; e3eZ[ ZVWWY: Y<[68[ T[nw4 - 1 OPTICAL Pl CKUP BACKGROUND OF (HHE | NVENTI ON 1.
Field of tgf Invention S The present invention relates to an’opti cal

pi ckup, and® nore particularly, to an optical pickup which is applicable to
an optfcal® disc device in which an optical disc is accessed by an opti cal
system having a high nunerical aperture. The present invention ains to
effectively avoid deterioration of the characteristics due to the

di spl acenment of an objective |lens and gn_aberration correcting mechani sm
by hol ding the objective |l ens and the aberration correcting nechani sm so
that they nove together. 2. Description of the Related Art Hitherto,
conpact discs and mni discs used for nusic, DVDs (Digital Versatile Di scs)
used, for exanple, for novies, NRTHAL AECKYRY used for data recording in
conput ers have been used as optical discs. In optical disc devices for
accessing such optical discs, the wavelength of a | aser beamto be applied

to the opti | SC IS Cr e nd the nunerical aperture of an optical
systenligkqgﬁagﬁy(qufﬁﬁ%ésﬂ&BHPgﬁhce the size of the beam spot formed on
the information recording _surface of the optical disc, and to further

i ncr ease Y-he Fr&dGr @EnFrgedsivigption

The present invention relates to an optical pickup, and
more particularly, to an optical gickup which is applicable
to an optical disc device in which an optical disc is
accessed by an optical system having a high numerical
aperture. The present invention aims to effectively avoid
deterioration of the characteristics due to the displacement
of an objective lens and an aberration correcting mechanism,
by holding the objective lens and the aberration correcting
mechanism so that they move together.

2. Description of the Related Art

Hitherto, compact discs and mini discs used for music,
DVDs (Digital Versatile Discs) used, for example, for movies,
MOs and CDs-R/W used for data recording in computers have
been used as optical discs.

In optical disc devices for accessing such optical
discs, the wavelength of a laser beam to be applied to the
optical disc is decreased and the numerical aperture of an
optical system is increased in order to reduce the size of
the beam spot formed on the information recording surface of
the optical disc, and to further increase the recording

density.
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1 - 2 However, when an optical disc is accessed with an objective |ens
havi ng a high nunerical aperture, spherical aberration is caused by
variations #n the thickness of a light transmtting |ayer of the optical
disc. Furthernore, it is usual to increase the nunerical aperture of the
objective lens by using a so-called two-el enent objective lens. In this
case, spherical aberration is also caused by variations of the distance

bet ween the | enses. Wen the recording ?apacity is increased by formng the
i nformation recording surface of the optTical disc of nmultiple |ayers,
spherical aberration is also caused by these nultiple |ayers. For this
reason, for exanple, Japanese Unexam ned Patent Application Publication No.
2000- 131603 priposesr arwhdreramt ol ek réks¢ nigs needrssetn Wkh canr ect i ng such
aberrations, in which a lens is interposed between an objective |lens and a
| aser |igbbijeotive tenashavingrackighhrumayicadbnarertureasephpsiealin such
aberration correction, however, the objective |ens and the aberration
correcti n@PREERABAPB M frag2BEed| BY| ¥atdationf ek htBehERickpeshij 8fcase, the
characteristics are inevitably deteriorated by conatic aberration in the

optical phéf#up. EORMARRYL 819 THEYERVERTFER TRELGRESEAECT nvBRFFBATRAEE been

made in view of the
it is usual to increase the numerical aperture of the

objective lens by using a so-callgd two-element objective
lens. In this case, spherical aberration is also caused by
variations of the distance between the lenses. When the
recording capacity is increased by forming the information
recording surface of the optical disc of multiple layers,
spherical aberration is also caused by these multiple layers.

For this reason, for example, Japanese Unexamined
Patent Application Publication No. 2000-131603 proposes an
aberration correcting mechanism for correcting such
aberrations, in which a lens is interposed between an
objective lens and a laser light source so as to correct the
wavefront of a laser beam.

In such aberration correction, however, the objective
lens and the aberration correcting mechanism may be
displaced from each other. 1In this case, the
characteristics are inevitably deteriorated by comatic

aberration in the optical pickup.

SUMMARY OF THE INVENTION

The present invention has been made in view of the



-3 above problens, and an object of the invention is to provide an
optical pickup in which the deterioration of the characteristics due to the
di spl acenent? of an objective |l ens and an aberration correcting nechani sm
can, be prevented effectively. In order to overcone such problens,
according to an aspect, the present invention provides an optical pickup
havi ng a hol ding nmechani smthat holds an objective | ens and an aberration
correcting nmechani smtogether so that_they can be noved by an actuator. In
this case, the aberration correcting nmechani smcan be precisely positioned
relative to the objective | ens, and variations cah be reduced. It is also
possible to prevent the aberration correcting mechani sm from bei ng

di spl acedahoven prebbdfiectand apngbiet b therbbyertientivety previde the
deterioration of the characteristics due to the displacenent of the

obj'ect i vea? PRt BRI t iECkipR r it VRICR ok cd¢ FR Heea bR oL PER® er abl y, the
actuator nmovably holds the hol ding mechanismby a plurality of springs, and
a drivingF%?EﬁE$;¥%ﬁt%%% %%%r?%l?%ﬁl@%ﬁ?%ﬁﬁ??@ﬁ?m%ﬁaﬁ?sﬁ?3%°F¥Xﬁnl%ﬂ%.the

springs. This nakes it gossible to effectively prevent the novin

char act er?a¢i ¥R JPETFRLLR LREFeFTHRE TRITRA "Er?%?a?%dpESV?Wﬁﬁigpply of
t he drivié¥ké%éq§glyja a |l ead

In order to overcome such prqplems, according to an
aspect, the present invention provides an optical pickup
having a holding mechanism that holds an objective lens and
an aberration correcting mechanism together so that they éan
be moved by an actuator.

In this case, the aberration correcting mechanism can
be precisely positioned relative to the objective lens, and
variations can be reduced. It is also possible to prevent
the aberration correcting mechanism from being displaced
from the objective lens, and to thereby effectively prevent
the deterioration of the characteristics due to the
displacement of the objective lens and the aberration
correcting mechanism.

Preferably, the actuator movably holds the holding
mechanism by a plurality of springs, and a driving signal
for the aberration correcting mechanism is input via the
springs.

This makes it possible to effectively prevent the
moving characteristics of the actuator from being

deteriorated by the supply of the driving signal via a lead



-4 or the like) to sinplify the entire configuration, and to reduce the
size. Further objects, features and advantages of the present invention
wi |l becone.-apparent fromthe follow ng description of the preferred
enbodi nents with reference to the attached draw ngs. BRI EF DESCRI PTI ON OF
THE DRAWNGS FIG 1 is a block diagram of an optical disc device according
to a first enbodi nent of the present invention; FIG 2 is a side view of an
optical systemin an optical pickup that is applied to the optical disc
device shown in FIG 1; FIG 3 is a perspective view of an actuator of the
optical pickup shown in FIG 2; FIGS. 4A and 4B are a plan view and a
transparent view, respectively, of the actuator shown in FIG 3;

or the like, to simplify the entire configuration, and to

reduce the size.

Further objects, features and advantages of the present
invention will become apparent from the following
description of the preferred embodiments with reference to

the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an optical disc device
according to a first embodiment of the present invention;

FIG. 2 is a side view of an optical system in an
optical pickup that is applied to the optical disc device
shown in FIG. 1;

FIG. 3 is a perspective view of an actuator of the
optical pickup shown in FIG. 2;

FIGS. 4A and 4B are a plan view and a transparent view,
respectively, of the actuator shown in FIG. 3;

FIG. 5 is an exploded perspective view explaining an
aberration correcting mechanism that is applied to the
optical pickup shown in FIG. 2;

FIG. 6 is a block diagram showing a transmitting
section and the optical pickup that are applied to the
optical disc device shown in FIG. 1;

FIG. 7 is a signal waveform chart explaining the

transmission of driving signals;



FIG 5 is an expl oded perspective view explaining an aberration correcting
mechani smthat is applied to the optical pickup shown in FIG 2; FTG 6 is
a bl ock diagram showing a transmtting section and the optical pickup that
are appliéd to the optical disc device showmm in FIG 1; FIG 7 is a signal
wavef orm chart explaining the transm ssion of driving signals; -5 FG
8 is a block diagram of a denodul ation circuit shown in FIG 6; FIG 9 is a
connection view showi ng the details of .the denodul ation circuit shown in
FIG 8; and FIGS. 10A and 10B are a plgn view and a transparent view,
respectively, explaining a case in which driving'signals are supplied to
the aberration correcting nechani sm .
FIG. 8 is a block diagram of a demodulation circuit
shown in FIG. 6;
FIG. 9 is a connection view showing the details of the
demodulation circuit shown in FIG. 8; and
FIGS. 10A and 10B are a plan view and a transparent
view, respectively, explaining a case in which driving
signals are supplied to the aberration correcting mechanism

via leads.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present invention will be
described in detail below with reference to the attached
drawing.

