', e3e&e&""_\alaPc6cTc]i F DESCRI PTION Optical Pickup and Disk Drive
‘Appar at us Technical Field The present invention relates to a technical
sfield of optical pickup and disk drive apparatus. Mre specifi t he
present invention relates to a technical field for reducing ad@@mmmmmﬂ”m
generated aberrations for increased performance in an opti cal

recordi ng and/ or reproducing information signals on and/or from twsoiso
different types of disk-shaped recording nedia and di sk drives which have
such an optical pickup. Background Art There are disk drive apparatus for
recording information signals on an F g information signals from
di sk-shaped recordi ng nedi a. Such a%g%%%l%?#@@ appar atus has an optical

pi ckup novabl e radially across a di sk-shaped recordi ng nedi um nounted on a
di sk table for applying a | aser beamthrough an objective lens to the

di sk-shaped or di ng. medi um isk drjve apparatus are capabl e of
recor di ng 1.65%%¢§iﬁﬁﬁégﬁﬁl%'%ﬁ@f@kghrb%% é%B?BgEE?ng i nformation signals
from di sk- shaped recording nedia of different types, e.g., CD (conpact

di sks) and DVD (digital

Technical Field

The present invention relates to a technical field
of optical pickup ahd disk drive apparatus. More
specifically, the present invention relates to a
technical field for reducing an amount of generated
aberrations for increased performance in an optical
pickup for recording and/or reproducing information
siénals on and/or from two different tybes of disk-shaped
recording media and disk drives which have such an

optical pickup.

Background Art

There are disk drive apparatus for recording
information signals on and reproducing information
signals from disk-shaped recording media. Such a disk
drive apparatus has an optical pickup movable radially
across a disk-shaped recording medium mounted on a disk
table for applying a laser beam through an objective lens
to the disk-shaped recording medium. -

Some disk drive apparatus are capable of recording
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versatile disks). Such disk drive apparatus are required to emt two |aser
‘beans having different wavel ength ranges froma light=emtting device
‘because of different recording densities on CD and DVD. For the purpose of
reduci ng the size of the optical pickup, a disk drive apparatus has an
objective |l ens shared by two types of disk-shaped recording nedia and a
light-emtting device conprising two light emtters disposed in one package
for emtting respective two | aser beans having different wavel ength ranges.
In such a disk drive apparatus, for exanple, the first light emtter emts

i ght om (Lo mie o soeont Thesy Baant FROCAEERb Ry BERRBRR IR 780 nm Lo a

light emtter emts a second | aser bea ving a
CD. However g t } 1 S t he above,dis rive apparatus is
TR o Tk Pan i ol EnE Rrghe o 0 &FospBtd) sposed

shared, the first light emtter S

parallel to te% oth [ ' i,on,perpendi cular to the optical axis of
the objective lens. %}'e'r er;lgr géféﬁ%%%hdfﬁégbp@‘gapvgxﬁ@l%t@iﬁe | aser beam
emtted from flér§i§i§¥“ emtters can 2 be aligned with the optica
axi s of the objective 1éns;’ the optical axis of the |laser beamemtted from

the other light e 'ttgrdhai to.be off the optical axis of the objective
l ens. Since the opt€al %aRis O Veh @PPELEt Use @fce FiaQuddr &fd dm edrtitertvame of

the |ight eqjtteri)neediltq be off the
aser beams having different wavelength ranges from a

light-emitting device because of different recording
densities on CD and DVD. For the purposé of reducing the
size of the optical pickﬁp, a disk drive apparatus has an
objective lens shared by two types of disk-shaped
recording media and a light-emitting device comprising
two light emitters disposed in one package-for emitting
respective two laser beams having different wavelength
ranges. In such a disk drive apparatus, for example, the
first light emitter emits a first laser beam having a
wavelength of 650 nm to a DVD, and the second light
emitter emits a second laser beam having a wavelength of
780 nm to a CD.

However, since the objective lens of the above disk
drive apparatus is shared, the first light emitter and
the second light emitter are disposed parallel to each
other in a direction perpendicular to the optical axis of
the objective lens. Therefore, though the optical axis of

the laser beam emitted from one of the light emitters can



bptical axis of the objective |lens, when the |aser beamis emtted fromthe
light emtter whose optical axis is off the optical axis of the objective
‘lens, an anpunt of aberrations that are generated tends to be |arge,
resulting in a reduction in the performance of the optical pickup thereby
to cause a recording error and a reproduction error due to a signal |evel
reduction or the |like. An optical pickup and a disk drive apparatus
according to the present invention are ainmed at overcom ng the above

probl ens and reduci ng an anount of aberrations generated for increased

per f or mance.p i Sci & Ofh | tWEN O JP §Ql¥eo£h€h§28¥ﬁe8£ggge nhsdN

optical pickup and di sk drive apparatus accordi ng e prgsen |hvgnf!02t
has a |ight - tt.i V] i a, first. lighf emtter_an second lig
emitter ?or tg{r% tcﬁﬂr}gﬂ’,éj?oé%lev\%r@f% eln%é%]? b%é%eémbﬁa?sﬁggﬂgﬁga ngSFdl ng
medi a, respectjvely,..a first |aser be nd a second | aser beam
respectiveI?ﬁqﬁgﬂéﬁfé}?ﬁr%ﬁsﬁgagw%ﬁﬁﬁ?ﬁbﬁ %Pgéﬁﬁﬂdaﬁé§ePgn§Pﬁ, .
respectively, which cg&gespond to the respective di sk shaped recording

media, a |igho$Hii%e €r°HDr passing the first |aser beam and the second

which are emtted fromthe light-emtting device toward the disk
laser beam ¢ S?nce the optical axi;Jof the laéér beam emitted

from either one of the light emitters needs to be off the
optical axis of the objective lens, when the laser beam
is emitted from the light emitter whose optical axis is
off the optical axis of the objective lens, an amount of
aberrations that are generated tends to be large,
resulting in a reduction in the performance of the
optical bickup thereby to cause a recording efror and a
reproduction error due to a signal level reduction or the
like.

An optical pickup and a disk drive apparatus
according to the present invention are aimed at
overcoming the above problems and reducing an amount of

aberrations generated for increased performance.

Disclosure of Invention

To solve the above problems, an optical pickup and
disk drive apparatus according to the present invention
has a light-emitting device having a first light emitter

and a second light emitter for emitting, to two different



shaped recording nedia, and reflecting the first |aser beam and the second
| aser beam which are reflected respectively by the disk-shaped recordi ng
‘media, a collimtor |ens disposed between the light splitter and the
objective lens, for converting the first |aser beam and the second | aser
beam which are emtted fromthe light-emtting device into a parallel beam
and a light detecting device for being irradiated with the first |aser beam
and the second | aser beamwhich are reflected by the light splitter, the
first | aser beam having an optical axis aligned with the optical axis of

t he objecti l.en Vi Lcal_axis_displaced
of f the opt ;éggle%a%fstd}c}% kti%g1 jdeﬁoe%ﬂ%ﬁ%’eﬁe%%égﬁ%%%’ I?ght
emtter is pl d iti ere. t | e ,of _incidence on fhe |ight
splitter of Etl%%%sé%tgr? f?%ssde@ ag{eaa%esrrﬁ(ﬁrgag ]?gr]%en% HRT rESRAFEHT R tevi ce
toward the rr.espandi.ng . .di sk-sha recording nediumis 4 greater than
the angl e o?‘%ivﬁ‘iligggn%lé‘ ARUTAE 'ed"?ﬁecqgpﬁr}cftaers%qoqcﬂé@‘fﬁjs?nqt%%er beam
emtted fromthe Ihggﬁfeni t.ing device toward the correspondi ng di sk-shaped
recor di ng nEGPRRCTATS Har YOI SOGRIRPI AP dik&k TRIRRCBbpardt ek accor di ng
to the present invention has a |light-emtting device having a first |ight
enmitter andS&2PEEoAGCOTGHNIMatiar foorl ikt tSmigitter tier ddssirptthypes of
di skshaped recordi ng nedia, respectively, a first |aser beamand a second

