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This invention relates to an optical pickup device and-an opt'ﬁvﬂégﬂfc \
apparatus for enabling recording of information signals on a %1 ity o ©

types of the optical recording nediunms having different |ayered structures
by differences in the substrate thickness and materials and for enabling
repfoduction of the recorded informatibn signals. Description of the

Rel ated Art As an optical recording nedium a conpact disc (CD)

which is a reaqEo0FY TAR! (RENEIGE 120 mmin di aneter, has been proposed
This CD 100 has its disc substrate (transparent |layer) 101 nolded of a

transparent ppticalb®iakeprBevicdandi@ptiighll Dt répmbrbingaApparaigh
mechani cal resistance and resi stance against chem cals, or of transparent

synt hetic reBACKAROUND, O THE CENVENTION yvinyl chloride resin or acrylic
resin, as Shoyggﬁgngy %hgylhgention

This invention relates to an optical pickup device and an
optical disc apparatus for enabling recording of information
signals on a plurality of types of the optical recording mediums
having different layered structures by differences in the
substrate thickness and materials and for enabling reproduction
of the recorded information signals.
Description of the Related Art

As an optical recording medium, a compact disc (CD), which
is a read-only optical disc 120 mm in diameter, has been
proposed. This CD 100 has its disc substrate (transparent layer)‘..
101 molded of a transparent polycarbonate resin having high light
transmittahce, high mechanical resistance and resistance against
chemicals, or of transparent synthetic resin materials, such as
polyvinyl chloride resin or acrylic resin, as shown partially in
Fig.la. dn one of the major surfaces of the disc substrate 101
are formed pits arranged on concentric circles by transcription
by a stamper built into a molding metal mold. These pits 102 are
formed to form a recording track by being formed as tiny encoded:
holes having different circumferential lengths in associatibn
with pre-set information signals. The CD 100 has a reflective

layer 103 formed by evaporation of aluminum of high 1light



Fig.la. On one of the major surfaces of the disc substrate 101 are forned
pits arranged on concentric circles by transcription by a stanper built
into a molding metal mold. These pits 102 are formed to forma recording
track by being fornmed as tiny encoded holes having different
circunferential lengths in association wth pre-set information signals.
The CD 100 has a reflective |ayer 103 forned by evaporation of al um num of

hi ght |'i ght 2 refl ectance on a pit
form ng surface of the disc substrate 101. A protective layer 104 is then
applied for conpleting the CD 100. In the CD 100, the information
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an optical pickup device 200 constructed as shown in Fig. 2.

Referring to Ripreteatigreopeyem|lOdi dkuphere\sppd ied0fors compdet img dtheaCh 100.
sem conduct or device 201, a gratlng 202, a bamsplitter 203, a colllnator
| ens 204, an obj ecIPv¥hs &Rst i&“ﬁ%ﬂfﬁbtsééf‘ﬁﬁsﬂﬁc"ded as| Ritfel02
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sem conduct or devi ce
device 200 constructed as shown in F1g.2.

Referring to Fig.2, the optical pickup device 200 is made
up of a semiconductor device 201, a grating 202, a bam splitter
203, a collimator lens 204, an objective lens 205 and a
photodetector 207.

In the above—described optical pickup device 200, a light
beam radiated from the semiconductor deviée 201 is split by the
grating 200 into a main beam and a side beam. These beams are
reflected by a reflecting surface 203a of the beam splitter 203
and collimated by the collimator lens 204 into a collimated beam™
which is then converged by the objective lens 205 on & point of
the signaltrecording surface of the CD 160.

The return light beam, reflected back from the signal
recording surface of the CD 100, again falls via the objective
lens 206 and the collimator lens 204 on the beam splitter 203.
The return light beam is transmitted through the beam splitter
203 to fall on the light recéiving section of the photodetector
208. -

The information recorded on the signal recording surface of
the CD 100 is reproduced in this manner based on the detection

signals outputted by the 1light receiving section of the



‘grating 200 into a main beam and a side beam These beans are reflected by
a reflecting surface 203a of the beamsplitter 203 and collinmated by the
collimator lens 204 into a collimted beam which is then converged by the
objective lens 205 on a point of the signal recording surface of the CD -
100. The return [light beam reflected back fromthe signal
recordi ng surface of the CD 100, again falls via the objective |ens 206
and-the collimator lens 204 on the Beamsplitter 203. The return |light
beamis transmtted through the beamsplitter 203 to fall on the |ight
recei ving section of the photodetector 206. The information recorded

on the signalpffAGedieBdosubbace of the CD 100 is reproduced in this manner
based on the detection signals outputted by the |ight receiving section of

t he Recently, attempts ard beipgotmii ctoéwardd6raising the

Recently, attenpts are being nade towards raising the
recording density of the optical disc as a subsidiary storage
device for a computer or as a package medium for speech or video
information. For raising the recordiﬁg'density. there is known
a method of.increasing the numerical aperture NA of the objective
lens.beyond the nuﬁerical aperture of the objective lens of the
optical pickup for a conventfonal compact disc and reducing the
beam spot diameter by employing a short wavelength light source.
However, if the numerical aperture NA is increased, the tolerable
range for the tilt of.the optical disc is diminished.

On the other hand, since the signal recording surface of the
optical disc is provided via a transparent substrate having a
pre—set substrate thickness, which is usually 1.2 mm in thg case
of a compact disc, wavefront aberration is produced if the
optical disc is tilted relative to the optical axis of the
objective lens of the optiéal pickup, thus affecting RF signals
(playback signals). As for the wavefront aberration, three—order
coma. aberration, proportidnate to a third power of the numerical
aperture and approximately first power of the skew:angle © and
inversely proportionate to the wavelength, is predominant.

" The optical disc, having the transparent substrate of, for
examplg, polycarbonate, mass-produced at lower cost, has the skew
anglé of, for example, as much as *0.5 to *1° . Thds the_}ight

spot from the semiconductor laser.device of the optical pickup



recording density of the optical disc as a subsidiary storage device for

conputer or as a package nedium for.speech or video information. For

rai sing the recording density, there is knowmn a nethod of increasing the

nunerical aperture NA of the objective |ens beyond the nunerical aperture
of the objective lens of the optical pickup for a conventional conpact

di sc and reducing the beam spot dianmeter by enploying a short wavel ength

| i ght source. However, if the nunerical aperture NA is increased, the

tol erabl'e range for the tilt of the optical disc is dimnished. On

the other hand, since the signal recording surface of the optical disc is
provi ded via Qf‘tlr%syy&r“é’ﬁtr%GbQ{IrEBE mt/iq'rgl ahﬁfr-ebgé?mgﬁb%?'rm@“t%rél@ﬁéss
which is usugl 1.2 nn1#n t.he case §onpac
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RF signals (playback signals). for the wavefront aberration,
three-order <igralaherration, proportlonate to a third power of the
nunerical aperture and approximately first power of the skew angle [err]
and inversely propé&incenthe %We@herma@lﬁgﬂherr%ﬁﬂ%dénﬁ’nmrtionﬂte Tiee

tical di h the tr t t f,.f
0l yoar bonat A SPan G DB PEfR = PaRF=Chacta eSSk LTS ARBIE: obhe rtfee
exanpl e, as ”Ll&ﬁh@xsat% StAelfds may WS LQ@ ltkghtforsg%mfﬂgm b8 mm, for

sem conductor | aser device of the optical pic
significantly decreasing the three-order coma aberration.

In this case, there exist two opticel disc standards having
different characteristics, that is a standard having a thicker
disc substrate (for example, 1.2 mm) and a standard having a
thinner disc substrate (for example, 0.6 mm). _

If a plan-parallel plate with a thickness equal to t is
insert into an optical path, there is produced spherical -
aberration proportionate to t x NA4. Therefore, the objective
lens is designed for canceling this spherical aberration.

Meanwhile, the spherical aberration differs with disc
substrate thicknesses, so that, if desired. to reproduce an
optical disc conforming to a given Standard, such as a compact
disc, write—~once optical disc or a magneto-optical disc with the
disc substrate thickness of 1.2 mm using an objective lens
conforming to the opticﬁl disc having a disc substrate thickness
of 0.6 mm conforming to the other standard, there is produced the
spherical aberration due to difference in the disc substrate

thickness, thus significantly exceeding the range of the error

a



4  device, converged on the optical disc, becones non-symetrical by the
wavefront aberration, thus increasing the inter-synbol interference,

t her eby di sabling correct reproduction of the RF signals. Si nce
the-three-order coma aberration is proportionate to the thickness of the
di sc substrate, as descri bed above, the disc substrate thickness may be
set to, for exanple, 0.6 mm for significagtly decreasing the three-order
coma aberration. In this case, there éxist two optical disc standards
having different characteristics, that is a standard having a thicker

di sc substrate (for exanple, 1.2 mm) and a standard having a thinner disc
substrate (faén thedilse, sdbstratle thickneds agcphmedatmdabyethe|antdcailt disc.
thickness equal to t is insert into an optical path, ghere IS groduced
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discs of the plural types with different disc substrate
thicknesses cannot be reproduced by the conventional optical
pickup.

Thus, there has also beeh proposed such a system in which
plural objective lenses designed to cancel the spherical
aberration of the plural disc types are provided and an objective
lens conforming to the type of the optical disc to be reproduced
is inserted into the light path depending on the disc types to
‘be reproduced for coping with plural disc types with different
disc substrate thicknesses.

However, in this objgctive lens switching typé optical -
pickup, the beam spot diameter is reduced using a shorter light
source wavelength of the order of 635 to 650 nm for coping with
high-density optical discs (DVDs).

The high—-density optical discs (DVDs) are required to have
a function of enabling reproduction of the CD 100. In the DVD
reprdducing device, an objective lens 107 for DVD, optimized for
a DVD 105 having an.}pformation signal recording layer at a
diétance qf 0.6 mm froﬁ the major surface of the disc substrate,
is used,_as shbwn in Fig.3a. However, since the CD 100 has a

L signal recording layer at a distance of 1.2 mm from thé.maﬁon

surface of the disc substrate, the laser light spot cannot be



substrate thicknesses, so that, if desired to reproduce an optical disc
conformng to a given standard, such as a conpact disc, wite-once optica
disc or a nagneto-optical disc with the disc substrate thickness of 1.2 mm
usi-ng an objective lens conformng to the optical disc having a disc
substrate thickness. of 0.6 mmconformng to the other standard, there is
produced the spherical aberration due to difference in the dISC substrate
t hi'ckness, thus significantly exceeding t Re range of the error

5 in the disc substrate thickness accomobdat ed by the optical disc.
Thus the signals cannot be detected correctly fromthe return |ight from
the optical dbaeerged hopthimaldyuby thatobjectoipie dans doscBvinfidathe pl ural
types with. different disc substrate thicknesses cannot be reproduced by

t he conventi onal Bbﬁchhe peRRegucing deviipes witthe CD-HYP goapapibil bybpbsed
such a system.in.wh
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obj ective recording layer at two pos1t1ons of 0.6 mm and 1.2 mm from the
disg substrate surface. As this type of the reproduc1ng device
with CD—DVD'cdmpaffbi11ty, there have ‘been proposed an axial
sliding type opticai pickup device in which an objective lens for
CD and an objective lens for DVD are ﬁounted and mechanically
switched, and a two focal point type optical pickup device in
which part of the laser light is diffracted by a hologram formed
on the surface_of an objective lens and the diffr#cted laser
light and the non-diffracted laser light form two focal points
for the CD 100 and for the DVD 105. There is also known another
reproducing device with CD-DVD compatibility in which a liquid -
crystal shutter 109 is provided in the laser light path of the
DVD reproducing device for interrupting the peripheral light for
converging the laser light for varying the focal length of a sole
objective lens 107 into one for CD 100 and one for DVD 105 as
shown in Fig.4.
The. optical recdrding medium may not only be an above—
mentioned read-only CD 100 but also be a compact disc recordable
" CD-R 110 capeble of recording the. information only once. The CD-R
110 is similar to the CD 100 in physical properties. sﬁch as
diameter, weight or thickness, or récording capacity, however,

it can be produced in smaller quantities economically and is



| ens conformng to the type of the optical disc to be reproduced is

Inserted into the |ight path depending on the disc types to

be reproduced

for coping with plural disc types with different disc substrate

t hi cknesses.