(1) Configuration of the Embodiment

FIG. 1 is a block diagram of an optical disc device
according to an embodiment of the present invention. In
this optical disc device 1, an optical disc 2 is a phase-
change optical disc capable of high-density recording. A
spindle motor 3 rotationally drives the optical disc 2 at a
predetermined rotation speed under the control of a servo
circuit 4.

An optical pickup 5 applies a laser beam L1 onto the
optical disc 2, receives return light thereof, and outputs
the result of the light reception. In the optical disc

device 1, a tracking error signal TE and the like are



via | eads. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS An enbodi nent of the
present invention will be described in detail belowwth reference to the
attached draw ng. (1) Configuration of the Enbodinent FIG 1 is a block

di agram of ' an optical disc device according to an enbodi nent of the present
invention. In this optical disc device 1, an optical disc 2 is a
phasechange optical disc capable of high-density recording. A spindle notor
3 rotationally drives the optical disc 2 at a predeterm ned rotati on speed
under the control of a servo circuit 4. An optical pickup 5 applies a |aser
beam L1 onto the optical disc 2, receives return light thereof, and outputs
the result of the light reception. In the optical disc device 1, a tracking
error siggahefgtaddbyhproceesang the Becgphiéent eshytprandsdahyg t he
reception result, and data recorded on the optical disc 2 is read. The
optical preropdediencthetPrhicyli déFeadesst headrpubReoPPiigat pickwe | aser
beam L1 to be applied to the optical disc 2 by a driving circuit (not
shown), ahdiBEetBiattertyypingreases thei agowrtppfslightorfi Hae mb®@%®Y on t he
optical disc 2 to record desired data thereon. A matrix circuit (MA) 6

subj ects PRamrkichPi bR PRRLULEAoHPpLRe PBRLERE SHFFcal PHi RkEPLIBIRY a matri x
ti ft t-vol i dth b t

Uracki ng SIFSHLEi GRAF TEOWRbseaeflgRaRupabLrl {4, PEATHERR i AGT ORI 196 amount

ft Ki f ' ' F [ | | I [

dependi ngPohe . | ecaRiuRs B RnyRerParita iabEs o2 Ponarofidee o gna

| evel Varaggi§%32$£€§o¥899£699 of grooves forned on the optical disc 2, a

pl ayback sSrgn se srgnal level varies in accordance with a string of

pits forned ogaét On&%i&ﬂcﬂéc(%) %%d%éeﬂé%thé %%%C%%AQ%SQ c device

1, data recor e opti cal sc 2 1S y su e pl ayback

si gnal RFo{Pp8t OPRbmPERECSHL DEal Ao bk 5 deb &t AP £k T 6Yeta¥ibh NAFL&LS and
processes the playback signal RF obtained fromenboss pits and recording

marks on therenti¢altdysccdnvandibher ghil dréLshy gotlepatosts thgcrimynt of

fitter of the playback signal RF
error signal TE whose signal level varies depending on the
amount of tracking error, a focusing error signal FE whose
signal level varies depending on .the amount of focusing
error, a wobble signal whose signal level varies with the
wobbling of grooves formed on the optical disc 2, a playback
signal RF whose signal level varies in accordance with a
string of pits formed on the optical disc 2, and the like.
In the optical disc device 1, data recorded on the optical
disc 2 is read by subjecting the playback signal RF to
signal processing.

A jitter detection circuit 7 binarizes and processes

the playback signal RF obtained from emboss pits and
recording marks on the optical disc 2, and thereby detects

and outputs the amount of jitter of the playback signal RF.

A controller 8 controls the operation of the entire



A controller 8 controls the operation of the entire optical disc device
1 while executing a predeterm ned processing procedure. In this control,
the controlier 8 calculates a control value for an aberration correcting
mechani'sm di sposed in the optical pickup 5 on the basis of the fitter
detection result obtained fromthe fitter detection circuit 7, and outputs
driving signals 51 and S3 for the aberration_correcting nechani smon the
basis of the calculation result. The sefvo circuit 4 outputs driving
signals SO and $S4 for tracking control and focusing control, which are used
to drive an actuator disposed in the optical pickup 5, with reference to
the tracking error signal TE and the focusing error signal FE A

rect angul eptivak-digpadegieer hitvhilei execut ngencpredstemained puts a
rectangul ar wave signal S2 having a duty ratio of 50%in which the current

| evel is Droeg®isheyipeeedun!itleletkis feentenely theasertroblerndit of the
driving voltage for the aberration correcting nechani smdi sposed in the
optical prekeplated areertreti vlvecieoranrbrrcrbier ¢eBR3PYERI on dri vi ng
signals S10 to S13 by nmultiplexing the driving signals SO and S4 for

t racki ng BRI SBHFRRIRE ntP chie r%ﬂ’tla?élltll’l%cg]&‘?v? P st@aPasy ehd S3 for

the aberrgtion, correctin chani s nd outputs these driving signals S10
to S13 t o thel bbtfTafe st S?e?‘h{qf h@’%‘b’f’?% | TR VI EEAT “according to

he drivi . i | h Ki f i f th
0 e hre Tt o L o O AR ST L I
Griven FiG dafystdd S shon i, Rlical SIRD SleLbS e

di ode 11 th ' grated circuit with a light-intensity nonitoring
mechani sm géludi%%ir%é?f%énlgiﬁ'— order diffracted |ight beans are generated by a

grating 12. Thed ayd&aPdulit NEClditigt 4 *aE‘riinQ{gd%lrigEHHisl_%fdj%rndiisf4f ract ed

light beans is transmitted through a subsequent “pol ari zati on beamsplitter

13, is guisedtidciei k@l toiBtSL AMSFddus ESn €0V ErieLeth Oae Subsd ap i al |y
parall el beamby the collimator lens 14. Further, the |laser beam Ll is

pol ari zeddbiva subsetuetvr qibspesedeaire thateptdbcannsicidursod ) eeitdd onto an
i nformation recording surface of the optical disc 2 by an objective lens 17
havi ng a refgrencertcatheperdckingnerconposgte bfTE vand etisestddss gl 17B. I n
the optical pickup 5, an aberration correcting nmechanism 16 is interposed
bet ween témremasieralvai. pl ate 15 and the objective lens 17 so as to
correct the | aser beam L1l for aberrations by using liquid crystal.
A rectangular-wave-signal generating circuit 9

generates and outputs a rectangular wave signal S2 having a

duty ratio of 50% in which the current level is 0, and

having an amplitude sufficiently greater than that of the

driving voltage for the aberration correcting mechanism

disposed in the optical pickup 5. A transmitting section 10

generates transmission driving signals S10 to S13 by

multiplexing the driving signals S0 and S4 for tracking

control and focusing control and the driving signals S1 and

S3 for the aberration correcting mechanism, and outputs

these driving signals S10 to S13 to the optical pickup 5.

In the optical disc device 1, according to the driving



By applying the |aser beam Ll to the optical disc 2 via such an optical
path, return light of the |laser beam L1l follows the reverse optical path of
the | aser beam L1l in the optical pickup 5 and is separated fromthe
optical path of _ g _the laser beam Ll by the pol arization beam
splitter 13. The return light is processed by a nmulti-elenent I ens 19, and
is then received by a photoreceptor 20 having a plurality of receiving
surfaces of a predeterm ned shape. The %pgical pi ckup 5 out puts the
reception result of the photoreceptor 20 to the above-described matrix
circuit 6. In the optical disc device 1, a tracking error signal TE is
generated in a differential push-pull nethod and a focusing error signal FE
i s gener att@nahs aPlAste ghhd i sk eretRdakbyI pared eEF g iR ®eof et Pt iRl by t he
mul ti-element lens 19, and processing the reception result of the

phot or ecePESFUR S b§Te heORhEP{kedi redft the 2PerFRtIpR i CFTPFERRD 5, the
objective lens 17 and the aberration correcting nmechanism 16 of the optical
syst em haUeFRARHFR 15| 4FbVeRare hel d together, and are driven together by
an actuator 2§q%g g%der to effectivel revent the displacene ween t he

b
obj ective len d-% e PG P WL (3Th P Bt n i S5 YR80 r%nds{eo
t th h I St being. d I t b he displ t.
Pl e o3 1 OB SERL DR ROE b ot ThRconE et SR i, Y Ha%et SRR
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actuat or Zlecape Wik da! LOEDEnBLASIOY 8L 00F 68! nélisey Pamakhd & 4(B)

is a parti sectional transparent si VI ew. The actuator 21

hol ds theop@it Cahd SYPIESFIOR @1 BESRORSA O HRE iV 4k SHSRENSE & SHoy2 S f Or Med
of an elongated rodlike spring. The suspension base 26 1s a hol di ng nenber

hel d by aiia@ﬁﬁngmnber Phe t Des@Pt b&ah PiClnPL®ding tRéleo Wbrder eshd HpBL eri al

