15 Septenmber 2005 OPTI CAL PI CKUP BACKGROUND OF THE I NVENTION 1. Fiel d/gf
the Invention The present invention relates to an optical pickup, and fore
particularly, to an optical pickup which is applicable to an optical disc
device in which an optical disc is accessed by an optiCaIﬂ§3@ﬁ@ﬁb@qmngg a
ht-gh numerical aperture. The present invention ains to effectively avoid
deterioration of the characteristics due to the displacenent of an

obj ective lens and an aberration corregcting nmechanism by hol ding the

obj ective lens and the aberration correcting mechanism so that they nove
together. 2. Description of the Related Art Hitherto, conpact discs and
-mni discs used for nusic, DVDs gtigital Versatile Discs) used, for :
exanpl e, for novies, M3 and FIEKWEor data recording in conputers
have been used as optical discs. 1 "' In optical disc devices for accessing
such optical discs, the wavelength of a | aser beamto be applied to the

opti cal _di | ecre d he nunerical aperture of an optical system
is incrgggggRbﬁNgrégr%ﬁﬁ F@Qﬂ@%lsﬁe size of the beam spot formed on the
infornagion neigrdin surface of the optical disc, and to further increase
the recdrdi Age-8eRSi tfe Invention |

The present invention relates to an optical pickup, and )
more particularly, to an optical pickup'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 mofe 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 disee.

" 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.



15 Septenber 2005 - 2 However, when an optical disc is accessed with an
obj ective lens having a high nunerical aperture, spherical aberration is
caused by variations in the thickness of a light transmtting: layer of the
optical disc. Furthernore, it is usual to increase the nuBsifiahbaRRipkur e
ot the objective Iens by using a so-called two-el enent objective lens. In
this case, spherical aberrationis also caused by variations of the
di stance between the | enses. \Wen the  recording capacity is increased by
formng the information recording Suffiace of the optical disc of multiple
| ayers, spherical aberration is also caused by these nultiple |ayers. For
this reason, for exanple, Japanese Unexam ned Patent Application
Publ i cati on Rowe?€00-#B&608n poppbsatr dhscaberaatessedowieht ang nechani sm
for correcting such aberrations, in which a lens is interposed between an
obj ect i p@Jeekd.vandeas| hevingi ghhigbunueesdcald apecdurect spheriwatef ront of
a laser beam 1n such aberration correction, however, the objective Iens
and t hea®garpiioon isocpusednynvariatdonsainbdheditbiickpedsf odmaeach ot her.
In this _case, the characteristics are inevitably deteriorated by sonatic
aber r at iL48bitn tTRBSHALILARY BRYREp CfSURRARY tdFatHE1ERVENFIONhErmopee s ent
I nvention has been nmade in view of the 15 Septenber 2005

it is usual to increase the numerical aperture of the

objective lens by using a so-called 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 iight source so0 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. In this case, the

characteristics are inevitably deteriorated by comatic

aberration in the optiecal 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 displacenent of an objective lens and an aberration correcting
mechani sm can be prevented effectively. In order to over cgngepidifter 2005
probl ens, according to an aspect, the present invention provides an optical
pi ckup having a hol di ng nechani smthat holds an objective |lens and an
aberration correcting nechani smtogether so that they can be noved by an
actuator. In this case, the aberratioh correcting nechanismcan be _
precisely positioned relative to the objective lens, and variations can be
reduced. It is also-possible to prevent the aberratlon correcting -

mechani aho¥eoproelens di apflagedobjeon ofiethd| Enventibenss todptrovider eby
effectively prevent the deterioration of the characteristics due to the

di spl acepefPtafal hpickipcinvehiehsthaddeherapeationont therecting
mechani sm Preferably, the actuator novably holds the holding nechanism by
a pIuraPh@?aéFe§b$Fh§§ daadte bhevihgpbagementfof eneobliertaveoker®drrecting
mechanismis input via the springs. This nmakes it possible to effectively
preventaPﬂea“nﬁg?ﬁﬁaEh%Pa%?E¥?§F%E§ Becharl gt gakobef PERYSRTRY
ggggrlorg%ggtggeih? supply of the driving signal via a |lead 15 Septeﬁber

In order to overcome such problems; according to an
aspect, the present invention provides an optical pickup
having a holding mechanism that holds\an objective léns aﬁd
an aberratidn correcting mechanism togéther 50 that they can
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 redﬁced. It is also possible to prevent
the aberration cor:ecting mechanism from being displaced
from the objective lens, and to thereby effectively prevent
the deterioration of the characteristics due to the
displacement.of the cobjective 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
siize. Further objects, features and advantages of the present invention
wi |l becone apparent fromthe following description of the preferred '
embodi ments with reference to the attached draw ngs. BRI E5 Shsiemb&T209% 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 opti.cal systemin an optical pickup that is applied to the optical disc
device shown in FIG 1; FIG 3 is a Befspective vi ew 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 expl 8fedhgeddpect itee simphiypithenengiae cab€igaraddoagr aadt t8g nmechani sm
that is applied to the optical pickup shown in FIG 2; FIG 6 is a block
di agr anFSH8®en&he SAgAsnitting section and the optical pickup that are
applied to the optical disc device showmm in FIG 1, FIG 7 is a signal
wavef or m cha¥ P ERBF aPRi ®gLts hefeakareni and oadvin tages nof stiymapse st

Septenbir 2005 FIG. .8 is a block diagramof a denodul ation circuit
nvention 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 presenﬁ 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 té the
optical disc device shown in FIG. 1;

FIG. 7 is a signal waveform chart explaining the

transmission of driving signals;



shown in FIG 6; FIG 9 is a connection view show ng the details of the
denodul ation 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 mechani sf§ sgfhidnb&adds
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An enbodi ment of the present
invention will be described in detail below with reference to the attached
drawi ng. (1) Configuration of the Enbgdinent FIG 1 is a block diagram of
an optical disc device according to an enbodi ment 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 notor 3
rotational | yYFEGi v@sis he nhoeck aliagsan 208ta adems @B ELoMm NeDré@iat i on speed
under the control of a servo circuit 4. An optical pickup 5 applies a
| aser b&kAWR11BNFEGEhE: optical disc 2, receives return |ight thereof, and
outputs the result of the Iight reception. In the optical disc device 1,
a tracking effor 3ippar qeueetion vide shewilhg St eddeni DOOSF -tiee
generated b rocessing the reception result, and data recorded on the
opticaldemgéugaF§°Pe§6F0¢h§ spevralnpFERups;: 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 bPresent invention. 1In
this optical disc device 1, an optical disc 2 is a phase-
change optical disc capable of high-density recording. A
spindle mbtor 3 rotationally drives the optical disc 2 at a
predetermined rotation speed under the control of a servo
circuit 4.
'An pptical pickup 5 applies a laser beam L1 dnto 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