| aser beam fR&spedeisedl peamawingy thef jsestonghviel sy thhe am dvlal sre caome

wavel ength, respectively, which correspond to the respective di sk-shaped
recordi ng memiigted Ifirgm téye iltitodrt -feori touiss) miptime fioverd ades dresikn and t he
second | aser beam which are emtted fromthe lightemtting device toward

t he di sk- shapegedecercdingg nge dieali agnrrdefdeftitd atgindecHd rstrdtaseisdeam and
the second | aser beam which are reflected respectively by the disk-shaped
recordi ng media, aadcahlei meicond arsadi wpesedHiainesn therldahdqsplitter and
the objective lens, for converting the first |aser beam and the second

| aser beam whisplcaiee2Ri biyed e Qe HaHY - HdAd Iy dRdce, iyto a parallel
beam a light-detecting device for being irradiated wth the first |aser

b dth | b i | : i - d
eam and t eoggga@@oraaghs RPN RS B @fa?qbdg%& V\;{tﬁlﬁi& s{iape

recordi ng nmedia, and a coupling lens dispose

light-emtting deviee:3adithe caldd ré%tngfeﬂa J}pe{] £hanging an ,opt | cal
| e o the dis

magni fication fromthe light-emtting Vi ce shapéd Tecordi ng

media and ag,gpthealk aRgR flcald ?).%a Wﬂitéke ab-es l<e7n}s_lihl:a(‘,peecfj ffreocngrpﬂi'eggl media to

the light-detecting device, the first Tasér beam having an axi s
o SRR RIS 7Y SRS P e b
detecting device for being irradiated with the first

laser beam and the second laser beam which are reflected
by the light splitter, the first laser beam having an
optical axis aligned with the optical axis of the
objective lens, the second laser beam having an optical
axis displaced off the optical axis of the objective lens,
wherein the second light emitter is placed at a position
where the angle of incidence on the light splitter of the

second laser beam emitted from the light-emitting device

toward the corresponding disk-shaped recording medium is



the optical axis of the objective I ens, wherein the distance fromthe
light-emtting device to the coupling lens is of 0.26F or nore where F
“represents the conbined focal length of the collimator | ens and the
coupling lens. The optical pickup and disk drive apparatus according to the
present invention is thus effective to reduce the anount of aberrations
generated when the second | aser beamis emtted. Brief Description of
Drawings Fig. 1, together with Figs. 2 through 8, shows an enbodi nent of
the present invention, Fig. 1 being a schematic perspective view of a disk

drive appar %t:'é%t@xg-tt%d §11’?ﬁ Ca‘?{bclﬁe‘)td&aldllrgéia%éx%% shioW g ?ﬁ%}?{ 5.9139?9@& of an

optical systtemin an optical pickup; I'S a concep gr am show ng

angl es of 6 .¢ iRC] f ; i o.a ljght splitter and the
rel ationshi Sfbéc?%egﬁqgs% g‘caea%equlegﬁa%?la%g&% %‘ld%rﬁ atn}gee jD%}ﬁ ggmjﬂ},:{{'%%et her
with Figs. 5 through 8 éf WS anount s q%ggbe r%#iqgs % nerated, wth respect
to the intePS¥HTT &fPVALE A% SHEGIRPIHRY K STAHRES OF PSP thERGed with
respect to the focal length F, Fig. 4 being a graph plotted when D = 0.14
F; Fig. 5 i2H & plotted when D = 0.26F; Fig. 6 is graph plotted when D =
0.38F, Fig. 7 is graph plotted when D = 0.51F; and Fig. 8 is graph plotted
when D = 0. 64F. BeBPONBEE PBIE1Catr Pilfdupuendhaisk Siiven ampagiAiof nent of

an optical pickup and disk drive apparatus according to the present

i nventi on wAACHEiges & B BIeReV tinvastlerandeas o3 t highiccembabinagg

drawi ngs. A disk drive apparatus 1 has nenbers and nmechani sns di sposed in

an outer casiavgc® (woruirg ¢ fi)rst light emitter and a second light
emitter for emitting, to two different types of disk-
shaped recording media, respectively, a first laser beam
and a second laser beam, respectively, having a first
wavelength and a second wavelength, respectively, which
correspond to fhe respective disk-shaped recording média,
a light splitter for passing the first laser beam and the
second laser beam which are_emitted from the light-
emitting device toward the disk-shaped recording media,
and reflecting the first_laser beam and the second laser
beam which are reflected respectivély by the diék—shaped
recording media, a collimator lens disposed between the
light splitter and the objective lens, for converting the
first laser beam and the second laser beam which are
emitted from the light-emitting device into a parallel
beam, a light-detecting device for being irradiated with

the first laser beam and the second laser beam which are

reflected by the disk-shaped recording media, and a



A chassis 3 is disposed in the outer casing 2, and a spindle notor, not
shown, is nounted on the chassis 3. The spindle notor has a notor shaft to
‘which there is fixed a disk table 4 projecting upwardly fromthe chassis 7
3. Alead screw 5 and gui de shafts 6, 6 are di sposed parallel to each other
bel ow a | ower surface of the chassis 3. The chassis 3 has a pl acenent hole
3a defined therein, and an optical pickup 7 is disposed in placenent hole
3a for novenent radially across a di sk-shaped recordi ng nedium 100 that is
to be nounted on the disk table 4. The optical pickup 7 has a novabl e base

8, an opti caloup1emRNt dridPtd io A8Y IK&)wdBintied Oy heaDVabh @ &i_ﬁzfcé’ and

an objective I ens actuator 9 supported on the novabl e base 8 novabl e

base 8 has QpRSine® s mplddabl dnSUPROY LG ALARPG Vegws oy the gui de

shafts 6, 6. A nut, not shown, nounted on € ase is threaded

over the le r " eaf £ is rotated about, its, oW axis
by a feed nD ﬁj ?ifﬁ\o%tascslho\oﬁhmeft}otr}rﬁ]nﬁtn}{ee?lﬁ hégﬁ%oéfa eé Hee %ot%rée n%fs s fed

i di i on dependi ng,.on the, rotating directi f the |ead 5,
moving 1 he CRORER THORET TR b Tacicra ! then SheaRapmat Felor i ng

i um 100 unt ed .on the disk
medi u @%e a%sk—shapeéjrecording media to the light-detecting

device, the first laser beam having an optical axis
aligned with the optical axis of the objective lens, the
second laser beam having an optical axis displaced off
the optical axis of the objective lens, wherein the
distance from the light-emitting device to the coupling
lens is of 0.26F or more where F represents the combined
focal length of tﬁe collimator lens and the coupling léns.
The optical pickup and disk drive apparatus
according to the present invention is thus effective to
reduce the amount of aberrations generated when the

second laser beam is emitted.