However, in this objective |lens switching type optical

pi ckup, the beam spot dianeter is reduced using a shorter |light source
wavel ength of the order of 635 to 650 nmfor coping with high-density
optical discs (DVDs). The high-den§1ty optical discs (DVDs) are
required to have a function of enabling reproduction of the CD 100. In the
DVD reproduci ng device, an objective lens 107 for DVD, optimzed for a
DVD 105 havi ngoad dua®iebtvran Yn@natp r e60r dbN@nkdyqr als dsuitied fve @dtd. 6
nm fromthe major surface of the disc substrate, is used, as shown in

Fi 9. 3a. Howeveteoragewc &hiiseCEER 0@ has a tsanpralrentcpo tirqarbompde substrate

distance of 1.2 mmfromthe major  surface of the disc substrate, the |aser
li ght spot caﬁﬁét°BeWh1°h an organic dye layer 112, a gold reflectgve layer

113 and a protective layer 114 are layered in this order, as
shown in part in Fig.1lb. 1In the'CD—R 110 is also formed a laser
light illumination guide {(groove) covered by the organic dye
layer 112. The organic dyg layer 112 1is reacted with
polycarbonate of the substrate under the heat of the laser light
for forming pits 115 corresponding to the_illuminated laser light
for after—recording the information signals.

Since the organic dye is used in the CD-R 110 as a film
constituting a signal recording surface, the CD-R has high lighf
absorbance for the wavelength of the order of 635 to 650 nm. Thus
the reflected light from the recording pit on the signal -
recording surface of the optical disc is not of sufficient
intensity.

That is, with the wusual CD 100, n which an aluminum
evaporated film is used as a reflective surface of the signal
recording surf;ce, it is difficult to detect changes in light
volume of the reflected light from the optical disc, such that
it is practically impossibie to reproduce the CD-R.

Thus it may be envisaged to load both an optical pickup
coping with shorter wavelengths and another optical pickup coping
with shorter wavelengths on the optical disc device. However,

if plural optical pickup devices are used, the manufacturing cost



converged optimally by the objective lens for DVD 107. Thus t he

repr oduci ng device with CD-DVD conpatibility is requi red to cause the

| aser light to be converged on a signal recording |layer at two positions
of .6 mMmand 1.2 mmfromthe di sc substrate surface. As this type of

t he reproduci ng device with CD-DVD conpatibility, there have been
proposed an axi al sliding type optic pi ckup device in which an

obj ective |l ens for CD and an objecti | ens for DVD are nounted and
mechani cal |y switched, and a two focal point type optical pickup device

I n whi ch part of the laser light is diffracted by a hol ogram fornmed

on the surfacis Ghct8a®dd caiHile tROoptidal heisk fdppacheds | AS@brrespoiiiingafpd
the non-diffracted |aser light formtw focal points for the CD 100 and
for the DVD l0B:repfsede inssifeo knomn another reproduci ng device with

CD- DVD conpatlbllle in which a é§¢ crystal shutter 109 is provided
in the |aser $Q%ﬂﬁ3 pQFhTHF ?HEENTI D reproducing device for interrupting

the peripheral Tight {gr thgg%?ﬂi‘@r%“goﬂﬁ%t' GEr tLLQQEFEQE&DE}%%H%&He to

focal length of a’'sole ective lens 107 into on and one

for DVD 105 a§rovm%hannoi>ﬂidalgp4ckuﬁ htevieR! bfdl ar @iideNgdiBei PéprRYLdIlgE
only be an above- mentioned read-only CD 100 but al so be a conpact disc
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CD-R 110 is S|n1Iar to the CD, 10Q si cal propertles such
di anet er, wei §hthytt (1rEAET S0 GPerQESFEEﬁ% heygisc di ferent

in disc substrate thicknesses including the CD-R.

I§ is another object of the present invention to provide an
optical pickup device and an optical disc reproducing.apparatus
having compatibility for plural types of the optical recoding
mediums having different layered structures, such as CD, CD-R or
DVD despitg small size for realizing high ' reliability
reproduction of the information signals. -

According to the present invention, there is provided an
optical pickup device including a plurality of light sources for
radiating a plurality of laser 1light beams of different
wavelengths in association with a plurality of types of optical
recording mediums of different layered structures,

a plurality of objective lenses for converging the laser iigh£
beams radiated from the light sources to the signal recording
ﬂiayers of pre-set optical recording mediums, an objective lens
switching mechanism for moving one of the objective lenses to a
light path between the light source and the optical recording

medium, and light splitting means on which the laser light beams



It can be produced in smaller quantities economcally and is

7 nore durable than the CD 100 so that it is suited for data storage.
This CD-R 110 has a transparent polycarbonate substrate 111 on which an
organi c dye |layer 112, a gold reflective layer 113 and a protective |ayer
114 are layered in this order, as shown in part in Fig.lb. In the CO-R 110
Is also fornmed a laser |ight illumnatigon guide (groove) covered by the
organi c dye layer 112. The organic dye Tayer 112 is reacted with

pol ycarbonate of the substrate under the heat of the laser light for
formng pits 115 corresponding to the illumnated | aser light for

af ter-recor didfli dtfe@ it KBk Qght UB@lSces are ihicAdent heidHrPediob bt iive
used in the CD-R 110 as a film constituting a signal recording surface,

t he CD- R hasléniggafteghref lepddphabe et Heoopt hea lvanesiogding ngfdinme oFfherlights3s

to 650 nm Thus, the reflected light fromthe recording ;gt on, t he si%pal-
recordi ng suﬁ?hk&?kﬁgtWﬁ?QﬁnﬁQﬁﬂtsdP§€hianﬁpeofngb???ﬁi% er light beams

into a plurality of light beams portions. The optical pickup
device also includes a plurality of photodetectors for receiving
the laser light beams split by tﬁe light splitting means, and
optical system'correction means for deviating the objective lens
arranged in the light path responsive to an output signal of the
photodetector for converging the laser light beam radiated from
the light source on a signal recording layer of the pre-set
optical recording medium. The laser light beams radiated from
‘the plural light sources éach have plurﬁl light paths proper to
the light sources and a common light path in which is positioned
the objective lens. -
The optical pickup device of the present invention also
includes 1light source means .for“ radiating a 1light beam,
objective lens means for directing the light béam radiated from
the light source means for focusin§ on a signal recording surface
of the optical disq and a photodetector for receiving a return
light beam reflected from the signal recording surface of the
optical disc. The objective lens means includes plural objective
lenses selectively arranged in the light paths of the light beam
in association with the plural types of the optical_discs having
different disc substrate thicknesses..The light source means

includes plural semiconductor laser devices radiating light beams



intensity. That is, with the usual CD 100, n which an al um num
evaporated filmis used as a reflective surface of the signal recording
surface, it is difficult to detect changes in light volunme of the
refrected light fromthe optical disc, such that it is practically

I npossi ble to reproduce the CD-R Thus it may be envisaged to | oad
both an optical pickup coping with shorter wavel engt hs and anot her optical
pi ckup coping wth shorter wavel end®hs on the optical disc device.
However, if plural optical pickup devices are used, the nmanufacturing cost
8 I's increased, while the optical disc apparatus is correspondi ngly
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obj ect of the present invention provi de an optical pickup device and an
opti cal di sc inepudées craveleagphr sépsaratiagebyanseorptbodicting they oégoing

r epr oduced correctlg w thout regard toe the different systens of the disc
di fferent light beams from these semiconductor laser devices to the

objective lenses.

In the' above arrangement, there is: provided. a second
semiconductor laser device radiating the light of a longer
wavelength associated with the optical disc the signal recording
surface of which is constituted by an organic dye. The light beam
from the first semiconductor laser device.is reflected by or
transmitted through wavelength separating means to reach the
objective lens, while the light bDeam from the second
semiconductor laser device is reflected by or tranﬁmitted through
wavelength separating means to reach the objective 'lens.

Thus, if the optical disc is the second type disc with a".
thicker disc substrate thickness, such as CD, the objective lens
associated with the optical disc is inserted into the light path,
while the second semiconductor laser de§ice'is actuated, so that
the 1light bream with a longer wavelength from the second
semiconductor ~laser device is correctly converged by the
associated objective lens on the signal recording surface of the
optical disc, with the return light fram the signal recording
surface falling on the photodetector.

If the optical disc is the first type disc with a thinner
qisc substrate thickness, such as a high dehsity optical disc,

the objective lens associated with the optical disc is inserted



I n disc substrate thicknesses including the CO-R It is another

obj ect of the present invention to provide an optical pickup device and an
optical disc reproducing apparatus having conpatibility for plural types
of «the optical recoding nediuns having different |ayered structures, such
as CD, COD-R or DVD despite small size for realizing high

reliability reproduction of the information signals. According to
the present invention, there is provigded an optical pickup device
including a plurality of light sources for radiating a plurality of |aser

| i ght beans of different wavelengths in association with a plurality of

types of optijedb theCOIghtHathdi WRB1ET tHe ff SFlNlsend¥BhaH: 64 F UdU L Fevide
_plurality of objective |enses for converging the |aser |ight beans

radi at ed fronst ke tivagled, ssor ¢hatt bhehé ighgnbeam eewbtidi mgshd myear svarfe lphgt et
opti cal recordlng medi unms, an objective lens swtching mechanismfor
movi ng one offMofetBB) %b‘tﬁ*véeméﬁgé‘i“qf(?ra lappgleigen isecopeect e donylerged
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of the optical disc, with the return light from the signal
recording surface falling on the photodetector '

On the other hand, if the optical disc is an opt1ca1 disc
the signal recording surface of which is formed off an organic
dye, such as CD-R, the objective lens associated with the
optical disc, that is an objective lens associated with the
second type optical disc, is inserted into the light path, while
the second semiconductor laser device is actuated, so that the
light beam with a longer wavelength from the second semiconductor
laser device ;s correctly converged by the associaéed objective”
lens via wavelength separating means on the signal recording
surface of the optical disc, with the return light f;om the
signal recording surface falling on the photodetector.

Since the light with the longer wavelength from the second
semiconductor laser device is incident on the signal regording
surface of the optiéél'disc formed of the organic dye, the
reflectance value becomes larger so that a sufficient return
light falls on the photodetector.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 is a schematic cross-sectional view éﬁowing the

structures of a CD and a CD-R.



9 radiated fromthe light sources are incident via the objective |ens
after reflection by the optical recording nmedium The light splitting
nmeans splits each of the incident laser light beans into a plurality of
|'i ght beans portions. The optical pickup device also includes a plurality
of photodetectors for receiving the laser light beans split by the Iight
splitting neans, and optical systemcorrection neans for deviating the
obj éctive lens arranged in the light Bath responsive to an output signal
of the photodetector for converging the |laser |ight beamradiated from
the light source on a signal recording |l ayer of the pre-set optical
recordi ng nedium Filge2| aser a | ghhebetie reidivat etloWingn darhe ephopldé |ofhta
sources each have plural_ |ight paths proper to the |ight sources and a
common |ight paprverhioRfkipntdcgdspickrRdetire obj ective |ens. The

optical pickup devigg ofyLhe SLESeNLCLBUERti ORodl 50 o I1CldgRLEGR ) SPHLPe
means for radiating a’Tight beam oﬁjec I've Tens neans fTor directing the

l'ight beam r adhgkeflgf £a@ sthee! bghigmrp?mm et ibACYST RO cBAven6igal
recording surface of the optical disc and a photodetector-for receiving a
return |ight optdonlechickupdidwicrm.t he signal recording surface of the
optical disc. The objective | ens neans includes plural_ objective |enses
sel ectively arrangBgih tifeapphher srens—sectirngli yhewpeyf cross—sectional

view showing +the state of laser 1light collection by a
conventional optical pickup device.

Fig.5 is a block diagram showing the structure of an optical
disc reproducing apparatus having the optical pickup device of
the present invention assembled therein.

Fig.6 is a block diagram showing the overall structure of
an optical pickup device embodying the present invention.

Fig.7 is an exploded perspective view of a biaxial actuator -
of the optical pickup device embodying the present invention.