or the like, and has, on its rear surface, four termnals 27 to which the
driving sopdet safifraot&d 3L aget resarst iy etyanspltted hensasgensi ons 25 are
respectively connected to the termnals 27 at one end, and protrude, at the
ot her endsubhseguent hpoladezapposi beah ropl 1 tieet ek 3 nbd sgifdded to a
collimator lens 14, and is converted to a substantially
parallel beam by the collimator lens 14. Further, the laser
beam L1 is polarized by a subsequent quarter wave plate 15,
and is collected onto an information recording surface of
the optical disc 2 by an objective lens 17 having a high
numerical aperture and composed of two lenses 17A and 17B.
In the optical pickup 5, an aberration correcting
mechanism 16 is interposed between the gquarter wave plate 15
and the objective lens 17 so as to correct the laser beam L1
for aberrations by using liquid crystal.
By applying the laser beam L1 to the optical disc 2 via
such an optical path, return light of the laser beam L1

follows the reverse optical path of the laser beam L1 in the

optical pickup 5, and is separated from the optical path of



In the actuator 21, fittings of a bobbin 28 are held at the other ends of
t he suspensions 25. The bobbin 28 holds the objective lens 17 via a | ens
hol der 29, and. al so holds the aberration correcting nmechani sm 16. Furt her,
a tracking coil 30 and a focusing coil 31 are wound on the bobbin 28. The
suspensi ons 25 are thereby bent so that the objective lens 17 and the
aberration correcting nechanism 16 can be noved together in various
directions. In the actuator 21, a pair of magnets 33 are placed so as to
sandwi ch the bobbin 28 with a predet err% ned space therebetween. The
tracking coil 30 is driven by the nmagnets 33 so that the objective |ens 17
and the aberration correcting nmechanism 16 can be noved together in the
radi al dithkztlasenfbedre bbthy athealimrlerizast Shovwedy splovter Hhd the
focusing coil 31 is driven so that the objective lens 17 - 11 and the
aberration corfhectet@mnre dighits sl Progmesse e d mydtih@lementsdems by arrow
B, in order to change the distance to the optical disc 2. FIG 5 is an
expl oded ¥2r sprdtis ctReRWeFRI G Rhe? RRQUEITR@ERECT D JWEFIRE idn
correcting mechanism 16 that is thus held together with the objective |ens
17. The Tatioh orrece i vphetieincas 19 i3 PERREEHYLIRAAIRIRE gl ass
substrates 16A, 16B, and 16C with |iquid crystal therebetween. Transparent

el ect r oded e (R LERL IBEHEUR & fUHRIE RS eRHEPR G Y W h surfaces
are formaboothinedn B "Bt A Ad SRerPef T fef AR A AN 16C
oot odett e SBEAER AR E MG, 17 PHerhiE A flard and pebaL o
formed oo i el cln fEEXerdind RILAEPE NS BR P I fipol 1 ode
peri pher %rfalecgiggdﬂ@l gl Qegéwfa{t&frigp%{ s €l Sid ¢ 24P e Ehsilyected to

vol tage dividing by resistors, and predetermned driving signals SS1 and

SS2 are apmddéds Hed VaeD FdutdNBIgNh YW melt el dherdd exddHLdes, and t he
transparent el ectrodes 168A and 168B of the gl ass substrate 16B opposed

thereto. st pwd@idHiig ofhd headasEilohaaiadilt RS St pHY e dgwo By rati on
correcting mechanism 16 is - 12
by the matrix circuit 6.

In the optical pickup 5, the objective lens 17 and the
aberration correcting mechanism 16 of the optical system
having such a layout are held together, and are driven
together by an actuator 21 in order to effectively prevent
the displacement between the objective lens 17 and the
aberration correcting mechanism 16, and to prevent the
characteristics from being deteriorated by the displacement.

FIG. 3 is a perspective view of the actuator 21 that
thus holds the objective lens 17 and the aberration
correcting mechanism 16 together, as viewed from the side of
the laser diode 11. FIG. 4(A) is a plan view of the

actuator 21, as viewed from the side of the optical disc 2,

and FIG. 4(B) is a partial sectional transparent side view.



thereby corrected so as to correct aberrations. In the aberration
correcting nechanism 16, the center glass substrate I16B is |larger than the
upper and l-ower gl ass substrates 16A and 16C, and partially protrudes
therefrom® A flexible wiring board 39 is placed in the protruding portion,
as shown by arrow C. r, The flexible wiring board 39 has vol t age-di vi di ng
resistors RDL to RD4 for dividing the voltages of the above driving signals
SS1 and SS2 nounted thereon, and al sg % denodul ation circuit 42 that
generates the driving signals SS1 and gZ fromthe driving signals S10 to
S13 is nounted thereon. In the optical pickup 5, ‘the driving signals S10 to
S13 output fromthe transmtting sectiqn 10 are input to the flexible
wiring board 3heiacturtasusperdiohs U8 offeqglackisigresid &80 and the
focusing coil 31 are connected to the flexible wiring board 39. This makes
it possibsespengierchase| 36 uvithzauspensiens ¥ fw¥reqd ob6a2® 39 so that the
operation of connecting the tracking coil 30 and the focusing coil 31 can
be S|npll$l%%9?he@hE° FRafPHiR%kup The THESRRMEBeR-BR%F it hgl¥ edi stors RDL
to RD4 are ppunted effectively utilizing the limted gg ce in the
optical prekihhs, m%Wl ¥R He Y P %h BEMREF 0%t he O WS} i RATPR i Jnal s

SS1 d SS2 | dth He f nbly of th
I|qu?3 cr&%t‘i‘;\% %e‘? %5}:]‘? ngrp%’gég n S?;;ﬁé%aﬁ eéanif1 Gtggsgn%lntwgs ©
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hel d by t ass substrate and the transparent el ectrodes

16BB and Q@ é@ﬁvéi‘f H&Aﬁéa‘é'e@'t’éz dtl'i‘eg E@fdnﬁ‘ié’j:§ %@%B%&Oféﬁpond' ng
to the liquid crysta be referred to as "B liquid crystal FIG 6

i's a bl ockr&tagaam é@%é‘goiﬁ‘@rc@ﬁﬁ' %ﬁt@%ﬁ@'@i&@ é%péi‘ft@efmw ation

circuit t hat generates t he dr|V|ng signals SS1 and In the
transmtting sechiwandO2pf the optical disc device 1, as shown in FIG 7, a
limter 45 |imts a positive anplitude and a negative anplitude of a
rectangul ar waue tHegrmdtud@tdyy =l grimltdiengs AR avbbdnO 2@ ddee hdlidviatg
signals S1 and S3 for the aberration correcting nmechani sm 16, and outputs
the signathe | otiiS eyds \If r eipe esespens tenON yol tHye ibhiinded Huldend D2

pl aced in the denodul ation circuit 42 which will be described later. A
differenttke ebiectiee benssly vdlafarkens drokder i2%i mpeiakse thakdsyhi ch a
negative differential input termnal is nmaintained at a fixed voltage, and
whi ch rec%?%e%b%FF%ﬁ&?Rnc%ﬁ{ﬁﬁﬁl¢9dW$$¢EP4$Wn%Qﬁ zﬁP%ﬁh%Fpo%lﬁﬁﬁﬁklng
differenti al m(gn%n er m nal sub(]:ects t he out(l)out s nal to differential

anpl i fi cat9bh,3 Lﬁ‘pfﬂ%u%ﬂﬂnﬁ’n Phast AP p'ﬁl'é%eb?/ﬁ’tfjrf‘ t4fe i nput

t er m nal

atjve-p ut S7 ose hase. i s reversed
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lens 17 and the aberration correcting mechanism 16 can be
moved together in various directions.

