Appar at us .and Mat hod for Measuring Char acterl stics F70 3‘]‘;0 -0

of Opti ¢al P c’kup and/ or Optical Disc IFSS R
Field of the Invention -h’]IS invention relates to an ' i3
apparatus and a nethod for neasuring 10 characteristics of an opti cal
pi ckup and/ or an optical disc.

Description of the Related Art 15 There has so far been known a
device for inspecting characteristics of an optical pickup used in an
optical disc drive. The device spectin, characterlstlcs of an
optical pickup is usegHFof@tanpte Tt ieca YT goms geCt i on for

shi pment or reception of apfOpfiéat Rickith ekd/Br OBtica0 DA or

not the opti cal pickup satisfies the prescrlbed speci fications. 20

Fig. 1l sﬁoms a bl ock diagram of a conventional device 100 for inspecting

This invention relates to an apparatus and a method for measuring

10  characteristics of an optical pickup and/or an optical disc.

15 There has so far been known a device for inspecting characteristics of an
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optical pickup used in an optical disc drive. The device for inspecting

e
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characteristics of an optical pickup is used for example in carrying out inspection

PRy

for shiprient or reception of an optical pickup in connection with whether or not the
optical pié’kup satisfies the prescribed specifications.
20 Fig.1 shows a block diagram of a conventional device 100 for inspecting
characteristics of an optical pickup.
The conventional device 100 for inspecting characteristics of an optical
pickup shown in Fig.1 is designed to inspect an optical pickup.
The conventional device 100 for inspecting characteristics of an optical
25  pickup iticludes a test bench 102 on which the optical disc is set, a matrix circuit
103 supﬁlféﬂ'with an output of a photodetector of the optical pickup 101 for
outputting a playback signal (RF signal) and a servo control circuit 104 for
performing servo control for reproducing an optical disc based on an output of the
matrix circuit 103.
30 The conventional device 100 for inspecting characteristics of an optical

pickup also includes n measurement circuits 105a to 105n for measuring various
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characteristic values of the optical pickup based on an output of the matrix circuit
103, a multiplexer 106 for switching between outputs of the measurement circuits
1052 to 1051 and a multiplexer 106 for switching between outputs of the

35 measurement circuits 105a to 105n. The conventional device 100 for inspecting




characteristics of an optical pickup. The conventional device
100 for inspecting characteristics of ap optical pi ckup shown in Fig.
1 is designed to inspect an optical picKup. The conventiona
device 100 for inspecting characteristics of an optical 25 pi ckup
includes a t{fghet ' ' ' |_8-8i6ltal &l X
circuit 1%?%%%8%?%39{3\?#@%&) g‘&?“ﬁgg{%@ga%h%ﬁ%édg g‘?ﬁ gr&g t ﬁe opti cal
pi ckup 101 fl107 for converting pubtipnyofonslcdylizacitcuits 0% to(10Fn sélgeted by thed a servo
control circujht .104 I i erformng ser 0. I .oduci ng an
opti cal di s CSRIERE* 8 Into gigin BareRf HigBoBter YO P HobiQlicalipr S FRURE 3G
The convent icatpat deie i e sh@ldgitordigitsd pewicttan1Thiar dizplyingtthesesalts.an opti cal
pi ckup al.so inclydes n neasur nt circuifs 105%a o _105n.fo asuring
various ° cha&gﬁf’éﬁ"?*’éﬂci‘“?/igﬁb%a Bieche! Gracten {’%de?(g“ﬁ'_“ffa@é)cr}%f)n an out put
of the matr 'iﬂ%p@étfr@%hhracteristi@soo’i’,an?bpﬁUiltﬂiﬂiu??ggﬁe dfiRRaf Mtk d1GE dedcidiyeen

a

outputs of the neasurenment circuits to 1 05n and a nultipl exer
106 for swi meaypried Bdehinderice d0P frdnypretingchameterisiesefasmpticalaisiep: T8 105a to
105n. The C%PH%?H&“?!IO?%‘I%S 398 f @oal, NSRGALdpNfler, an objective lens and a

2 characteristics of an optical 'pickup further i ncludes an

anal 0g- t o- diphptrdétecton idis entical pickupQlp lfcondengenalasdritghtibeaguoytaeingfiraghe of t he
circuits,10 ) . o |3 L0l .06 -dirgi tal
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The optical pickup 101 is .a ,subject of.inspection by this device 100 for

i nspecting é’ﬁ%tf’g"ép‘&ﬂ- ;T l?ec%h%‘f&égér‘itoéé’f‘?vdﬁqd %ﬁptgﬁ ﬂBt.w&"ﬁék%wlcﬁla pi ckup 101 is
det achabl y photoclebieidicotvedting Bévicdlid wavektidhé Qhaded 3ORtdd N M@bact eri sti cs

of an optical pickup. The optical pickup 101 includes a | aser diode, a
beam spl i t t &lectrigal Hgpalet j ve | ens and a
15 The optical pickup 101 usually includes plural photodetectors. For example,

the optical pickup 101 includes a four-segment photodetectors and a pair of

photodetectors arranged on both sides of the four-segment photodetectors for side

spot detection. Outputs of these photodetectors are routed to the matrix circuit 103.
The test bench 102, on which is set the optical disc, runs this optical disc in

20 rotation for reproducing the disc. The optical disc set on the test bench 102 is used

as reference for this device 100 for inspecting characteristics of the optical pickup.

The matrix circuit 103 is fed with outputs of the photodetectors of the
optical pickup 101 to generate playback (RF) signals, focusing error (FE) signals
and tracking error (TE) signals from the photodetector outputs.

25 If the photodetector provided on the optical pickup 101 is made up of four-
segment photodetectors and both side photodetectors for detecting side spots, the
matrix circuit 103 outputs the following signals: That is, the matrix circuit 103 finds
the sum of the respective ouiputs of the four-segment detectors to output the result
as RF signal. The matrix circuit 103 also outputs FE signal by the astigmatic

30 method. Specifically, the matrix circuit 103 computes the sums of the two
photodetectors lying across the four-segment detectors to find the difference
between the sums to output the resulting difference as the FE signal. The matrix
circuit 103 also computes the difference between the side spot detecting

photodetectors to output the resulting difference as TE signal.



phot odet ector. This optical pickup 101 condenses a | aser Ilght beam
outgoing froma 10 |aser diode via bea[? splitter and an objective |ens on
the optical disc. The opti cal pi ckup also fornms an image of the
reflected light fromthe optical disc on the phot odet ector. The
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convertlng devi ce and conver i maged’
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disc in 20 Jogh@“rgnmftggrvgg&{tmwm ng the disc. The optical disc set on the
test bench 102 is used as reference for this device 100 for inspecting
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Specifically, the matrix circuit 103 conputes the suns of the
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di fferen sxam Fra mgms.swesetce.i@%&&meﬁéaecﬁaﬁyiéswgeagﬁr;; flc9068 as the
The trix circult |

FE signal . al so conputes the erence between
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difference anslea-ls-greg Iginl%llel of the RF signal based on the RF signal. The fourth measurement

circuit 105d measures jitter components of the RF signal based on the RF signal,

The multiplexer 106 switches between outputs of the measurement circuits

20  105a to 105n to route an output of the selected measurement circuit to the analog-
to-digital converter 107,

The analog-to-digital converter 107 converts outputs of the measurement
circuits 105a to 105n supplied via multiplexer 106 into digital data which is routed
to the computer 108. The rate of conversion of the analog-to-digital converter 107 is

25  low because the outputs of the measurement circuits 105a to 105n are substantially
at the dc level. For example, the rate of conversion of the analog-to-digital
converter 107 is on the order of 1 kHz.

The computer 108 performs statistic processing of digital data supplied from
the analog-to-digital converter 107 to display the results.

30 In the conventional device 100 for inspecting characteristics of an optical
pickup, as described above, the characteristic values of the optical pickup 101 are
measured by, for example, » measurement circuits 105a to 105n, with the number #
corresponding to the number of the characteristic values to be measured. The

measured results are displayed for the user on the computer 108.