S5intermttently increases the anount of |light of the |aser beam Ll to be
applied to the optical disc 2 by a driving circuit (not shown), and
sequentially produces a string of pits (recording narks) on the opti cal
disc 2 to record desired data thereon. A matrix circuit (1¥Serflerfbd 20bS
the reception result output fromthe optical pickup 5 to a matrix
operation after current-voltage conversion, and thereby generates a
tracking error signal TE whose signal |evel varies depending on the
anount of tracking error, a focusing &rfor signal FE whose signal |eve
vari es depending on the amount of focusing error, a wobble signal whose
signal level varies with the wobbling of grooves forned on the opti cal

di sc. 2, ggngirayedc bys pgreksBEnghdhe segepltioavelesvudrt,eanid daggor dance with a
string of pits formed on the optical disc 2, and the like. 1In the optical
di sc de¥egerdeddgnathecopdddadndilse @ptiscakaddi STh2 ioptiead byckubj ecting
t he plagback signal RF to signal processing. Ajitter detection circuit 7
bi nari z&s 1AGTPLEEe854Y ilnprepisaghible singnalt RE dbchitned fthemlasbess pits
and recording marks on the optical disc 2, and thereby detects and

out put s PERE égmﬁﬁt bgf appiied &p the ppiajbadkdisgndl bRFa Ardwnangol | er 8
control s .the operation of the entire 15 Septenber 2005 - 7 optical disc
devi ce PIRAPEE Z?@EUFPHUDA'pPEQeFéﬁﬁﬁﬁ§éalgVo9§§§pﬁgspﬁo@é@@ng.Ofn this

control .Ehe contrql.ler 8 _ :
pbits (recording marks) on the optical disc 2 to record

desired data thereon.

A matrix circuit (MA)‘G subjects the recebtion resuli
output from the optical pickup 5 to a matrix operation after
curfent—voltage conversion, aﬁd thereby generates a trécking
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 énd
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



calcul ates a control value for an aberration correcting mechani sm di sposed
in-the optical pickup 5 on the basis of the jitter detection result
obtained fromthe jitter detection circuit 7, and outputs driving signals
S1 and S3 for the aberration correcting mechani smon the {@sése@bet 305
calculation result. The servo circuit 4 outputs driving signals SO and $4
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 eFr8r‘signaI FE. A

rect angul ar-wave-si gnal generating circuit 9 generates and outputs a
rectangul ar wave signal S2 having a duty ratio of-50%in which the current
| evel i opkicadd disavideyiae dnwhiilledexedfiftitigent bredetalalindaan that of the
driving voltage for the aberration correcting nechanism disposed in the
opt i cal PFloglessiBg Arocadsmet.t | g $hdisi eont@olgerbeaicentitoanem $si on drivi ng
signals S10 to S13 by nultiplexing the driving signals SO and S4 for

t racki n§galegdates andonseedi ngluentfoal aandbeleadion kgryegtang S1 and S3
for the aberration correcting nmechanism and outputs these driving signals

S10 to BEShesisRe ddgpregd giciths Sptlicalhpicptipcsl odi $hedewisde bf according -

to the d%%¥Ln 15 Septenber 2005 - g signals S10 to S13, the tracking and
f ocusi n§b6f Jifdegpdetactigne pesud tapbtednedofiron, thed jtificeaber rat i on

correctin% . . .
detection circuit 7, and outputs driving signals S1 and S3

for the aberration correcting mechanism on the basis of the
calculation result.

The servo circuit 4 outputé driving signals S0 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 rectangular-wave-signal generating circuit ¢
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 SO and S4 for tracking
confrol and focusing control and the driving signéls 51 and
53 for the aberration correcting mechanism, and outﬁuts
these driving signals S10 to S13 to the optical pickup 5.

In the optical disc device 1, according to the driving



S——

mechanismis driven. FIG 2 is a side view show ng an optical system of the
optical pickup 5. In the optical pickup 5, a laser beamLl is emtted from
a |laser diode 11 that forms an integrated circuit with a light-intensity
noni toring nmechanism and 0 order and 1-order diffracted {5 gMeiea®o8r €
generated by a grating 12. The | aser beam L1 including the 0-order and 1-
order diffracted light beans is transmtted through a subsequent

pol ari zati on beamsplitter 13, is guided to a collimator lens 14, and is
converted to a substantially paraITe¥ beam by the collimtor |ens 14.
Further, the laser beam Ll is polarized by a subsequent quarter wave pl ate
15, and is collected onto an information recording surface of the optical
di sc 2 bygnalsbf@ot tuesiansthé basuckgng AhghfoBuBRhgcak @REr byt ecand
conposed of two | enses 17A and 17B. In the optical pickup 5, an aberration
- corr ect phgkupebhanesaraérodledt eapdstbiebabeeeatibn qoaréetingve pl ate 15

and the obgective lens 17 so as to correct the | aser beam L1l for
aber r athepBapysysiagdriyand crystal. By applying the |aser beam Ll to the
optical disc 2 via such an optical path, return light of the |aser beam L1
foll ows the ¥Everdelom i ghde gatew haning sazeropicbeal Isystdmef dpite cal

pi ckup 5, and_is _separated fromthe optical path of 15 Septenber 2005 - 9
the | as@Ptheah PickyPt Re pbRakheaePbhcatapishipt beralBasefheeamtiitn | i ght

S processed.bx a .multi-element |ens :
1s emitted from a laser diode 11 that forms an integrated

circuit with a light-intensity monitoring mechanism, and 0- -
order and *l-order diffracted light beams are generated bj.a
grating 12. The laser beam Ll including the O-order and =1-
order diffracted light beams is trarismitted through a
subsequent polarization beam splitter 13, is guided 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 quarter 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



19, and is then received by a photoreceptor 20 having a plurality of

recei ving surfaces of a predeterm ned shape. The optical pickup 5 outputs
the reception result of the photoreceptor 20 to-the above-described matrix
circuit 6. In the optical disc device 1, a tracking errorissgidhber2008
generated in a differential push-pull nmethod and a focusing error signal
FE is generated in an astignmati smnethod by processing the return tight by
the nulti-elenent lens 19, and processing the reception result of the

phot oreceptor 20. by the matrix ciFc®it 6. In the optical pickup 5, the
objective lens 17 and the aberration correcting nmechanism 16 of the
optical system having such a |layout are held together, and are-driven

t oget heithby laseacbeatoL12byi mher gelakezatieat beahy spnavest 1the

di spl acenent between the objective lens 17 and the aberration correcting
mechani sm 16Thendeterprbigit ideprobedect ey Shimslfionl dpemy Teteri or at ed
by the displacenent. FIG 3 is a. perspective view of the actuator 21 that
thus holl@s Bhé &bj tbenveekenved7bgnd phetabereptban20caakeayi Ag. nmechani sm
16 together, as viewed fromthe side of the laser diode 11. FIG 4(A) is a
pl an vi BhWushliky ofcresedving, susfacenmedff aopreleteirnenefl shapaptical disc
2, ~and FIG 4(B)_is a partial sectional transparent side view 15