Fig.8 is a schematic plan view showing a magnetic circuit
at a first neutral point of a lens holder of the biaxial
actuator. .

_ Fig.9 is a schematic plan view shoWiné the state of movement
of the lehs holder in the biaxial actuator of Fig.9 from the
first neutral point position to the second neutral point
position.

Fig.10 is a flowchart for illustrating reproduction of an
optical disc by an optical disc judgment circuit of the optical

pickup device embodying the present invention.



I n association with the plural types of the optical discs having different
di sc substrate thicknesses. The |ight source neans i ncludes plural

sem conductor | aser devices radiating |ight beans

10 - of different wavel engths. The optical pickup device further

I ncl udes wavel ength separating neans for conducting the outgoing |ight
beans from these sem conductor | aser devices to the objective |Ienses.

In the above arrangenent, there is pfdvi ded a second semi conductor |aser
device radiating the light of a |longer wavel ength associated with the
optical disc the signal .recording surface of which is constituted by an
organi c dye. The |Rightlibdama ffrlowchaetf fostil bestirasiidgcreprodsetiacevafcan s
reflected by or transmtted through wavel ength separating neans to reach
the objectivertiemk digpjbg appbhergpticebadisq ripdenant oingtd of the
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Fig.12 is a schematic view showing an opticgl system of the
optical pickup device embodying the present invention.

Fig.13 is a schematic view showing an optical system of the
optical pickup device embodying the present invention.

Fig.14 is a schematic view showiﬁg a modified optical system
of the optical pickup device embodying the present invention.

Fig.15 is a schematic side view showing the structure of a
second embodiment of the optical pickup device embodying the
present invention. |

Fig.16 is a graph showing an example -of optical
characteristics of a two-wgvelength separating prism in the -
optical pickup device of Fig.15.

Fig.17 is a schematic view showing optical axis shift of a
semiconductor laser device in the optical pickup device shown in
Fig.15.

Fig.18 is a schematic view showing_a'third embodiment of the
optical pickup device according to the present invention.

Fig. 19 is a schematic view showing a fourth embodiment of
the optical pickup device according to the present invention.

Fig.zd is a schematic side view showing a fifth embodiment
of the optical pickup device according to the present invention,

with the optical pickup device being in operation for reproducing



Thus, if the optical disc is the second type disc with a thicker disc
substrate thickness, such as CD, the objective lens associated with the
optical disc is inserted into the light path, while the second
sem-conductor | aser device is actuated, so that the light breamwth a

| onger wavel ength fromthe second sem conductor |aser device is correctly
converged by the associated objective,l,ens on the signal recording surface
of the optical disc, with the return I'ight fromthe signal recording
surface falling on the photodetector. If the optical disc is the
first type disc with a thinner disc substrate thickness, such as a high
density opticga shitieal diGcORiERld Whickes asseckabetiradd Rtnilkenepkical disc
is inserted into the light path, while the first

sem conduct or | asRigl@li des & scxpistmteedionslt Maewt Rbovigghtamebhludttatdve
shorter wavelength fromthe first sem conductor |aser device is correctly
converged byStRectiRe @bt dl HliteRaced Viiegd emhtt hRE sdgrige ridt drhf RPKiFetace

of the optica£igu&§;dégﬂg%~%ﬂgwgeigrﬁkéjéyﬁt fromthe signal'

Fig.22 is a graph showing an example of optical
characteristics of a light emitting/receiving device in the
optical pickup device of Fig.20,

Fig.é3 is &a graph showing an example of optical
characteristics of a two-wavelength separating prism infthe
optical pickup device of Fig.20.

Fig.24 is a schematic side view showing the fifth
embodiment of the optical pickup dévice;:according to the present
invention, with the optical pickup device being in operation for
reproducing an optical disc with a thicker disc substrate ~
thickness.

Fig.25 is a schematic view showing a sixth embodiment of aﬁ
optical pickup according to the present iqvention.

Fig.26 is a schematic view showing a seventh embodiment of
an optical pickup according to the present invention. -

Fig.27 is a schematic view showing an eighth embodiment of
an optical pickup according to the present.invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs.5 to 14, preferred eﬁbodiments.of the
present invention will be explained in detail.

The embodiments, now explained, represent preferred examples



recording surface falling on the photodetector. On the other hand, if
the optical disc is an optical disc the signal recording surface of which
is formed off an organic dye, such as CDR, t he objective Ilens
associated wwth the optical disc, that is an objective | ens associ ated
with the second type optical disc, is inserted into the light path, while
the second sem conductor | aser device is actuated, so that the 1|ight beam
withH a |l onger wavel ength fromthe sekdnd seni conductor |aser device is
correctly converged by the associ ated objective I|ens via wavel ength
separating nmeans on the signal recording surface of the optical disc, with

the return |ight Jdeauutlida of 00Ré pB6SERAL NInbenffsre Aid| hBfcodNtbBRnically
phot odet ect or . Since the light with the | onger wavel ength fromthe
second semn cdedicale |lHdgdtatibans @ries impesetkrithegronhe !sc'rvgmelr.r éber dregent
surface of the optical disc formed of the organic dye, the reflectance

val ue beconeslngQéﬂ°§o’Fhaﬁ°%.éb???%¢eﬁ? ﬁﬁFﬁFni#%“@ﬁFaFéVFse&ﬁ°9ﬁ@e"ts=

phot odet ect or ,, E T HE DRAW NGS Fig.1is a
n1BEL G PESA LT GH It

schemati c cross Sectro I ew ng the structures of a CD and a CO-R
In Fig.5, there is shown an optical disc reproducing

apparatus 50 having built therein an optical pickup device of a
preferred embodiment of the present invention.

In Fig.5, the optical disc reproducing apparatus 50 includes
an optical pickup 51 and a spindle motor 52, as driving means for
rotationéliy driving the optical disc 51.

The spindle motor §2 is driven under control by an optical
disc driving controller 54 so as to be run at a preset rpm.

An& one of plural sorts of optical discs_may be selected for
reproduction. ' ~

An optical pickup 53 illuminates a signal-reproducing light
beam on a signal recording surface of the rotating dptica; disc
53. In addition, the optical pickup 53 detects the return light
from'the signal recording surface. The detectéd signal is entered
to.a-signal demoduiator 56.

The signal demodulated by the signal demodulator 56 is
corrected for errors by an error correction cirquit 57 and éent
out via an interface 58 to an external computer 57. This enables
the external computer 58 to receive signals recorded on the
optical disc 51 as playback signals.

To the optical -pickup 53 is connected a head accessiﬁg



12 Fig 2 is a schematic view showi ng an exanple of a - conventi onal
optical pickup device. "Fig.3 is a cross-sectional viewis a
cross-sectional view showing the state of |laser light collection by a
conventional optical pickup device. Fig.4 is another cross-sectional
view is a cross-sectional view showing the state of |laser |light collection
by a conventional optical pickup device. Fig.5 is a block diagram
showi ng the structure of an opti cal l(H sc reproduci ng apparatus having the
optical pickup device of the present”1nvention assenbled therein.

Fig.6 is a block diagram showi ng the overall structure of an optical

pi ckup device_ e ré’]??’épgsbh?f gg‘?gg?%p\imt | OBt ical  pibklp’ toS &N gredlsded

perspective View of a biaxial of the optical prckup device
enbodyi Ng t hge b £EAHE €ra¢&NbhOBhe opticdl pikkup 2 ByhedBri 6xfhple Vitkick

showi ng'a magnetic circuit at a first neutral point of a | ens hol der of

the biaxial jampudlcorthe opticefli giokus %8 sshekae | corglented ansehoni i auid

ts':}g.t e of rmvggepgr m%fviglgealbeir;iig(]?la.dgfrual.trg)rt rt]lglctij{t?gxla%l o%gggt?'%v()er lgLsti) 't%lef rom
optical pickup 53 in both the tracking and.focusing directions
responsive ?o an output from an RF amplifier. Tﬁe biaxial
actuator wiii be gxplained in detail subsequently.

Fig.7 shows a preferred embodiment of an optical pickup
device 1 made up of the optical pickup 53 built into the
optical disc reproducing apparatus 50 and its peripheral
circuitry.

The optical pickup device 1 includes an optical disc
'discriminaﬁion unit lb and a CPU 11, as an optical disc driving

'controller 54, for discriminating plural sorts of the optical
discs 2, a semiconductor laser 3 for radiating a laser light beam
having a wavelength of 635 nm or 650 nm, asa light source for the
first type optical disc 2a, such as DVD, and a laser coupler 4
having a 'light emitting element 4a for radiating a laser light
beam of wavelength of 780 nm associated with a second sort of the
optical disc 2b, such_as CD or CD-R, as shown in Fig.6. The
semiconductor laser 3 or the light emitting element A4a,
associated with the optical disc 2, is selected by a controller
12 so as to be driven by laser driving circuits 13a, 13b.

The light source -associated with the first type of the

optical disc 2a, suéh as DVD, has a wavelength preferably not



first neutral point position to the second neutral point position.

Fig.10 is a flowhart for illustrating reproduction pf an optical disc by
an optical disc judgnment circuit of the optical pickup device enbodying

t he- present invention. 13 Fig.l

Is a flomchart for illustrating reproduction of an optical disc by another
optical disc judgment circuit of the optical pickup device enbodying the
present invention. Fig.12 is d&7%chematic view showi ng an opti cal '

system of the optical pickup device enbodying the present invention.
Fig.13 is a schematic view show ng an optical systemof the optical pickup
devi ce enbodyiangei hehgir @86Nhmidnacmbrénpreferablli flofldldrge ShineBH0 amvEiepy
showing a nodified optical system of the optical pickup device enbodyi ng
the present icavegaetdyi. readingriquti5siignalsciresardedsividhyi bigkharcagding

SLreture o dEpeRfe oo RO bR nha! "EndRlghl! oBl R RelOh S TRA LAY
' second type of the optical disc 2b, such as CD.or CD-R, has a
wavelength preferably in a range of 780 * 10 nm.
As an objective lens 5 associated with the focal length up
to the signal recording layer, the _optical pickup device 1
includes a first objective lens bHa for ﬁhe first type of the
opticgl disc 2a, having a thickness of 0.6 mm and a larger value
of the numerical aperture NA, such as 0.6, and a second objective
lens 5b for the second fype of the optical éisc 2b, having a
thickness of 1.2 mm and a smaller value of the numerical aperture
NA, such as 0.45. The first objective lens b5a converges the laser
light on the first optical disc 2a, having a thickness up to the ~
signal recording layer of 0.6 mm, while the second objective lens
5b converges the laser light on the second optical disc 2b,
having a thickness up to the signal recording layer of 1.2 mm.
The first objective lens Ha or the second objective leﬁs 5b,
éupported by a lens holder 23 as a movable part of a biaxial
actuator 20, as later explained, is switcﬁed by the objective
lens switching driving circuit 14 so that the first objective
lens 5a or the second objective lens 65b associated with the
optical disc 2 then in use will be selected and inserted infd the
light path. This inserted position is referred to hereinafter as

the playback position. The objective lenses 5a, 5b are supported



Fig.16 is a graph showing an exanple of optical characteristics of
a two-wavel ength separating prismin the - optical pickup device of '
Fig. 15. Fig.17 i's a schematic view showi ng optical axis shift of a
sem-conductor | aser device in the optical pickup device shown in Fig.15.
Fig.18 is a schematic view showing a third enbodi nrent of the optical

pi ckup device according to the present invention. Fig. 19 is a
schematic view showing a fourth enbodi t of the optical pickup device
according to the present invention. Fig.20 is a schematic side view

showing a fifth enbodi nent of the optical pickup device according to the

present invent) ke WidilaNGcRBhESR! 2! £k UPatliVIR9h0Y, B PREEAIAR fiQ
repr oduci ng ah optica I'sc Wth
a thicker disgwsubxlibat @iilrfticekBRSS. that i Jinlthe FuRIngSeid ObRdcngw

showing an illustrative structure of a light receiving/emtting device in
the optical ¢icketpiaeu cadsheendrivén gi®Othis manner by an objective lens
driving circuit 15.