3 . : The matrix circuit 103 routes the RF, FE and TE signal s,

t hus conputed, to the servo control, circuit 104 and the measurenent
circuits 105a to 105n. The servo control circuit 104 perforns
servo control during reproduction of the optical disc based on the RF,
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of the RF siTiead¢fotrqsecseparatitvex BEiweenaabsition of irradiation Lx'lamahembtﬁda{b disxer 106

out e an outd METRdeRiem i fRRL P BBneP e BUKKS B PRETUREPEg Me

to-digital ceptieaydied DiOVaried with the rotanonéﬂpesmaﬂbogreto@ndalghécab converter 107
converts outputs of the neasure circuits 105a to_105n su &led Vi a
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The conput er performnms statistic processing o data supplied
from rotation and the center O of the optical disc D. If the optlcal disc D is rotated by

1/4 from the rotational position shown in Fig.2A, the distance x becomes equal to
20 the distance x2, as shown in Fig.2A, If the optical disc D is rotated by 1/4 from the
rotational position shown in Fig.2B, the center O of the optical disc D becomes
closest to the point of illumination of the laser light beam Lx, with the distance x
becoming equal to a distance x3 corresponding to the distance between the axis of
rotation and the center O of the optical disc D minus the distance between the axis
25 ofrotation and the center O of the optical disc D, as shown in Fig.2C. If the
optical disc D is rotated by 1/4 from the rotational position shown in Fig.2C, the
distance x becomes equal to x4 as shown in Fig.2D.
Therefore, if the rotation of the optical disc D undergoes eccentricity, the
point of illumination Lx on the optical disc D of the laser light beam L illuminated
30 on the optical disc D is varied in synchronism with the rotational period of the
optical disc D. Specifically, the point of illumination Lx on the optical disc D of
the laser light beam L illuminated on the optical disc D is moved back and forth
through the distances x3 to x1 from the center O of the optical disc D, as shown in
Fig.3. Thus, the point of illumination Lx traverses plural recording tracks due to

35 eccentricity of rotation of the optical disc D.



the anal og-to-digital converter 107 to display the results. 30 In
the conventional device 100 for inspectifyg characteristics of an optical

pi ckup, as described above, the characteristic values of the optical pickup
101 are measured by, for exanple, n measurenent circuits 105a to 105n
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i nspecting characteristics_of the aptical,pcku asyres . the level of
Lhe TE o1 Bnalieagiita) Pikib SR Epe oths Bret B o xHe P ER e kiRERevo

Such eccent r ¢igduitybetlg tixfriedtofDWitH theliRviepl 0C 8dr ifkpSEtinpCehdiastarlites éftum center of
t he optical_ disc set on the test bench 102 for_ rotational drjving is
of f set from fmficabBirkup, the optical pcyisirgs, in rotation, with the fogyyng.seryg prnang

eccentricit Vyfh eOtaiddd el d%‘?‘,"fﬁteﬁjetéd?in%ﬁﬁé £RLsighlh S0 a@Wihe ti8tional
optical disc is set onthe test bench I02 so that the center O of the

optical di sceceentgicityjpsingyrior examnle, e mrasyreyient pirentit Yi¥bof t he optical disc D,
as shown,in Fi g. 2, ] ; . I jtion of
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radi at ed fr ofiE sigealofstdéctal byptihe nepswerderttivércueie h0Hr is Mtegratedefor averagimg theal di sc

Dis varied wth the rqotational position of the opti.cal .disc.D.

Speci 1 cal | yiE preapEd dooring URietul Siracdt s@R FRL TSR 1 om ¢ ne
poi nt of 15 medsutedibyathe aidasuteéntichreuit a6%Y isltal@htinto @kt dmpuitdti 198dbst ance X
becones a di@tﬁﬁnc%x corresponding to the di stance between the axis
of rotation ay té‘bi“ﬁ’f' of illum nation of the laser |ight beam Lx

pl us thejqi st ancewhittieesvidd 0N fspdcting characteristics of an optical pickup, the
TE signal level can be measured using rotational eccentricity of the optical disc, as
described above.
" In the conventional characteristics inspection device for an optical pickup, in
which TE signals are detected using rotational eccentricity of the optical disc, as
20  described above, the TE signal detection becomes impossible if the optical disc is
set correctly on the test bench 102 such that optical disc rotation is not subjected to

rotational eccentricity.

Summary of Invention
25
According to the present invention, there is provided an apparatus for
measuring characteristics of 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;
laser control means for controlling the optical pickup for reciprocating the
laser light along the radius of the optical disc; and
characteristics detection means for detecting a signal for generating tracking

35  error signals from an output of the photoelectric converting device of the optical



rotation and the center O of the optical disc D. If the optical disc Dis
rotated by 1/4 fromthe rotational .position shown in Fig.2A the

di stance x beconmes equal to 20 the di s? ance x2, as shown in Fig.2A 1f the
optical disc Dis rotated by 1/4 fromthe rotational position shown in

Fi g. 2B, the,cept , [ . i - t he
ot nt of i 17 ceutn e el chdaehafs PSP MR picp! pipli3Rlor ot |0
beconi ng eqepiical disababed patesig@®icor respondi ng to the di stance between the
axi s of rotation and the center O of the optical disc D mnus the

di stance between the axis 25 of rotation and the center O of the optical
di sc D, as showTherlafdr@oRitol théank hay impart apbpi@ial diagecformissgnabtosd ed by 1/ 4
fromthe rotational position sho in Fig, 2C the . | stance x becones
equal to x4“%é“ Geptegfey @b?lnme laser 1ight ‘S°%@‘Fé?%}‘%?fd ‘#"F °P§’|“é§rdb°‘5at i on of
the opti cal fo@!r&ﬁli:r@cétﬂﬁethgﬂﬁﬁniﬁﬁ@&ﬂéﬁﬁ&d f/the 1d3€r light alda@ithd ra@fusidfiiem nati on
Lx on the optical disc D of the laser light beamL illumnated 30 on the

optical di septiyal disgaried in synchronismw th the rotational period of the
optical disc D. Specifically, the point of illumnation Lx on the optical
di sc D of the | aser light beamL illum nated on the optical disc Dis
nmoved back and fDhea¢haracteristipy aleptionmesags wendeteet thgconirot amppefmfithe center O

f th ti ' o e FieQ. ; . '
11 um nd i ofiBire8pB6 Brard Tor fehab Bensiivinor hoichl 4B shiifeBBh Bl i
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focusi ng segigmigontrol is performnmed on the optical disc subjected to
eccentricity of rotation as descri bed above. Wth this devi ce 100 for
I nspecting characteristics of an optical pickup, the radial position of 5

E ?2 Ctlzlotn g.c Zﬂer \%c KPR WMatdoterREBEEtedtRn itanPRiay Q8dectd signdl Forl dehE@tingtie t he
tracking error signals from an output of the photoelectric converting device of the
optical pickup, detect a vicinity of a transition point in the movement direction of
the illuminated position of the reciprocated laser light, remove a signal portion of
the signal generating the tracking error signals in the vicinity of the transition point

20  and measure the characteristic values of the optical pickup and/or the optical disc

based on the signal freed of the signal portion in the vicinity of the transition point.

