a control amount of the focusing servo
20  control for varying the focusing position of the laser light;
finding an equation of approximation for the error rate for each focusing
position from an error rate of data reproduced on varying the focusing position of
the laser light;
finding a focusing position of the laser light with the least error rate based
25  on the equation of approximation for the error rate for each focusing position of the
laser light; and
imparting to the control amount of focusing servo control an offset amount

corresponding to the focusing position of the laser light with the least error rate,

30



rate. - 30 7. A nmet hod for neasuring focusing characteristics of an
optical pickup and/or an optical disc conprising:

28 controlling the focusing position of the |aser |ight

illum nated on the optical di sc based on an output of a photoelectric
converting unigt of ' b : Lng; l'i ght on
the recordi ngrgl 8'surfT§%2§e (;?&% %g%cg??lg§%%§§%?r°duclng Lx?ﬁb‘ﬁdaﬁ‘g}cgggggﬁgfﬂng dat a
recorded on tdpeicaiplisccal cldlimed ibakan 10 furdtier Gothptidin®f tfiedinda quadistioaleetri c
converting unit of the optical pickup; detecting an error rate
of the reprocqoetibnoefiapproximation of the errpnmater for paghfopnsingqwsitionfof ghe lapiyunt to a

control anount .of the focusi ngh,servo . control, for varying the focusing
posi tion of tiH PSREFTIPT HEGS. Within a pre-set setting rangs; 3 an equation of

appr oxi.matd on for I r i : it 4 from an
error rat e5I of dat aﬁ%pgs %ggécélaﬁ%%o\%%ro xﬁ’%gjﬂt@%?h giétrt}g)irrr?(})‘p oﬁlg}s’%ﬁ ?51# %F st t he

laser |ight; &Af rate based on this qualidefifcid@e 3qieH D BFprBRSiatiopn of the |aser
| i ght corresponding to the | east error rate based on the equation of

approximation for the error rate for each focusing position of the
| aser light. 15 8. The met hod for neasuring focusing
characteristics of an optical pickup and/ or an optical disc as

claimed in cl IEH m 7T}Ieunr1étngc{ fot(f%g%rralié ?ﬁdéore rreproduciag gn ]pgtligail g%'kﬂg axtui}ﬁr qluadr atic

curve equati on’ of ‘approXxination o or r &R tocusi ng
position ff tHRichIORES ad d1&iRed ¥ cAtn @R WMerdi®t €S Within a pre-set setting
range; and finding the focusing position of the |aser |ight
correspondi ng t o tthesdidmgtange is set so as to be not more than an error rate at a focusing
position of the laser light enabling focusing servo control and so as to be not less
than an error rate occurring without dependency on the focusing position of the

laser light.
15

20.  The method for recording and/or reproducing an optical pickup and/or an
optical disc as claimed in claim 17 further comprising:
detecting signals from plural optical discs of different sorts using plural
20  objective lenses of different characteristics; and
controlling the focusing position of the laser light illuminated on the optical
disc depending on each optical disc for focusing the laser light on the recording

surface of the optical disc.
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error rate based on this quadratic curve equation of approxi mation. 25

9. °  The nethod for neasuring focusing characteristics of an opti cal

pi ckup and/ or an optical disc as ©laimed in claim8 wherein

the setting range is set so as to be not nore than an error rate at a

f ocusi ng position of the Iasegﬁkgﬂﬂg;fnabling focusi ng servo control
and so as to be not |ess 30 than rate occurring w thout
dependency on the focusing position of the | aser |ight and wherein
the quadratic curve equation of approximtion for each

29 f ocusi ng MARMSKNWMEIMDFUMEASUWGMDCESM an error rate
within this setting range. The met hod for neasuring

f ocusi ng char aﬁIMMCWEBISﬂIC&rOEQPTML BI@IRUB AND/OR QREVGHL BRSGpNRRal di sc
as clalmsdlnclalm8where|ntheq t
appr oxi mafi on of the AR AgRA ?‘éﬁéﬁ%@%@sfﬁ&#%SEBgﬁatW@ or rates in

sai d pre-set setting ra i osition with the high
error rate to the focusing Q&%Rdm |onog?§@é‘?:%%sgefore or in the

vicinity of the error rate first exceedl ng the lower 10 setting range

limt. 11. The nethod for neasuring focusing characteristics of
an optical pickupA device ﬁndie@surmlg fo@tsxxxga:ﬂmamptsvsfas of lan joptiep! ipickap an‘ilr’P!?
wherein an of fset anpunt correspondi ng %he f.ocusi n%Yg_l i on of
the |aser ||g1nt0pvmlrdlqcrf@pﬂéa§f mé?ﬁuaﬁsﬁlaﬁrécthésﬁcs° f°°Pﬁﬂ§F%ea 188 control
amount of_ focusing servo roI

char act eri¥st i3¢°WAFLDs? ?ﬁmpﬁ [ 83?1“& u%]“‘ a‘%@]‘g Ogcogigﬁollscaa offset .

supplying circuit 23 for applying an offset voltage to a focusing servo control
signal. This arithmetic-logic unit 12d detects an error rate of the playback data in
such a state in which the focusing position of the laser light is deviated by at pre-set
offset amount. The arithmetic-logic unit 12d sequentially varies the offset voltage to
15  repeat the above processing for detecting the error rate. The arithmetic-logic unit
12d approximates the relationship of the error rate to the offset amount by a
quadratic curve based on detected data. The offset amount which minimizes the

error rate is found from this equation of approximation.