The photodetectpr 6 and the light receiving element 4b of
the laser coupler 4 are each made up of plural photodetector
segments for detecting the information signals recorded on the
optical disc 2 and the focusing and tracking error signals
contained in the reflected laser light‘be#m. The laser coupler
4 includes a light receiving element 4b in addition to the light
emitting element 4a. The focusing and tracking error signals
detected by the photodetector 6 and the light receiving element
4b are outputted via changeover switch 7 to an error signal
detection circuit Is'ﬁ;de up of a tracking error detection
circuit 16a and a focusing error detection circuit 16b.

The objective lens driving circuit 15 detects a control
signal from the CPU 11 and output signals of the tracking error
detection circuit 16a and the focusing error detection circuit
}Sb. The objective lens driving circuit 15 drives the objective
lens 5 by the biaxial actuator 20 for perforﬁing focusing control
and tracking.control s0o that the incident laser light will keep
on to be converged on the pre-set signal recording layer of the
rotating optical disc 2.

Specifically, if the O-order light of the laser light beam

correctly scans the recording track of the optical disc 2, the



Fig.22 is a graph showi ng an exanple of optical characteristics of a |ight
emtting/receiving device in the optical pickup device of Fig.20.

Fig.23 is a graph showi ng an exanple of optical characteristics of a

t we- wavel ength separating prismin the optical pickup device of Fig.20.
Fig.24 is a schematic side view showing the fifth enbodi ment of the
optical pickup device according to the present invention, wth the

opti cal pickup device being in operal®on for reproducing an optical disc
with a thicker disc substrate thickness. Fig.25 is a schematic view
showi ng a si xth enbodi nent of an optical pickup according to the present

invention. +1 oride§ 20ight @ afd€¥BEI C-Vi QWdSROV ight? 2P¥ENS YmedIa@aTRRt Of
an optical pickup according to the present invention. " Fig.27 is a
schemati c vi Eliwtioated em tdieghrebomdinalitmrenk with dheopane dlighitc knpersidor-di ng
to the present I nvention. DESCRIPTION OF THE PREFERRED ENMBODI MENTS
Referring t CHRYREaelys 14 theePepFaer ehith ndhiscagnipged PPRLBIAM iS5 on

will be eXplg*erre%Q QSLQ%L of the 1@%0%%?89'@%QE§ Q%@%gquawy%éuced a

represent pr exa
difference in intensity of the +1 order light and that of the -1

order light depending on the distance of the 0-order light from
the center of the recording track. Thus, with the present optical
pickup device i, the light receiving surface of the photodetector
6 is divided in association with the 0—order,1ight; +1 order
light and the -1 order light in order to find the intensity of
the +1 order light and éﬁat of the -1 order light. The tracking
error signal detection circuit 16a detects the levels of the
pickup signals from the light receiving surfaces f the
photodetector 6 for detecting the tracking error signal from the -~
difference between the pickup s1gnals of the +1 order light and
the -1 order light. The objective lens driving circuit 15
tracking—controls the objective lens 5 by a signal outputted by
the fracking error detection circuit 16a.

On the other hand, the objective lens 5 is moved in an up-
and-down direction with respect to the optical disc 2, based on
the focusing signals outputted bf the photodetector 6 and the
light receiving element 4b, by way of focusing control. In this
manner, the incident laser light may be kept in the state of
being converged on the signal recording layer even if the signal

recording layer of the optical disc 2 is .varied in height due to,



15 of execution of the present invention and hence technically
desirable imtations are inposed thereon. However, the present invention

is not limted to these illustrative enbodi ments, unless otherw se

speci fi ed. In Fig.5, there is shown an optical disc reproducing
apparatus 50 having built therein an optical pickup device of a preferred
enbodi nent of the present invention. In Fig.5, the optical disc

repr oduci ng apparatus 50 includes an @Ptical pickup 51 and a spindle notor
52, as driving neans for rotationally driving the optical disc 51.
The spindle nmotor 52 is driven under control by an optical disc driving

controller 54,30e28mbPe P& 14N o2t tRePEEEELal Rilsc 2. Any one of plural
sorts of optical discs nmay be selected for reproduction. An opti cal

pi ckup 53 il um nahesbimxdiagnattuepsOACiizg madghtip bfaaninxdadi ask 21, a

recording surface of the rotating optical disc 53. In addition, the

optical pick&ypreortingahefithé2r extendingiverticahlyhen sthmdiaxdedr bppg 21

surface. The def 6Cr &4 13498k 1 " 8- CRESt Sluler A eH 91438341 s8b85r28a for
movement axially along the supporting shaft 22 and for rotation
about the shaft 22, as shown for example in Fig.7. The twp
objective lenses 5a, 5b are held at pre-éet distances from the
rotary shaft of the lens holder 23 at different angular positions
so that the optical axes thereof run parallel to the supporting
shaft 22.

The lens holder 23 includes a focusing coil 24 in the form
of a concentric cylinder attached to the lower surface of the
holder 23 and a pair of tracking coils 25 mounted on opposite end
faces of the holder with respect to the rotary shaft. . -

On the biaxal base 21 of the biaxial actuator 20 are mounted
a pair of focusing yokes 26 and a pair of focusing magnets 27
mounted on the inner sides of the focusing vokes 26. The focusing
yokes 26 are arranged in opposition to each other for facing the
outer side of the focusing coil 24. On the biaxal base 21 of the
biaxial actuator 20 are also mounted a pair of tracking coils 28
and a pair of tracking magnets 29 mounted on the inner sides of
the tracking yokes_zs. The tracking yokes 28 are arfanged for
facing the outer side of the tracking coil 25.

The focusing-coil 24 is apranged in separation from the

tracking coils 25 as a small—-diameter coil in closer proximity



The signal denodul ated by the signal denodulator 56 is corrected for
errors by an error correction circuit 57 and sent out via an interface 58
to an external conputer 57. This enables the external conputer 58 to
‘receive signals recorded on the optical disc 51 as playback signals.

To the optical pickup 53 is connected a head accessing

16 controller 59 for noving the optical pickup to a pre-set recording
tratk on the optical pickup 2 by, for %ﬁnple track junp. To the optical
pi ckup 53 is al so connected a servo cir 60 for noving a biaxial
actuator holding an objective lens of the optical pickup 53 in both the

tracki ng and tbocitd NBe i gHGlal 10NSur P WIE | YRel GuppPoPtingt shaoth 22 .RF The

anplifier. The biaxial actuator will be explained in detai
subsequent | y focusingFegi¥s s2@®wand phef Eocwtinanrisedinedst 26f ean epragaéd pizkup
device 1 made up of the optical pickup 53 built into the optical disc

reproduci ng SABAFSPRRAING 3ﬁﬂs?fsfﬁﬂﬁlﬂﬂﬁ§rﬁﬂ the supp°rti“g shaft 22.

the focusing coil 24 is reduced in overall s1zg with a longer
effective conductor length.

The tracking magnets 29 are designed so as to be of opposite
polarities in the left—and—-right direction with respect to an
axial center. For example, the tracking m#gnet 29 is magnetized
to an S pole 29a and to an N pole 29b in the clockwise direction
with respect to the supporting shaft 22, as shown in Fig.8.

On the lens holder 23 on both circumferential sides of the
tracking coil 25 are mounted axially extending magnetic pieces;
such as iron pieces 30, 31. By the iron piece 30 -or 31 being
attracted facing a boundary 29c between the two magnetic poles -
29& and 29b of the tracking magnet 29, the lens holder 23 can be
moved to a first neutral point position in which the objective
lens 5a is at the playback position or to a secohd neutral point
position in which the objective lens 5b is at the playback
position.

Thus, if the objective lens 5a, for example, is inserted
into the optical path, the iron piece 31 faces the boundary 29c
between the two magnets 29a, 29b of the tracking magnet 29, as
shown in Fig.8. Thus the lens holder 23 is at the fifst neutral
point position and the magnetic flux flows in a direction

indicated by arrow for holding the lens holder 23 at the first



circuitry. The optical pickup device 1 includes an optical disc
discrimnation unit 10 and a CPU 11, as an optical disc driving controller
54, for discrimnating plural sorts of the optical discs 2, a
sem:=conductor laser 3 for radiating a laser Iight beam having a wavel ength
of 635 nmor 650 nm asa |ight source for the first type optical disc 2a,
such as DVD, and a |l aser coupler 4 having a light emtting elenent 4a for
radicating a |laser |ight beam of wavel engt f 780 nm associated with a
second sort of the optical disc 2b, such as CD or CD-R, as shown in Fig.6.
The sem conductor |laser 3 or the light emtting el enent 4a, associated
wWith the optiaaitmils@pointi postl ai.edByy causdng rehd atrivingsouasenv tae fdrowen
by laser driving circuits 13a, 13b. The |ight source associated
with the firsthropgh dfhe Herackipgi eafl d2gc the kansh heddpyD23hig eseibdatedyt h

f bl t . 7 | th 680,
Pna moce. or of BPABEy thee SURRSELIPEAFRESS AR 1 BFER CABPediTR Y BRNtR loqeInt |

si gnal s feCOfQSinléﬁ‘JQEH‘Jéya}%ﬂEQQ whereby the objective }ens 5 is moved

in the tracking directipn, which is effectively the tangential
direction. by way of performing the tracking.

If the reverse current is caused to flow' through the
tracking coil 25} the magnetic field generated in the tracking
coil 25 repulses the magnetic pole 29a of the tracking magnet 29
s0o that the tracking col 25 is moved to a position facing the
magnetic pole 29b. This causes the opposite side iron piece 30
to face the boundary 29c between the magnetic poleé 29, 29b of
the tracking magnet 29, whereby the lens holder 23- is moved to
the second neutral point position for inserting the second -
objective lens 5b into the optical path. The tracking coil 25,
tracking magnet 29 and the iron pieces 30, 31 make up an
objective lens switching mechanism. |

For reproducing the optical disc 2, the type of the optical
disc is judged by the optical disc type decision circuit 10, an
output of which is sent to the CPU 11 for driving the
semiconductor laser 3, laser coupler 4; objective lens § and the
biaxial actuator 20 by the confrol laser 12, lens switching
driving circuit 14 and the objective lens driving circuit 15 as

shown in Fig.6.

Specifically, the optical disc type decision circuit 10



density. On the other hand, the |ight source associated with the second
type of the optical disc 2b, such as CD or CD-R, has a wavel ength
preferably in a range of 780 [err] 10 nm As an objective lens 5
associated with the focal length up to the signal recording |ayer, the
optical pickup device 1 includes a first objective lens 5a for the first
type of the optical disc 2a, having a thickness of 0.6 mmand a | arger

val le of the numerical aperture NA, 2Bch as 0.6, and a second objective

| ens 5b for the second type of the optical disc 2b, having a thickness of
1.2 mmand a smaller value of the nunerical aperture NA, such as 0.45. The
first objectifindsnshdaresunitey gefs déleedtaier by e whotiduetieictor 6pt ilaaker
disc 2a, having a thickness up to the signal recording |ayer of 0.6 mm
whil e the secAPlSEj &cer i dike dgtecdivsr yait¢ thasedsep thgiiipnemeesdpond

optical disc 2b Vi L hi ckness to the sj.gnal _recardipg | r_of
1.2 mm a’ﬁlé‘e??‘r;g?g%gljlécfi‘\'/ ﬁf“éens%%gag%raf éﬁgg(e:gﬁ %b’]neép‘lgvseu sgtrfé“%gb,
supported by ghidesiolbdeinéd3188déd ByelL RAl 2f 20Pi 2Xlfhg ALdiUALA" 040,
as |later explained, is switched by the objective lens switching driving
circuit 14 sothedtypeheff thet opbi @t iddasc I2ens 5a or the second objective

| ens 5b associated with the optical disc 2 then in use will be selected
and inserted into Raferringhto Fdenl0THrken toer ertiqedsdisenis doadpdreledted

gﬁgggpﬁgger a§1, tpl?e pt')@typcaaclk pq(t):ilutpl Q\'ri;rgel OJchFgCési \{:?lel %gggsogathébopatri%al
disc 2 at step 82. Based on the results of decision, the CPU 11
switching—controls the objective lens switching driving circuit
14, objective lens driving circuit 15 and the changeover switch_
7 in association with the control flow as from step S8 or with
the control flow as from step S4. At step S3 or S4, the first
objective lens 5a or the second objective lens 5b is moved by the
objective lens switching driving circuit 14 to the playback -
position. At step 85 or 86, the servo gain is adjdsted by the
objective lens driving circuit 15 for moving the objective lens
$ in the tracking direction or in the focusing direction. Then,
at step 87 or S8, the photodetector 6 or the light receiving
device 4b is selected by the changeover switch 7', while the
semiconductor laser 3 or the laser coupler 4 (light emitting
device 4a) is driven by the laser driving circuits 13a or 13b.
At step 89, the optical disc 2 is reproduced by a playback
circuit, not shown.
Alternatively, the optical disc type decision circuit 10 can