According to another aspect of the invention, there is provided a method for
measuring characteristics of an optical pickup and/or an optical disc comprising:

25 controlling the focal position of the laser light illuminated on the optical
disc based on an output of the photoelectric converting device of the optical pickup
for focusing the laser light on a recording surface of the optical disc;

controlling the optical pickup for reciprocating the illuminated position of
the laser light along the radius of the optical disc;

30 detecting a signal for generating the tracking error signals from an output of
the photoelectric converting device of the optical pickup; and

measuring the characteristic values of the optical pickup and/or the optical

disc based on the signal.



circuit being turned off. Wth the device 100 for inspecting

characteristics of an opti cal picgup, the optical disc is run in
rotation, with the focusing servo on and with the tracking servo off,
for detecting the TE signal produced with the rotational eccentricity

using, for exanphg, gﬁgx?al %@ﬁ%rgxg?g{xailgaﬁrc%giiglpm%o a]tpack}'ng goil moved L the

devi ce 100 for inspecting char an optical “pi ckup, the TE
si gnal det ecadéadlylnf théepti@hdisc doreméipmicaiing the 1DEhinasd pasitign af the lissr aver agi ng

t he TE,.signal level. for. nmeasuri.ng the resulting averaged signal |evel.
The val ue light tb?é%‘ilﬁild{t%%té%émsgwent circuit 105b is taken into the
conputer 108 for di splay for the user. 15 Wth the device

100 for inspecti characteristics of an, opti¢al ictu_p t he . .TE signal
level cah be meadbs Bt iIAGMPSULIRE GhALROteriStion OF P PRYFabPICkROTAR IRESRL di ¢, as
described aR@¥@nay further comprise: | N the conventional characteristics

i nspection device for an optical pickup, in which TE signals are

det ect ed usi ng r Betegtingthe centead amonny afyhefaserirentsph meass for detecting they

descri bed a@&]\éﬁivi{y% tﬂ-éztr%kgmm Eféh if%p\ﬂﬁg ﬁ%gggegﬁgﬁts%lﬁrg%ethk fra&it'@ ©pti cal

disc is set “correctly on the tes enc optical disc
rotation i stheoiptiselb]ischased pmthe controk amaunt ofthk lasecemtrol gieens, track pitch
Sunmary to the present invention,

f Lovention 25. . Accor di n
t here i§8prSslﬁ}{’bcgd’yatﬁcgﬁ%?}gfsﬁs?n?S?the tracg’r?égsé% }Shg characteristics of an
optical pickup and/or an optical disc conprising: f ocusi ng
servo control nmegaps fqr controll.ing a focal ppint positjon of a. aser
"1 ght beam i | 1 um A& istodrfor REasype Bugracifréstios Bher optial Bigky P oRtiea
phot oel ect r Yfsc By fuftRéPRkdpkig@ unit of the optical pickup, for focusing the
| aser |ight beamon a recordi n(t; surface of the_optical disc;

17

| aser control nedsiscting2 vl fon geppgling traeking emor sis omgp outpyf B Beat i ng
the 15 | ?E&Bellsétﬁ@fcoﬂc?ﬁﬂg idVecd FhdISptRbal pidRuPt i cal disc; and
characteristics detection nmeans for detecting a signal for generating
tracking 35 er dgsectinigghevisitifyoef atrengitioppoing fof theemeitemestdisestiop ©®f $gnverti ng
device of t ﬂﬁm%gyeg %Lsition of the reciprocated laser light;
removing a signal portion of the signal for generating the tracking error
signals lying in the vicinity of the transition point; and
20 measuring the characteristic values of the optical pickup and/or the optical
disc based on the above signal freed of the signal portion lying in the vicinity of the

transition point.

25
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
accompanying drawings, in which:
30

Fig.1 is a block diagram of a conventional known device for measuring
characteristics of a conventional optical pickup.
Figs.2A, 2B, 2C and 2D illustrate rotational eccentricity of a known optical

disc.



6 . = pi ckup,

and for neasuring the characteristic values of the optical

pi ckup and/or the optical disc basgd on the signal. The
| aser control nmeans nay inpart an optional wave formsignal to a 5
tracking coil adapted for noving the |aser light along the radius of the

optical disc F
| ight along the r
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| aser control neans for detecting sensitivity of a tracking coil adapted
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he | aser light along the radius of the optical disc based

on the control aFpuUNk adlodddagram of hadeeice EihspRbtinEcHASactdristickofdrd Ch as
defined by the optjcal dis¢c and on the tracking si gnal s. 15

The char¥ct #tjce} pickupjgmedyingthepessent iagentigfect a si gnal for generating the
tracking error spignalgstdtyn phbtodtiRer RbvileiEoPRPSARMESLILinGRRAy N

devi ce of the

optical pickup, detect a vicinity of a transition point

in the novethedevige ferdnsnsating characteristies of an gntial RiekypodPVR G Figi4-t he
reci procated | asﬁgg.EA%‘é and %Qﬁﬁsn%t{ﬂngé‘sa}ed%sruﬁds 3 i device ftotgﬁ{;étjtﬂ al

generating the tr

Ing error signals 1n the vicfnity o ransition

point 20 chadacharmsios ef srheptichbpiakiupeshowniic Figd.ues of the optical pickup
and/ or Epe optical disc

DESCRIPTION OF THE EMBODIMENTS

Referring to the drawings, a preferred embodiment of the present invention

15 willbee

xplained in detail.

The device for inspecting characteristics of an optical pickup embodying the

present invention, referred to hereinafter as a device for inspecting characteristics or

a characteristics inspecting device, inspects characteristics of an optical pickup

employed in an optical disc drive. This sort of the characteristics inspecting device

20  is used for inspecting specifications or characteristics of the optical pickup in, for

example, shipment or acceptance tests of the optical pickup.

F

ig.4 shows a block diagram of a device for inspecting characteristics 1

embodying the present invention.

The device for inspecting characteristics 1 is used for inspecting

25  characteristics of an optical pickup 2.

The device for inspecting characteristics 1 includes a test bench 3 on which

to set an

optical p

optical disc, a matrix circuit 4 fed with an output of a photodetector of the

ickup 2 for outputting a playback (RF) signal and a servo control circuit 5

for performing servo control for reproducing an optical disc based on an output of

30  the matrix circuit 4.

The device for inspecting characteristics 1 also includes a focusing servo

circuit 22, a focusing amplifier 23 for amplifying an output of the focusing servo

circuit 22 for supplying an output of the optical pickup 2 to a focusing coil 2a of the

optical pickup 2, a tracking servo circuit 24, signal generating circuit 25, a switch

35 26 for switching between outputs of the tracking servo circuit 24 and the signal



based on the signal freed of the signal portion in the vicinity of the
transition point. Accorging to anot her aspect of the

i nvention, there is provided a nethod for measuri ng characteristics of
an optical pickup and/or an optical disc conprising: 25
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the radius C%Lverting the outputs of the first to sixth sample-and-hold circuits 8a to 8f into

digital data and a second memory 11 for transiently storing output data of the

second analog-to-digital converter 10,

15 The device for inspecting characteristics 1 also includes a third analog-to-
digital converter 28 for converting a signal of a pre-set control amount for tracking
servo by the servo control circuit 5 into digital data and a third memory 29 for
transiently storing output data of the third analog-to-digital converter 28.

The device for inspecting characteristics 1 additionally includes a computer

20 12 for computing characteristic values of the optical pickup 2 based on the digital
data transiently stored in the first memory 7 and in the second memory 11 for
displaying the computed results and for controlling the serve control circuit 5 based
on the computed results.

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

25  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
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

30  from the optical disc on the photodetector. The photodetector provided on the
optical pickup 101 is a photoelectric converting device and converts the imaged
reflected light into electrical signals.

The optical pickup 2 includes plural photodetectors. Fig.5 shows an example

of plural photodetectors provided on the optical pickup 6.



the opti:cal disc based on the control anount of the |aser control neans,
track pitch 10 defined by the opticahodisc and on the tracking signals.
The net hod for neasuring characteristics of an optical pickup or an opti cal
di sc may further conprise: detecting a signal for generating
tracking error S a1 L . t nverting
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DESCRI PTI ON OF THE DRAW In order that the invention

m ght be noFletiy |ﬂreyphs>mﬁ@re§quw to dhtre diradipted vath reﬂectecl h&htufm%mcm\nw Il be
descri bed, I r c anyi ng
dr awi ngs, iﬁyv\,hl cﬁQJ %ﬁé@é&dﬂ@ teok %fhg*?gaﬁsd% 3“5F°5?nEo?‘ a¥

convent i onadre errevgeddmbiotiesifier ofitbaphotodrgectors A torianraﬁmeadlsltdlmnglﬁ oathe
Convent (9 na(l) tlcgf isé lTht@;??lg#&eéétc&tﬁrs E and f are 1rrad1g.§ed%th sﬁe bga%saéﬂhez %%n!: | lustrate

rotational &ccentrici own o
spot system. For example, the photodetectors E and F are 1rrad1ated with light

reflected from, for example, the edges of the optical disc track.

The photodetectors A to F convert the light volume of the illuminated

reflected light into signals A to F. The optical pickup 2 routes these signals A to F
15  to the matrix circuit 4. The optical pickup 2 sends the signals A to F to the first to
sixth sample-and-hold circuits 8a to 8f, respectively.