Brief Description of Drawings
Fig. 1, together with Figs. 2 through 8, shows an
embodiment of the present invention, Fig. 1 being a
schematic perspective view of a disk drive apparatus;
Fig. 2 is a conceptual diagram showing an
arrangement of an optical system in an optical pickup:;

Fig. 3 is a conceptual diagram showing angles of



table 4 while the optical pickup 7 is being guided by the guide shafts 6,
6. The objective lens actuator 9 has a fixed nenber 10 and a novabl e nenber
~12 novably supported on the fixed 8 menber 10 by a plurality of
suspensions 11, 11, . The novabl e nenber 12 holds an objective lens 13 for
focusing a first | aser beamand a second | aser beam to be described later,
onto the recording surface of the di skshaped recordi ng nedi um 100. Vari ous
optical elenments are disposed on the novabl e base 8 (see Fig. 2). The
optical elenments include a light-emtting device 14, a grating 15, a

pol ari zati o rier £6, i A [4 spl § 1 a

col I'i mat or I&g%g@lég{cret r?§ g&%&f%ﬂ%%ﬁ@%%dﬁ t;[%ga O]ij c%i%i%%ﬁésr a%fl%at or 9,
a cylindrical, , .Qpt | i.S £onbi ne nd | i ght-det ecting
devi ce 22. %ﬁlgsg%oigt?t Scé)l%%ell%gr%ﬁfsj s e%f(afe %pé%nqo%q%alﬁsaﬁ?e?n %%SY%%c%i sk
drive apparatus 1. The light-emtting device 14 has a first light emtter
14a and a sefond light emtter 14b for enmitting respective |aser beans
havi ng di fferent mgvelengtﬂs. Tge fit%hnkhght gni ter l4a em.ts a first

| aser beam havi ng 5-Havér eh§ERtBFT6HH 1B8r ex&RprEstwier S8%he second
light emtter 14b em ts _a second | aser beam having a wavel ength of 780 nm
for exanpl e 2MEHNESe O @RFF TaT Liokro IRS AT &d gHdh diesredepk@dilk® ng an
information signal from one disk-shaped recording nedium 100, i.e., a DVD
100a, the filP$er-eghitted distanse &k tthe Hamg ridie listanee Bebsn For
recording an information signal on or reproducing an information signal

f r om anot hech@ngleds Wapsdd neseeadi i rddi mcked0, lénath B, GDLd.00b,be¢ g second
light emtter 14b emts the second | aser beam The first light emtter 14a
and the secendrapghtleritiedewhiesb Dare Ospaceéts from each ot her by a di stance
ranging from30 pmto 300 um for exanple, in a direction perpendicular to
the optical axis oFigheSobgpegtiepk bénst2d. whenh &xanpl.@6r;he first | aser
beam has its optical axis aligned with the optical axis of the objective

l ens 13, and the setgndél asegrbpanphastietiswbphi ©ak axizprdi spl aced of f the
optical axis of the objective lens 13. Conversely, the first |aser beam may
have its optical agrig.dyspkagedpnfbibhecapivheal pax 9 af it;heRpj ective |ens
13, and the second | aser beam may have its

Fig. 8 is graph plotted when D = 0.64F.

Best Mode for Carrying Out the Invention

An embodiment of an optical pickup and disk drive
apparatus according to the present invention will be
described below with reference to the accompanying
drawings.

A disk drive apparatus 1 has members and mechanisms
disposed in an outer casing 2 (see Fig. 1).

A chassis 3 is disposed in the outer casing 2, and
a spindle motor, not shown, is mounted on the chassis 3.
The spindle motor has a motor shaft to which there is

fixed a disk table 4 projecting upwardly from the chassis



optical axis aligned with the optical axis of the objective lens 13. The
grating,|5 has a function to diffract the first |aser beam and the second
‘1aser beamto formthree spots on the recording surface of the disk-shaped
recordi ng medium 100 in order to detect a tracking error signal. The

pol ari zation converter 16 conprises a 1/4 wavel ength plate, for exanple.
The pol ari zation converter 16 has a function to limt the return to the
light 10 emtting device 14 of the first |aser beam and the second | aser
beamthat are reflected by the disk-shaped recordi ng nedium 100. The

pol ari zati oy converter 16 may be inclined to the optical axis to correct
coma. The coupling lens 17 is disposed in the optical path between the

light-emtting devi,c l{imator lens 19. The coupling |ens 17
has a function to %‘hgr?éé t%%gey;f\si %21& r%%rﬁ)ef iTRIh $r in it Jr?ﬁf?%?‘r‘?tti ng
device 14 tqQ.t I-sk- shaped recordi ng nmedi ym 100 and the qptjca

magni fi cat i g)r?rgﬁol%% hkteo cﬁ%ﬁ‘ s %ﬁ%%ﬁ%‘?’ dt ngo‘ﬁ%ﬁi ot 186t Bgt Hbe

| i ght -det ecting devige . The Ii.ght litter, 18 conprises a beamsplitter
plate, for @@%ﬁf ﬁ‘he%ﬁegﬁp%sﬁﬁ Selafg § LIGCIRN PR 13 495 ssi ve
type. The light splitter 18 passes the first and second |aser beans that
are enitted'%?%ﬁﬁ%qua%q%ﬂﬁn %16y BEGKeR 141sodbsBosad dnskrlspspent

recordi ng medi um 100, and reflects the first and second | aser beans that
are reflect &PURy Inean Koy radbr bl niga eeessna 1bsk-shaped

recording medium 100 that is to be mounted on the disk
table 4.

The optical pickup 7 has a movable base 8, an
optical element (optical device) mounted on the movable
base 8, and an objective lens actuator 9 supported on the
movable base 8. The movéble base 8 has opposite ends
slidably supported respectively on the guide shafts 6, 6.
A nut, not shown, mounted on the movable base 8 is
threaded over the lead screw 5. When the lead screw 5 is
rotated about its own axis by a feed motor, not shown,
mounted on the movable base 8, the nut is fed in a
direction depending on the rotating direction of the lead
screw 5, moving the optical pickup 7 across the radius of
the disk-shaped recording medium 100 mounted on the disk
table 4 while the optiéal pickup 7 is being guided by the
guide shafts 6, 6.

The objective lens actuator 9 has a fixed member 10

and a movable member 12 movably supported on the fixed



The light splitter 18 is not limted to a beamsplitter plate, but may be
any of the transm ssive type having a function to slip | aser beans. For
exanple, the light splitter 18 may conprise a beamsplitter prism The
collimator lens 19 is disposed in the optical 11 pat h between the |ight
splitter 18 and the objective lens 13, and has a function to convert the
first and second | aser beans into a parallel beam The collimtor |ens 19
may have one toric surface for correcting astigmati sm The cylindrical |ens
20 is used to detect a focusing error signal according to the astigmatic
met hod. |If gd@eUsing B rProBsi d 0 d, accpyding.to t her
nmet hod such as the Fo&f:yau tp met odt,s} ?oaft hse"?ﬁ%%%ft %%Ig‘tig%hti c et oeg, t hen
a hol ogr aphi i i ed | e the,cylindrical |lens
20, The opt reyEE Moot B WAS LI QELFRG font Ta Chobabertaben
selectivity. tical_ axis conbiner 21 a function_to correct the
direction of Hﬁlg‘“sg:gtllacszﬁr goxeiaén ot e e ssee%%rh%afaa%%? ubb%?ﬂ‘r‘i wh? cR€i s di spl aced
off the optigcal axis, af the objective lens 13 for applying the second | aser
beamto a prd%(f&réﬁﬁdngt?qqrghtq dS§ TR ™ ?‘F%%)‘F%h?-d’é]f‘%c@%ﬁb‘devi ce
22. In the opti c:ﬂ system thus constructed, when the first |aser beamis
emtted from iTEFondiqe madiWerl0ha of the light-enitting device 14,
the emtted first | aser beamis diffracted by the grating 15, and applied
via the polarizati SATé8HPePPELCRE SAGMERE ScaXSl idighosesl Dn ttdhea he | ght
splitter 18. The first |aser beamthat has been applied to the |ight
splitter 18mMeyedde tassucdh Usee Riw 13)ght splitter 1B, and is converted by
the collimator lens 19 into a parallel beam which is focused onto the
recordi ng surface Ghet hptbDubllelamentst dthcdmdehe diightt-anlictirdy the
objective lens 13. The | aser beamthat has been focused onto the recording
surface of teyildeD1U)0a igratdfiectid & heslehyi zandi @pplowee aSe 1€} UsNi Ng
| aser beam t hrough the objective lens 13 and the collimator lens 19 to the
li ght spliticeupl@ngThenstur,ning lgsersfeamdhats has Bsemmppbietdef9 the
light splitter 18 is reflected thereby and applied through the cylindrical
| ens 20 and 1the ot iklecuilve QWY NeY A1 & Wisiddaiydeiant | agedaviee 22
Wien the returning |laser beamis applied to the |ight-detecting device 22
in a reproduct i0nydeiril@n PEHPIR), ah IRt a0 $ighab; feposfled on the
DVD 100a i s read. y";\lfi the .sane tine, Zé}%ocgclﬁtg]i ng error si gn%trlqglgn%gé tracki ng
error signalny ¢ detegted.: Las ¢4 ec focusi.ng (errar si.gnal and
t racki ng erﬁgr signgfi t he nova gﬁﬁé%%%?g%Z gﬁ Fﬁeggﬁfg%gifgqqﬁhgémmuator
9 is displaggg Wt e t.. {0 }Qg f] r_ 10, for thereby, makjng
f ocusi ng angl%t rea(‘:llt% r?g? gjgljetﬁs?tar%ents. %éﬁpt eéﬂs)oglcsokn lfl%%ra%%%ﬂ%?%se tted
fromthe second I|i miter l1l4b.of the.light-emtti devi.ce .14, the