Sept emb&Re200ticaiopirkupcuauspubs tbedsechptdpni rakudysofntba a

suspensi on base 26 with suspensions 25 formed of an -
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 method and a focusihg
error signal FE is generated in an astigmatism method by
processing the return'light by the multi-element lens i9,
and processing the reception result of the photoreceptor 20 .
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 beihg 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 fhe 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.



el ongated rodli ke spring. The suspension base 26 is a holding nenber held
by- a base nenber of the optical pickup 5, is nmade of a resin material or
the like, and has, on its rear surface, four termnals 27 to which the
driving signals S10 to S13 are respectively input. The sugsdpidmtst 28bsar e
réspectively connected to the termnals 27 at one end, and protrude, at
the other end, toward the side opposite from the termnals 27. In the
actuator 21, fittings of a bobbin 28,are held at the other ends of the
suspensi ons 25. The bobbin 28 holds “the objective lens 17 via a |l ens

hol der 29, and al so holds the aberration correcting nmechanism 16. Further,
a tracking coil 30 and a focusing coil 31 are wound on the bobbin 28. The
suspensi ons BB @retuairRl Jentds cheapitihesbbjestéweon l&ns 17 and the
aberration correcting nechanism 16 can be noved together in various

di rect i BHSPEeRfiehebage udb oFibh suspensionsnagnéosme8 afeapl aced so as to
sandwi ch_the bobbin 28 with a predeterm ned space therebetween. The

tracki ngleBFRted FedlikecfPHing he Fagnaespensian base 2heivbhective | ens 17
and the ai&rration correcting nechani sm 16 can be noved together in the
radi al DOTLRY; BARET t held phy cal base dnembes efotpe yphieal Rickwr 5t he
focusing coil 31.is driven so that the objective lens 17 15 Septenber 2005
- 11 aﬂﬁ PRAC BEr 7 F O CBR PRI hPFebRant the 16284088, @R ebt$ oget her, as

shown b¥e9£r8H££%céP éggrté£hf§gf e2§h§0 which the driving signals

510 to 813 are respectively input. The suspensions 25 are
respectively connected to the terminals 27 at one end, aﬁd
protrude, at the other end, toward the side opposite from
the terminals 27. |

In the actuator 21, fittings of a bobbin 28 are held at
the other ends of the suspensions 25. The bobbin 28 holds
the objective lens 17 via a lens holder 29, and also holds
the aberration correcting mechanism 16. Further, a tracking
coil 30 and a focusing coil 31 are wound on the bobbin 28.
The suspensions 25 are thereby bent so that the objective
lens 17 and the aberration correcting mechanism 16 can be
moved together in variouardirections.

' 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 objéctive lens 17 and the aberratién
correcting mechanism 16 can be moved together in the radial
direction of the optical disc 2, as shown by arrow A, and

. the focusing coil 31 is driven so that the objective lens 17



di stance to the optical disc 2. FIG 5 is an expl oded perspective view
showi ng the structure of the aberration correcting nechanism 16 that is
thus held together with the objective lens 17. The aberration.correcting
nmechani sm 16 is formed by stacking glass substrates 16A, m%ﬂgy%ggthfl
| i~qui d crystal therebetween. Transparent el ectrodes 16BA and 16BB

formed on al nost the entirety of both surfaces of the center glass
substrate 16B, and transparent el ectrodes 16AB and 16CA are formed on
surfaces of the upper and |ower gl asst! substrates 16A and 16C opposing the
transparent electrodes 16BA and 16BB. Each of the transparent el ectrodes
16AB and 16CA includes a circular inner peripheral electrode forned at the

center uinérahl, abedratibngcsitapediagt aecpaniphenal caheekr adged or ned so as
to encircle the inner peripheral electrode. The inner peripheral electrode
and t he toge¢hemer iahehalwn dlyeatrirote B3r @nsuvkjdeet €d thanakt age di vi di ng by
resistors, and predeterm ned driving signals SS1 and S52 are applied

bet ween dtilsd angeetoaktieovpeicpdr idpker al. el ectrodes and the transparent
el ectrodes 16BA and 16BB of the glass substrate 16B opposed thereto. The
wavef ront of FIGe baterabeaxplddepapsispethiveghieheshbeinat tihva correcting
mechani sm 16 is 15 Septenber 2005 - 12 thereby corrected so as to correct
aber r at S§f¥ctuFe: RE iber phersatdonr soriregtinghmecbaniém ke tbeatt dis

thus held together with the objective lens 17. The
aberrétion correcting mechanism 16 is formed by stacking
gldss substrates 16A, 16B, and 16C with liquid crystal
therebetween. Transparent electrodes 16BA and 16BB are
formed on almost the entirety of both surfaces of the center
glass substrate 16B, and transparent electrodes 16AB and
16CA are formed on surfaces of the upper and lowef glass
substrates 16A and 16C opposing the transparent electrodes
16BA and 16BB.

Each of the transparent electrodes 16AB and 16CA
includes a circular inner peripheral electrode formed at the
center thereof, and a ring-shaped outer peripheral electrode
formed so as to encirclelfhe inner peripheral electrode.
The‘innef bperipheral electrode and the outer peripheral
electrode are subjected to voltage dividing by resistors,
and predetermined driving signals SS1 and SS2 are applied
between the inner and outer peripheral electrodes‘and the
transparent electrodes 16BA and 16BB of the glass substrate
' 16B opposed thereto. The wavefront of the laser beam L1

. Passing through the aberration correcting mechanism 16 is



gl ass substrate 16B is |arger than the upper and | ower glass substrates
16A and 16C, and partially protrudes therefrom A flexible wiring board 39
is placed in the protruding portion, as shown by arrow C. The flexible
wiring board 39 has voltage-dividing resistors RDL to RDA ff Qgpthiibopg t he
vol tages of the above driving signals SS1 and SS2 nounted thereon, and

al so a denodul ation circuit 42 that generates the driving signals "SS1 and
SS2 fromthe driving signals S10 to S13 is mounted thereon. In the optical
pi ckup 5, the driving signals S10 td2Sr3 output fromthe transmitting
section 10 are input to the flexible wiring board 39 via the suspensions
25. The tracking coil 30 and the focusing coil 31 are connected to the

f1 exi bl eherebpgcboredt88. sdhas tokesrirbcposbiblrationseffectively utilize
the flexible wiring board 39 so that the operation of connecting the
tracki ng coiln 3thanbdimatfar usimgecoitg e tiinben siepl tfd asbared he optical
pi ckup 5. The voltage-dividing resistors RDL to RD4 are nounted by

ef f ect i gdhgsusibstraget héBl isi ladgspatrahnthbeuppeircahd pbwEdpgbasand t he
denodul ation circuit 42 for the driving signals SS1 and SS2 is al so

nmount edSEheéteahes HbPAI anft &6C, t Ardaparhbhylyf proeridesi thergstan. hel d by
the glass substrates 16A and 16B, and the transparent 15 Septenber 2005 -
13 el ebt FbE8ibieABIEAET1BEArANAOt he pbacedeini Vhdi pyotesdsngrs RDL. and

RD2 corres Qnding to the liquid crystal will be
portion, as shown by arrow C.