The test bench 3, on which is set the optical disc, runs the optical disc in
rotation for reproducing the disc. The optical disc, set on this test bench 3, is used
as a reference for this characteristics inspection device 1. That is, the characteristics

20 inspection device 1 measures characteristics of the optical pickup 2 based on the
playback signals of the optical disc used as the reference.

The matrix circuit 4 is fed with signals A to F outputted by the
photodetectors A to F of the optical pickup 2 for generating playback (RF) signals,
focusing error (FE) signals and tracking error (TE) signals based on these signals A

25  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 matrix circuit 4
outputs FE signals by the astigmatic method. Specifically, the matrix circuit 4
computes (A+C) - (B+D) based on the signals A to D to output the computed results

30 as FE signals. 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
control circuit 5. Also, the matrix circuit 4 sends the RF signals to the first analog-

to-digital converter 6.



8 ‘ Fig.3 illustrates illum nated points of the laser |ight on
a known optical disc noved back ang forth due to rotational
eccentricity of an optical disc. Fig.4 is a block diagram of
a device for inspecting characteristics of an 5 optical pickup enbodying
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. 1 wi | |
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optical pickjensigpbaghfiBges ahe focusiRf 86:224 of MéPtitAPickupheThRGobRing
hereinafter as a device for inspecti ng characteristics or, a
char act er i s84r¥a cireiip2% thup gonfeals e lasen bghicediated by 4be enticat pigkunn? sqthappt i cal
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accept ange test STﬁ)g trgc ?ngo etr\irocéailrcuilati ﬁkig Red with TE signals from the matrix circuit
4, The tracking servo circuit 24 performs filtering on the TE signals and sends a
signal of a control amount to reduce the TE signals to zero via tracking amplifier 27
to the tracking coil 2b of the optical pickup 2. This tracking servo circuit 24 thus
controls the laser light radiated by the optical pickup 2 so that the laser light

15 radiated by the optical pickup 2 will correctly illuminate the recording track of the
optical disc.

The signal generating circuit 25 outputs a pre-set control signal (an optional
waveform signal such as a sine wave signal, sawtooth wave signal, etc.) which is
routed via tacking amplifier 27 to the tracking coil 2b of the optical pickup 2. The

20  signal generating circuit 25 sends a preset control signal to the tracking coil 2b for
radially moving the laser light radiated by the optical pickup 2 on the optical disc.
The signal generating circuit 25 also sends a repetitive signal, such as a sine wave
signal, for reciprocating the illuminating position of the laser light on the optical
disc by the optical pickup 2 for traversing a pre-set number of tracks.

25 The switch 26 switches between outputs of the tracking servo circuit 24 and
the signal generating circuit 25 for supplying the selected output via tracking
amplifier 27 to the tracking coil 27b. The switching of the switch 26 is controlled
by the computer 12.

The servo control circuit 5 also detects dc components of the FE signals to

30 perform thread servo control of the optical pickup 2 so that these dc components
will be zero. The servo control circuit 5 also performs tilt servo control for
controlling the tilt of the optical disc based on the RF signals. Meanwhile, this
servo control circuit 5 may be provided with a separate disc tilt detection unit for

tilt servo control.



Fig.4 shows a bl ock diagram of a device for inspecting characteristics |

enbodyi ng the present invention. The device for inspecting
characteristics 1 is used for |nspect|ng 25 characteristics of an optical
pi ckup 2. The device for inspecting characteristics 1 includes
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the tracki ng ser ¥e s4mplerand-hald gireuitha to Hieae fed from the optical pickup 2 with
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i nspecting ef@eacteristics 1 further |ncI udes first to sixth

sanpl e-and-hold cjrcuits 8a to 8f for npl e- hol 101I| ng outpéjths of the
phot odet ect or s The mu1t1p1exer 9 switches between outputs of the sample-and-hold circuits

15  8a to 8f for supplying one of the sample-held outputs to the second analog-to-digital
converter 10. This multiplexer 9 operates at a rate not less than six times as high as
50 kHz, if the sample-and-hold circuits 8a to 8f perform sample-holding operations
with the clocks of 50 kHz, so that the sample-held outputs of the sample-and-hold
circuits 8a to 8f can be supplied within one clock to the second analog-to-digital

20 converter 10.

The second analog-to-digital converter 10 converts all sample-held outputs
of the sample-and-hold circuits 8a to 8f supplied thereto via multiplexer 9 into
digital data which is supplied to the second memory 11. This second analog-to-
digital converter 10 has a conversion rate sufficient to convert outputs of the

25  sample-and-hold circuits 8a to 8f within one cycle of the clocks suppled 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
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.

30 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
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

35  less than 50 kHz.



10 . of ‘the optical pickup 2, a nultiplexer 9 for switching outputs of the

first to sixth sanpl e-and-hold cirgcuits 8a to 8f, a second
anal og-to-digital converter 10 for converting the outputs of the first
to sixth sample-and-hold circuits 8a to 8f into digital data and a
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on the optl?&?ﬁ(ﬂ‘P’éYFrte‘f’H’ét°(§1b¥lFa&§Ftaﬂ? ESJBHQF‘E"B‘%E% an i mage of the
reflected Iight Bg thuﬁrxﬁm&rzawﬁhm@ﬁhy oS 1R rddhoieploadatreLiipial The
phot odet ect or provi ded on tical pickup 101 is a photoelectric

converting eRWVFEted inteithestigital datatbydhe Wafg!e@alog -to-digital penvegiar 23.gibe et o
el ectri gal ﬁhﬂs‘f@xlt@ stored d in the third merhB ?Pits'sgtﬁl to Hiecah‘}{ur gﬁd hUgRs 1R sy al

phot odet ectors. Fig OWs an exa phot odet ectors
provi ded ontheh;gmgppter ¢&| pi Bleugenuter 12 mcludes for example an interfacing section

10 12a, a data storage section 12b, an output section 12¢ and an arithmetic-logic unit

12d. The interfacing section 12a outputs 2 control signal controlling the servo
control circuit § to this servo control circuit 5. The data storage section 12b has
20 stored therein processing programs corresponding to measurement items of the
optical pickup 2 by the characteristics inspection device 1. The output section 12¢
displays measured results of the characteristics of the optical pickup 2.
The arithmetic-logic unit 12d of the computer 12 reads out the RF signals
converted into the digital data from the first memory 7 for detecting jitter
25 components of the RF signals based on the read-out data. The arithmetic-logic unit
12d of the computer 12 also reads out the signals A to F, converted int 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
addition, the arithmetic-logic unit 12d of the computer 12 also reads out the
30 tracking control signal converted into digital data stored in the third memory 29 for
measuring the sensitivity of the tracking coil 2b.
In carrying out the processing for the respective measurement items, the
arithmetic-logic unit 12d of the computer 12 performs the following arithmetic-
logic operations on the data stored in the first memory 7 and the second memory 11.

35 For example, the arithmetic-logic unit 12d performs filtering, peak level



The .optical pickup 2 includes four photodetectors Ato D, arrayed in a 2 2
matri x configuration, and photodetectors E and F arrayed on both sides of

t he phot odet ectors A to D for side spot detection, as shown for
exanple in Fig.5 These phot odetectors A to F are used in, for

exanpl e, a sQzgakl.ed = ' I clau - r radiating
three | aser é??‘gﬁ%&r&égﬂsbﬁ?go%ﬁgt%‘g?%eg@nd? ésr gd'ﬁ, %%gﬁ%thog? gggﬁe ctaéér)s Ato D
are irradi addterevice lof &worsignalbcagnad sxtzactionby o leh window, bignallexgractiqnoby sy st em
That is, th het odet ectars, A,to D are irradiated wwth reflected |ight from
recordi ng sc‘%“g? ?’énéroé"c%n% ggfué)akmf‘ﬁ89{11838?ﬂ‘?gﬁmg?aaccﬁmg?mtngsé optical disc.