. Judge the type of the optical disc 2 by reproducing the optical



18 by the biaxial actuator 20 as | ater explained, for novenment in two
axial directions, that is in the focusing and tracking directions, and are
driven in this manner by an objective lens driving circuit 15, The
photodetector 6 and the light receiving elenent 4b of the |aser coupler 4
are each made up of plural photodetector segnents for detecting the

I nformation signals recorded on the optical disc 2 and the focusing and
tratking error signals contained in the pgflected laser |ight beam The

| aser coupler 4 includes a light receiving element 4b in addition to the
light emtting element 4a. The focusing and tracking error signals

det ect ed by tdigcph9pedehesimit forincbddidied @ht theCcehié o Poitliondbfathe
out putted via changeover switch 7 to an error signal detection circuit 16
made up of aoptdckilndieer?dr detection circuit 16a and a focusing error

detection circuit _16b. . The ob%ective | ens drivin%)circuit 15 detects
a control signal Ifr &het getéprt 1918542 ol pleadsd el S (e -t A5cBPAE e Ror

Fig.11l, the optical disc 1 deems that the loaded_optical disc 2
is the first type optical disc. That is, at step S12, the first
objectibe lens 5a is switched and moved by the objective lens
switching driving circuit 14 to the playback position. At step
S13, the servo gain is adjusted in association with the first
type of the optical disc 2a by the objective lens driving circuit
15 whereby the first objective lens 5a is moved in the tracking
and focusing directions. Then, at step S14, the changeover switch
7 is actuated for selécting the photodetector 6 for driving the
semiconductor laser 3 by the laser driving circuit 13. At step
815, the directory of the innermost portion of the optical disé -
2 is reproduced by a playback circuit, not shown.

If, at step 816, the reproduced opticalwdisc 2 is the first
type opfical disc 2a, the directory is reproduced as normally.
Thus the optical disc decision circuit 10 judges the optical disc
2 to be the first type optical disc (DVD) 2. In this case, the
first type optical disc 2a is reproduced at step S17. 1f, at
step S16, the optical disc is found not to be the first type
optical disc (DVD) 2a, the CPU 11 sends a switching signal to
each circuit block for executing the operations downstream of
step S18. At step S18, the second objective lens 5b is switched

and moved to the playback position by the objective lens



detection circuit 16a and the focusing error detection circuit 16b. The
objective lens driving circuit 15 drives the objective lens 5 by the

bi axi al actuator 20 for perform ng focusing control and tracking control
so tthat the incident laser light will keep on to be converged on the
pre-set signal recording |ayer of the rotating optical disc 2.
Specifically, if the O-order light of the laser Iight beam correctly scans
the"recording track of the optical disc 2, the

19 +1 order light and the -1 or der 43 ght are symetrically illum nated
on the recording track with the sane light intensity. Conversely, if the
O-order |i ghtswhtskhmni duyivinqpositricadtofiiset Atf sbapt Be? cethersafvd lgain is
recording track, there is produced a difference in intensity of the +1

order |ight apdiusted dp ppeociptigndeithitdin sgepedciyry &f the epsiemcdise
e O or et gy o PEO i e R L F 7 BBl St
phot odet ect or o §e b1 ¢k Vidafh | BoaSHOCHIVEAN Yt hreNetPak AR lahdNt fodils 1@igder
directions. Then, at step SZO, the laser coupler 4 (light
emitting device 4a) is driven by the laser driving circuit 13,
while the changeover switch 7 is switched, whereby an output of
the light-receiving device 4b is fed to the error signal
detection circuit 16. At step 821, the directory on the
innermost portion of the optical disc 2 is reproduced. 1If, at
step S522, the reproduced optical disc 2 is the second type of
the optical disc 2b, the directory is reproduced as normally.
Thus the optical disc 2 is Jjudged by the optical disc type
Judgment circuit to be the second type optical disc (CD—R or CD) -
2b. In this case, the second_type of the optical disc 2b_is
reproduced at step 823 by a reproducing circuit, not shown. If,
at step S22, the optical disc 2 is found not to be the second
type optical disc (CD-R or CD) 2b, it is likely that the loaded
optical disc 2 is not the first type optical disc 2a nor the
second type optical disc 2b. Thus the CPU 11 at step SZ{
" displays an.indication, not shown, that a playback error has been
produced to terminate the processing.
Since the above-described optical pickup device 1 has the
semiconductor laser 3 and the laser coupler 4 as the light source

for the optimum playback waveform of the DVD, CD and CD-R, the



light and the -1 order light in order to find the intensity of the +1
order light and that of the -1 order |ight. The tracking error signal
detection circuit 16a detects the levels of the pickup signals from

the light receiving surfaces f the photodetector 6 for detecting the
tracking error signal fromthe difference between the pickup signals of
the +1 order light and the -1 order light. The objective |ens driving

circuit - 15 tracking-controls the objecg&ve |l ens 5 by a signal outputted
by the tracking error detection circuit On the other hand, the
objective lens 5 is noved in an up- and-down direction with respect to the
optical disclasebddghtons QMMGGSngt‘m’ dright peathmit t dpweyerhethe laser
phot odet ector ,6. and t he rece|V|ng el enent 4b b ma of focusi

a

control . In thAgBt ﬁﬁnﬁépduﬁﬂ%dlﬁBF8%ﬁ¥ Sommpn g1 preteamhet g at e
?‘;CO:}’SE 29 lcogé‘éﬁggf' ﬁ@sl’:h?. ? gher‘?g%g' 0f 5 Lé‘%’%ee @&E'éaté‘xe ﬂx&”é‘écond
g layer of the optica I'SC I's valled el ght due t
20 for exatpkstive! LeRt $he ﬁﬁﬁdﬁéﬂeﬂﬂﬁikibeen sh1fted to the playback
position.

Referring to Fig.12, a grating 41, a collimator lens 42, a
ﬁalf mirror 43, a beam splitter 44 and a light path raising
mirror 45 are arrayed facing the light outgoing surface of the
semiconductor laser 3 between the semiconductor laser 3 and the
first objective lens 5a or the second objective lens 5b moved to
the playback position on the common optical axis.

The grating 41 diffracts the laser light of the wavelength
of 635 nm or the laser light of the wavelength. of 650 nm,
radiated from the semiconductor laser 3, into O-order light, +1 -
order light and -1 order light in a radial direction of the
optical disc 2, that is along the width of the recording track
of the recording track of the signal recording layer. That is,
the +1 order light and -1 order light, which have passed through
the grating 41, are condensed at locations spaced a pre-set
distance along the width of the recording track with respect to
the 0 order light.

The collimator lens 42 collimates the divergent light passed
through the grating 41 into a collimated light beam. Thus the
collimated laser light is incident on the half mirror 43.

The half mirror 43 permits the laser light radiated from the



The bi axial actuator 20 is nmade up of a biaxial base 21, a supporting
shaft 22 extending vertically on the biaxial base 21 and an elliptical or
rectangul ar | ens hol der 23 supported for novenent axially along the
supporting shaft 22 and for rotation about the shaft 22, as shown for .
exanple in Fig.7. The two objective |lenses 5a, 5b are held at pre-set

di stances fromthe rotary shaft of the I ens holder 23 at different angular
positions so that the optical axes tfgreof run paral lel to the supporting
shaft 22. The | ens holder 23 includes a focusing coil 24 in the form
of a concentric cylinder attached to the |ower surface of the holder 23
and a pair of skheckhdgctd 19527 BOEAHEHaOfe @ PHDSIgh ame ghacesg ofiidder 41
hol der with respect to the rotary shaft. On the biaxal base 21 of the
bi axi al act uaead z—mear@lrida\mted lgnpai42 oﬁOfbeushﬁge?okbsPQGhmfa peti il eof
f ocusi ng magne nted on the inner f t focusin okes 26.
The focusi ng 95&%5 '2% % chflssded llﬁsﬁbpi%&? oﬁ" q’&’ﬁ RP fﬁ‘é? ¥’0’f° f?acﬁ“ng
the outer sidgppfaifis POGHSLRO Foldr Fhen® 1B Phe*Anfids@.2E00 1006

bi axi al actuator 20 are also nount e a pair of tracking corl

pair of tracking npgecbsadd spaietes @A tfeFrarner twedaaselr it rva&Jﬂ rugxe
yokes 28. The tracking yokes 28 are arranged for facing the outer side of

the tracki ng wevelgBgth of 7§fentofrem ntheolighty qngt&rinangele 4 pef atheon

fromthe
laser coupler 4 as later explained to conduct the refracted light

to the second objéctive lens 5b, while re-refracting the
reflected laser light from the optical disc 2 towards the light
receiving device 4b of the laser coupler 4. ‘

The light path reising mirror 45 is light path bending
means for reflecting the laser light passed through or reflected
by the beam splitter 44 by 90° towards the objective ‘lens 5 which
is at the playback position, while reflecting the laser light -
reflected from the optical disc 2 by 90°.

The photodetector 6 is made up of plural photodetector
segments and has light receiving surface on which is condensed
the incident laser light via a light condensing lens 46. The
photodetector 6 is placed so that its light receiving surface
faces the optical axis Lix of the reflected laser light after
light division by the half mirror 43.

A first laser light path L1, used for reproducing the first
type of the optical disc 2a using the.above—described optical
pickup device 1, is hereinaftér explained.

With the first type of the optical disc 2a, such as DVD,



tracking coils 25 as a small-dianeter coil in closer proximty

21 to the peripheral surface of the supporting shaft 22. The focusing
coils 26 and the focusing magnets 27 are arranged in correspondi ng cl oser
proximty to the supporting shaft 22. Thus the focusing coil 24 is reduced
in overall size with a longer effective conductor |ength. The
tracki ng magnets 29 are designed so as to be of opposite polarities in the
| eft-and-right direction with respg&t to an axial center. For exanple, the
tracki ng magnet 29 is magneti zed - an S pole 29a and to an N pol.e 29b in
the clockwi se direction wth respect to the supporting shaft 22, as shown

in Fig.s8. it iOhddeBshePStHorsliice?2I N spoths£2¢ ifidiecnisdl Sighes tf o he

tracking coil 25 are nounted axially extending magnetic pieces, such as
i ron pieces 8MalBEr vBjuehthan dm pheceorB@Endiofdl &) .nFThuat theciesd chaduekpra
boundary 29c _between the two magnetic poles 29a and 29b of the tracking

magnet 20, tA&SPR NegiaLingsthaniaser iebd vath the savedgpEkh pbitds nm
p03|t|on'|n-%@|%gotg% QQJ%gEhYeThe DVD is made up of two d;sc substrates,

each 0.6 mm in thickness, bonded back-to~back to provide an
overall thickness of 1.2 mm. Thué-the signal recording layer is
spaced 0.6 mm from the substrate surface. Therefore, the first
objective lens 5a with a shorter focal length is used.

Thus, for reproducing the DVD, the laser light radiated from
the semiconductor laser 3 is collimated by the grating 41 and the
collimator lens 42 to pass through the half mirror 43 and the
beam splitter 44 so as to be raised by the 1light path raising
mirror by 90° 'relative to the optical axis Lx of the
semiconductor laser 3. This laser light is incident on tﬁe first -
objective lens 5a switched to the playback position by the
objective lens switching driving circuit 14 so as to be optimally
condensed on the signal recording layer of the DVD. The reflected
laser light, reflected by the signal reéording layer of the DVD,
is bent 90°_re1ative to the optical axis Lx of the semiconductor
laser 3 and split so as to be condensed via-light condensing lens
46 on the light receiving surface of the photodetector 6.