In the actuator 21, a pair of magnets 33 are placed so
as to sandwich the bobbin 28 with a predetermined space
therebetween. The tracking coil 30 is driven by the magnets
33 so that the objective lens 17 and the aberration
correcting mechanism 16 can be moved together in the radial
direction of the optical disc 2, as shown by arrow A, and

the focusing colil 31 is driven so that the objective lens 17



An-adding circuit 48 adds the in-phase output S6 to the driving signal SO
for tracking control, which is one of the driving signals for the actuator
21, and outputs the sumthereof. Driving circuits 49 and 50 anplify the

out put 'signal fromthe adding circuit 48 and the in-phase output S6 by
correspondi ng predeterm ned gains, and output the results. In the optical
disc device 1, a pair of output signals S10 and S11 thus obtained are

gui ded to~the optical pickup 5 via a_pth_of | ines, and are further
transmtted to an object to be noved by the actuator 21 via a pair of |ines
that are formed by the two pairs of termnals 27 and suspensions 25, of the
above-descri bed four pairs of termnals, 27 and suspensi ons 25.
Consequenghg, tha aherpptienl| cdrrzecténgcmethanipmi t6ofani hesmoved
transmtting the driving signal SO for tracking control are commonly bi ased
in accordhfgethfth 2ReSHPYDI BY 8r§Aul Boslinoprine hBefhaRgedntk®rrecting
mechani sm 16 so that the driving signal SO for tracking control and the
driving sfyphpree FBrtPﬂeOBBé??gtﬂbﬁcc3rrecting nmechani sm 16 are

mul tiplexed and_transmtted. Simlarly, an adding circuit, 53 adds the
negat i ve- phase Hut p?ltlssf’bLﬁ’iRPtO‘}?%rﬁ%/lFr%p%‘F’fjf‘é? e‘%t‘?“élsré??b‘i’}q it 46 to the

driving sionel el OF Logushaa control woLeh, L spLte.fommifhrgone of the
th f. i Vi i i 54 Lify.th t i | f th
(nereof. PRV RGLS! FalkESe24, 200 BRocrRliL phe gulpty o gl T1om (he
det ] i , t | .1 i i devi 1,
pr el r geg 08155 caPd o pluLIEaf P 18, bneb BioaPbycalod seg v ce 1
opti cal phekip Subberacpel {68! 16BeSanaNed fithanedhisedyedbe object to

be noved by the actuator 21 via a palr o ines forfred by the remaining two

pairs of {géfbPatRedd . anfranSpERshONS1€etrOiel NEcBRON Sl dEsBE I s four pairs
of term nals 27 and suspensions 25. Consequently, in the optical disc

device 1, fermedloRfalmdes £0é EAENBELYtONILGER St FadEs SbPNthe behBér
focusing control are commonly biased 1n accordance wth the driving signal
S3 for thglabersabsonateri6eB| i agd necansparelt sbettwbdadédel 6XBvamd si gnal S4
for focusing control and the driving signal S3 for the aberration

correcti nyeObchnai Sorfiéd sor sutfapéexefl the tppesnand etdowsr ngkassich si gnal s
used for biasing are generated by limting the positive anplitude and the
negati ve swpstraties oi6a handektb@noppasingyvehe styanspagnt hedeegredelsity ratio
of 50 by the signal |evels of the driving signals S1 and S3, respectively,
and then }&B&ranégléBR- pol arities thereof, when the driving signals Sl and
S3 are transmtted via the two pairs of lines biased in this way, they can
be denodul at ed* 3t Rfutthse HEthe et trune Loirkangt 19 - 16

bi asi the.side tp which the signal t itted. Co tly, i
'he opti CHPCHHASS Ry De Il o8, LI ah R T HERGHEE rSETRT 448 1 BTG RbCHih Sm 16

For the arerrat BeERi ot e nirbarTind R a0 Do flandd T ol di e 07

enl argin r 3OS S8i Oy, P ands th fﬁu%ﬁ% ' d wei ght of
the opti ggt%ﬂg?%kﬁg g%sf:%r%her rr%J_Fee, 't &E%%gg?é e to J{'ef eéc%ﬁ%ﬁ' pr event
various Cffd agdedt Shd FEphdCan 01 S0t FGAET 40 ALl Dyedhperiggeaent of the
lines. In the optical pickup 5, the driving signals SI0 to S14 thus

obt ai ned @1&cL6@d VAL by e ed@Vves d@@f{é@@ddﬂfdixbieo irdi0s g d 39, and
the lines for the driving signals S10 and S11 and the lines for S12 and S13

are connegi@dptedd bermimeki i Etnd Slgdls t$81 fauEIy ot lagdlied
correspondi ng thereto, thereby driving the tracking coil 30 and the

f ocusi ng eotwed&l tie aimmamandrosietd0rpdheplttad nel ed igredess Hrd artee S11, and
in a conmmon node for the driving signals S12 and 513 so as to execute
tracki ng toamismpirentd ¢ bectsiodepsohiBdland 16BB of the glass substrate

16B opposed thereto. The wavefront of the laser beam L1

passing through the aberration correcting mechanism 16 is



That is, when the signal levels of the in-phase output S6 and the
negati ve- phase output S7 are designated Lc and Lc, and the signal |evels of
the driving signals SO and S4 are designated Aa and Ab, the signal |evels
of the'driving signals S10 and S11 are expressed as Aa+Lc and Lc, and the

- 17 signal levels of the driving signals S12 and S13 are expressed as -Lc
and Ab-Lc, respectively. Therefore, the potential difference Va between
both ends of the tracking coil 30 is_eiargssed as S10-S11 = (Aa+Lc)-Lc.
Finally, the tracking coil 30 can be diiven at the signal |evel of the
driving signal SO. Simlarly, the potential difféerence Vb f between both
ends of the focusing coil 31 is expressed as S12-S13 = (-Lc)-(Ab-Lc), and
finally, ther¢byustrecord 81 aantheceriech abexrrtsénmal | evel of the
driving signal_S4. The denodul ation circuit 42 generates the driving

signal s SS1 ard d%e fahernadign jcprnechdpg Mechandisr thfe Bhe §@ndedrystal 41
by biasing these lines. That is, as showmn in FIG 8, the_driving signals

S11 and SAbassnFebstrate il vl bilaerhytian the pRRY MPoHIRT SELaf t he
tive-ph t S7,. of the_drivi i I Sl1 tq S13 i tt

n dot ect HGA TEATES Shoh radh o Som it RPTHLEH 6 (e Gpdamchreriasy

diff t the drivi ' J 1 and, S ds to th

11 orence PELYEED IE- ML WERLE oL S-S0 BTG YL eRaER 10 the

during a@(ﬁ#f&" nag‘hétg]%xf nﬁ@\s,%ﬁgpg“l’ evel of the rectangul ar wave signal S2

is H GH, 0 the si Wth the anplitude Iimted by the other

1 Ving <1 9nalnys? A4l & RS G0 iyl 01 e ol IvAlasel e

rectangul ar wave signa erefore, the si'gnal Tevels of the

driving Sﬂ-&é‘fé'@oféi%@f‘dt§%4’afd/r depeidi 1Y Gk the tdss add fid lafvd he

signal Ilevel. Based on this principle, in the denodul ation circuit

42, the ddiilg Sé OGP Bs T adreh F2o aficunied @ ctiatr-ddn | hendledpgd of circuit

57, thereby generating a positive detector signal and a negative detector

si gnal hadeéngd Peaki ol cHRScleDt 143 P gedard s pasd tdyvevindridigd e and t he
negative limt value of the Ilimter 45. Then, DC conponents are cut by
subsequergShiad pess firdm etrlse (MHYiDS sighdls Sonstey e |y mbunvied signal s
SS1 and SS2 are generated, respectively, for the Aliquid crystal 40 and
the B |i (uhereoyst aln 4tlhe Mpicpe@idioad |y, the deimodd ssiarmls rgldt 42

i ncl udes onl gassive el enents that do not need a power supply, as shown in
FIG 9. THer reutpyie fwenyi Hhe siypnsml i g9sing eSS P RS 3wl &P wi t hout
suppl yi ng_any power_when the driving signals S1 to S4 are multiplied and
transm t tee i R RIGNITIG Redpt i TAIVER it SHSPRRRIGRS 2he dM%ing

sianal' s i1, 40 $12. 5

e30apamé etthE C)focusing coil 31 are connected to
the flexible wiring board 39. This makes it possible to
effectively utilize the flexible wiring board 39 so that the
operation of connecting the tracking coil 30 and the
focusing coil 31 can be simplified in the optical pickup 5.
The voltage-dividing resistors RD1 to RD4 are mounted by
effectively utilizing the limited space in the optical
pickup 5, and the demodulation circuit 42 for the driving
signals SS1 and SS2 is also mounted thereon.

Hereinafter, the assembly of the liquid crystal held by

the glass substrates 16A and 16B, and the transparent



both ends of a series circuit forned by a resistor Rl and a di ode D1, and
the series circuit of the resistor RL and the diode D1 forns a first
detector cirrcuit for detecting the driving signal for the B Iliquid crystal
41. Simlarly, the driving signals S11 and S12 are applied to both ends of
a series circuit forned by a resistor R3 and a diode D2 that is reversely
connected) and the series circuit of the resistor R3 and the diode D2 forns
a second detector circuit - 19 for tecting the driving signal for the
A liquid crystal 40. Further) in the denodul ation circuit 42, a capacitor
Cl and a resistor R2 constitute the high pass filter 59) and a capacitor C2
and a resistor R4 constitute the high pass filter 58. (2) Operation of the
Enbodi mestlectmnedese 1638 and di6FA gad dhel viedhags 1He lsiag tegifsitgmsat i on
(FIGS. 2 and 3), desired data is recorded on the optical disc 2 by

i nt ermi t Rt ARG R £OTFE SRR GERSUTO e ildiuisk TS Yedsatildedd L1 enitt ed
fromthe optical picku . .The result of receptiaon of return |ight detected