The phot odet ect 0The Heandf measuremet By &lier chagetkrivticshidipeciomidsriad 1 hlee

phot odetectors, A.to D i.n the radial direction of the 10 optical disc. The
phot odet &ct SFEMeltgexpiaineds 1 radi ated with side beams of the three-

spot system For TR gftém chirdteRNs GRPEQFINcTicE 1aRéhsired il follbRdigatedth W t h

| i ght reflected from for exanple, the edges of the optical disc
track. for searching thechemsteipticeef e optical pigkupdnvert the |ight vol une of
the illumnated pgg; ﬁzﬁflé\%?peﬁ light into signals Ato F. The opti cal

pi ckup 2 routes tREes signals"Ato F 15 to the matrix circuit 4. The
optical pickup 2 Isemntd IsinaosiofthelRF signad (P2t o the first to si xth
sanpl e- gpd- hol d ¢j; i f, respectively. The test
bench B?Hon whi cﬁjll#e(s%%sftg? s?%'ea& g‘?ﬁl cal disc, runs the optical disc in

rotation for reprBeucpasitidnhed thie main bEhm Pp) i cal di sc, set on this test bench
3, is used aﬁFaa rqferg&&s for this characteristics inspection device
1. That is, the cHal'graldsye s 20 inspection device | measures
characteristics @-FitarRneptpeyal pickup 2 based on the pl ayback signals
of the optical disc used as the reference. The matrix circuit
4 is fed with si dghhphax differeneg (Bt t ed by t he phot odetectors A to F of
the optijgal pi CKWRekef gtg,elg@lg)arati ng playback (RF) signals, f ocusi ng
error (FE) signals and tracking error (TE) signals based on these signals A
25 to F. The matS-lettetbalandet(PQ) generates these RF, FE and TE signals based

n the signals brdsthetpag fol lows: That is, the matrix circuit 4
conmput es A+B+C+D ease"\g §( ?@e signals Ato Dto generate RF signals.
On the ot her handirossaalln@id) X circuit 4 out puts FE signals by the
astigmatic met hod Seifical{. ? matrix circuit 4 conputes (A+C) -
(B+D) based on th%sn§?n6 3IAsbeKa l%ﬂ glg out put the conputed results

20 The processing programs for these items of measurement are stored in the

data storage section 12b as processing programs P1 to P12. Based on, for example,
user setting, 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
25  the second memory 11. In the 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.
30 The processing for measuring the above-mentioned TE signal level and the
E-F phase difference is hereinafter explained.
First, with the present characteristics inspection device 1, the focusing servo
circuit 22 effects focusing servo control with the focusing servo loop turned on.
The characteristics inspection device 1 then sets the swi.tch 26 of the servo

35 control circuit 5 to the side of the signal generating circuit 25 to send a signal of a



30 as FE signals. On the other hand, the matrix circuit 4 conputes E-F

based on the signals E and F and sgnds the conputed results as TE
si gnal s. The matrix circuit 4 sends the conputed RF, FE and TE
signals to the servo control circuit 5. Also, the matrix circuit 4

sends the RErSidRaaollRIiMEoktbhiddd BNAE OQnal generatiﬁ?éﬁi&ﬂ!. 3Plo thOBYSRET 6.
The servo control circuit 5 perforrns servo control for reproducing the

optical di scoiddbed therontivel FFkuprd: Withl themresegheliatacteristics inspection dqtiee t.ocusi ng
servo circui ] Lt Lgnals fr t ' circuit
4. The focuslftr}fg%l enﬁlv%tetg?m:ed%kt&g%rggﬁ |e51§6reég-'sa§m cf%q’te glragltn %ig)f % the FE
signals 5 illanotatilieposidordef the ddsgnkight if reaipeamatadahroapin aipte-ted rangd woche he FE
signals to zeFo Vi & focusing anplifier 23 to the focusing coil 2a of
the optiCal BFER§F®. This focusing servo circuit 22 thus controls

the |aser |ight ImadiafitigtetizylopictinaiRdeedds Putdigialdasdcdritaponding to thdre focal
point of the | aser Ié'nlg?t radi ated by the ogtic | pickup 2 wll lie
correct|y orfignals E apd R from-the geqogd ssmony 410 £ hen, dotg spresponding do theg

The tracki ngigggfs\Pard ¥ 644 the 2 dignal @6krddpbhdidtc>the BRnsl E hidflslsighalBlakd X
circuit 4. The tracking servo circuit 24 perfornms filtering on the TE
signal s and comiuisd and displayed fpaghe wker by dhsrmutmit varid 2niFig.6 sheweeetamplerE
he opt i Sal Coritples b RIRIGeIEP e i ohit 126 Spobifghlly iEAA Mufitlc O ©
the | aser | ishéw threoigmed &l sigyalthandape sigad!l TH okrgspéhding tol(EtF)t he | aser |ight 15
rack of the 1 gPmecTgRaicad ackB e vafuls ofthl BT 8, ARap T i T
25 out puts andtie-sSgial TETeiDOutTr@N e seondadmarpdll. The arithmesé-logie arignal such
as a sine "aY%g thseingrge?alsﬁreg tV\e'tig?etnbal Eween ith%npaelak vaeltugs' t)o fmi tﬁfp pi:r?ods of the
15  respective waveforms. The arithmetic-logic unit 12d then compares the periods thus
found with pre-set thresholds to detect signals having the waveforms exceeding pre-
set periods. The arithmetic-logic unit 12d then finds data of the signals E, F and TE
freed of data of signal portions the periods of which exceed pre-set threshold
values.
20 The arithmetic-logic unit 12d thus removes the portions of the signals E, F
and TE the periods of which exceed the pre-set thresholds to derive signals freed of
unstable signal portions caused by reciprocation of the illuminated portions on the
optical disc of the laser light beam caused by eccentricity. Specifically, the
waveform signals the periods of which exceed pre-set periods are those signals in
25  the vicinity of the turning points of the reciprocating movements of the illuminated
positions of the laser light beam caused by eccentricity of rotation represented by
signals from time t11 until time t12 in Fig.6.
Based on the data freed of the signal portions the periods of which exceed
pre-set periods, the arithmetic-logic unit 12d finds the E-F phase difference between
30 the signals E and F while detecting an average value of the TE signal to find the TE
signal level.
Thus, with the characteristics inspection device 1, the tracking error signals
can be obtained by controlling the illuminated position of the laser light radiated by
the optical pickup 2 even although the optical disc rotation is not subjected to

35 eccentricity, thus enabling the E-F phase difference and the TE signal level.



routed via tacking anplifier 27 to the tracking coil 2b of the optical
pi ckup 2. The 20 signal generating C|§§U|t 25 sends a preset control
signal to the tracking coil 2b for radially noving the | aser |ight
radi ated by the optical pickup 2 on the optical disc. The si gnal

generating circulsy 253l §Q cﬁzﬁ@&%x&m& %&?Edtl&n"&vi%kﬁ”éx' e's gi%iﬁfévf'is of3he| NE wave

signal, for reci proéat I ng oS tibn of aser |ight on
t he opti cal control schmbsupphbheo dlpttracknhlg poﬂzhpfhznﬂwrartthmvm Bighgurat pde- set
nunber of trac clhes uts of

t he trackind es?%‘f’r sﬁ,& Egh ?Seﬂffgrr?ﬁce anw‘}'? Rg S&“&Wﬁe «??gf eﬁtﬁ‘q@?ﬁ% it 25 for

suppl yi ng t higird edabeg-wddigithlashnverita 28r2a6 kheird memoamzi) iféri iR€asdring thet he
t racki ng coi | k27b The switching of the switch 26 is controlled by the
conput er 312 tracking actuator sensitiyityYser vo control circuit 5 al so detects dc

conponents of thepE&rigd1f) @ e b@cBPitch s¥ahé e;tstseat b{s@?sdp &%moqomtrﬁ oot the
optical pickup 2 so that these dc conponen be zero. The servo

control cir¢ifctisg camwtp"eﬁc) dh%ur{lﬁ’qftﬁ’féfé?waé’éﬁﬁ 6111’143)? period andghe r ol | i ng t he
tilt of the vQRE% %f)ﬁéds&: tﬁgﬁ‘g c&i‘?b gﬁls' ‘i’lﬂ-;aaj(eﬁsltzjb/x{?;ra dé{%un&

servo control ovi de a separate disc tl*t detection
unit for follawing egeation: cont roI :

12 enr;ﬁwfl °%%?%&L¥gr?g;%°gﬁag‘%f L@IP) nverter 6 converts the RF

signal s supplled(§rom fnto digital data at a high
sanpling f requenaaythoagiﬁtheeferegbing descriptism i herg rrfardequehmgharﬁcterfscics exanpl e,

30 MHz. The .first apal o |taI converter 6 . . ends 1 he RF signals
converted | HEBeeog dexiecd-Aapiey o Beasiricy rshegagreristos the optioal pckige 11 r s,

menory 7 trangieetide $tcah efobbadiftediod n@lp&t&@&ueéﬁaeﬁtérmxes df gi b@tlcal dat a
by the first, analog-to-digital converter

sanpl e- and- H&cd Thp isuhile elmtefakfhsaﬁ@ onnéhe feﬁb‘?ﬁﬂfhél%ﬁe#éalafﬁﬁeﬁfl@ﬁ% i with

15  is also possible to measure characteristics of an optical disc by employing an optical
pickup as a reference.