@HE b B se8EF$}§gtg8v5§etﬁé %@s a %Qrgi llgﬁ%

enitted second | asér bsam'
emitter 14a and a second light emitter 14b for emitting
respective laser beams having different wavelengths. The
first light emitter l4a emits a first laser beam having a
wavelength of 650 nm, for example, whereas the second
light emitter 14b emits a second laser beam having a
wavelength of 780 nm, for example. For recording an
information signal on or reproducing an information
signal from one disk-shaped recording medium 100, i.e., a

DVD 100a, the first light emitter 14a emits the first



grating 15, and applied via the polarization converter 16 and the coupling
lens 17 to the light splitter 18. The second | aser beamthat has been
-applied to the light splitter 18 passes through the light splitter 18, and
is converted by the collimator lens 19 into a parallel beam which is
focused onto the recording surface of the CD 100b nounted on the disk table
4 by the objective lens 13. The | aser beamthat has been focused onto the
recordi ng surface of the CD 100b is reflected thereby and applied as a
returning | aser beamthrough the objective lens 13 and the collinmator |ens
19 to the Ii i.t1er . r rni.ng .| m t.hat_+h been applied
to the Iightl%rsét&rfﬂelgtrr&'w#)g rr-éﬁaggg% ?heref%§§%ﬁ%asss§gq}%lr gbu%ghogiehe
cylindrical |ens 20.. After .t direction of the optical, axis.of the

ret urni ng Ié:s?g)rrobdégrﬁnli %or rngrﬁqré%fltbjyo"f kFel%’}ﬁ]} c%o x?%g’%l'b i(i:’e? 21, the
returning |laser beamis applied to t | i ght -detecti device 22. Wien the
returning | éz’apeégérﬁqosr i"éedjlt"ﬁntﬂgo'l ight - det e@%i ﬁ@ogev?%‘:é socoRd 5
reproduction ,npde, for ex l e, an information signal recorded on the CD
100b is rea .lré%tt ﬁ?@%&fr’r’e%t ML d‘%&%i?@cﬁq or2E$HME2Rnd a tracking
error signal are detected. Based on the detected focusing error signal and
tracking error sighlP, fiketmdvablte emdier 1daofnchdhspjseadnd Jighs act uat or
9is 14 di spl aced with respect to the fixed nenber 10 for thereby naking
f ocusi ng an¢mitack Adhadjnstspaned fron wachovchenthrad dystangesince the
optical axis of one of the |aser beans is displaced off the optical axis of
t he objecti wvangemg F3ont 3D fupd [towi 3P tpaow, niBzen sexaarep barpl xyyeal dbrecntonl the
generation of aberrations: According to the first nmeans, the second |ight
em tter 14bpexpeosiitdudred tsudthd hadt idel aagle of tiei deheet bnet hensi ght
splitter 18 of the second |l aser beamemtted fromthe light-emtting device
14 to the dilsk- sFapedxaapaedi ngpenEdiret 180G dxS @eaters titan dgiei gl e of

i ncidence on the light splitter 18 of the first |aser beamemtted fromthe

l'i ght -eni ttiaag sdeviiemet witH hehdi s shapetk 1 £CoOF ding sElbem $001ed8e first

means wil|l be described below. As shown in Fig. 3, if the angle of

i nci dence ofy 3 heHfd i$e |ASYndeBBOHN ﬁéﬁnlﬂwti@@ég%f&aﬁa&f represent ed
by A and the angle of incidence of the second | aser” beam on the |ight

splitter 18 JiS 18R YELA Y dbtical axis of the objective lens 13.
Conversely, the first laser beam may have its
optical axis displaced off the optical axis of the
objective lens 13, and the second laser beam may have its
optical axis aligned with the optical axis of the
objective lens 13.
| The grating 15 has a function to diffract the first
laser beam and the second laser beam to form three spots
on the recording surface of the disk-shaped recording
medium 100 in order to detect a tracking error signal.
The polarization converter 16 comprises a 1/4
wavelength plate, for example. The polarization converter

16 has a function to limit the return to the light-
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then since the light splitter 18 is inclined to the optical axis, the angle
a of incidence becones smaller than the angle A of incidence as the second
1ight emtter 14b is progressively spaced fromthe first light emtter 1l4a
in one direction, and the angle a of incidence 15 becones greater than
the angle A of incidence as the second light emtter 14b is progressively
spaced fromthe first light emtter 14a in the opposite direction. The
region where the angle a of incidence is smaller than the angle A of
incidence is referred to as a positive region, and the regi on where the
angl e a of iRl {S7 ter t inclden i rred
g e'ﬂﬁt%’?fge_de?rﬂfl:éfgisf of ! rougagrgegi&& BedR A8 CEe! SoL6h8

to as a negative region. are grap OW Nng- anolnt's of

aberrations t it r e to i st.ance, fyrom the,second |ight
emtter 14b ]T%gs%t%{% I!}\gtha{]:l gaf(:rtseoe%%eecréggab hte %i‘%a?]t{—e“?‘h?%?%rred to as
"inter-emtter distance"), at it ti t he di,stance D (see Fig. . 3) fromthe
lightemitti Egecc?e‘ﬂﬂslé’@ T LrHe thﬂfm l-Tﬁ%gIﬁ’to‘i!?‘rﬁﬁzta&rlC’i‘4z§ﬁ° "F‘F‘ertseégo]nfg 3 ¥ht
emtter 14b) taq _the coupli | ens 17 is changed with respect to the

conbi ned folAl H"é:ﬂ'dtnr‘?cg t(%gglqilﬁtjﬁalofa’f% %%I‘F?%‘?%‘F FYAR: 19 and the
coupling lens 17. The inter-emtter distance is negative in the region
where the angle a ONSi FOFBEARS iL&NGr ddt éF CHEPOSFE drfyltdrea LGt dence and
positive in the region the angle a of incidence is smaller than the angle A
of incidenc®atm eprapie Tishtnemities dFviee bberrdithbas are
represented by a predeterm ned coefficient (Fringe Zernike coefficient). 16
As shown i nadid igredshs lensilgs. Fhehcougd 189 tlemsanduiasofa ganertated
spherical aberration renmains substantially unchanged even if the
inter-emtt e dhstrayeceches aptaingeld . maldrel finmintorof £ genetiad etlightm is 0 if the
inter-emtter distance is O or negative. The anmount of generated