p.5 )
by the ofEtedres &eupss s 1gades & sl #O “mat SRIdEAANt ¥eso as to
obtain a _pl ayback signal RF d data.recqrded the optical disc 2 is
read by ﬁsﬁﬁé\%ﬁr 8?(3%&%&%35&%@5@% g’iear‘?al%YR%?‘eA@ﬁéspst ! S&fé‘%eﬁeam L1
passes thr.qugh .t berration . .correctin chani sm 16). Jt _i l.ied onto
t he opti tclasfé %‘lnsdct]‘%cgyat e % Jet&ain\;galr&x}% %r;'.ec%ﬁ:é)% Svg' rdgntanﬁf i%ﬁ:g. | aser
beam L1 i_g sCQrre _ aher i r [ anj
sphericafia g%ﬁa&%@%? ca?ngg p?ﬁﬁgﬁfggtgggn%%%e%gpggﬁphg%%qkégﬁPL?qps
applied Ry the 9RiLG4 L4 1hayenGeF i gy YR 63 13RgNigure. This
makes it pos?ibﬁéh?% ré%gkiggésﬁﬁgd%ﬁétgggn t he og?fcal di§%l2 wi th high
density, ta9 ead the data thus recorded. The aberration correcting
mechani sm 16 is held together - 20 with the objective lens 17 by the
bobbin 28 (Fl&6c.leand 4)b1aBH HSafR¥Mdshe@ehfethwi EbnEhguebieehi ve | ens 17
by the actuator 21. This nmakes it possible to precisely align and naintain
t he opti ealladxids tof thiee dehioduiliatd oneedrtaiand 2t hhatpigen@lratxiss thk t he
aberration correcting nmechanism 16 and to nove the aberration
correcti dgivicgasigmale &$d and @iS2ect iIne thensransmi ttting seattéon 10
Consequently, conmatic aberrations can be effectively avoi ded, and the
det eri or @fi gheoPpttheadhdrigct deivigciecd .ofst sbowpt LoaF Ifi-cRup a5 ldad tba
prevented. Moreover, individual differences of the optical pickups 5 can be
made smadPelifiis anPRsdidye ampHildydehangbpe8eioad ivenamptidndet pE 2
aberration correcting mechanism 16 are nounted separately. As a result, it

i s possi FEERBIHLEELNEVE §HIPRdciS B S3OPed 16VeRSpYUPhAPddRoPEvary
i dely. S th ber.rat i i i 16.i.ncl ud the liquid
Crystai EPRoaraping, ShiBradl 53l A s aph fBeoBPREE Shohe CHETEGARE 1o ¢ he
dditi f .t b ti ti hani d mal | th i
2 Case | HeRhraR P deanerinerSRuEs: B8, PRGPATchaRioiES for Jdd of I enses

;T s can Qrevelh+k"endebif 1813L5H8N 0% aiBReENB1AGHE" b3t bi8cRh LRe+AGt uator
demodulation circuit 42 which will be described later.
A differential amplifier 46 is a differential
amplifying circuit in which a negative differential input
terminal is maintained at a fixed voltage, and which
receives an output signal from the limiter 45 at a positive
differential input terminal, subjects the output signal to

differential amplification, and outputs an in-phase output

S6 in phase with the input terminal and a negative-phase



That is, in the optical disc device 1 (FIG 2), for exanple, the anount of
fitter is detected by the fitter detection circuit 7 on the basis of a

pl ayback sirgnal RF - 21 obtained froman enboss pit or~a recordi ng mark
that is accessed imediately after the optical disc 2 is |oaded, and the
anount of correction of the aberration is calculated by the controller 8 on
the basis of the detection result. Further, the driving signals S1 and S3
of predeterm ned signal levels for the aberration correcting nechanism 16
are generated on the basis of the coFrJe%tTon anount. In the optical disc
device 1, the driving signal SO for tracking control and the driving signal
S4 for focusing control are generated by the servo circuit 4 on the basis
of the tratkiuty S miross gissel B sankwdms ddoonisimgrempeamt digndle Ebputhese
driving signals S1 to S4 are multiplexed by the transmtting section 10,
and are ttemmwinak.ed to the optical pickup 5. The nultipl exed driving
signals are separated on the side of the object noved by the actuator 21 in
the' optical PRcREEiBg chzcedy 48 wddg the intphase 2utand ERetab&heation
correcting nmechanism 16. In the optical pickup 5 (FIGS. 1 and 4), the
suspensi Ving 6 dld & fe ERFIBRG FONtEd naihicly ighiane ofe thel d by

t he suspensi on base 26 on the fixed side of the actuator 21, and hold at

the ot helEdth&SiEhES £a% B RFBBLATUA adhOWRES ithe 1S¥s 17 and

t he aberration correcting nmechanism 16. The magnets 33 are held on the
fixed si ,e]%ﬁﬂf'c‘t h&TY: r?d‘rcﬁﬂqlt%(fgar‘?d‘ e %’Bﬁéfﬁ’g%’cﬁ 1°%PUh e placed on
t he novabhl.e sid SO .t hat e obj.ecti.ve - lens 17 and the aberration
correcti nsd'%aclh%ﬁoél}n% (S’rdté;1 ed(f‘]icéﬂett K& ai“??zttﬁlg gﬂ'ﬁp S t%péllgvi%ée 1.
Ther eby, i . . ld.with I ntj | red
Ihereby. B AIRIAPOIRNELALS DM h AP Ad Gl ieted
21 and {1, die it O3S d erliife ADCH 10N HOIKATNG RGNS 16 are
mul ti pl exed and Supplied via the four suspensions. This nmakes it possible
to suppl add@s8 diHue HtHiHAl Sarid JuiReitRC ithel P8 dAY 8 drud iBe vagt i cal
pi ckup 5 over the sanme nunber of paths as that of the~conventional paths
for transmgdim@f handd,Viahg Hr@nadurther ttraekmie tentiolan b fedtusiong
control. Therefore, the objective lens 17 and the aberration correcting
mechani smelmoad by tled aartthatore@ I agel kepaiy oife laciasattorat? hrel t hout
formng a new path for supplying the driving signals. This makes it

possi bl e ficomesd hye tihiee teioz adnts wei dlermdhatlise 28ntande sthespeaws ioausd 250
effectively prevent the noving characteristics of the actuator 21 from

bei ng detodr itdyeataddviey de seavbeidgfpiurs pgding loifndermia@liss 27wedd a case in
whi ch driving signals for the aberration correcting mechanism 16 are

suppl i ed SHSRAFIORS €Xds CONGHAYIT 1Yo tiRe LRGSO PR tAGHY Wrs& 9V iF8sdri bed
with reference tao FI.G 4, the dynam.c resistance is inqreaﬁgd b% | eads 60
during t fe P@i%g tofethd OFc (FAPGM 2L 1 0gh Fren €T8¥ii% SHIR o0 h@Tact uat or
21 1s th%&%%&f%%”é%%%%%1 %%e commonly biased in accordance with the

driving signal S1 for the aberration correcting mechanism 16
so that the driving signal S0 for tracking control and the
driving signal S2 for the aberration correcting mechanism 16
are multiplexed and transmitted.

Similarly, an adding circuit 53 adds the negative-phase
output S7 output from the differential amplifier 46 to the
driving signal S4 for focusing control, which is the

remaining one of the driving signals for the actuator 21,



- 23 .. .1 ,~ shown in FIG 10. Mreover, the skew is substantially
changed by changes in tension of the |eads 60. Incidentally, in the
actuator of, such an optical pickup that records desired data with high
density, the depth of focus of the used objective lens is small because the
objective |l ens has a high nunerical aperture. For this reason, the actuator
is required to have a higher sensitivity for focusing control. Further,
since the tracking pitch is reduced)_the sensitivity is also required to be
i ncreased for tracking control. Therefiore, when the driving signals for the
aberration correcting nechanism 16 are supplied via the | eads 60, as shown
in FIG 10, basic characteristics of the actuator 21 that are required for
hi gh- dengingy otdewtsi Fdec simotthgreedsur 8Fiviing sizicyd tishddghndt Bt a
resonance node caused by vibration of the | eads 60 has an adverse influence
on the nBV@dLAlY et patietugdenall from dbet rdingsicd@eudne 5 pRdnghei gnal s
for the actuator 21 and the driving signals for the aberration correcting
mechani sREEGTAVE -BBEFEI QUTPIE Siie PRoGPTIESRONS BFs PFRILHPEMeRBEdI nent

d t b t d, d t
can o S0 3dNsT LR QU %%:F?§gﬁa%§9§%31tsgogr§5\él B Gpstenic oL Aevieand .
t t dt t b f db
iﬁgﬁ'ge'svéf% e elorbeRY 1 GRa o, 802 BRE” B RPLEL PV BooPhel AVC - 24