Although the optical pickup 2 measured by the characteristics inspection
device 1 measures the signals A to F using the photodetectors shown in Fig.5, the
present invention is not limited to the use of such optical pickup. For example, the

20 present invention is applicable to an optical pickup for a magneto-optical disc or an
optical pickup for a phase transition disc. In these cases, the photodetector differs
in structure from the photodetectors explained with reference to Fig.2, so that the
numbers of the sample-and-hold circuits 8a to 8f or the second analog-to-digital
converters 10 correspond to the number of the photodetectors. On the other hand,

25  if the disc is a 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 is matched to this difference signal.

In summary, with embodiments of the present device for measuring
30 characteristic values of the optical pickup and/or the optical disc, the optical pickup
is controlled for moving the illuminated position of the laser light along the radius
of the optical disc for measuring the characteristic values of the optical pickup
and/or the optical disc based on the signal adapted for generating tracking error

signals.



the signals Ato F as photodetector output signals. The sanpl e-and-hol d

circuits 8a to 8f sanple-hold the z;gnals A to F simultaneously using
t he sane clocks. The 10 clocks supplied to these sanple-and-hold circuits
8a to 8f are at frequencies not | ower than, for exanple, 50 kHz. Thus,

t he sanpl e-and-h Lrcuits 8a f repea e e d hol di ng
operations with '(ti %gu’%ngg}ﬁt% 0p§1(§ta f ?’ 8@“&‘? ' ﬁgﬁ’@&dﬁ’ﬁ&mﬁgéﬁ‘%%u“%é% e.
The mul ti pl epoeitiof of vhet lakre digheslone theaadipsibSthefoptited disefpd memndagted circuits

Lo e RHOT B0 S e el BB 20T, o

not | ess thasgral ¥ddptedErSr génchdt@ig taisking erroblighdle, if the sanpl e-and- hol d
circuits 8a to 8f_ perform sanpl e-hol di ng operatijons wi th the cl ocks of
I

50 kHz, o that tWEbsmRpdimmenisaf b mptied spd therdeviss fonraeaswdng Rhagcteristic
circuits 8a JufeBlof gr%rbp@%aﬁpmmpl a%@i/f\oeﬂtﬁem;ﬁicgﬂﬁs& kﬁ@l&%@ighﬂ@ cifpONd

anal og-to-digital converter . e second

anal og- t o- dim¢aseied fommessuring G charsgteristic valhessyapifche epticaddispaetstions  of t he
sanpl e- and- i j e i I | & i into
digital dat ggxltﬂg?bgh&ugdsji°s%6%ﬁ?ge’g"'§%‘°f Re, g%gﬁ%pﬁ'é%?f il et

anal og-to- easily.digital converter 10 has a conversion rate sufficient to
convert gutputs th 5 | e-and:- hol d.circuits 8a to.8f wthin one
cyel e o he cr ochds <Bshmasts e et SR NS RamPs Bptadt s sa Lo st
Si nce t her e médificdtions argyodsidledwiltisih @heCdpiGiindScée dfahe inventiih, astde€ined@imond

anal og-to-digital go verter 10 achieves the conversion at a conver si on
rate not | ed8¢ #PRSH %Q@a%Wk if the sanple-and-hold circuits 8a to 8f repeat
t he sanpl e-hol d operations by 50 kHz cl ocks. 30 The

sanpl e-and-hold circuits 8a to 8f, nmultiplexer 9 and the second anal og-
to-digital converter 10 convert the signals Ato F outputted by the

phot odet ect ors of the optical pickup 2 independently into digital
data. Moreover, the sanple-and-hold circuits 8a to 8f, nultiplexer 9
and the second anal og-to-digital converter 10 convert the signals Ato

Finto digital data at the sanpling frequency of, for exanple, not 35 |ess
than 50 kHz.



13 In the characteristics inspection device 1, the Si gnal s A

to F as phot odet ect or out put si gnal§ of the optical pi ckup 2 can be
converted into digital data by nmeans ot her than the above-descri bed
sanpl e-and-hold circuits 8a to 8f, nultiplexer 9 and t he second

anal og-t o- digi kg converter 10. For exanpl e, the characteristics 5
i nspection device 1 may be conprised of six parallel rows of the

anal og-to-digital converters each haV|ng t he sanpling frequency of 50
kHz. opd .menor the,signals Ato
F of the optical A® appaﬁ‘\% 6“5’%"6“%e tref‘fﬁc& aﬂlof’éfaq %gpﬂt}d/fs’hg" second
anal og-t o- di @iticall diswcvagriséig: 10. The third anal og-to-digital
converter 28 converts t he contr 3{1 plle jlaq to the s c nd
tracking oil 2b B?USt‘fges%m‘fo(?gP Tedpr %oqt celpoint position of 2 Jaser o o

sanpl i ng fr ey Bean illLinkiel od tﬁé@t&ﬁr&@c %Qédtcﬁﬂ anCRRMR oF @ pheBeREMRS t he
contr ol signal converted into dlgoltal data in the third nenory 29.

The third neaPBrerting upit o Shecapticy! nielsipe for fprusing 4ba jasey light bepne@mer ol si gnal
converted i NLO, e sdifdid & tnd8bidcaPdi Bhe third anal og-to-digital converter
28, The data 1(?:{ ?rsansel;etentt}1 gétc?re inthe third nenory 29 is sent to the
arithmetic-1 ogi c laser rortfal mﬁans for contnelling theudpsicalickup foflteeipraraping the 12

i ncl udes,, f t i ct| 12a, a data storage
section TZ qgse@f%ﬂﬂl&t’g sec ‘Iﬂgﬁ{)fl%S ﬁg(c’fﬁahscar hmetic-1ogic unit 12d.
The interfacing s:fhetanmﬂsﬁ&admtxpﬂtmms fop dtteoiingsd g fmogetrmntih'gmgckihg servo

control circuit 5 to this servo ol .circ st grage section
195 has 20 et siksa ek & ATHCREBE PhAoHFHGE Shivering Y5 A goRsel

measur enent giélephasd fok Aftasuring tBOthdtadtertickidMer oPthe lopticdl Dadkap tagd/os teCs

i nspection device 1. The output section 12c di spl ays nmeasured results
of the char a‘tPE’éi“lldéf‘i%eQ)Pnﬁﬁéstgﬁﬁll cal pickup 2. The
arithmetjsc-l1ogic unit 12d of the conputer 12 reads out the RF signals
converted into the digital data fromthe first menory 7 for detecting
jitter 25  conponents of the RF signals based on the read-out data. The

arithmetic-10gi ¢ #jiif EF' 'alsl o fmﬁ%ﬁh g&’d?&%‘éé ofién St pERGSarir dnhe

signals Ato F, conv glt
optical disc as claimed in claim 1 wherein said laser control means imparts an

optional wave form signal to a tracking coil adapted for moving the laser light along
20 the radius of the optical disc for reciprocating the illuminated position of the laser

light along the radius of the optical disc.