asti gmat i smens t: diffg tdeeriad er4 erd tiley dii sk-astteped Negatdigg mbé@ienore, in
order to suppress the generation of the aberrations, it is desirable to

pl ace the saoundrdd PHe espiicell Tdyrat £ iacOSd | Bromheie dheki ghgpegmi tter

di stance is negative, i.e., the angle a of incidence is greater than the

angl e A of ilEeneRy rduillie PR atd CRl gistSderB ot g €doh Eeet S8, Second
light emtter 14b is placed at a position where the angle a of incidence is

greater than the angke)dgpk sRaii¢eRce g UmPtAMIL a Hiins aeANd f d,ght
emtter 14b is disposed ign as%oéi tion thatom?s%qo. 2 r?m space (rjcoér%the first
light emtt i EH%% I Ver.regis r.di to .t Q reans,

t he Iight-eﬁltaﬁ—‘ﬁg erf/ih%e ?é't hghgogﬁl(&?lﬁgéﬁgﬁgqf[}? laB(rzd'étﬁoefsgcgﬁ]idsn%Tor | ens
19 are disp i 0sistj.on ere the,di stance D.f.rom.t light-emtting
devi ce 14 t%satﬁﬁgdgct)%p |S§1%l selnv"sé,\?-‘fyﬁes' Oﬁngs'L&rghcr%Dl’Sglvﬁtt T Q?pebﬁ%ﬁeos t he
conmbi ned focal Ilength F of the | 1imator |e 9 and the coupling lens 17.
The second r%%’fnsfejvﬁ%q aﬁ}eé)dgeesccorr}cﬁg‘uasoeeﬁ ok?/ﬁalﬁ%ntsh%fs as]ﬁ%m?fmrﬁt?‘ﬁelrﬁ? phs of
Figs. 4 thr h .8, .the amount of generated spherical aberration does not
greatly inc?C & ToN &S % i€ 1 fo‘?”%{)%‘ﬁc)%h%) FLSEREhdREwi th respect
to the focal length F. The anount of generated coma_ is small at D = 0. 14F,
D = 0.26F, &FFBENY Fgdiumd §y 1and ref 1eehd i g yEShet | ardngecardD =
0.51F and D = 0.64F. The anount of generated astigmatismis particularly
greatly chad@é@d&sams i e atre 4 &Rd thy Hhetdhele-skaped 0. 14F.
Therefore, it is desirable to have the distance D of 0.26F or greater in
order to sumecexsiime mpsHamatli®h of the aberrations. In the above opti cal
system the light-emtting device 14, the coupling lens 17, and the
collimator |ens 19Theeldobposedistelr tfliBatist hetdildirdries Bd s dfedin 26F or
greater. As described above, in order to suppress the generation of the
aberrat i ons,splti tite rdediatadh] euto pdyadee tdrey sef otttk [t ghisehssies d¢beat a
position where the angle a of incidence is greater than the angle A of

inci dence, apeitngy R amdtieod ightserp t1d - devige, 14ort eG4 | Nthd ens 17,
and the collimator Iens 19 such that the distance Dis of O. 26F or greater.
I'n particul arght! do3 iMRSdr d&P iIfAP! S M N Z&arh %i%%rwy%.of

generated spherical aberration, ‘coma, and astignmnati'sm
The collimator lens 19 is disposed in the optical
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For exanple, if the distance D is of about 0.38F and the inter-emtter

di stance is of about 0.2 in the negative region, then the total anount of
‘'the generated aberrations is small, and hence the generation of the
aberrations can effectively be suppressed. As described above, in the
optical pickup 7, the second light emtter 14b is placed at a position
where the angle a of incidence of the second | aser beamon the |ight
splitter 18 is greater than the angle 8 of incidence of the first |aser
beamon the light splitter 18. Therefore, the generation of the aberrations

IS suppr essegtnl i tQRidit AndPl gk 7s;9ﬂ‘t@é‘£’91§’e£$§.rt1l?§_r$8§889'€e REfyent

recording efrors and reproduction errors, and provide inproved playability.
Furthernore,n4d n [ 14Cd St e o] h

i ght - em ttilnjd é“tedngcrg‘%tlfc taﬂourﬁmtgl%u%?iéng éejfné ?@gigpﬁ%‘go%éog%‘rjo%re Wit h
respect tot onbined .fqcal_|ength F of the | 1i mator lens 19 and the
coupling | er%'rséesle% rrbb(?oanqnss’eqlﬁ}cai:not 1%,P% ei]lg%%é}?%?rpbnclg\‘e (G LA T i%‘?&s in]gg
further suppressed. The thalqgégﬁg)% can have, better Eerfornance,
reliably pr&feh q¥§x9Qﬁ;€§§ﬁ?cﬁ repr ctREE T oM BY r 3F 51 IBAEL pRovi de
further inproved 19 playability. In the gbove enbodi pent, the first |aser
beam emitted from thE Flyigf‘dlril(j’ﬁﬁ NS ¥ 18 uned %% dRReala axi s al i gned
with the optical axis of the objective |ens 13, and the second | aser beam
enitted frofQde 9L GIFAE gHiITEN 13@FondNHhalso | ERe opsttamabkesmatbpaced
off the optical axis of the objective lens 13. Conversely, if the second

| aser beam Hds a tioiinelernas slgnmedisi th bdedepectal agcsrdinghto
objective lens 13, and the first |aser beamhas its optical axis displaced
of f the opticcwthed smedthachesustlj ext i e | Bmscd3] t thebhodie dashancehén
represents a distance up to the first light emtter 14a using the second

i ght em tt ethel 4 tagm trief eredticed, Theerspechdl cgsdplpbs abeémshtustuaes of the
various parts illustrated in the above enbodi nent are given by way of
exanpl e onl prikn dducisey titstyabent thwedylDidtDepI atéhee20and shoul d not
be relied upon in any way to lead to a restrictive interpretation of the
techni cal scope of ThBeoptesant akAkeRon®iner 21 is an optical device

-with wavelength selectivity. The optical axis combiner 21
has a function to correct the direction of the optical
axis of the second laser beam which is displaced off the
optical axis of the objective lens 13 for applying the
second laser beam to a predetermined light-detecting area
of the light-detecting device 22.

In the optical system thus constructed, when the
first laser beam is emitted from the first light emitter
l4a of the light-emitting device 14, the emitted first
laser beam is diffracted by the grating 15, and applied
via the polarization converter 16 and the coupling lens
17 to the light splitter 18. The first laser beam that

has been applied to the light splitter 18 passes through

12



I ndustrial Applicability As is apparent fromthe foregoing description,
according to the invention as described in claiml, claim2, claim3, and
claim4, the generation of the 20 aberrations is suppressed, and the
optical pickup can have better performance, prevent recording errors and
reproduction errors, and provide inproved playability. 21 CLAIM5S 1. An
optical pickup novable radially across a di sk-shaped recordi ng nmedi um
nounted on a disk table, for applying a | aser beamto the disk-shaped
recordi ng medi um t hrough an objective lens, conprising: a light-emtting
devi ce havi fi {10 iid er d. I ]t for
emtting, tg%ﬁz}%gﬁﬁeﬁéﬁﬂg%€ﬁiiﬁkﬁaéﬁ;k€s §%§%9#%%g$giﬁgénégéﬁlmator
respectivel y, fig st J aser a secand | aser .bea respectjvely,.
having a fi ?isetnasv\élvgelslenr#gcf I apnab azlrisegi(;(c)bl%a%v Je%}étjns, F%gbg%gi 98}?9, HRFH ch
correspond tq the,.respective disk-sh ordin dia; a light splitter
for passi ng e ﬁ%c%e%ﬁn%%w é@@%ﬂﬂo‘lng‘%% ‘Bréaﬁbﬁ,h‘ijgﬁkare
emtted frong%ﬂghli ht-em tting device toward the di sk-shaped recording
medi a, and I t3 ﬁ’@’t fIRERCt e rl #RAint 3ind Thee et am dihafedm shi ch
are reflected respectively by the di skshaped recording nedia a collimator