The flexible wiring board 39 has voltage-dividing
resistors RD1 to RD4 for dividing the voltages of the aboﬁe
driving signals SS1 and SS2 mounted thereon, and also a
dembdulation circuit 42 that generates the driving signals
SS1 and 582 from the driving signals S10 to S13 is mounted
thereon. 1In the optical pickup 5, the driving signals S10
to 513 output from the transmitting section 10 are input to
the flexible wiring board 39 via the suspensions 25. The

" tracking coil 30 and the-focusing coil 31 are connected to
the flexible wiring board 39. This makes it possible to
effeqtively utilize the flexible wiring board 39 so that the
operation of connecting the tracking coil 30.and the
focuéing coil 31 can be simplified in the optical pickup 5.
The voltage-dividing resistors RD1 to RDP4 are mounted by
effectively utilizing the limited space in the optical
pickup 5, and the demodulation circuit 42 for theldriving
signals SS1 and SS2 is also mounted thereon.

Hereinafter, the assembly of the liguid crystal held by

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



referred to as "A liquid crystal 40". Simlarly, the assenbly of the
liguid crystal held by the glass substrates 16B and 16C, and the
transparent electrodes 16BB and 16CA and the voltage-dividing resistors’
RD3 and RD4 corresponding to the liquid crystal will be rgfgdi&@thdrooas "B
ltquid crystal 41". FIG 6 is a block diagram show ng the configuration
related to the denodul ation circuit 42 that generates the driving signals
SS1 and SS2. In the transmtting section 10 of the optical disc device 1,
as shown in FIG 7, a linmiter 45 idPts a positive anplitude and a
negative anplitude of a rectangular wave signal S2 by signal |evels VUP
and VLO of the driving signals Si and S3 for the aberration correcting
mechani shedtredes béAPuasdt heBAi andl thé nvdltagd-dWidiegreeenitote ON

vol tage of diodes D1 and D2 placed in the denodulation circuit 42 which
Wi || beRBEsand bl | averesponiiifigreottlé bhighidierydbalswillibéerentia
anplifying circuit in which a negative differential input termnal is

mai nt ai red toxas Vbl lbgeidaodysbathi0f ece$imblanlyutihe signal from
the limter 45 at a positive differential input termnal, subjects the
out put BFFRMIPLY °Ff i e ek bl @) canptal ikald oby tinel 9laputsubstiatehase
output .S6 in_phase with the input termnal and a negative-phase 15

Sept enbbfE 220G 1644 ardifhe Sranfeaeephaste¢trodesr LeB vind T&@bect to the
' nput tgﬁénégg'voltage—dividing resistors RD3 énd RD4 corresponding
to the liquid crystal will be referred to as "B liquid

crystal 41".

FIG. 6 is a block diagram showing the configuration
related to the demodulation circuit 42 that generates fhe
driving signals SS1 and 552, In the transmitting section 10
of the optical disc device 1, as shown in FIG. 7, a limiter
45 limits a positive amplitude and a negative amplitude of a
rectangular wave signal S2 by signal levels VUP and VLO of
the driving signals S1 and S3 for the aberration correcting
mechanism 16, - and outputs the signal. 1In FIG. 7, vd
represents the ON voltage of diodes D1 and D2 placed in the
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 é positive
differential input terminal, subjects the output signal to
differential amplification, and outputs an in-phase output

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



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
output signal fromthe adding circuit 48 and the in-phasesgdgsthhr®00BY
correspondi ng predeterm ned gains, and output the results. 1In the optical
disc device 1, a pair of output signals S10 and S11 thus obtained are
guided to the optical pickup 5 via a pair of lines, and are further
transmtted to an object to be noved4y the actuator 21 via a pair of
lines that are formed by the two pairs of terminals 27 and suspensi ons 25,
of the above-described four pairs of termnals 27 and suspensions 25.

Consequenitpyt 57 Wheserbhask dbSecdBY¥EE8 #itharBapecel tbi RS fiput
transmtting the driving signal SO for tracking control are conmmonly

bi ased iteradaandance with the driving signal S1 for the aberration
correcting mechanism 16 so that the driving signal SO for tracking contro
and the driknnaddigoatitzuforis heaaberiat i0pkass echtpat neschesi sne 16 are

mul ti pl exed and transmtted. Simlarly, an adding circuit 53 adds the
negat i vérplvdsg sdghplt S87font prackinm tbatdoflf ewhnthal saspki bFethd6 to the
driving signal $S4 for focusing control, which is the remining one of the
dri vi ngdgiiyaags sfignailkefart theorcRtatds Stpt eniepu2Pbs- thé anm out puts the
sumthereof. Driving circuits 54 and 55 anplify the output signal fromthe
addi ng ¢heggef -53DgAYingecircuits 49 and 50 amplify the output

signal from the adding circuit 48 and the in-phase output S6

by corresponding predetermined gains, and output the resuits.

In the optical disc device 1, a pair of output signals S10

and S11 thus obtained are guided to the optical pickup 5 via

a pair of lines, and are further transmitted to an object to

be moved by the actuator 21 via a pair of lines that are

formed by the two pairs of terminals 27 and suspensions 25,

of the above-described four pairs of terminals 27 and

suspensions 25. Consequently, in the optical disc device 1,

alpair of lines for transmitting the driving signal S0 for

-tracking,control are 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 negétive-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,



. negative-phase output S7 by-corresponding predeterm ned gains, and output
the results. In the optical disc device 1, a pair of output signals S12
and S13 thus obtained are also guided to the optical pickup 5 via a pair
of lines, and are transnitted to the object to be noved by ddaeridroabgr 21
via a pair of lines formed by the remaining two pairs of termnals 27 and
suspensions 25, of the above-described four pairs of termnals 27 and
suspensi ons 25. Consequently, in the optical disc device 1, a pair of
lines for transnitting the driving di%gmal S4 for focusing control are
comonly biased in accordance with the driving signal S3 for the
aberration correcting nmechanism 16 so that the driving signal $4 for

f ocusi ngnaostitplitandnkhgudr tMbpgosi INBL193nf0kirERE£aPEAT @hi085COor recting
mechani sm 16 are multiplexed and transmtted. Since such signals used for

bi asi ngampeigenehat edtpyut bighkilngrbhetnesalilyfgaspbitydesangdnfhenpegative
anplitude of the rectangular wave signal S2 having a duty ratio of 50 (%

by the Begaalveephaseobutpetdsvvbiigesrgaspsn&ingngr&8eteragnegti vely, and
then reversing the polarities thereof, when the driving signals Si and S3
are tragsimst edndi authet the pasustsi | Cneshbi asedlcah 8hss @eyicéhey can be -
denodul ated wi t hout reproducing the reference level of the 15 Septenber
2005 - acpaipi afi aytputt hdgsalle Sb2wandhSiAetbignabtainedt arasaisbed.
' guided to the optical pickup 5 via a pair of lines, and are
transmitted to the object to be moved by the actuator 21 via
a pair of lines formed by the remaining two pairs of |
terminals 27 and suspensions 25, of the above-described four
pairs of terminals 27 and suspensions 25. Consequently, in
the optical disc device 1, a pair of lines for transmitting
the driving signal S4 for focusing control are commonly
biased in accordance with the driving signal S3 for the
aberration correcting mechanism 16 so that the driving
signal 54 for focusing contrcl and the driving signal S3 for
the aberration correcting mechanism 16 are multiplexed and
transmitted.
Since such signals used for biasing are generated by
1imiting the positive amplitude and the negative amplitude
of the rectangular wave signal S2 having a duty ratio of 50
(%) by the signal levels of the driving signals S1 and 83,
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