3. The apparatus for measuring characteristics of an optical pickup and/or an

25  optical disc as claimed in claim 1 wherein said characteristics detection means
detects the control amount of said laser control means for detecting sensitivity of a
tracking coil adapted for moving the laser light along the radius of the optical disc
based on the control amount of the laser control means, track pitch as defined by the
optical disc and on the tracking signals.

30

4, The apparatus for measuring characteristics of an optical pickup and/or an
optical disc as claimed in claim 1 wherein
said characteristics detection means detects a signal for generating the

35 tracking error signals from an output of the photoelectric converting device of the

AR




fromthe second nenory 11, and executes arithnetic-1ogic operations on the
measurenent itens for neasuring the charé'icteri stics of the optical pickup
2. In addition, the arithnetic-| og'rlc unit 12d of the conputer 12 al so
reads out the 30 tracking control signal converted into digital data
stored in the..t mepmry. 29 .for neasuri.ng. t t he

Fr acki ng corptet)pikeBrBEsts &Ry ofp ol BESE YA RE prRERRLIdlieb oot
respecti ve ﬂnﬁﬂlmmﬁﬂiﬁad pbilﬁmsof thb @cciprocated labdrtipht, Qexhogas(a stigrial pertdn(of t he

conput er erforns the IIo arith ation on the
ot b st or ed hrAEHD BFFBRns BrgiaykIRE STAT BRBAIS B iSRRI g Faheon beg

exanpl e, thenamidakured ine ch%bﬁnb‘ﬂi’d Yaldedhfigd §R1caBpitklp £1dV018he HRA4I digy €l

14 cal cul ati ons, cal cul ati ons of the waveform period, K cal cul ations

of the pHasdased on e sigarkizesd offths signalipgriigngn thy ﬁﬁ@rtyeiwm%wnwﬂé | evel

wi ndow, signal extraction by a peri odic wi ndow and cal cul ati ons of the
ac and dc signal conponents. The itens of neasurenent by the
characteristics inspection device 1 are 5 her ei naft er expl ai ned.

The present £har g beblonthE el AP Ehi A5 Pl of RAPHLES, Ll | oo

I tenms f'or searc ar st cs plckup 2:

RF signal | espeical(d?d)comprising: Iferr] and I[err] of the RF signal (P2)
10 Jitter ositian of the
i 0 bealh (pa) | controlting the fofgTosiaRlot o aper gty umiied BB opRRL o] A7 o
(P6) disc basedForapbipet olithd pliRoelectfibPédnverting device of the optical pickup

for focusing the laser light on a recording surface of the optical disc;
controlling the optical pickup for reciprocating the illuminated position of
the laser light along the radius of the optical disc;
15 detecting a signal for generating the tracking error signals from an output of
the photoelectric converting device of the optical pickup; and
measuring the characteristic values of the optical pickup and/or the optical

disc based on said signal.

20
6. The method for measuring characteristics of an optical pickup or an optical
disc as claimed in claim 5 wherein an optional wave form signal is imparted to a
tracking coil moved radially of the optical disc for reciprocating the illuminated
position of the laser light along the radius of the optical disc.

25

7. The method for measuring characteristics of an optical pickup or an optical
disc as claimed in claim 5 further comprising:
detecting the control amount of the laser control means for detecting the
30 sensitivity of the tracking coil adapted for moving the laser light along the radius of
the optical disc based on the control amount of the laser control means, track pitch

defined by the optical disc and on the tracking signals.
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15 S-letter level (P8) S-letter bal ance (P9)

Def ocusi ng (P10) Cross-tal é (P11) Astigmatic
Aberration (P12) 20 The proce g ng prograns for these itens of
measurenent are stored in the data storage section 12b as processing

P1 P12. B f or Y ti L th
Drogr e P40 P BRSE S bk ine iRl L PRI B e
processi ng pliswasadt@mied i 6laii 3 fagha@ogipeidingl t h t he neasurenment itens for
perform ng arithnetic-1ogic operations on the data stqored in the fjrst
memory 7 or 25 t4FcEBES tznﬁleﬁargm&tmsl tracking eﬁoae’égglﬁﬁrgmp%gwawfﬁﬁe to P12,
measur ement gHotdeftric conv@ﬁ&?QleHc@'&?tﬂesopﬁailrﬂi@ﬁ out using the filtering,
peak | evel calcul ations, calcul ations of Fhe wavef or m peri od
cal cul ati%ons of tdséecpashe vipipitsofad@ngtion peinkeifhe movempnjirection of gt r act i on
by @ level ViAfieshdiftitn fthe %Lgarmtéawa&r Bighd; 0 ¢ wi ndow and
cal cul ations of the ‘ac and dc signal conponénts as descri bed above. 30
The processing f oemawiagarsigngl péréionlob ths-signat foygenerFtingsthg tratkingewbr and t he
E- F phase dif.f 1S, herei.naf.ter,. expl ai ned, First, with the
present charsfét :faisr S’gﬁ ‘83“? ﬁlgﬁ‘étgﬁfgﬁe ae“vs.RE:"é‘ pf_,“ﬂt ﬁnél focusing servo
circuit 22 effectmedsodngsiheghamtteristicovdliasl ofthd dptichepitiogpuamidrg thesopiiral oop

turned op. . he characterigti ¢cs jnspecti.on.device 1 then sets
he owi ¢ D AScssehen s pgvasndl i ob e el porbgh O HohE VaniDr O 6. o gnal
generating CtdnSition pdntl 0 send a signal of a

15 pre-set control volunme outputted by the signal generating circuit
25 to the tracking coil 2b of the optical pickup 2. Wth the present
characteristics inspection device 1,




if the signal of the pre-set control volune is a e.g. a sine wave signal

t he illum nating position of the Igfer light is reciprocated through a
pre-set range on the 5 optical disc. The arithmetic-1ogic
unit 12d reads out digital data corresponding to the signals E and F
fromthe second nenory 11. Then, dat§B$?§5§§ponding to the signals E
and F and the TE signal corresponding to € signal E mnus signal F are
conput ed and di splayed for the user by the output unit 12c. Fig.6 shows an

exanpl e 10 of neasur,ed data di ayed the Qutput.unit, 12c.
Specifically, Figs. GAﬁpggagﬁc?“géighyﬁ’Eﬁ@%ﬂrH@ @?‘“‘5%2?“5 s 8f gnal F and the
signal TE correspondi ng to (Bpkkal Pickup and/or Opticall®sari t hnetic-1ogic unit
12d detects peak values of the signal E, signal F and the signal TE
read out ¥romthe second menory 11. The arithmetic-logic unit 1 2d

t hen neasures the interval between the peak values to find the periods of
the 15 respective wavefornms. The arithnmetic-logic unit 12d then conpares
the periods thus A devicq foympagyring qbpracteristie n#lwhgﬁaayptlealml@etanéfpgnm s

havi th ’ : T : ‘ - ool odi
ni ¢ 2d ¢ he P RS o Blyirecking igi]s BFHRREms TR ASITIBIAT 00 ¢
si gnal port ieves iftdpéicpledisompiaton inhotciibiexicd daeqertricey. Ther deyivelfdr val ues.

20 The.arithnetic-logic unit 12d thus renoves..the.portions of the
s gnal s 1 onssrift PTG BReF o pe i b FERE BRI R ' I echol e
to derive sisgmples ohfpaetofgthotodetectofsSsiadnl optisalpiclup@adstsignals A aaIB ditebryy

reci procatiqn of the i i nat e rtions on.the optical disc of the

| aser 1ight q’geaas_r?]“f?é‘?j'é“é‘{il‘{’jg‘cé‘ﬁﬁ tagga’ qugb‘é'é’igftflc%“i"wertlﬂé° store _ﬂ\f&avef orm

si gnal s t he rpaniindsigntl Wil mh @¥6RPARLS BIEAnNRthAsS- Bl JiHOBR Héldhrks in 25
the vicinity of the turni n% poi nts of the reciprocating novenents of the

Bt

i |1 um nat ed trackingsgror gigapls bagediomdhe digital 44ty ptoradda Hicsseddanemorycdefricity

of rotatison §&RY paRMiRY dbuit 25 thetl SRR Ssihé QTVd LigRal bd-# tedBikihg cbil BB £4r12 11
Fi g. 6. . Based on the data freed of The signal portions the

peri ods of whewhg thedessdlight illuminatedean the optiend disc labongrthe tedistsiod theodjfse unit 12d
finds the E-F phase difference between 30 the signals E and F while

detecting an average value of the TE signal to find the TE si gnal

| evel . Thus, with the characteristics inspection device 1, the
tracking error signals can be obgai negl by controlling the illum nated
position of the laser |ight radiated H™e®

20



the optical pickup 2 even although the optical disc rotation is not
subjected to 35 eccentricity, thus enabling the E-F phase difference and
the TE signal |evel.