20 Figure 1



20 12, The nethod for neasuring focusing characteristics of an optical

pi ckup and/or an optical disc as clainmed in claim7 wherein focusing
characteristics of the opti cal -pi ckup are adjusted based on the
focusing position of the laser |ight corresponding to the | east error
rate as found fromthe equati-on of appro%”rration of the error rate
relative to each focusing position of the laser light. 25 13. An
apparatus for recording/reprosucin optical pickup and/or an opti cal

di sc conpri si ng: 2 0 M S servo control neans for controlling
a focal point positiorNat g gg i ght beamilluminated on the
optical disc, based o T photeael ectric

A dog
30 converting g"' t

i ght beam on a

n o] i@al pi ckup, for focusing thg |aser
regording suttaep of the optical disc; =~

repr oduci ng nmeans for{reproducing 1y Eg based
on an out put of the photoel ectric&o U§ H@@ .itg)f tpe_optic ‘/Qickup; 5
error rate detection det@ Rl =h s\_ate‘r-'éo AtlE afedatalll o1 oduced
by sai d reproduci ng neans; 4P E | g tretmem gjor
I nparting a pre-set offset a nt Wola r Iaar'oua Ol H d .
f ocusi ng servo coftrat—TEany r varyingj® fgeusin ositlonlipfes .n\_e | aser
| i ght beam gettihffn 'Wror rat §| Wexectli on |f PR gf e of
reproduced 10 i@a‘ nidye fpcusing N ian |of A Qs
varied, finding the f@ciising posT tfiig f=he Gl gl ™
corresponding to the minrmerypbr rate a %r ANEE  p—
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focusi ng servo control nmeans an of fset anpunt corresponding to the focusing
15  position of the laser light with the |east error rate. 14.
The apparatus for recording and/ or reproduci ng an optical pickup and/ or an
optical disc as clained in claim13 whergjn said adjustnent neans finds the
20 equation of approximtion of a quadratic curve for error rates for
respective focusing positions of the laser |ight using an error rate
within a pre-set setting range in order to find the focusing position
of the laser light with the |least error rate based on this quadratic
curve equation of approximation. 25 15. The apparatus for
recordi ng and/ or reproduci ng an optical pickup and/or an optical disc
as clainmed in claim 14 wherein said adjustnment neans sets said pre-set
setting range which is not higher than an error rate at a focusing position
of the | aser |ight enabling focusing servo control and which is not

| ower than an error rate 30 whi ch occurs w thout dependency on the
focusing position of the laser light.

31 16. The apparatus for recording and/ or reproduci ng an opti cal
pi ckup and/or an optical disc as clained in ckaim 13 further
conpri si ng: an optical pickup for detecting a signal from
plural optical discs using plural 5 obj ective | enses of different
characteristics; sai d focusj ng servo control means
controlling the focusingg position pf the | aser light illum nated on
the optical disc responsive to each opticpl disc for focusing the
| aser light on the recqgrding surfafpe of the optical disc. 10
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17. A nmet hod for recordi ng and/ or reproducing an optical pickup and/or an
optical disc conprising: controlling the focusing position of
the laser light illum nated on the opti cal di sc based on an output of
a photoel ectric converting unit of the o?hical pi ckup for 15 focusing the
| aser light on the recording-surface of the optical disc;

reproduci ng data recorded on the optical disc based on an output of the
phot oel ectric converting unit of the optical pickup;

detecting an error rate of the reproduced dat a; inparting a
pre-set offset anpbunt to a control anmount of the focusing servo 20

control for varying the focusing Egﬁition f the laser light;

finding an equation of approxi mat ORRATRe error rate for each f ocusi ng
position froman error rate of data reproduced on varying the focusing

posi tion of the | aser |ight; finding a focusing
position of the laser light with the lleast error rate based 25 on the
equati on of approxinmation for the errar rate for each focusing position of

t he | aser i SSE- Y o Ta [P —- LApas tkRG -t-0- Lt fe- cont rol anmount of
focusing servo contrgl an offset annugt correspo ding to the
focusing position of Yhe laser light wth the | east errpr rate. 30
32 18. The t hod for recordijing and/ or reprodyci ng| an opti cal
pi ckup and/or an optical disc asjclained in claifn17 further
conpri si ng: finding guadratic curvie equati o of apg Lation of
the error rate for each\focusing positjon of the |ase usi ng
error rates within a pra-set setting rjange; and 5 finding the
focusing position of the\laser |ight cprresponding tp the | gast
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error rate based on this quadratic curve equation of approxi mation.

19.° The method for recording and/ or reproduci ng an optical pickup and/or
an 10 optical disc as claimed in claim 18 wherein t he
setting range is set so as to be not norg;{han an error rate at a focusing

position of the |laser |ight enabling focusing servo control and so as to be

not | ess than an error rate occurring wthout dependency on the
focusi ng position of the | aser light. 15 20. The net hod for
recordi ng and/ or r oduci an optical pickup and/or an optical disc
as clainmed in claléggf fur conpri si ng: detecting signals
fromplural optical scs Eﬁlfferent sorts using plural 20 obj ective
| enses of dlfferent aract stlcs and controlling the
f ocusi ng p03|t|on he Iasgg Iight illum nated on the opti cal di sc
dependi ng on each t7 cal c for focusing the laser light on the
recordi ng surface ‘of ﬁhe opti cal discE
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