| ens di spos@@%’etﬁ%@éﬁeﬂﬁé’ﬂﬁc@lﬁh%p‘F?Ct"%JE—ﬁll%dS‘#Jh%a%j ‘égtf—b@ P¥Rs10Par
converting the first |aser beam and the second | aser beam which are emtted
fromthe |i gt rehladtaf ddwureby mnd aprkied eds beangtandiagl Lgherdet ecting
device for being irradiated with the first |aser beam and the second | aser
beam whi ch &eampZhrausfi ddtedinjedtiove i Igs shd i 4n@rthéheciiimatbaser beam
having an optical axis aligned with the optical axis of the objective |ens,
the second lens 19 to the light splitter 18. The returning laser

beam that has been applied to the light splitter 18 is
reflected thereby and applied through the cylindrical
lens 20 and the optical axis combiner 21 to the light-
defecting device 22. |

When the returning laser beam is applied to the
light-detecting device 22 in a reproduction mode, for
example, an information signal recorded on the DVD 100a
is read. At the same time, a focusing error signal and a
tracking error signal are detected. Based on the detected
focusing error signal and tracking error signal, the
movable member 12 of the objective lens actuator 9 is
displaced with respect to the fixed member 10 for thereby
making focusing and tracking adjustments.

When the second laser beam is emitted from the
second light emitter 14b of the light-emitting device 14,

the emitted second laser beam is diffracted by the

13



| aser beam having an optical axis displaced off the optical axis of the

obj ective lens; wherein the second |light emtter is placed at a position
‘where the angle of incidence on the light splitter of the second | aser beam
emtted fromthe light emtting device toward the correspondi ng di sk-shaped
recording mediumis greater than the angle of incidence on the |ight
splitter of the first |aser beamemtted fromthe light-emtting device
toward the correspondi ng di sk-shaped recording medium 2. An optical pickup
novabl e radi ally across a di sk-shaped recordi ng nedi um nounted on a di sk

table, TOr SRRlotn0 13 | asky HRAMSP e eXoTaRel { £607 dbide FRAL UM

t hrough an obj ective I'ens, ¢ rising: t-emtting device having a
first |ight i r | i tter for itting, ,to fwo

di fferent t)?glerasttt(l)j% &%ﬁ@ﬁ%’ﬁ%&e&oﬂg{%gﬂ&&%@? e%%%c“%l %/8 a f1% st |aser
Second vaverBHr, TABETe A PLI SR h KRR GRRAEY ¢ oot cLgeet ve
di sk- shaped recordi ng nmedi a; 23 a light splitter for passing the first

| aser bean1§ﬁ§lﬁﬁ@ré o P 58S EhFORAMR R B teriR et $F ob§ « hend is

light-emtting device toward the disk-shaped recording
converted by the collimator lens 19 into a parallel beam,

which is focused onto the recording surface of the CD
100b mounted on the disk table 4 by the objective lens 13.
The laser beam that has been focused onto the recording
surface of the CD 100b is reflected thereby and applied
as a returning laser beam through the objéctive lens 13
and the collimator lens 19 to the light splitter 18. The
returﬁing laser beam that has been applied fo the light
splitter 18 is reflected thereby and passes through the
cylindrical lens 20. After the direction of the optical
axis of the returning laser beam is corrected by the
optical axis combiner 21, the returning laser beam is
applied to the light-detecting device 22.

When the returning laser beam is applied to the
light-detecting device 22 in a reproduction mode, for
example, an information signal recorded on the CD 100b is
read. At the same time, a focusing error signal and a
tracking error signal are detected. Based on the detected
focusing error signal and tracking error signal, the

movable member 12 of the objective lens actuator 9 is

14



medi a, and reflecting the first |aser beam and the second | aser beam whi ch
are reflected respectively by the di sk shaped recording nedia; a collimator
-l ens di sposed between the light splitter and the objective lens, for
converting the first |aser beam and the second | aser beam which are emtted
fromthe light-emtting device into a parallel beam a |ight-detecting
device for being irradiated with the first |aser beam and the second | aser
beam whi ch are reflected by the light splitter; and a coupling |ens

di sposed between the light-emitting device and the collimator |ens, for
changi ng a”d?B%igéEdnwghf heatlean LHOmHENG: il gl et IR0 dav 'tﬁdeefe%}; he

di skshaped recording nedia and an optical ‘magnification fromthe

di sk- shaped_recqrdi-n dia_t he li.ght-detecting device; the first |aser
bean1havingmgglggthnggQﬁsa %iéﬁ%&%ﬁ%%ﬁ?ﬁ@%% %éﬁﬂ'axis of the objective
| ens, the second | aser, beam having,.an.optical axis displaced.,off the
optical axis of thEobf&ct 9¥elgﬁg}cﬁhe$¥? e?hesapgﬁaigg PP&A e 315
light-emtting device 24 _ to the coupling lens is of 0.26F or nore where F
represents PheCBEnBinéder degrT ORGMF df Redadachwid thenorffahe
coupling lens. 3. A disk drive apparatus having a rotatable disk table for
nounting a 8X$R- ShapBe PEOECHLING AediSum3yhéheo o ldmying dpia drarm ckup
havi ng an objective | ens actuator supported on a novabl e base and novabl e
radi al | y achoesenpéogesk tohgpad rodedhdi g nesditimmmihtade mrattimnsli sk t abl e,
for applying a | aser beamto the disk-shaped recordi ng nmedi umthrough an
obj ective | ens, whkcedndsagdtoptheafipstkmpaneppthsi sgroadl ildightem tti ng
device having a first light emtter and a second light emtter for
emtting, temiwbedi flierent poghed oofeddissichs apead vhec airdj g aredi a,
respectively, a first |laser beam and a second | aser beam respectively,

havi ng a fi diatideviekengt Rhand ighteepnd twavel1@ngiih,t Hee Sdrid/ el asemhi ch
correspond to the respective di sk-shaped recording nmedia; a light splitter

for passingpbBft Bhfiskekasebrbed® angnithensesantd |Rsalcdeaammhigle are
emtted fromthe light-emtting device toward t'he di sk-shaped recording

medi a, and pekkeshhpaqt Be diddhd aReh Rfameng td}%da%%cp%(flr@%{e beam whi ch
are reflected respectively by the di skshaped recordi ng nedi a;

angle of incidence on the light splitter 18 of the first

laser beam emitted from the light-emitting device 14 to

the disk-shaped recording medium 100.

The first means will be described below.