Specifically, the first light path Ll is comprised of an
incident 1light path Llia of the incident laser light and a
reflected light path Llb of the reflected laser light. The

incident light path Lla begins from the semiconductor laser 3 and



|l ens 5a is at the playback position or to a second neutral point positi
I n which the objective lens 5b is at the playback position. Thus,
the objective lens 5a, for exanple, is inserted into the optical path,

iron piece 31 faces the boundary 29c
t he tracki ng magnet 29, as

the first neutral point position and the magnetic flux flows in a

direction indicated by arrow for holding the |ens holder 23 at the firs
22 neutral point p03|t|on By ca? ging the driving current to flow
t.hrough the tracking coil the 'ens holder 23 is oscillated about th

on
i f
t he

bet ween the two nagnets 29a, 29b of
shown in Fig.8. Thus the |lens holder 23 is at

t

e

supporting sftafituddé Yhé i‘gxtaliengllﬁ; dAlUlimatoPOidhs 4RQShdiOmidsod 4%Ef &yeaRCE,

whereby the objective lens 5 is noved in the tracking direction, which

is

ef fectively sl tttengddt,i ahsidgreteron,4hy fMaystobbject byei hens Ha tanac kiheg.
If the reverse current is caused to flow through the

signal recording layer of the first type optical disc DVD 2a,

arrayed in this order. The reflected light path L1b begins from
the signal recording layer of the first type optical disc DVD 2a
and includes the first objective.lens 5a, light path raising
mirror 45, beam splitter 44, half mirror 43, light condensing
lens 45 and the photodetector 6, arrayed in this order.

The second laser light path L2 for the case in which the
second type of the optical disc 2b is reproduced using this
optical pickup device 1 is explained.

Since the second type of the opticel disc 2b, such as CD or
CD-R, has the wavélength—dependent organic dye layer, as
described above, the laser coupler 4 radiating the laser light
with the wavelength of 780 nm is used. Since the CD and the CD;R
is of a monoiayered disc substrate having the thickness of 1.2
mm, the second objective lens 5b is used.

Thus, for reproducing the second type of the optical disc
2b, such as CD or CD-R, the laser light radiated by the 1light
emitting deQice 4a of the laser coupler 4 is reflected by the
beam splitter 44 and bent 90° by the light path raising mirror 45
so as to fall on the second objective lens 5b switched to the
playback position by the objective lens driving circuit 14 and
SO0 asf'to be condensed satisfactorily on the signal recording

layer of the second type of the optical disc 2b, such as CD or



tracking coil 25, the magnetic field generated in the tracking coil 25
repul ses the magnetic pole 29a of the tracking magnet 29 so that the
tracking col 25 is noved to a position facing the magnetic pole 29b. This
causes the opposite side iron piece 30 to face the boundary 29c between

t he magnetic poles 29a, 29b of the tracking magnet 29, whereby the |ens
hol der 23 is noved to the second neutral point position for inserting the
second objective lens 5b into the optical path. The tracking coil 25,
tracki ng magnet 29 and the iron piece8030, 31 nmake up an objective |ens
swi t chi ng nmechani sm For reproducing the optical disc 2, the type of

the optical cglge ispheldge?i1b¥tife 13RkrCa 1gHtSC Fd PR AU ShPNthbkl GlighalO,

an output of which is sent to the CPU 11 for driving the sem conductor

| aser 3, | aseecapdpherlayeroldjfethieveskeand Stypal dfndhebbpkiabl attamtar (2D by

the control laser 12, lens swtching driving circuit 14 and the objective

| ens drivingo®i FRTR}, 158 areflacdpd by mihg deam splitperi4iand|ent ey i cal

disc type degLnggvgiEguLgelgptical axis Lx so as to be condensed 6%3the
light receiving device 4b of the laser coupler 4 as a reflected
laser light beam having an optical axis L2x..

That is, the second light path L2 is comprised of an
incident light path L2a of the incident laser light énd a
reflected light path L2b of the reflected laser light. The
incident light path L2a begins from the light emitting device 4a
of the laser coupler 4 and includes the beam splitter 44, light
path rasing mirror 45, second objective lens 5b, and the signal
recording layer of the second type of the optical disc 2b (CD or
CD-R)}, arrayed in this order, whiie the reflected light path L2b -~
begins from the signal recording layer of the second type of the
optical disc 2b (CD or CD-R) and includes the second objective
lens 5b, optical path raising mirror 45, beam splitter 44 and the
light receiving device 4b of the laser coupler 4, arrayed in this
order. The laser light path L1 and the second laser light path
L2 have the light path between the beam splitter 44 and the
optical disc 2 in common.
As described above, since the present optical piékup device

1 includes semiconductor laser 3 and the laser coupler 4

optimized for reading out information signals of different types

of the optical discs 2 (DVD, CD and CD-R) and two objective



finds the results of detection by the photodetector 6, |aser coupler 4 or
the like detection unit, based on the difference in the reflected |ight
volume due to the difference in the substrate thickness of the | oaded
opt«i cal disc 2, for giving decision on the type of the optical disc 2.
Referring to Fig.10, when the optical disc is |oaded at step Sl, the
optical pickup device 1 judges the type of the optical disc 2 at step S2.
Based on the results of decision, the CPU 11 sw tching-controls the
objective |l ens switching driving ci it 14, objective lens driving
circuit 15 and the changeover switch 7 in association with the control
flow as fromehnsgs 33,06bWbbbimidwi Goit thle thovkessdaDofstthp Sdscd\i2 Stttye S3
or S4, the first objective lens 5a or the second objective lens 5b is
moved by theoprbbfetbtdisc devisesiist chinpgtibleifar dihec Gitf fezend dhec piupasack
position. At step S5 aor S6, the servo gain.is adjusted by the bj ectjve

| ens drivingf8Fr ARaP1i8E; GreRFRRUSS iPRe Yhj &BEi v’é{q°é'ﬂ'§'q‘8¥'i rf“ﬁ’i'@qtsr ety

direction or ckgdibfoiée)cﬁ&éiﬁtgzghr ?81" O&ic;j.telssrbpti%%l.sﬁggc 72 or S8, the

phot odet ect or or t recel ving ice 4b"is selected by the

changeover switchid,adiiitlién} h€inceethe Ondbtiitemehtsried oplt itAE pather LE ar er

4 (light emtting device 4a) is driven by the laser driving circuits 13a

or 13b. At &BepfSthet pptipel crickiimdeviice rlehaygucda lspmmop| thpaertical

circuit, nOtp%QRngrtions from the objective lenses 5a or 5b moved to the
playback position as far as the optical disc 2, the device may
be reduced in'size. |

Although the half mirror 43 is used in the above

description, as shown in Fig.12, it may be replaced by a
polarization beam éplitter (PBS) 47 and a quarter wave plate 48
may be provided between the PBS 47 and the beam splitter 44. The
laser light radiated from the semiconductor laser 3 is converted -
from the linear polarization composed only of P-components into
circular polarization by the PBS 47 and the quarter wave plate
48 to follow the light path similar to the first optical path Lila
of the incident laser light. The reflected laser light reflected

| from the signal recording layer qf the optical disc 2 is
reflected via the quarter wave plate 48 by the reflective surface
of the PBS 47 so as to be converted into linear polarization
composed only of S—-components to follow the light path similar
to the first light path L1b.

In this manner, the PBS 47 alloﬁs passage of

substantially 100% of the lqser light of the P-components, while



Alternatively, the optical disc type decision circuit 10 can judge the
type of the optical disc 2 by reproducing the optical

24 disc type information recorded on the innernost portion of t he '
optical disc 2. If the optical disc 2 is |oaded at step S11, as shown
in Fig.1l1, the optical disc 1 deens that the | oaded optical disc 2 is the
first type optical disc. That is, at step S12, the first objective |lens 5a
is switched and noved by the objectlve Iens switching driving circuit 14
to the playback position. At step S13, 3% he servo gain is adjusted in
association with the first type of the optical disc 2a by the objective

l ens driving seftéttindSsubstebyiding 100 6b) adlel Vindeansl fighti Sofrovhd sk
the tracking and focusing directions. Then, at step Sl14, the changeover
switch 7 is aemgememts or thes etmproying ot wtibl ratdong €ifiicdeneyngft Hde

sem conduct or | aser lﬁ% t he Igser drivin CIF§UIt 1§ At step S15, the
directory of tA&eFnhisHoditogotProfeBic? afedi dc

Reference is had to Fig.1l5 for 111ustrqt1ng a second
embodiment of the optical pickup aésehbled into #n optical disc
device 50 shown in Fig.5.

Referring to Fig.15, an optical pickup 50 is made up of a
semiconductor 1£ser device 71, as a light source, a grating 72,
as diffraction means, a beam splitter 73, a collimator lens 74,
a plurality of, herein two, switchable objective lenses 75, a
photodetector 76, a two-wavelength—separating prism (dichroic
mirror) 77, as wavelength separating means, and a 1light
receiving/emitting device 78.

The semiconductor laser device 71 is a light—emitting device -
utilizing the recombination radiation of the semiconductor and
used as a light source. The light beam radiated from the
semiconductor laser device 71 is led to the grating 72.

The . semiconductor laser device 71 1is configured for
radiating the light beam of a shorter wavelength of the order of
6356 to 650 nm for coping with reproduction of a high-density
optical disc.

The grating 72 is a diffraction grating for diffracting the
incident light and is used for splitting the light beam radiated
from the semiconductor laser device 71 into at least three

beams, that is a main beam, as a O-order light beam, and side



2 is reproduced by a playback circuit, not shown. If, at step S16,
the reproduced optical disc 2 is the first type optical disc 2a, the
directory is reproduced as normally. Thus the optical disc decision
circuit 10 judges the optical disc 2 to be the first type optical disc
(DVD) 2. In this case, the first type optical disc 2a is reproduced at
step S17. If, at step S16, the optical disc is found not to be the first
typé optical disc (DVD) 2a, the CPU 11 sends a switching signal to each
circuit block for executing the operatidhs downstream of step S18. At step
S18, the second objective lens 5b is swtched and noved to the playback
position by tdwamebhecti irde@Ntight beams. Any other light splitting deXfices
switching driving circuit 14. At step S19, the servo gain is adjusted in
associ ati on wiash bdeusedohfl aiypbeast t thrempt i igiit dieams Zanhpet [prodycedt bye
|l ens driving circuit 15, whereby the second objective lens 5b is noved in
the tracking %ﬁﬂ“fﬁ@ﬂéﬁﬁé“gdirections. Then, at step S20, the | aser coupler

4 (light emttingydeviee 4ab1itedl! VA RYs 1 N]s! 28RIn il etiRR/ Cl i e tiRg
surface T3a tilted by 45° relative to the optical axis, and
separates the light beam from the grating 72 from the return
light from the signal recording surface of the optical disc 2a
or 2b. That is, the light beam from the sgmiconductor laser
device 71 is reflected by the reflecting surface 73a of the beam
splitter 73, while the return light is transmitted through the
beam slitter 72, |

The collimator lens 74 is a convex lens and converts the
light beam from the beam splitter 73 into a collimated light beam
which is led to the objective lens 75. -

The objective lens 75 is a convex lens, as shown in Fig.15,
and converges the collimated light from the collimator lens 25
on the deéired track oﬁ the signal recording surface of the
rotating optical disc 2a or 2b.