Consequently, in the optical disc device 1, even when the aberration
correcting nechanism 16 and the objective lens 17 are held and noved _
together, the driving signal for the aberration correcting nechani.sm 16.
can be transnmitted wthout enlarging the transm ssion pat{s sgféhbdtzHosan
reduce the size and weight of the, optical pickup 5. Furthernore, it is
possible to effectively prevent various characteristics from being
deteriorated by the enlargenent of the lines. In the optical pickup 5, the
driving signals S10 to S14 thus obtdithed are received by the
above-described flexible wring board 39, and the lines for the driving
signals S10 and Sib and the lines for S12 and S13 are connected to the

t r acki npiasiihg36nantet bedboeysivh@choithe3tigannes perdith@nsiieralo. thereby
driving the tracking coil 30 and the focusing coil 31 in a conmon node for
t he dri ¢ongegugniily, $h0thedopticaandisp devameon ,medenf @hehhendri vi ng
signals S12 and S13 so as to execute tracking control and focusing

cont r ol ab®rzation whenechéngi yachahésml 360hnth¢henopljeseiout pehs $6 and t he
negati ve- phase output S7 are designated Lc and - Lc, and the signal |evels
of the @revhaddsppdamoved &ndesherar éhdedirgmangd sAgnaid£Aln, thee signa

| evel s of the driving signals S10 and Sib are expressed as Aa+lLc and Lc,
and t he@Psrogpienpepryegbingimeckpgham Lévehn be tivengmititad si gnal s. S12

and S13 are . ‘
without enlarging the transmission path, and this can reduce

the size and weight of the optical pickup 5. Furthermore,
it is possible to effectively prevent various |
characteristics from being deteriorated by the enlargement
of the lines. |

In the optical pickup 5, the driving signals S10 to S14
thus obtained are received by the above-described flexible
wiring board 39, and the lines for the driving signals S10
and S11 and the lines for S12 and S13 are connected to the
tracking coil 30 and the focusing coil 31 corresponding
thereto, thereby driving the tracking coil 30 and the
focusing coil 31 in a common mode for the driving signals
510 and S11, and in a common mode for the driving signals
S12 and 513 so as to 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 L¢c and -
Lc, and the signal levels of the driving signals S0 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



expressed as -Lc and Ab-Lc, respectively. Therefore, the potenti al
di,fference Va between both ends of the tracking coil 30 is expressed as
S10-S11 = (Aa+tLc)-Lc. Finally, the tracking coil 30 can be driven at the
signal level of the driving signal SO Similarly, the potendabmeifdigsence
Vb between both ends of the focusing coil 31 is expressed as S12-S13 =
(-Lc)-(Ab-Lc), and finally, the focusing coil 31 can be driven at the
signal level of the driving signal S4. The denodul ation circuit 42
generates the driving signals SS1-add SS2 for the Aliquid crystal 40 and
the B liquid crystal 41 by biasing these lines. That is, as showmm 'in FIG
8, the driving signals S11 and S12, which are sinply biased by the

|- phase 16ammOngb1 S608Ndnbhar 199aL] KegRhEsesSOMRANgAL e OF Lhe driving

signals SI1 to S13 are input to a~“detéctor circuit e denodul ati on

circuit e4dresBea Astenti ahadabterensespetresniine $hibyi i gpals S11 and
S12 corresponds to the signal |evel a?th t he gnplitﬁﬁggﬁfﬁftggg by one of

the driypomgnsignabsrBdrditengaanbewbefl bBtWhels bRerRbOpRhckeNg! - of the
rectangul ar wave signal S2 is HHGH, and to the signal level with the

anpl i t udeilli BDt e bxprheseataersmoLs&mg=8kgaaLc$2Lduripgnalpgrieﬂein whi ch
the signal |evel of the rectangular wave signal S2 is LOWN herefore, the
si gnal [eackingf coh? 801 eangbei gpalenSat and Signdar Yevdependtrg on the
rise and fall of the signal |evel. 15 Septenber 2005 - 18 Based on this
pri nci paxiviingt Adgdaiod0l at Bomitartyit tid, potential difference Vb

between both ends of the fbcusing ceil 31 is éxpfessed as

512-813 = (-Lc)-(Ab-Lc), and finally, the focusing coil 31

can be driven at the signal ;eVel of the driving signal S4.

The demodulation circuit'42 generates the driving

signals SS1 and SS2 for the A iiquid crystal 40 and the B

liquid crystal 41 by biasing these lines. That is, as shown

in FIG. 8, the driving signals S11 and S12, which are simply

biased by the in-phase cdmponeﬂt 56 and the negative-phase

component 57, of the driving signals S11 to S$13 are input to

a detector circuit 57 in the demodulation circuit 42. The

potential difference between fhe 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 fhe

other driving signal S2 during a period in which fhe 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.



the driving signals S11 and S12 are detected by the detector circuit 57,
thereby generating a positive detector signal and a negative detector
signal having peak values corresponding to the positive limt value and -
the negative |imt value of the limter 45. Then, DC conppnsgitsmpecoctis
by subsequent high pass filters (HPF) 58 and 59. Consequently, driving
signals SS1 and SS2 are generated, respectively, for the Aliquid crystal
40 and the B liquid crystal 41. Mre specifically, the denodul ation
circuit 42 includes only passive el eierits that do not need a power supply,
as shown in FIG 9. Therefore, the driving signals SS1 and SS2 can be
separated w thout supplying any power when the driving signals S1 to

S4-are nul ti pased andthignpfihteglén iﬁhtﬁeWQMmb&uiQ€18ﬂtEffﬁuﬁfckﬂ 5.
That is, the driving signals S11 and S12 are applied to ends” of a

series ¢MEc@muvhm@nmdghpLs $adi ahadr SRk amd aetdiceda 9% tﬁgddegcgggles
circuit of the resistor Rl and the diode D1 forns a-first detector circuit
for detedmiongtt 3¢, dhievieby gegeahtfing theoBilhieui deteysbadl s44nalimlarly,
the driving signals S11 and S12 are applied to both ends of a series

ci rcui t angr FedeigptiveedeseotoR3sigiad HhvdegDpetRatraluesr eversely
connected, and the series circuit of the resistor R3 and the di ode D2

forms aCoOFEERROBELast 6o @hﬁcUDS1L5VSepummtewa2065and the hegadﬁﬁectlng the

driving S|gnal for the Aliquid crystal 40.
t 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 aﬁd 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 oﬁtical pickup 5.