| nf| uence, ghebne o 63AN306S 19 §i§gﬁ§eg 0% oV BOL3L1;08 201 4 5@@ e

aberrati n correcting avli ng<such a StI'UC ure

formed byrshaniiadal be ehasspyubs gt g8 Jn%ledlﬁﬁ 889 118G £82CH1 N3y Lng

el ectrode uid cr t her ebet ween enter glass substrate

16B Dbei ng Langebe iﬂﬂekh?th%é'B? thrkE&agﬁahg %%o h&&spbéced in the

extra portion thereof. In the opfical pickup 5, enodul ation circuit 42

for Sepaté&h&ﬁahﬁeZﬁuhhhpkﬁ§9@n§&bhan53'Q&akﬁel%bBb@Caés@EibEa Ebaxi bl e
wiring board 39, and the flexible wiring board 39 is also used as a | ead

handl i ngpaeeki off tefrmihalkr agkbnd edsbed8iand tiBe f couseqgeadill,31in For
this reason, in the optical disc device 1, the denodulation circuit 42 is
pl aced byhef betticadl Mige dgvtike i, mat pdixpace linesh€oaptiraakmpite¢hkng 5, and
operations such as an operation of connecting the tracking coil 30 and the
f ocusi ngtbei Ar3viognsigneilnfki Foedfovlienngheodtireilngrei goamendy to S4 are
thus nmultiplexed and transmtted in the optical disc device 1 (FIG 1), the
rect angubarssidgial aggegzdspchavilty &hsufiritviiest saephilt §defandthavi ng a duty
ratio of 50~ is generated by the rectangul arwave- S|%nal generating circuit
9, and tﬁ8366§¢ﬂP0e09ﬁ§PPFa§§ Qﬁ&hﬁﬁésﬁeéétFVetBﬁﬁl|PGdéréVlPEe rect angul ar

wave signal S2 are |limte imter 45 by the dr|V|ng ilgnals S1 and
S3 for tﬁégasérﬁétFBH éBFPé&PSn§°H§EH&nF§ﬁnfée Bgiviiag) sifgia

the aberration correcting mechanism 16 are multiplexed and
transmitted.

Since such signals used for biasing are generated by
limiting the positive amplitude and the negative amplitude
of the rectangular wave sigmal S2 Hhaving a duty ratio of 50
(%) by the signal levels ofdthe driving signals S1 and S3,
respectively, and then reversing the polarities thereof,
when the driving signals S1 and S3 are transmitted via the
two pairs of lines biased in this way, they can be

demodulated without reproducing the reference level of the



- 25 in-phase output S6 in phase with the output signal fromthe limter
45 and t he negati ve-phase out put S7 whose phase is reversed with respect
thereto are generated by the differential anplifier 46. In the optical disc
device'l, a pair of lines used to transnmt the driving signal SO for
tracking control in the adding circuit 48 and the driving circuits 49 and
50 are commonly biased in accordance with the in-phase output S6) and one
driving signal S1 for the aberration_cQFrgcting mechani sm 16 i s thereby
mul tiplexed~with the driving signal SOtor tracking control. Simlarly, a
pair of lines used to transmt the driving signal” S4 for focusing contro
in the adding circuit 53 and the driving circuits 54 and 55 are comonly
bi ased i nbh@ebrgaPrethft FldpetpcgaichetpRasiovat purrsrtrangmiheed enni ni ng
driving signal S3 for the aberration_correcting mechanism 16 is thereby
nul ti pl exXedn§PIReRBEY dr % Hoe sPRRbFabadiss 4¢Lee nb- coYieR o¥heThieRe | ines
are guided to the flexible wiring board 39 via the termnals 27 and the

suspensi oRReDEAtLY EHETeOHIRR I Pephartsm| 16 eand Ehe ophdeteE ole®® 1T acki ng
il 30 dth i i] 31 i ng. t her et o. tl th
coLl 30 208 S hocks a S0l FhcEEL capergl o ber e, oneeguin 1) (e
i ls S d sS4 f t L trol f i t Lt hout b
0T dencetP Y- EhoBr PUTHL S B 4TS Aer £ T D ACEERBrPEE it correct! ng
- 26 j 1 ti i th
i nes o rirnait G abaldl AAOEdiaolin BRAER Fha UL I SREIOETT LT
S7 1s detggled; by L1hg Jréfiﬁta@H @ﬁ&%"ﬁkﬂ@éfﬁ%%k&;@.‘l! tﬁu%%h%%hﬁ%t he

di odes D1 and are orrented I1n opposite ditections int 1ation

cirouit 42 (£ s8I0 8 oAt FeDpShilven8PhLIYde and the negative
anplitude set by the limter 45 are thereby reproduced. Further, the DC

conmponent sh@r&c etk 1 H¥itHer Follbdas§ détdLiSratd® vy | tikli 6h Ladygdrdntd0 and
the Bliquid crystal 41 are driven in response to the outputs fromthe high

pass filtefstheéespeesi vely, and the wavefront of the | aser beam L1 passing
through the A liquid crystal 40 and the B liquid crystal 41 can be thereby
corrected to corrigs aiteirgat ipiinckun 3, @HeerdrBEvhody eiigrsa \shidld thdee S14
denodul ation circuit is conposed of only passive elenents in the above
enbodi nenthus hebpa boedt areveste bved sbnothe | ahe et déserigd ahtextele

denodul ation circuit may include an active elenent, as required. In this
case, it Virpogshoredtdd perndr e rbires sEoonthhi delvinersigratisncihe power
supply on the signal Iingg& and to denodul ate the driving signals by
various naRfodkl 3t ERR binemefeendbitil 2RG ohl HYRERCARLLEFDNEAUSERRY t he

c odes. Vet ogs, TULAL 155110, TELOGS, iy b0t )y adpL g, J L the
thereto, thereby driving the tracking coil 30 and the
focusing coil 31 in a common mode for the driving signals
S10 and S11, and in a common mode for the driving signals
S12 and S13 so as ?o execute tracking control and focusing
control.

That is, when the signal levels of the in-phase output
S6 and the negative-phase output S7 are designated Lc and -
Lc, and the signal levels of the driving signals SO0 and S4
are designated Aa and Ab, the signal levels of the driving

signals S10 and S11 are expressed as Aa+Lc and Lc, and the



- 27 while centered on the optical axis in the aberration correcting
mechani sm by concentrically formng the transparent el ectrodes in the above
enbodi ment » the present invention is not limted thereto, and is w dely
applicable to various cases for wavefront correction, for exanple, a case
in which the wavefront is corrected in the inner and outer peripheral
directions of the optical disc. Wile the aberration correcting nechani sm
includes a pair of liquid crystal |aye in the above enbodi nent, the
present invention is not limted theretd, and is also applicable to a case
in which driving signals are transmtted with the aberration correcting
mechani sm provided wwth nore liquid crystal |ayers, and a case in which
driving sigmdls lave lts axfsnilte ettt iwitny tshieyredder rsltd and @3 @deng nechani sm
provided with various correcting structures other than the liquid crystal.
Whi | e t hexpresseld gisclkds Pasl Absd.aaldespecaritvid lan.er dthestefisateur ehesi ng f our
suspensions in the above enbodi nent, the present invention is not limted
t her et 0, Ratentsadl di-ffigsanasV@ the tyimenc Aol Ends afavihey tradkdmg hol di ng
mechani sns, for exanple, a case in which the optical system.is novably held
from bot £1dSD By Iwxprefsaseras flldcdd lorr AT )gds of Ripaldpt.i e system
Wiile the transmtting section is, placed outside the opticagggickup in the
e

optical ECKIEG G@idf IhEamRre drivers ate fheyistana! tifyedr &fet® nventi on
it

i's not liited theretq, and for e, the t tt, t] b
bl aced ofiTHANE FAETANSr HIGRT T TR e AHETARTEndPS ! gnal s
for the aberrati ti i ted by detecting th
anount o SR ST B S0S Do GRS (196 prdodit SRFERTEoN 2E0 not
linited d1iS _alhso i del K ' iy whi ch
riving S &4 e Ak o hg Bt o WAL B A e of

the playhaek vl ahdlved dts iRl Aleiand il Wenandl dalanladignakarrat fon

correcting mechani smare generated in accordance wth the I evel of the

envel ope. Wi lrBeadsfio@ahhedoareneduirgngt hjenach¥akoknel Arwpiigg the tracking
coil and the focusing coil are placed between the opposi ng magnets, is

adopt ed igignfag salseve aaEb @MYy thize Apnasenld iciyetiadlono aindothkl i t ed
thereto) and is also applicable to a case in which a closed magnetic

act uat or 1Hawidg cyglsealpl4aced oipeded theser Naseendi Mphatadact asi shadapt ed.
Wi |l e the phase-change optical disc is accessed in the above enbodi nent,

t he presdm FiI®emlt i dihel sirmiotinlg miigaelishSndt andasd 2i,s whiiddl wrepglimpdlyl e to
optical pickups of optical disc devices that access various types of
optical dicsed Ay ddecinbedasieovomponenite Sor @ndntthiennegEitdive -phase t he
objective |l ens and the aberration correcting nechani sm are
component S7, of the driving signals S11 to S13 are input to
a detector circuit 57 in the demodulation circuit 42. The
potential difference between the driving signals S11 and S12
corresponds to the signal level with the amplitude limited
by one of the driving signals S1 during a period in which
the signal level of the rectangular wave signal S2 is HIGH,
and to the signal level with the amplitude limited by the
other driving signal S2 during a period in which the signal
level of the rectangular wave signal S2 is LOW. Therefore,

the signal levels of the driving signals S11 and S12 vary

depending on the rise and fall of the signal level.