The objective lens 75 is made up of two objective lenses
75a, 75b which may be selectively introduced into the light path
by the lens holder as a movable p#rt of the biaxial actuator 20
as will be explained subsequently. The objective lenses T75a, 75b
are supported by the axial sliding rotating type biaxial actuator
20 shown on Fig.7 for movement in the biaxial direction, that is

along the focusing and tracking directions, and are designed for



whi l e the changeover switch 7 is switched, whereby an output of the

| ight-receiving device 4b is fed to the error signal detection <circuit

16. At step S21, the directory on the innernpost portion of the
opti-cal disc 2 is reproduced. If, at step S22, the reproduced optical disc
2 is the second type of the optical disc 2b, the directory is reproduced
as normally. Thus the optical disc 2 is judged by the optical disc type
juddgnment circuit to be the second tyge optical disc (CD-Ror CD 2b. In
this case, the second type of the optical disc 2b is reproduced at step
S23 by a reproducing circuit, not shown. If, at step S22, the optical disc
2 is found nctcaogmmpdat irng deocdwd difdrreopt trpes difsdheCopRiorl @)scrp, apt ihs
likely that the |oaded, optical disc 2 is not the first type optical disc
2a nor the sEONEMPONLMY: i dgrchiked 2pboveTh Ihesse ‘E?‘lf"lé/l“’ft E?%TFSSZ&"E

di spl ays an i%\&iép%%kﬁnby "He SARY Mo {dIH, 3sPLAY %%bﬁ%é@%rgggf &R b iR%gyced

to termnate processi ng. I nce the above- optical piIckup
device 1 has ddwuateorM ION0EEE Obe 1 €41 e ML ivike y| aslertelplitos tae thight

| ight source for the optinum playback waveform of the DVD;, CD and CD R
t he path.

The photodetectof 76 is configured for having 1light
receiving portions for the return light beams transmitted through
the beam splitter 73.

The.semiconductor laser device 71, grating 72, beam splitter
73, collimator lens 74 and the photodetector 26 are fixedly
mounted on the biaxial base 21 as a stationary portion of the
biaxial actuator 20.

The two—wavelength~separating prism 77 is constructed by
bonding two triangular pillars of glass, ;s shown. .On the -
bonding surface is deposited an optical film' 77a having
necessary transmittance to the iight beam of a longer wavelength
of the order of 780 nm and'also-having necessary transmittance
to the light beam of a shorter wavelength of the order of 635 to
650 ﬁm, as shown in Fig.16.

The light beam of the shorter wavelength from the
semiconductor laser device 71 is collimated by the collimator
lens 74 into collimated 1light and reflecfed by the two-
wavelength-separating prism 77 so as to be guided via the
objectivé iens 76a to the optical disc 2a. The return light is

similarly reflected by the semiconductor laser device 71 to fall



26 | aser light is conducted by two |ight paths. However, the taser [|ight

I s conducted through a common | i ght path between the optical disc 2 and
the first objective lens 5a or the second objective |ens 5b, whichever has
been shifted to the playback position. Referring to Fig.12, a grating

41, a collimator lens 42, a half mrror 43, a beamsplitter 44 and a

light path raising mrror 45 are arrayed facing the |light outgoing surface
of The sem conductor | aser 3 between thgssemnm conductor |aser 3 and the
first objective lens 5a or the second objective lens 5b noved to the

pl ayback position on the conmmon optical axis. The grating 41

di ffracts thgnl grerphd Bieteltbberpavel ength of 635 nmor the | aser |ight
of the wavel ength of 650 nm radiated from the sem conductor |aser 3,
into O-order |ighThe+llightderofl i gt addngérorweveldarngtth | framr athel light
direction of the optical disc 2, that is along the wwdth of the recordin

g
track of th&eFEivingAEmittdng sievtice ST&nis Fé%%?'El’rtrﬁfq a"g)éﬁ”“g“"hé’chel stwo he
+1 order lig

41, are condg'ﬁ‘srgge%érse |ons'g£|5’ré§@| ’?Jﬂprgvfsgfggdl sta ctgi%a oﬁ%p aéllcf?ﬁ

of the recordihagd bb3ektid N yeaspeqbbl 0 R Or@ideh |108HL is s1mila.r1y
transmitted through the two-wavelength-separating prism 77 to
fall on the light 'receiving section of the 1light
receiving/emitting device 78.

The separating optical characteristics of the two—
wavelength—separa@ing prism 77 are optionally set in a range in
which the return light can have sufficient C/N characteristics
with an output signal of the light receiving section of the
photodetector 76 or the 1light receiving/emitting device 78
provided the reflectance and transmittaﬁcé for respective -
,anelengths are comprised within the tolerance of the maximum
outpﬁt of the light emitting portion of the semiconductor laser
device 71 or the 1light receiving/emitting device 78. In general,
the separating optical characteristics are set so as to be within
50%. |

The 1light receiving/emitting device 78 is formed as a
package comprised of the semiconductor laser device as the light
emitting portion and the light receiving device as the light
receiving portion arrayed close to each other.

The semiconductor laser device of the light

receiving/emitting device 78 is an IR laser emitting the light



The collimator lens 42 collimates the divergent |ight passed through the
grating 41 into a collimated |ight beam Thus the collimted |aser |ight

is incident on the half mrror 43. The half mrror 43 permts the
| aser light radiated fromthe 27

sem conductor | aser 3 and passed through the grating mrror 41 and the
collimator lens 42 to be passed therethrough, while radiating the
refiected laser light fromthe optical disc 2 in separation fromthe |aser
light fromthe sem conductor laser 3. 36 The beamsplitter 44 refracts
the laser light with the wavelength of 780 nmfromthe light emtting
~device 4a ofofhefor gxempdoupl@G mm Ftitgdetoerpprodust ion efnyhetusyml CD.

refracted light to the second ObjeCtI e |l ens 5b, ile re-refracting the
reflected |aser Wi tﬁ?oﬁ‘?‘l‘ﬁ‘e dGﬁPF&'é? cﬁ"s’é“’ﬁ“f%v%g\g t Héeﬁ‘f’bthfm ?%Ug‘?’\ﬁ ng

device 4b of ;khg,d 3585 69 ugr ref it 1s:rm%suhleah£h§tattl}xer% £508: d{é‘(ﬁr 2 gh

is |ight patﬁ bendi ng nea ecting t | aser |1 ght passe
or reflectednabynghe Geas &iﬂdﬁﬂaﬁtl’e o4 b,ysﬁﬂﬂ.eéf]tﬁimawi& olfeoobj @6} isigeH ens

5 which
as a high density optical disc, is reproduced.

The semiconductor laser device 71 emits light, while the
light emitting portion of the light receiving/emitting device 78
does not emit light.

The light beam from the semiconductor laser device 71,
having the wavelength of, for example, 635 to 650 nm, is split
by the grating 72 into the main beam and the side beams so as to
be reflected by a reflecting surface 73a of the beam splitter 73.
The reflected light beams are collimated by the collimator lens
74 and reflected by the two—wavelength—separating prism 77 so as -
to be radiated on the optical disc 2a.

Since the objective lens 75a has its spherical aberration
corrected for use with the optical disc 28 of the thinner disc
substrate thickness, the light beam can be correctly converged
on the signal recording surface of the optical disc 2a.

The return light from the optical disc 2a is reflected again
by the two—~wavelength—separating prism 77 via the objective lens
75a so as to be transmitted through the beam splitter 73 for
being qonverged on the photodetector 76. This reproduces the
signals recorded on the optical disc 2a based on the detection

signal of the pﬁotodetector 76.



is at the playback position, while reflecting the laser light reflected
fromthe optical disc 2 by 90[err]. The phot odetector 6 is nade up of
pl ural photodetector segnents and has |ight receiving surface on which is
condensed the incident laser light via a light condensing | ens 46. The
phot odetector 6 is placed so that its light receiving surface faces the
optical axis Llx of the reflected laser |ight after |ight division by the
~half mrror 43. A first laser kikght path L1, used for reproducing the
first type of the optical disc 2a using the above-described optical

pi ckup device 1, is hereinafter expl ained. Wth the first type of the
optical disc 2a, wheh aspbvBucing the optical disc 2b of the largéB disd is
necessary to reduce the spot size of the laser light to a  smaller value
than in the eyhsésetenibicknesh f the? soli ChRREIEA-R)adde Fepigradneter he

ln,gzgr ulpl g]tlt t tsgirtS (r;deesvvd\%\séf:,é{le or}-:sOfnch?’Semnint:| PirghQ.S,o w rPlleS t See%'em-mgn lyg)ttl)t?

laser device of the 1light emitting portion _qf the light
receiving/emitting device 78 emits light.

In this manner, the ligpt beam with the longer wavelength
from the light emitting portion of the 1light receiving/emitting
device 78 is transmitted through the two-wavelength-separating
prism 77 so as to be radi#ted on the optical disc 2b via the
objective lens 75.

Sincg the objective lens 75b of the light receiving/emitting
device 78 has its spherical aberration of the objective lens 750
corrected for use for the optical disc 2b, the light beam from
the lighttemitting-portion is correctly converged on the signal -
recording surface of the optical disc 2b.

.The return 1light from the optical disc 2b is again
transmitted through the two—-wavelength-separating prism 77 via
objective. lens 75b so as t be converged on the light receiving
portion of the light receiving/emitting device 78. In this
mannér, the signals recorded on the optical disec 2b are
reproduced Based on the defection signals from the 1light
peceiving portion of the light receiving/emitting device 78.

Since the light radiated on the optical disc 26 is a light
beam of a longer wavelength from light receiving portion of the

light receiving/emitting device 78, a sufficient reflectance is



each 0.6 mmin thickness, bonded back-to-back to provide an overal

thi ckness of 1.2 mm Thus the signal recording layer is spaced 0.6 mmfrom
the substrate surface. Therefore, the first objective lens 5a with a
shorter focal length is used. Thus, for reproducing the DVD, the

| aser light radiated from the sem conductor laser. 3 is collinmated by the
grating 41 and the collimator lens 42 to pass through the half mrror 43
and the beamsplitter 44 so as to be rajgsed by the light path raising
mrror by 90[err] relative to the optical axis Lx of the

sem conductor laser 3. This laser light is incident on the first objective

| ens 5a switebedirned eRenpiAYHNRCkpPO&d T idikcbY st HECD-ADjtdet kignd ENsecsid ity NY
driving circuit 14 so as to be optimally condensed on the signal recording
| ayer of thesDvdcellod whitkcisedorinedeof |anglorgan if |dwst,edobphathethé grignal

recording layer of the DVD, isS bent QO{err .relative to the og%ical axi s
Lx of the seﬁ?"éo‘l’i‘c’ju‘?:ﬁ)‘?ctﬁdas"&llgbéﬁdb‘ép he Lighls nesed¥ipgnpRnrkier vt Yheght

condensing_l§9€%%4 eéggJ%ﬁggkbgggfﬁgfégQQJg;nyrface of the photodetector 6.

Speci fically, I TSt a I's conprised of an -incident |ight
path Lla of the iMeishenild asam | ¢B8t epical refikeapedrd i @it paghis| b wife t he

reflected laser light. The incident |light path Lla begins fromthe
seni conduct opolhtmatd> dieds 74 is arranged ahead of the incident surface of
the two~wavelength—-separating prism 77 with respect to the light
beam from the semiconductor laser deviée 7i1. Therefore, if the
. semiconductor laser device 71 is deviated by Ae from the optical
. axis, as shown in Fig.17, the light beam transmitted through the
collimator lens 74 is offset by A8 from the 6ptica1 axis. If the
foal length of the collimator lens 74 is denoted as Fc, the
offset A0 is represented by A8 = Ae/Fc. If the distance from the
collimator lens 74 to the objective lens 7ba for the high density -
optical disc 75a is represented by L, the position deviation AL
of the collimated light beam incident on the objective lens 7ba
is represented by AL = L. x A6 = L x Ae/Fe. If this positional
deviation AL becomes larger, optical characteristics are_degraded
on reproduction of the high—density optical disc 2a.
Fig.18 shows the configuration of reducing the deviation of
the optical axis of the semiconductor laser device 71.
In Fig.18, the position of the collimator .lens 74 is varied
from the previous embodimént. That is, an optical pickup 80 is
similar to the optical pickup 70 exéept having a collimator lens

81 between the light outgoing surface of the two-wavelength-



29 includes the grating 41, collimator lens 42, half mrror 43, beam
splitter 44, rasing mrror 45, first objective |lens 5a and the signal
recording |layer of the first type optical disc DVD 2a, arrayed in this
order. The reflected light path LIb begins from the signal recording |ayer
of the first type optical disc DVD 2a and includes the first objective
lens 5a, light path raising mrror 45, beamsplitter 44, half mrror 43,

| i ght condensing |ens 45 and the phos®detector 6, arrayed in this order.
The second | aser light path L2 for the case in which the second type of
the optical disc 2b is reproduced using this optical pickup device 1 is
expl ai ned.  separgting PrRésBetbrand whe obieséivptlers Wesc 2b, such as CD

or CD-R, has the el engt h- dependent oy gani.c.dye | gyer, as . descri.bed
above, the |aser NN Roqerbieel phekem it aap P Beiien Sretial aidken
Of 780 NMIS 4pSthe F6NCENE NGl 13N LBRACE Sh {ffe Uptd MINGLBYE AL SGre
substrate having the thickness of 1.2 mm the second objective lens 5b is
used. Thessroduted qisddicey. t he Siec otk fcple diket BB Opt tival CDHRSC thab,

such as CD or CD-R, the laser light radiated by the |ight
. return light of a sufficient light volume may be obtained by
utilizing the light beam of the longer wdvelength from the light
receiving portion of the light receiving/emitting device 78.