That is, the driving_signals 511 and S12 are applied to
both ends of a series circuit formed by a resistor Rl and a
diode Dl,-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 eﬁds 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



Further, in the denodulation 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 ment In the
optical disc device 1 having the above configuration (FlG¥ seiafserdo0s
desired data is recorded on the optical disc 2 by intermttently

I ncreasing the amount of light of the |aser beamLi emtted fromthe
optical pickup 5. The result of reception of return Iight detected by the
optical pickup 5 is processed by the ¥hatrix circuit 6 so as to obtain a

pl ayback signal RF, and data recorded on the optical disc 2 is read by
signal - processing the playback signal RF. After the | aser beam L1l passes

! ACK ST gna : the '@ pear o
throughfb&eﬂehab&ahQOQheca&&%ﬁhbnglgﬁsﬁa%b§”k%@,A'tlgﬁlﬁggkyﬁgaﬁnhﬁ. e

optical disc 2 by the objectivé lens 17. The wavefront aser beam

L1 is correcredthyr] henabgsr abhmodutat ikt E08cAREN2P SP dBpac PP SEhEr i ca
aberrations can be prevented even when the |aser beam L1 is applied by the

obj ecti wad anzetishayi R 2onBit@lufemenbCak gAPPREY ¢11TBFS588KEgl i Possi bl e
to record desired data on the optical disc 2 with high.density, and to

read theagatatbiruS2r aadr dedesTbeozbRAr a8bhenitatecehenyigacpagssm 16 i s hel d
together ....... ... ... . ... ... .. 15 Septenber 2005 - 20
filter 58.
(2) Operation of the Embodiment
In the optical disc device 1 having the above
configuration (FIGS. 2 and 3), desired data is recorded oh
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 coriected 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 fo 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



with the objective lens 17 by the bobbin 28 (FIGS. 1 and 4), and is noved
tagether with the objective lens 17 by the actuator 21. This makes it
possible to precisely align and maintain the optical axis of the objective
lens 17 and the optical axis of the aberration correctingsephamsPods and
to nove the aberration correcting nechanism 16 and the objective |lens 17
in this state. Consequently, comatic aberrations can be effectively

avoi ded, and the deterioration of the characteristics of the optical

pi ckup 5 can be prevented. Moreover 20 ndividual differences of the

optical pickups 5 can be nade snmaller than in a case in which the
objective lens 17 and the aberration correcting mechanism 16 are nounted

separ al ghyn feacbdsukivel Leh8 190831 bhe bBvBEAIYEe (Brgh: Pieghyi gy oPt i cal

pi ckups that do not vary widely. Since t erratlon correctrng’frechani sm

16 incl adasist hevkiqubdeehyst dhthFtfe éi;?eéeweC!’a_@ﬁéewnb{}HEﬁeOf the
object to be noved due to the addition of the aberration ~“correcting

nechaniaﬂtuanobezmadeTﬁmalhakehhﬂﬂ'FBSQlﬁiéetbnpréﬁhﬁal§h81§§ﬁr8&&'On
correcting nechanismis forned of enses. This can prevent the

det er i omaihbtainf thheoptheadchrissbicehaf obhacaeieatens21y ghatths, in the
optical disc devicel (FIG 2), for exanple, the anmount of jitter is
det ect edpbycaheakiist of tlet abbirpattoncobrrécennghmebhahssaf 18 ghayback
signal RF 15 Septenber 2005 - 21

to move the aberration correcting mechanism 16 and the

objective lens 17 in this state. Consequently, éomatic

aberrations can be effectively avoided, and the

deterioration of the characteristics of the optical pickup 5

can be prevented. Moreover, individual differences of fhe

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 resuit, it is

possible to produce high-precision optical pickups that do

not vary widely. '

. Since the aberration correcting mechanism 16 includes

the liquid crystal (FIG. 5), an increase in masslof 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



obtained froman enboss pit or a recording mark that is accessed

i medi ately. 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 signalsseplentitt 26850f
predeterm ned signal levels for the aberration correcting nmechanism 16 are
generated on the basis of the correction anount. In the optical disc device
1, the driving signal SO for tracking control and the driving signal $S4
for focusing control are generated WAL t-he 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 nmultiplexed by the transmtting section 10,

and ar eobtanasht £edm! Ant BALERLI 2k op 8KWBBrallg Uk eggdriving
signals are separated on the s?de 8f t he gbfectgnnve Eégghgsactuator 21

in the aopkseall pmakdRabelyhareBy €nkvbpeibhe a&%eab9&321o§8§dt2§nd
aberration correcting nechanism16. In the optical pickup 5 (F[GS. "1 and

4); thetheuapenatoog gbraeethehdost tRBeaBBErAYibheikerAIBALSLRE Bhi ch are
hel d by the suspension base 26 on the fixed side of the actuator™ 21, and

hol d at theeconheplaad Bhenobhecbastiie be #R¥edetsbthonsrkBaiebj ective |lens
17 and the aberration correcting nmechanism 16. The nmagnets 33 are held on
the fiXudtbede, thaddrhwingaskignglsosl 3fdasd bifeptequsepginedal 31 are
pl aced on the novable side, so that the objective 15 Septenber 2005 - 22

signal levels for the aberration correcting mechanism 16 are

generated on the basis of the correction amount.

In the optical disc device 1, the driving signal S0 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 S84 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

suspensiohs 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 othef end the objects to be

moved, such as the objective lens 17 and the aberfation

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



| ens 17 and the aberration correcting nmechanism 16 are noved together in
the optical disc device 1. Thereby, the objects to be noved are held with a
so- called cantilevered structure using four suspensions, and ‘the driving
signals for the actuator 21 and the driving signals for tfesahenbaidons
correcting mechanism 16 are nultiplexed and supplied via the four:
suspensions. This nmakes it possible to supply these driving signals to the
objects to be noved in the optical pickup 5 over the sanme nunber of paths
as that of the conventional paths for22trtansmtting the driving signals for
tracking control and focusing control. Therefore, the objective |ens 17
and the  aberration correcting nmechanism 16 can be held and noved together

by the aehsatgr add Whhhaﬁbrkﬁtﬁbﬂgc@rﬂ@ﬂk@ﬁbhmEEhaniﬂﬂth'aﬂetRSFgﬁ'V'ng
signals. This nakes it possible to reduce the size and wei ght

entire degetheradd the ebfechlvaliycpaeveak the noving characteristics of
the actuator 21 from being deteriorated by a new signal supply |I|ine. That

i's, when a c@kerebywhthé dbijectyg &6 0palmofed dhe hebherwath o §9Lrecting
mechani sm 16 are supplied via added |leads is applied to the above

confi gucgiiled destilbwereit strnetarenasihg FbGr duspbasdynani anfesi stance
Is increased by Ileads 60 during the driving of the actuator 21, and the
sensi ti khey dgiving adonaitsr £2r thethetabyoﬂeeleaaddthasdiﬁvﬁagtenber 2005 -
23 signals for the aberration correcting mechanism 16 are

mu;tiplexed and supplied vié the four snspensioné.