16 Also, with the characteristics inspection device 1, the
signal level of the control signalgsupplied to the tracking coil 2b
when the arithmetic-logic unit 12d nmeasures the E-F phase difference
and the TE signal |evel can be detected by the third

anal og-to-digital converter 28 and the third nmenory 29 for neasuring the 5
tracking actuator sensitivity. Specifically, if the track
pitch of the optical disc is P (equal to 1.6 mif the disc is a

conpact disc), the nunber of tracks traversed during a period and the
vol t age suppﬁg d to the tracking coil 2b V[lerr], the sensitivity can be

found by the~ foll owi ng equation: 10~ (Sensitivity of the
tracking actuator) = (N P)/V[err] - Y E/&though t he foregoing
descri ption has been nade on the characteribti&s i nspection device 1
adapted for neasuring the characteristics o ejoptical pickup .2,
this device 1 can also be adapted for inspeftigngithe characteristics of an
opti cal Eg disc. That is, while an optical Qigc set on the test bench 3
i's used as q;: —t 15 is also pogsibl¥e to neasure characteristics
of an opticaNNdis Eyte | oyi ng an optich pi ckup as a reference.
Al t hough the qptigtgic up 2 neasured byt he characteristics inspection
device 1 meaSLresE @signals Ato F usi ng\| he&l plfot odet ect ors shown in
Fig.5, the peé&sent jnvention is not Iim<€ed to the use of such
optical pickup—Fge2 e, the 2@ present fnvention is applicable to an
optical pickup fo y gnet o-opti Cal disc or ap optical pickup for a
phase transition gisc{ In these ca —tire ph%nudctcutu.‘fﬁffc1o
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in structure fromthe photodetectors explained with reference to Fig.2, so
that the nunbers of the sanple-and-hold circuits 8a to 8f or the
second anal og-to-digital converters 10 correspond to the nunber of

t he photodetectors. On the other hand, 25 if the disc is a

magnet o-optical disc, the playback sigpgl is a difference signa

exploiting the Kerr effect. Therefore, the processing contents of the

programin the arithnetic-logic unit 12d is matched to this difference
si gnal . In summary, with enbodi ments of the present device
for neasuring 30 characteristic values of the optical pickup and/or the
optical disc, the optical pickup is controlled for noving the

illum nated position of the laser light along the radius of the

optical disc for nmeasuring the characteristYc values of the optical pickup
and/or the optical disc based on the signal adaptied for generating tracking
error signal s. o

In summary, the optical pICE i '

pving the illum nated
aop™cal disc for

i dal pickup and/or the
eROTATING DIRECTIONOFor

position of the |aser |ight
measuring the char act

optical di SCF“ ’ ad mhe si gnal t &d f
signals. 5 '2 th expodi nents OW and t hORTEQAL BISEr

measuring characteristic «al ues of the opt ot i ckup and/ or the
optical disc, tracking signals can e Fasured -Tor neasuring the
characteristic values even if the optical di'sc rotation s not
subjected to eccentricity. Mreover, the trackinglcoil sensitivity can be
det ect ed easily.

D

FIG.2B

FIG.2C

FIG.2D




10 The enbodi nents have been advanced by way of exanple only and
modi fi cations are possible within the spirit and scope of the invention as
defined in t he appended cl ai ns.

18 CLAI M5 1. An apparatus for neasuring characteristics of
an optical pickup and/or an opticg% di sc conprising: 5

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

| aser light beamillum nated on the optical disc, based on an out put
of a photoelectric converting unit of the optical pickup, for
focusing the laser |ight beamon a recordi ng surface of the optical

di sc; | aser control nmeans for controlling the optical pickup
for reciprocating the 10 |laser |ight along the radius of the optical disc;
and characteristics detection nmeans for detecting a signal for
generating tracking error signals froman output of the photoelectric
converting device of the optical pi ckup, and for neasuring the
characteristic values of the optical pickup and/or the optical disc
based on said signal. 15 2. The apparatus for measuring
characteristics of an optical pickup and/or an ~ optical disc as clained
in claiml wherein said | aser control neans inparts an

FIG.3



optional. wave formsignal to a tracking coil adapted for noving the |aser
| ight along 20 the radius of the optical disc for reciprocating the

illum nated position of the | aser | ight along the radius of the
optical disc. 3. The apparatus for measuring characteristics of
an optical pickup and/or an 25 opticajgdisc as clained in claim1l wherein
said characteristics detection nmeans detects the control anount of
said laser control neans fog detecting sensitivity of a t rgcki ng coi l
adapted for noving the Iase§ l'ight along the radius of the optifeqL disc
based on the control ampuntgofd the |asg > , Q‘tn;h as
defined by the opti caledisc and%n@ﬁ e P&ﬁg L gnars. 4,
The apparatus for nmeasuring ghar act er NQf¥ OE AN OR | el and/ or an
optical disc as ¢raimEq n c& m 1 wherjeln ™ NE ot Q
characteristics d ag,?uiun detects sigaal foég Ehf‘x%
tracki ng error sigad r an| put put d 2 JTot Hi‘-be(llif‘ Foa) ang
devi ce of the © -— i < Qa9
optical pickup, detedt {cinlty of al%iasei T TThe- FoRe nent
di rection of the ill | gm\paj pd posi tjfgi of @ h rgi r light,
renmoves a signal {gortji f wnt he si I atii ng IRg error
signals in the vi{gini fr_ymsiti n poiln __&
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and neasures the characteristic values of the optical pickup and/or the
optical disc 5 based on the signal freed of the signal portion in the
vicinity of the transition point. 5. A et hod for nmeasuring
characteristics of an optical pickup and/or an optical disc
conprising: 10 controlling thg focal position of the laser |ight
illum nated on the opti cal di sc based on an out put of the
phot oel ectric converting device of the optical pickup for focusing the
| aser light on a recording surface of the optical disc;

controlling the optical pickup for reciprocating the illum nated position
of the laser light along the radius of the optical disc; 15
detecting a signal for generating the tracking error signals from an out put
of t he photoel ectric converting device of the optical pickup; and
measuring the characteristic values of the optical pickup and/or the

opti cal di sc based on said signal. 20 6. The net hod for
measuring characteristics of an optical pickup or an opti cal di sc as
claimed in claim5 wherein an optional wave formsignal is inparted to a
tracking coil noved radially of the optical disc fer reciprocating the

illum nated position of the |aser ) ight along the radius of the
optical disc. 25 7. The neth%g for neasuring characteristics of
an optical pickup or an optical dilsc as clained in claim5 further
conpri si ng: Ng the control anount of the |aser control

means for detecting Sitivitly of the tracking coil adapted for
moving the |aser |iglt along the}radi us| of '
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the opti cal.;gi sc based on the control anount of the |aser control neans,

track pitch defined by the optical disc and on the tracking signals.
20 8. The net hod for neasuring characteristics of an optical
pi ckup or an opti cal disc as clained in claim5 further conprising:
detecting a signal for generating trachgg error signals froman output of
t he phot oel ectric converting devicé of the optical pickup; 5
detecting the vicinity of a transition point of the novenent direction of
t he i 1lum nated positionsof the reciprocaped |aser light; e
renoving a signal portdeon ofr@he signal =tor ngerating b0 trarﬁ%ng error
signals lying in the g nitly of the tr;qiitioﬁ poi Nt ; Sk
measuring the charact é&Estiq val ues of &g opfical picEmgEand/ ¢r the
optical 10 di sc baseg®on tlhe above si&#8l freed of tB&ESsEgnall portion
lying in the vicinity €&the t ransid on Point. i
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