As shown in Fig. 3, if the angle of incidence of
the first laser beam on the light splitter 18 is
represented by 6 and the angle of incidence of the second
laser beam on the light splitter 18 is represented by «,
then since the light splitter 18 is inclined to the
optical axis, the angle o of incidence becomes smaller
than the angle 0 of incidence as the second light emitter

14b is progressively spaced from the first light emitter

l4a in one direction, and the angle o of incidence

15



25 a collimator |ens disposed between the light splitter and the

obj ective lens, for converting the first |aser beam and the second | aser
“beam which are enmtted fromthe light-emtting device into a parallel beam
and a light-detecting device for being irradiated with the first [aser beam
and the second | aser beamwhich are reflected by the light splitter; the
first |laser beam having an optical axis aligned with the optical axis of
the objective lens, the second | aser beam having an optical axis displaced
off the optical axis of the objective | ens; wherein the second |ight

emtter is placed at _a posit.i.on ere the | e .of Jincidence on the |ight
spl i tterI of THESE: HE éasrleré}i?é'h ema[qql;ﬁne ﬁ%t%cjjtéjegljhcf%nﬁt&hﬁ devi cg

t dth di di.sk-sh d recording nediymis greater than the
ot ™ SR U0 NI £ S A ST e S SREE i IRE, o1
fromthe light-em_tti devi.ce toward the correspondi ng di sk-shaped

recordi ng ek ld‘.&%cﬁr%l\lgftﬁ]? Vet gdhr %sol?%‘?ﬁﬁtge aéjrg?%%h%?e ' table -

for nounting a di sk-shaped recordi ng nedi umthereon, and an optical pickup
havi ng an objesdary ahesfs e wndre hpporinei drnee nbvaphelbasethad wbeabl e
radi al ly across the di sk-shaped recordi ng nedi um nounted on the di sk 26
table, for @mdls Mgof [1asdddresmitso ndfe ik -whaped reesitivg negiom
t hrough an objective | ens,
and the region where the angle o of incidence is greater
than the angle 0 of incidence is referred to as a
negative region.
Figs. 4 through 8 are graphs showing.amounts of
aberrations generated with respect to the distance from
the second light emitter 14b to the first light emitter
l4a (hereinafter referred to as "inter-emitter diétance")
at the time the distance D (see Fig..3) from the light-
emitting device 14 (the first light emitter 1l4a, the
second light emitter 14b) to the coupling lens 17 is
changed with respect to the combined focal length F (see
FIG. 3) of the collimator lens 19 and the coupling lens
17. The inter-emitter diétance is negative in the region
where the angle a of incidence is greater than the angle
0 of incidence and positive in the region the angle a of
incidence is smaller than the angle 0 of incidence. 1In
the graphs, the magnitudes of the aberrations are

represented by a predetermined coefficient (Fringe

Zernike coefficient).
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wherein said optical pickup conprising: a light-enmtting device having a
first light emtter and a second light emtter for emtting, to two
different types of disk-shaped recording nedia, respectively, a first |aser
beam and a second | aser beam respectively, having a first wavel ength and a
second wavel ength, respectively, which correspond to the respective

di sk-shaped recording nedia; a light splitter for passing the first | aser
beam and the second | aser beam which are emtted fromthe light-emtting
device toward t he di sk-shaped recording nmedia, and reflecting the first

| aser beam and t he,se | ase e i C re reflected respectively by
t he di skshaped recé‘r%dlgﬁgg]ﬁeg?lakggcﬁl Ia‘gnﬂ%ast r(gjrfal}‘:gﬁ?dss 'dié%&’sreod‘lggbt etr‘Pef he | i ght
splitter an% t he oqggctive l.en f.or_co vertinﬁ the first,l aser beam and

the second PESE & mqmecﬁf"taercg’se‘?ﬁﬁle%a T TRRE TP EBR R ng device into

a parallel beam, a ljight-detecting, device for bejng irradiated with the
first |aser sb]g’a?rﬁaé‘rﬂat%ﬁé/ é‘@’&ﬁ?ﬂi"qeﬁe@rv%aﬁ whre LRk er Te7i E®Bd by the |ight
splitter; and a coupling | ens disposed between the light-emtting 27

devi ce and HETERNAg et gthangad. f dhec ARG ofh IsRezediedraamd iiatq ot f r om
the light-emtting device to the di sk shaped recording nedia and an opti cal
magni fi cati ¢@ef dovhatremitdiens thpene okgli Ao reekgat bve he Thgemalsitect i ng
device; the first | aser beam having an optical axis aligned with the
optical axi ®fofgemiesradisiceastigniatissm tie Getbnch¢ abetrebeamitaerng an opti cal
axis displaced off the optical axis of the objective |lens; wherein the

di stance fr omsttanded gt rnegativey d@hiece floxre,hdrcaupldmgd enppresd the6F or
nore where F represents the conmbined focal |length of the collimtor |ens

and the couplenegaters X8 the aberrations, it is desirable to place
CAFA. Ay. Asy. AAy. Ae. A . Asy. Ay. A . Ay. Asy. As. Ase. A. sy. Ae. A, e. Ae. AR Ae. Ae. A@. A

sy. A sy. A . AteAsiomdAaBipHic Barilitlexsnisl_oAl calsed ted 672 wied s8] €4 ca] ca] ca] ca
] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa]ca! !

inter-emitter distance is negative, i.e., the angle a of
incidence is greater than the angle 0 of incidence.

In the aBove optical system, therefore, the sécond
light emitter 14b is placed at a position where the angle
o of incidence is greater than the angle 0 of incidence.
For example, the second light emitter 14b is disposed in
a position that is 0.2 mm spaced from the first light
emitter 14a in the negative region.

According to the second means, the light-emitting
device 14, the coupling lens 17, and the collimator lens
19 are disposed in a position where the distance D from
the light-emitting device 14 to the coupling lens 17 is
0.26F or more with respect to the combined focal length F
of the collimator lens 19 and the coupling lens 17.

The second means will be described below.
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Jz. f}xgnl 1:1 _Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
‘Jca]ca]calcalcalcalcalcalcalcalcaljcal LS\iE{ Y M

\}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca
]ca]l ca]ca]cal]ca]calcalca]lcalcaljcal!P < d

PHE{rrrrQ e #h###%$3} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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EAE EEEFGF~FFFGK HHHI 111 | I xsni d cal cal ca] ca] ca] ca] ca] ca] ca] ca]
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bebbbbc9e<gBFEGIF: SPNFHHRLI I |s|mae] ja% j kW d Z]ead cafEa] eadich] €a] ca] ca
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device 14, the coupling lens 17, and the collimator lens
19 are disposed such that the distance D is of 0.26F or
greater.

As described above, in order to suppress the
generation of the aberrations, it is desirable to place
the second light emitter 14b at a position where the
angle o of incidence is greater than the angle 0 of
incidence, and to place the light-emitting device 14, the
coupling lens 17, and the collimator lens 19 such that
the distance D is of 0.26F or greater. In particular, it
is most desirable to minimize the total amount of

generated spherical aberration, coma, and astigmatism.
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For éxample, if the distance D is of about 0.38F and the
inter-emitter distance is of about 0.2 in the negative
region, then the total amount of the generated
aberrations is small, and hence the generation of the
aberrations can effectively be suppressed.

As described above, in the optical pickup 7, the
second light emitter 14b is placed at a position where
the angle a of incidence of the second laser beam on the
light splitter 18 is greater than the angle 0 of
incidence of the first laser beam on the light splitter
18. |

Therefore, the-generation of the aberrations is
suppressed. The optical pickup 7 can have better
performance, prevent recording errors and reproduction
errors, and provide improved playability.

Furthermore, in the optical pickup 7, the distance

D from the light-emitting device 14 to the coupling lens

17 is of 0.26D or more with respect to the combined focal

length F of the collimator lens 19 and the coupling lens
17.

Consequently, the generation of the aberrations is
further suppressed. The optical pickup 7 can have better
performance, reliably prevent recording errors and

reproduction errors, and provide further improved
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playability.

In the above embodiment, the first laser beam
emitted from the first light emitter 14a has its optical
axis aligned with the optical axis of the objective lens
13, and the second laser beam emitted from the second
light emitter 14b has its optical axis displaced off the
optical axis of the objective lens 13. Conversely, if the
second laser beam has its optical axis aligned with the
optical axis of the objective lens 13, and the first
laser beam has its optical axis displaced off the optical
axis of the objective lens 13, then the distance D
represents a distance up.to the first light emitter 1l4a
using the second light emitter 14b as a reference.