This makes it possible to supply these driving signais

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 m&ved

together by the actuator-21 without forming a new path for

supplying the driving signals. This makes it possible to

rédude 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



shown in FIG 10. Moreover, 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 objergdpiembarporas a
hi gh 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 increased for
tracking control. Therefore, when th&3 driving signals for the aberration
correcting nmechanism 16 are supplied via the |eads 60, as shown in FIG

10, basic characteristics of the actuator 21 that are required for

hi gh- deshoty 1acBLdLngocanMorebeeeNsthedskblr iis 8uBStahBeualy that a
resonance node caused by vibration of the |eads, 6.0 has an adverse
i nf | uencbangefiheynohengas by téesiaataft ehe2lealls eontrast, since the
driving signals for the actuator 21 and the driving signals for the
aberration coreidenimllyecimnitemdétwattor seppduatd an copticdDusi@ugpensi ons
in this enbodinent, increases in dynam c resistance can be prevented, and
changesthatt sagpsAscansired detareithtbilghTAessiakesthe deptsibfe to ensure
a sufficient sensitivitg and to prevent conmatic aberrations from being
i ncr eas&8CBy efakBesusedt pbiegkivie lenssial swapbsbebheseotkéfectively avoid
the 15 Segtenber 2005 - 24 -
- objective lens has a high numerical 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 fhe 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



i nfl uence of the resonance node caused by vibration of the |eads. The
aberration correcting nechani sm 16 having such a structure (FIG 5) is
formed by stacking the glass substrates 16A, 16B, and 16C, each havi ng
electrodes, with [liquid crystal therebetween, the center 13 Sgseribdrio0st e
16B being larger, and the flexible wiring board 39 being placed in the
extra portion thereof. In the optical pickup 5, the denodulation circuit
42 for separating the nmultiplexed drjving signals is placed on the
flexible wiring board 39, and the T1%kipl e wiring board 39 is also used as
a lead handling section for the tracking coil 30 and the focusing coi

31. For this reason, in the optical disc device 1, the denodul ation

ci rcui t ifluengeacédthy rkEentncel yodei eguskd by RibedtIpaces Rhkhe opti cal
pi ckup 5, and operations such as an operation of connecting the tracking
coi | 30l&Adsthe focusing coil 31 can be sinplified. Wwen the driving
signals Si to S4 are thus nultiplexed and transmtted in the optical disc
devi ce 1 (FI'Hre13berpatiorcearpettingipeachanase 58 having aushf &i ci ent
anplitude and having a duty ratio of 50%is generated by the rectangul ar-
mave-si&ﬁgpcﬁgﬁéré?F%g eir &8 £opmednbyt Béapbdingi ¢beagihissude and the
negative gnglg%ude of the rectangular wave signal S2 are limted in the
limter SHBSEYALRE 4PPvi hBBsi §REI 166, argh Bavipg eRecabedesti witborrecting
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iquid crystal’ therebetween, the center glass substrate 16B

being larger, and the flexible wifing board 39 being placed
in the extra portion thereof. 1In the oﬁtical 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 51 to 5S4 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 dﬁty ratio of 50% is generated by the rectangular-~
wave-signal generating circuit 9, and the positivé amplitude
and the negative amplitude of the rectangular wave signal S2
are limited in the 1imiter 45 by the driving signals S1 and

S3 for the aberration correcting mechanism 16. Further, the



I n- phase output S6 in phase with the output signal fromthe Ilimter 45 and
t he negati ve-phase output S7 whose phase is reversed with respect thereto
are generated by the differential anplifier 46. In the optical disc device
1, a pair of lines used to transmt the driving signal SQf S&ptéhBEkions
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 correctiég% mechani sm 16 i s thereby

mul ti pl exed with the.driving signal” Tor tracking control. Simlarly, a
pair of lines used to transmt the driving signal S4 for focusing control
in the adding circuit 53 and the driving circuits 54 and 55 are comonly
bi ased in-abesedenteuti 6 tihephagat wiehphase cattpntdt si§halafsomheneenmai ni ng
driving signal S3 for the aberration correcting nechanism 16 is thereby
mul ti pl é4Bat@rt k5t pad ghevhegatiyeaph8def ontpatusi7nghosat pahseThese | i nes
are guided to the flexible wiring board 39 via the termnals 27 and the
suspenst8¥s§rssd waght Kespeptothgrbtasatel grosratedcbyneheed to the tracking
coil 30__and the focusing coil 31 corresponding thereto. Consequently, the
t racki ng+ESPreBgighdappdifdegshfig coil 31 can be driven by the driving
signals SO and ﬁé for tracking control and focusing control without being
i nfl uenced g@“t e Rtipny ¢ghafevizie shd BPabr efiel ibes ras¢dnteorrecting .

15 Sept enber 2005, - 26, . : _
p_%ransmlg %he ar1v1ng signal S0 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 SG}
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 contrel in the
adding circuit 53 and the driving circuits 54 and 55 are
commonly biased in accordance with the negative-phase output
57, and the remaining driving signal S3 for the aberration
cdrrécting mechanism 16 is thereby multiplexed with the
driving signal S4.for focusing control.

These lines are guid@d to the flexible wiring board 39
via the terminals 27 and the suspensions 25, and the
commonly biasgd lines are connected to the tracking coil 30 -
and the focusing coil 31 correspondingbthereto.
Consequently, the tracking coil 30 and the focusiﬁg 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



mechanism 16. On the other hand, the potential difference between the

| ines sinply 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 15%ddi@nber 2005
denodul ation circuit 42 (FIGS. 8 and 9), and the positive anplitude and the
negative anplitude set by the limter 45 are thereby reproduced. Further,
the DC conponents are cut by the high pass filters. The Aliquid crystal
40 and the B liquid crystal 41 are 'd%?vbn in response to the outputs from
the high pass filters, respectively, and the wavefront of the |aser beam
L1 passing through the Aliquid crystal 40 and the B liquid crystal 41

can be meshamisgodbected to correct aberrations. (3) O her Enbodi ments
Wil e the denodul ation circuit is conmposed of only passive elenents in the
above enbodi #Bnthet pthpreband, theepotentislndiffernehed, bébweehothand t he
denodul ation circuit may include an active elenment, as required. In this
case, i t-iN&Sp&iapdyebigsedr byr fber dnsphesieonulipilte S6sapdr ithposi ng t he power
supply on the signal lines, and to denodul ate the driving signals by

var i ous PREANGTS PPASCcRUtPYt Be igeABdeiciedobybyhehEiteteanidorensnig t he

di odes. ari ous nuItL%Iexing nmet hods may be wi dely adopted. Wiile the
wavef r ofif t6F tPRe CLESH Thedm WRigH: thet 8d0dssSPAt arBeP22808 or2gnted

in opposite directions in the demodulation 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 liguid crystal 40 and the B liguid crystal 41 aré
driven in response to the outputs from the high pass filters,
respectively, and the wavefront of the laser 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\fhereto, and the demodulation
circuit méy 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 ﬁsing the dicdes.
Various multiplexing methods may be widely adopted.