- 29 held so as to nove together, the characteristics can be effectively
prevented from being deteriorated by the displacenent of the objective |ens
and the aberration correcting nechanism Wile the present invention has
been described with reference to what are presently considered to be the
preferred enbodi nents, it is to be understood that the invention is not
limted to the disclosed enbodi nents. On the contrary, the invention is
i ntended to cover various nodification 8and equi val ent arrangenents
included within the spirit and scope of°the appended cl ains. The scope of
the followng clains is to be accorded the broadest interpretation so as to
enconpass all such nodifications and equival ent structures and functions.
- 30 WHAT | SBEsABMED EkBislprAncdpilecalinpitbleudembdtilaxéonhscarrcheast?2,
tracking control and focusing control by noving an objective | ens by an
act uat or ,theaidt-ioping sdignadleu® ldommd S 1Py aran delfjeedteidy dyl die fdmtecdlorect i ng
a |l aser beamonto an optical disc; an aberration correcting nmechani smfor
correct i mreuwidy éff.ortthegfevh@eneratipanm inesiddive e tegitdolsiignElve | ens;
and _ , a holding mechanismfor holding said objective |lens and

and a negative detector signal having peak values

corresponding to the positive 1imit value and the negative

limit value of the limiter 45. Then, DC components are cut

by subsequent high pass filters (HPF) 58 and 59.

Consequently, driving signals SS1 and SS2 are generated,

respectively, for the A liquid crystal 40 and the B liquid

crystal 41.

More specifically, the demodulation circuit 42 includes

only passive elements that do not need a power supply, as

shown in FIG. 9. Therefore, the driving signals SS1 and SS2

can be separated without supplying any power when the

driving signals S1 to S4 are multiplied and transmitted in

this way in the optical pickup 5.

That is, the driving signals S11 and S12 are applied to

both ends of a series circuit formed by a resistor R1 and a

diode D1, and the series circuit of the resistor R1 and the

diode D1 forms a first detector circuit for detecting the

driving signal for the B liquid crystal 41. Similarly, the

driving signals S11 and S12 are applied to both ends of a

series circuit formed by a resistor R3 and a diode D2 that

is reversely connected, and the series circuit of the

resistor R3 and the diode D2 forms a second detector circuit



said aberration correcting nmechani smtogether so that said objective |ens
and said aberration correcting nmechanismare noved by said actuator. 2. An
optical pickup according to claiml, wherein said aberration correcting
mechani smhas liquid crystal that is driven to correct the wavefront of the
| aser beam 3. An optical pickup according to claim1, wherein said
actuator has a plurality of springs that novably hold said hol ding
mechani sm 4. An optical pickup accorqing to claim3, wherein a driving
signal for said aberration correcting chanismis - 31 input via said
springs. 5. An optical pickup according to claim3, wherein a driving
signal for said actuator is input via said springs.
. ASl . AyfArAdAtAcA@ng. Ahe driving signal for the A liquid crystal 40.
y. A . A& A(L. A N9. Assy. AL. AL. AsN9. Ass. A9Ly. A(e. ALay. A. AY. A'N. AN. A". A". AN A
y. A A9[, 3MPh3fgrther, in the demodulation circuit 42, a capacitor Cl1
and a resistor R2 constitute the high pass filter 59, and a
capacitor C2 and a resistor R4 constitute the high pass
filter 58.
(2) Operation of the Embodim%nt
In the optical disc device 1 having the above
configuration (FIGS. 2 and 3), desired data is recorded on
the optical disc 2 by intermittently increasing the amount
of light of the laser beam L1 emitted from the optical
pickup 5. The result of reception of return light detected
by the optical pickup 5 is processed by the matrix circuit 6
so as to obtain a playback signal RF, and data recorded on
the optical disc 2 is read by signal-processing the playback
signal RF.
After the laser beam L1 passes through the aberration
correcting mechanism 16, it is applied onto the optical disc
2 by the objective lens 17. The wavefront of the laser beam
L1 is corrected by the aberration correcting mechanism 16,
and spherical aberrations can be prevented even when the
laser beam L1 is applied by the objective lens 17 having a
high numerical aperture. This makes it possible to record
desired data on the optical disc 2 with high density, and to

read the data thus recorded.

The aberration correcting mechanism 16 is held together
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can be prevented. Moreover, individual differences of the
optical pickups 5 can be made smaller than in a case in
which the objective lens 17 and the aberration correcting
mechanism 16 are mounted separately. As a result, it is
possible to produce high-precision optical pickups that do
not vary widely.
Since the aberration correcting mechanisﬁ 16 includes
the liquid crystal (FIG. 5), an increase in mass of the
object to be moved due to the addition of the aberration
correcting mechanism can be made smaller than in a case in
which the aberration correcting mechanism is formed of
lenses. This can prevent the deterioration of the
characteristics of the actuator 21.
That is, in the optical disc device 1 (FIG. 2), for
example, the amount of jitter is detected by the jitter

detection circuit 7 on the basis of a playback signal RF
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the controller 8 on the basis of the detection result.
Further, the driving signals S1 and S3 of predetermined
signal levels for the aberration gorrecting mechanism 16 are
generated on the basis of the correction amount.
In the optical disc device 1, the driving signal SO for
tracking control and the driving signal S4 for focusing
control are generated by the servo circuit 4 on the basis of
the tracking error signal TE and the focusing error signal
FE. These driving signals S1 to S4 are multiplexed by the
transmitting section 10, and are transmitted to the optical
pickup 5. The multiplexed driving signals are separated on
the side of the object moved by the actuator 21 in the’
optical pickup 5, thereby driving the actuator 21 and the
aberration correcting mechanism 16.
In the optical pickup 5 (FIGS. 1 and 4), the
suspensions 25 are held at one end by the terminals 27 which
are held by the suspension base 26 on the fixed side of the
actuator 21, and hold at the other end the objects to be
moved, such as the objective lens 17 and the aberration
correcting mechanism 16. The magnets 33 are held on the

fixed side, and the tracking coil 30 and the focusing coil

31 are placed on the movable side, so that the objective
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lens 17 and the aberration corfecting mechanism 16 are moved
together in the optical disc device 1.

Thereby, the objects to be moved are held with a so-
called cantilevered structure using four suspensions, and
the driving signals for the actuator 21 and the driving
signals for the aberration correc;ing mechanism 16 are
multiplexed and supplied via the four suspensions.

This makes it possible to supply these driving signals
to the objects to be moved in the optical pickup 5 over the
same number of paths as that of the conventional paths for
transmitting the driving signals for tracking control and
focusing control. Therefore, the objective lens 17 and the
aberration correcting mechanism 16 can be held and moved
together by the actuator 21 without forming a new path for
supplying the driving signals. This makes it possible to
reduce the size and weight of the entire device, and to
effectively prevent the moving characteristics of the
actuator 21 from being deteriorated by a new signal supply
line.

That is, when a case in which driving signals for the
aberration correcting mechanism 16 are supplied via added
leads is applied to the above configuration described with
reference to FIG. 4, the dynamic resistance is increased by
leads 60 during the driving of the actuator 21, and the

sensitivity of the actuator 21 is thereby decreased, as
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shown in FIG. 10. Moreover, the skew is substantially
changed by changes in tension of the leads 60.

Incidentally, in the actuator of such an optical pickup
that records desired data with high density, the depth of
focus of the used objective lens is small because the
objective lens has a high numeric§l aperture. For this
reason, the actuator is required to have a higher
sensitivity for focusing control. Further, since the
tracking pitch is reduced, the sensitivity is also required
to be increased for tracking control. Therefore, when the
driving signals for the aberration correcting mechanism 16
are supplied via the leads 60, as shown in FIG. 10, basic
characteristics of the actuator 21 that are required for
high-density recording cannot be ensured. It is also

. thought that a resonance mode caused by vibration of the
leads 60 has an adverse influence on the movement by the
actuator 21.

In contrast, since the driving signals for the actuator
21 and the driving signals for the aberration correcting
mechanism 16 are supplied via the four suspensions in this
embodiment, increases in dynamic resistance can be prevented,
and changes in tension can also be prevented. This makes it
possible to ensure a sufficient sensitivity and to prevent
comatic aberrations from being increased by changes of the

skew. It is also possible to effectively avoid the
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influence of the resonance mode caused by vibration of the
leads.