The specific shapes and structures of the various
parts illustrated in the above embodiment are given by
way of example only in reducing the present invention to
practice, and should not be relied upon in any way to

lead to a restrictive interpretation of the technical

scope of the present invention.

Industrial Applicability
As is apparent from the foregoing description,
according to the invention as described in claim 1, claim

2, claim 3, and claim 4, the generation of the
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have better performance, prevent recording errors and

reproduction errors, and provide improved playability.
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emitter and a second light emitter for emitting, to two

different types of disk-shaped recording media,
respectively, a first laser beam and a second laser beam,
respectively, having a first wavelength and a second
wavelength, respectively, which correspond to the
respective disk-shaped recordiﬁg media;

a light splitter for passing the first laser beam
and the second laser beam which are emitted from the
light-emitting device toward the disk-shaped recording
media, and reflecting the first laser beam and the second
laser beam which are reflected respectively by the disk-
shaped recording media;

a collimator lens disposed between the light
splitter and the objective lens, for converting the first
laser beam and the second laser beam which are emitted
from the light-emitting device into a parallel beam; and

a light-detecting device for being irradiated with

the first laser beam and the second laser beam which are
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reflected by the light splitter;

the first laser beam having an optical axis aligned
with the optical axis of the objective lens, the second
laser beam having an optical axis displaced off the
optical axis of the objective lens;

wherein the second light emitter is placed at a
position whe;e the angle of incidence on the light
splitter of the second laser beam emitted from the light-
emitting device toward the corresponding disk-shaped
recording medium is greater than the angle of incidence
on the light splitter of the first laser beam emitted
from the light-emitting device towérd the corresponding
disk-shaped recording medium.

2. An optical pickup movable radially across a
disk-shaped recording medium mounted on a disk table, for
applying a laser beam to the disk-shaped recording medium
through an objective lens, comprising:

a light-emitting device having a first light
emitter and a second light emitter for emitting, to two
different types of disk-shaped recording media,
respectively, a first laser beam and a second laser beam,
respectively, having a first wavelength and a second

wavelength, respectively, which correspond to the

respective disk-shaped recording media;
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a light splitter for passing the first laser beam
and the second laser beam which are emitted from the
light-emitting device toward the disk-shaped recording
media, and reflecting the first laser beam and the second
laser beam which are reflected respectively by the disk-
’shaped recording media;

a collimator lens disposed between the light
splitter and the objective lens, for converting the first
laser beam and the second laser beam which are emitted
from the light-emitting device into a parallel beam;

a light-detecting device for being irradiated with
Athe first laser beam and the second léser beam which are
reflected by the light splitter; and

a coupling lens disposed between the light-emitting
device and the collimator lens, for changing an optical
magnification from the light-emitting device to the disk-
shaped recording media and an optical magnification from
the disk-shaped recording media to the light-detecting
device;

the first laser beam having an optical axis aligned
with the optical axis of the objective lens, the second
laser beam having an optical axis displaced off the

optical axis of the objective lens;

wherein the distance from the light-emitting device
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represents the combined focal length of the collimator
lens and the coupling lens.

3. A disk drive apparatus having a rotatable disk
table for mounting a disk-shaped recording medium thereon,
and an optical pickup having an objective lens actuator
supported on a movable base and movable radially across
the diék—shaped recording medium mounted on the disk
table, for aﬁplying a laser beam to the disk-shaped
recording medium through an objective lens,

wherein said optical pickup comprising:

a light-emitting device having a first light
emitter and a second light emitter for emitting, to two
different types of disk-shaped recording media,
respectively, a first laser beam and a second laser beam,
respectively, having a first wavelength and a second
wavelength, respectively, which correspond to the
respective disk-shaped recording media;

a light splitter for passing the first laser beam
and the second laser beam which are emitted from the
light-emitting device toward the disk-shaped recording
media, and reflecting the first laser beam and the second
laser beam which are reflected respectively by the disk-

shaped recording media;
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laser beam and the second laser beam which are emitted
ffom the light-emitting device into a parallel beam; and

a light-detecting device for being irradiated with
the first laser beam and the second laser beam which are
reflected by the light splitter;

the first laser beam having an optical axis aligned
with the optical axis of the objective lens, the second
laser beam having an optical axis displaced off the
optical axis of the objective lens;

-wherein the second light emitter is blaced at a
position where the angle of incidence on the light
splitter of the second laser beam emitted from the light-
emitting device toward the corresponding disk-shaped
recording medium is greater than the angle of incidence
on the light splitter of the first laser beam emitted
from the light-emitting device toward the corresponding
disk-shaped recording medium.

4. A disk drive apparatus having a rotatable disk
table for mounting a disk-shaped recording medium thereon,
and an optical pickup having an objective lens actuator
supported on a movable base and movable radially across

the disk~shaped recording medium mounted on the disk

26

109& ()- @O% ()- @OY%& ()-, 4109 ()-yl0% ()-hhhligiiidEg\=8 !

()-3



10/;10% & ()-! F'z 10%/& ()-F'z 10% & ()-! ,M10%& ()-s!

, M109%&' ()-s, M 10% & ()-s; u<u=uj uuuvGvvm\/ 10% & ()-ml0% & ()-, 10% & () -
10% & ()-, T 10% & ()-s10% & ()- 10/ 10/ vvv wAwewwdEMN 10% ,

10% & ()-,810% & ()-,10% & ()-Z10% & ()-10% & () -, 10% & () - wkxx, ygyydEm\ 10
% ,4G10% & ()-2M 10% & ()-0310% & ()-,.Z10% & ()-,,Gl0% & ()-F'g

10% & ()-yyzzzzzrzzb@O! 10%& ()-31098& ()-3 10/ 10/ 10/ &

10% & ()-910% & () - 641096&f() zz{ 11}} }[9b@p F" 10%&' ()-! F' 1098B& () - F"
109%B& ()-! - 10%&'() - 109B& ()-:! 1098B& () - 3~~~~~~~ lh~_@ 10% U& ()-f

107005 ) AR, (s 10RANRI0E ]305@%}5%@ (*;F > R S %0
U& () -5 10% W& c@rdfn%lgn@cp%ng )th@oug{l & (gbj eclé)f/\geugﬁ.él)l 310%

wherein said optical pickup comprising:

a light-emitting device having a first light
emitter and a second light emitter for emitting, to two
different types of disk-shaped recording media,
respectively, a first laser beam and a second laser beam,
respectively, having a first wavelength and a second
wavelength, respectively, which correspond to the
respective disk-shaped recording media;

a light splitter for passing the first laser beam
and the sécond laser beam which are emitted frém the
light-emitting device toward the disk-shaped recording
media, and reflecting the first laser beam and the second
laser beam which are reflected respectively by the disk-
shaped recording media;

a collimator lens disposed between the light
splitter and the objective lens, for converting the first
laser beam and the second laser beam which are emitted
from the light-emitting device into a parallel beam;

a light-detecting device for being irradiated with
the first laser beam and the second laser beam which are
reflected by the light splitter; and

a coupling lens disposed between the light-emitting
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device and the collimator lens, for changing an optical
magnification from the light-emitting device to the disk-
shaped recording media and an optical magnification from
the disk-shaped recording media to the light-detecting
device;

the first laser beam having an optical axis aligned
with the optical axis of the objective lens, the second
laser beam having an optical axis displaced off the
optical axis of the objective lens;

wherein the distance from the light-emitting device
to the coupling lens is of 0.26F or more where F
represents the combined focal length of the colliﬁator

lens and the coupling lens.
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