While the wavefront of the laser beam is corrected



while centered on the optical axis in the aberration correcting nmechani sm
by- concentrically formng the transparent electrodes in the above

enbodi ment, the present invention is not limted thereto, and is widely
applicable to various cases for wavefront correction, for1e3s@hesr oscase
I h 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 layers in the above enbodi nent, the

present invention is not limted ther fo; and is also applicable to a case
in which driving signals are transmtted with the aberration correcting
mechani sm provided with nore liquid crystal |ayers, and a case in which
dri vi ng v8ildmaloendiesedr ams rihtet etvdicall blkd saler tald GberG@Hieet i Ng nmechani sm .
provided with various correcting structures other than the liquid crystal.
Wi | e t f0mEsCtdalg pechapilsas by concehnited cadntyi Ifexeried; tier uct ure using four
suspensions in the above enbodi nent, the present invention is not limted
t her et o, traRgPiagesits ¢ Legipoidesblia theopbovel epibodipenttavithe paeisems hol di ng
mechani snms, for exanple, a case in which the optical system is novably
hel d frdRVESTHoE des ey Bigd tednitbesepbacandons widely dappldbable opti cal
system \Vhile the transmtting section is placed outside the .optical
pi ckup %Y VRELGNS CaFedi Sordwavesrontt Rerapokdons Sept exb@pl2008 - 28

case in which the wavefront is corrected 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 theéreto, 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 aré 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



enbodi nent, the present inventionis not limted thereto, and for exanple,
the transmtting section may be placed on the fixed side of the optical
pickup. While the driving signals for the aberration correcting nechanism
are generated by detecting the anount of jitter in the abid/gspierboetiddsnt
the present invention is not limted thereto, and is also widely
applicable to various cases in which driving signals are generated, for
exanple, a case in which an envel opg of the playback signal RF is detected
and driving signals for the aberrati“on correcting nechani smare generated
I n accordance with the level of the envel ope. Wile a so-called opened
magneti c actuator, in which the tracking coil and the focusing coil are

pl aced BEbpdémenthetbpppseasgnhagneentiba adopbedlimitba ghevatsenbodi nent,
the present invention is not limted thereto, and is also applicable to a
case i naRfi EAracEABBRE. nihRetranauibting shating mekebepbaaeddopposed to
correspondi ng magnets is adopted. Wile the phase-change optical disc is
accessedPPntined abdoeotnbbai ARRALcalhpigkupent invention is not |inited
thereto, and is widely applicable to optical pickups of optical disc

devi ces t hatWixtk® s ArH(kng yplgnaks oiry cthe aberzatien descrédicith@bove, in
the'presenh | pvention, since the objective Iens and the aberration

cor r ect PR ABLARNAER 9PRe48t e pPENBeFeobbRg. thy 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 éxample, a case in
which an envelope of the playback signal RF is detected anﬁ
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 coil and the focusing coil are pPlaced between
the opposing magnets, is adopted in the above embodiment,
the present invention is not limited thereto, and is also
applicable to a case in which a closed magnetic actuator
having yokes placed opposed to corresponding magnets is
adopted. .

‘Whilé 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 invehtion, since the

objective lens and the aberration correcting mechanism are



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 nmechanism While the present invention
has been described with reference to what are presently ctihSemlember 2005be
the preferred enbodinents, it is to be understood that the invention is
not limted to the disclosed enbodinents. On the contrary, the invention
i.s intended to cover various nodificgtions and equival ent arrangenents
included within the spirit and scope The appended clai ns. The scope of
the followng clains is to be accorded the broadest interpretation so as
to enconpass all such nodifications and equivalent structures and

f unct i oheldl Bos@st debarve0tbgetber, WHhE kRaChatMrDsitS.csl ohm @pfi cal pickup
that exerts at |east tracking control and focusing control by noving an
obj ect | fE€EEENd V)Y BFeyentigdoEroms hedngpetaripralted byniiesi ng an
objective lens for collecting a | aser beamonto an optical- disc; an
aberratﬁ&ﬁpééFP@@PﬁannﬁéﬁaﬁgéﬁpﬁéWecéBngcﬁhdgtae woeefadiionof the | aser
beam i nci dent qn said _objective I|ens; and a hol di ng nechani sm for hol di ng
sai d obfOLERTEINGnNMeChARLEM-d aberrati on correcting mechani smtogether so

t hat . :
While the present invention has been described with

reference to what are presently considered to be the
preferred embodiments, it is to be understood thét the
invention is not limited to the disclosed embodiments. Oh
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.



sai d--obj ective |l ens and said aberration correcting mechani sm are-noved by
sai d actuator, wherein said aberration correcting nechanismhas |iquid
crystal that is driven to correct the wavefront of the |laser beam -2. An
. optical pickup that exerts at |least tracking control and 1®8egiembec2007 ol
by nmoving an objective lens by an actuator, said optical pickup:conprising
. an objective lens for collecting a | aser beamonto an optical -disc; an
‘aberration correcting rechanismfor correcting a wavefront of the |aser
beam i nci dent on said objective | ens3Vand “a hol di ng mechani sm f ¢r .hol di ng
said objective lens and said aberration correcting mechani smtagether so
that.- said objective |l ens and said aberration correcting mechani smare
nmoved by YBRH BetelRABFED wiierein said actuator 15 September 2005 - 31 has a
plurality of springs that novably hold said holding mechanism 3. An
optical pickup according to claim2, wherein a driving signal for said
aberration correcting mechanismis input via said springs. 4. An optical

DL ouup coor Il et Befaal BiclE EhR: 21 N9 12 L0 351 ¢ actuator 1o

control and focusing control by moving an objective lens by
an actuator,- said opticél'piékup Comprising
an objective lensrfor collecting a laser beam onto an
. optical disc;
an aberration correcting mechanism for correcting a
wavefront of the laser beam incident on said objectivé |
lens; and _ ' | R
a holding mechanism for holding said objective lens
and said aberration correcting mechanism together so that
said.objective lens and sald aberration correcting
.mechanism are moved by said actuator,
wherein said aberration oorrecting mechanism has
liguid crystal that is driven to correct the wavefront of

the laser beam.

2. 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 collecting a laser beam onto an
optical disc; - |
an aberration correcting mechanism for correcting é
wavefront of the laser beam incident on said objective
lens; and ' '

a hblding mechanism for holding said objective lensf::-
and said aberration borrecting mechanism toéether 50 théﬁ;'
sald objective lens and said aberration correcting

mechanism are moved by said actuator, wherein said actuétﬁr"
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has a plurality of springs that movably hold‘said holding

mechanism.

3. An optical pickup according to claim 2, wherein a
driving signal for said aberration correcting mechanism is

input via said springs.

4. An optical pickup accondinglto claim 2, wherein a

driving signal for said actuator is input via said springs.