The aberration correcting mechanism 16 having such a
structure (FIG. 5) is formed by stacking the glass
substrates 16A, 16B, and 16C, each having electrodes, with
liquid crystal therebetween, the Senter glass substrate 16B
being larger, and the flexible wiring board 39 being placed
in the extra portion thereof. In the optical pickup 5, the
demodulation circuit 42 for separating the multiplexed
driving signals is placed on the flexible wiring board 39,
and the flexible wiring board 39 is also used as a lead
handling section for the tracking coil 30 and the focusing
coil 31. For this reason, in the optical disc device 1, the
demodulation circuit 42 is placed by effectively using the
limited space in the optical pickup 5, and operations such
as an operation of connecting the tracking coil 30 and the
focusing coil 31 can be simplified.

When the driving signals S1 to S4 are thus multiplexed
and transmitted in the optical disc device 1 (FIG. 1), the
rectangular signal wave S2 having a sufficient amplitude and
having a duty ratio of 50% is generated by the rectangular-
wave-signal generating circuit 9, and the positive amplitude
and the negative amplitude of the rectangular wave signal S2
are limited in the limiter 45 by the driving signals S1 and

S3 for the aberration correcting mechanism 16. Further, the



10TTCDEEEFEGENEEXFI _@TT!'s "109& ()-"!s! 109 ()- s!10%& ()- &L0%&' ()-

10 10" . & 109& ()-Z 1JJJJJIJ. LNUV7OTT Y!I 109& ()-s "109%& () -
1109 ()-10% ()- 10}} 10}} 10}}!'s "109%}& ()-" NN OHPI PJPKPRP_Rr S40T
| 10%@&. () ~F&10%@& ()- 10 10

10! SL-' 1 10%&' ()-9L-'110%&' ()-9! Y 10% | & ()- RRnTTUUUUU} r g\ =0T: 109%&' () -

10@

- 25 -

in-phase output S6 in phase with the output signal from the
limiter 45 and the negative-phase output S7 whose phase is
reversed with respect thereto are generated by the
differential amplifier 46.

In the optical disc device 1, a pair of lines used to
transmit the driving signal SO fog tracking control in the
adding circuit 48 and the driving circuits 49 and 50 are
commonly biased in accordance with the in-phase output S6,
and one driving signal S1 for the aberration correcting
mechanism 16 is thereby multiplexed with the driving signal
S0 for tracking control. Similarly, a pair of lines used to
transmit the driving signal S4 for focusing control in the
adding circuit 53 and the driving circuits 54 and 55 are
commonly biased in accordance with the negative-phase output
S7, and the remaining driving signal S3 for the aberration
correcting mechanism 16 is thereby multiplexed with the
driving signal S4 for focusing control.

These lines are guided to the flexible wiring board 39
via the terminals 27 and the suspensions 25, and the
commonly biased lines are connected to the tracking coil 30
and the focusing coil 31 corresponding thereto.
Consequently, the tracking coil 30 and the focusing coil 31
can be driven by the driving signals S0 and S4 for tracking
control and focusing control without being influenced by the

driving signals S1 and S3 for the aberration correcting

10

10@



10@! 10%@& ()-! 109& ()- 109%@& ()-! !109%& ()- UWWEYI[J[K[L[}~SH=0T 10 10
10s@! 10%&' ()-!109& ()- ! & 109@@& ()-'' & 109& ()-"

& 109%&' ()-"L[S[[\]]~dESH=0T 10&S) 10%& ()-!10%& ()-f&L0%& ()-!10%& ()- 9
GLOYR ()- " 109& ()-~ " """ aa_=0T! "10%(z(& ()-Z ! "10%& ()-Z i

1 1098 ()-3910%: ()- 10 10 10SF+! 10%& () -

- 26 -

mechanism 16.

On the other hand, the potential difference between the
lines simply biased by the in-phase output S6 and the
negative-phase output S7 is detected by the first and second
detector circuits in which the diodes D1 and D2 are oriented
in opposite directions in the demgdulation circuit 42 (FIGS;
8 and 9), and the positive amplitude and the negative
amplitude set by the limiter 45 are thereby reproduced.
Further, the DC components are cut by the high pass filters.
The A liquid crystal 40 and the B liquid crystal 41 are
driven in response to the outputs from the high pass filters,
respectively, and the wavefront of the laéer beam L1 passing
through the A liquid crystal 40 and the B liquid crystal 41
can be thereby corrected to correct aberrations.

(3) Other Embodiments

While the demodulation circuit is composed of only
passive elements in the above embodiment, the present
invention is not limited thereto, and the demodulation
circuit may include an active element, as required. In this
case, it is possible to perform transmission while
superimposing the power supply on the signal lines, and to
demodulate the driving signals by various methods, instead
of the demodulation by the detection using the diodes.
Various multiplexing methods may be widely adopted.

While the wavefront of the laser beam is corrected
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while centered on the optical axis in the aberration
correcting mechanism by concentrically forming the
transparent electrodes in the above embodiment, the present
invention is not limited thereto, and is widely applicable
to various cases for wavefront correction, for example, a
case in which the wavefront is cogrected in the inner and
outer peripheral directions of the optical disc.

While the aberration correcting mechanism includes a
pair of liquid crystal layers in the above embodiment, the
present invention is not limited thereto, and is also
applicable to a case in which driving signals are
transmitted with the aberration correcting mechanism
provided with more liquid crystal layers, and a case in
which driving signals are transmitted with the aberration
correcting mechanism provided with various correcting
structures other than the liquid crystal.

While the optical pickup has a so-called cantilevered
structure using four suspensions in the above embodiment,
the present invention is not limited thereto, and is also
applicable to optical pickups having various holding
mechanisms, for example, a case in which the optical system
is movably held from both sides by base members placed on
both sides of the optical system.

While the transmitting section is placed outside the

optical pickup in the optical disc device of the above
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embodiment, the present invention is not limited thereto,
and for example, the transmitting section may be placed on
the fixed side of the optical pickup.

While the driving signals for the aberration correcting
mechanism are generated by detecting the amount of jitter in
the above embodiment, the present’invention is not limited
thereto, and is also widely applicable to various cases in
which driving signals are generated, for example, a case in
which an envelope of the playback signal RF is detected and
driving signals for the aberration correcting mechanism are
generated in accordance with the level of the envelope.

While a so-called opened magnetic actuator, in which
the tracking coll and the focusing coil are placed between
the opposing magnets, is adopted in the above embodiment,
the present invention is not limitéd thereto, and is also
applicable to a case in which a closed magnetic actuator
having yokes placed opposed to corresponding magnets is
adopted.

While the phase-change optical disc is accessed in the
above embodiment, the present invention is not limited
thereto, and is widely applicable to optical pickups of
optical disc devices that access various types of optical
discs.

As described above, in the present invention, since the

objective lens and the aberration correcting mechanism are
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held so as to move together, the characteristics can be
effectively prevented from being deteriorated by the
displacement of the objective lens and the aberration
correcting mechanism.

While the present invenfion has been described with
reference to what are presently c9nsidered to be the
preferred embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments. On
the contrary, the invention is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims. The scope of
the following claims is to be accorded the broadest
interpretation so as to encompass all such modifications and

equivalent structures and functions.
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WHAT IS CLAIMED IS:

1. An optical pickup that exerts at least tracking
control and focusing control by moving an objective lens by
an actuator, said optical pickup comprising:

an objective lens for collecE;ng a laser beam onto an
optical disc;

an aberration correcting mechanism for correcting a
wavefront of the laser beam incident on said objective lens;
and

a holding mechanism for holding said objective lens and
said aberration correcting mechanism together so that said
objective lens and said aberration correcting mechanism are

moved by sald actuator.

2. An optical pickup according to claim 1, wherein
said aberration correcting mechanism has liquid crystal that

is driven to correct the wavefront of the laser beam.

3. An optical pickup according to claim 1, wherein
said actuator has a plurality of springs that movably hold

salid holding mechanism.

4. An optical pickup according to claim 3, wherein a

driving signal for said aberration correcting mechanism is



1!

1109%& () -9@0%& ()-99! 10%&' ()-9Y310%& ()-yl09%%& ()-3910%& ()-)\dELCO
1! o

1. 10%& ()-&+t1096& ()-9,)!10%& ()-L" 109%& ()-&H#109%0& () -9! 10%& () - =UxnbCO
1! 1:10%& ()- 105 105 105S8 109%& ()-s610%& ()-&210%& () - &0

10%& ()-XZxnbCO0 1! 1:10%&k ()- 105 105 105S8 1109 10%&' ()-109& ()-9

10%&' ()- Normal" "Heading 13]c" "Headipyg 23]c" "Heading 33]c" "Heading

43] c" "Heading 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93] c" A "Default Paragraph Fontum *', 2b7<FBGIMRKX] bhnr _x} H

Z~gu¥%bJpZnopqr st uvPI7H! $+*, / 57k: ?CI N_RUL[ “aekpt pvg{ GdxZwxyz{| } ~6Ti mes New
RomanAr i 4RPBtr vép sehdhsRE&RIERt r yWor dDocument [

" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

5. An optical pickup according to claim 3, wherein a

driving signal for said actuator is input via said springs.