In addition, in the present embodiment, in which the
collimator lens Bl is arranged between the light outgoing surface
of the two-wavelength—separating prism 77 and the objective lens
75a, the distance L between the collimator lens 77 and the
objective lens 75a is diminished significantly. Thus, the
position deviation AL of the light beam in the objective lens 75a.
by the offset of the optical axis Ae of the semiéonductor laser -
device 71 1is significantly reduced thus diminishing the
deterioration in the optical properties.

In this case, since the collimator lens 81 is arranged in
the optical path, a lens used in a so-called infinite system is
used as the objective lens 75b used for CD reproduction.

Fig.19 shows a fourth embodiment of the optical pickup
according to the present invention.

In Fig.19, an optical pickup 82 is similar inlstructure to
the optical pickup 70 of Fig.15 except that the collimator lens
74 is omitted and the a lens used in the finite optical system

is used as the objective lens 75a for the high density optical



emtting device 4a of the laser coupler 4 is reflected by the beam
splitter 44 and bent 90[err] by the light path raising mrror 45 so as to
fall on the second objective lens 5b switched to the playback position by
t he-objective lens driving circuit 14 and so as to be condensed

satisfactorily on the signal recording |ayer of the second type of the
optical disc 2b, such as CD or 30

CD-R The reflected laser light, raqfgected by the signal recording
| ayer of the second type of the optical disc 2b (CD or CD-R), is reflected
by the beanlsﬂgéter 4 and bent by 90 relative-to the optical axis Lx so
as to be condensed on the |I|ight receiving device 4b of the |aser coupler 4

as a reflected |g3eh thdhiptheal PEMiUIO 8N OPhi GAl1yaXbStheXoptical pidRap
i's, the second light path L2 is conprised of an incident |light path L2a of

t he incident Taxefr Rilgyhits ,anbdeasigrdl eateaxbrideghonpadhh 6201 @il tdiscselheceid
| aser light. The incident light path L2a begins fromthe light emtting
devi ce 4a ofeRehaepgoducedupreitivalyys ilfcitbgesrtheabediis @Y tisethe4CDr-Rght

the return light of a sufficient light volume may'be obtained by
utilizing the light beam of the longer wavelength from the light
emitting bortion of the light receiving/emitting device 78.

In addition, since the collimator lens 74 is not used, a
smaller number of the component parts suffices, so that the cost
of the components and for assemblage may be reduced.

In the above embodiment, the semiconductor laser device 71,
photodetector 76 and the beam splitter 73 are provided for
radiating and receiving the light of a shorter wavelength, while
thellight receiving/emitting device 78 is provided for radiating
and receiving the light of a longer wavelength. This structure
may, however, be reversed. In addition, the semiconductor laser
device, photodetector and the beam splitter may be used for both
structureg, while the light receiving/emitting device may be used
for both structures. |

Although the collimator lenses 74, 81 are provided ahead of
the two—wavelength-separating prism 77 or between the light
outgoing surface thereof and the objective lens, this is merely
illustrative and may be optionally modified in meeting with the
design statement of the two-wavelength-separating prism 77. If

the collimator lens is omitted, a finite system is used for the



path rasing mrror 45, second objective |ens 5b, and the signal recording
| ayer of the second type of the optical disc 2b (CDor CDR), arrayed in
this order, while the reflected Iight path L2b begins fromthe signal
recording | ayer of the second type of the optical disc 2b (CD or CD-R) and
i ncl udes the second objective I|ens 5b, optical path raising mrror 45,
beam splitter 44 and the 1light receiving device 4b of the |aser coupler 4,
arrrayed in this order. The laser |ight path L1 and the second | aser |ight
path L2 have the |ight path bet wedh t he beamsplitter 44 and the optica
disc 2 in comon. As descri bed above, since the present optical

pi ckup devi ceP®ieqtiMeyde8sseni conduct or | aser 3 and the | aser coupler 4

optim zed for reag out information,signalg of different .t of .th
optical discs 2 (%\‘73%“&5“5n&° "Ryediad, ¥8 %EJ o R YnebdRiEns Obe ' BR

ectlve
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optical disc device 1s conpatible for the different disc types
enabl i ng repridu®tigoh, ofanidhein nivhi ot ithie siqjridimatomdeyens is omitted, is
hereinafter explained. |

Referring to Fig.20, the optical pickup 83 is made up.of a
light receiving/emitting device 84; a two—wavelength—separgting
prism 77, as wavelength splitting means, an objective lens 75,
as light beam converging means, and a semiconductor laser device
71, as a light source.

Referring to Fig.21, the light receiving/emitting device
84 has a second semiconductor substrate 84b for light outputting,
set on a first semiconductor substrate 84a, and a semicondqctor
substrate 84c as a light emitting device set on the second -
semiconductor substrate 84b.

On the first semiconductor substrate 84a ahead of the.
semiconductor substrate 84c is mounted a trapezoidally-shaped
micro-prism 84d, as light separating means, with its inclined
surface 84e as a semi—-transmitting surface directed to the
gemiéonductor substrate 84c.

.On the inclined surface 84e of the micro-prism 84d is formed
an optical film 77a having a transmittance of not higher.than 50%
to the light beam-of a longer wavelength of the order of 780 nm
and a transmittance of not lower than 50%, preferably close to

100% to the light beam of a shorter wavelength of the order of



conditions optimzed for various optical discs 2. In addition, since
t he above-nentioned optical paths L1 and L2 of the optical pickup device 1
have in conmon the optical path portions fromthe objective | enses 5a or
5b hoved to the playback position as far as the optical disc 2, the device
may bé reduced in size. Al t hough the half mrror 43 is used in the
above description, as shown in Fig.12,,it may be replaced by a

pol<ari zati on beam splitter (PBS) 47 and4% guarter wave plate 48 nay be
provi ded between the PBS 47 and the beam splitter 44. The |I|aser |ight

radi at ed fronhgggm§qg;qﬁ?p“ﬁtor | aser 3 is converted fromthe |inear
pol ari zati on conposed only of P-conponents into circular polarization by

the PBS 47 and thergu@r tie VAYEhP! M&am 4&aldaatel! oprdhe thieghtepddhdudUorar
to the first optical path Lla of the incident |aser light. The reflected

| aser |ight refbgsttete 84omithe dsiigeszitipecepedabdel ayer thee tswefepei odl tdiesc
2is reflected via the quarter wave plate 48 by the refl ective surface . of

t he PBS 47 sos§§°¥4)§ﬁ?§98ﬁgéff%ﬁ §qﬂﬁfqﬁtﬁ¢§ﬁbpbfaF?E%RQRﬁ4 b&oﬁB%stRFkﬁﬂ?F of
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Taser light obptheaP-L¥EANGIY TheWblvbSwavelength—-separating prism 77 and the
objective lens 75.

The return light from the signal recording surface of the
optical disc 2 is transmitted through the objective lens 23 and
the two-wavelength-separating prism 77 to reach the bottom
surface of the micro—priém 84d.

On the first semiconductor substrate 84a below the return
light incident position of the micro-prism 84d is formed a first
photodetector 84f.

The return light reflected on the bottom surface is
reflected by the upper surface of the micro-prism 84d to fall
again on the bottom surface of the micro—prism 84d.

On the first semicoﬁductor substrate 84a below the bottom
surface of the micro-prism 84d on which fails the return light
reflected by the upper surface of the micro—-prism 84d is formed
a second photodetector 84g.

Each of the first . photodetector 84f and the second
photodetector 84g is split into plural light receiving segments
adapted for independently outputting detectioﬁ signals of the

light receiving segments.



32 reflecting substantially 100% of the |aser light of the S- conponents,
thus inproving the utilization efficiency of the laser light fromthe

sem conductor | aser 3. Reference is had to Fig.15 for illustrating a
second enbodi nent of the optical pickup assenbled into an optical disc
device 50 shown in Fig.5. Referring to Fig.15, an optical pickup 70 is

made up of a sem conductor |aser device 71, as a light source, a grating
72, as diffraction neans, a beamsplitter 73, a collimator lens 74, a
plurality of, herein two, sw tchable object#3e |enses 75, a photodetector
76, a two-wavel engt h- separatl‘g prism (dichroic n1rroré 77, as mavelength
separating nmeans, he | seannd emicandyedRr: SukRgtaetec 4?815 provided a

sem conductory ﬂ?xsd;?alpﬂ%‘ébﬁgtgﬁtﬁ 8ah’ %t F‘Hb“o:qggs%é!' G3aellds gﬂ,gg 1 hy

reconbi nati on ion O sem con or a used as a t sou
The |ight beapad@diiakedidid P ithe sé.ﬁm&m@%wtaéasefevdw eec71 THe Itmrho

the grating 72. The sem conductor |aser device 71 is configured for
photodetector 84h operates for monitoring the light emission
intensity of the semiconductor laser device 84c.

The  semiconductor laser device B4c is a light emitting
device éxploiting the recombination radiation of a semiconductor
and is used as a light source.

The semiconductor laser device 84c is configured for
radiating a light beam of a longer wavelength of, for example,
780 nm, in meeting with CD reproduction. ' |

The two-wavelength-separating prism 77 is constructed by

bonding two triangular pillars of glass, as shown. On the

[ELRTT Y

¢ bonding gurface is deposited an optical film 77a having a -
transmittance of substantially 100% to the light beam of a longer
wavelength of tﬁe order of 780 nm and also having a reflectance
of not less than 50% to the light beam of a shorter wavelength
of the order of 635 to 650 nm, as shown in Fig.23.

In this manner, the light beam of the longer wavelength from
the semiconductor laser device 84c is transmitted thréugh the
two-wavelength—separating prism 77 fto reach the optical disc 2a
via the objective lens 75b. The return light reflected by the
optical disc 2b is similarly transmitted through the two-
wavelength—separating prism 77 to reach the first photodetector

84f and the second photodetector 84g of the light



radiating the |light beam of a shorter wavel ength of the order of 635 to
650 nmfor coping with reproduction of a high-density optical disc.

The grating 72 is a diffraction grating for diffracting the incident |ight
and-is used for splitting the Iight beamradiated fromthe sem conductor
| aser ‘device 71 into-at least three beans, that is a main beam as a
O-order |ight beam and side 33

beahs as 1 order |ight beans. Any otpgr light splitting devices may be
used if at |least three |ight beans can be produced by Ilight splitting.

The beam splitter 73 has its transmtting/ reflecting surface 73a tilted
by 45[err] re!%ﬂQAﬁémﬁdemhétbbs|Q§H1Q®u&§ and separates the |ight beam from

th t 72 f t f t ' | di ng, f
Lhe optical disc 3Re GRg, o etdvern SavednEbaRTP oY R RASHAASRARE or
| aser  devi Cela?s"exl sder\pﬂ‘éeec,tleq bX-etf'i@cE@E' B¢t hoo BLLL %J%s@fbyt R PRI

splitter 73, while the return Is transmtted through
wavelength—separat1ng prism 77 so as to be conducted via the

objective lens 75a to the optical disc 2b. The return light is_
transmitted by not mofe than 50% by fhe two-wavelength-separating
prism 77 so as to be incident on the first photodetector 84f and
the second photodetector 84g of the light receiving/emitting
device 84.

The objective lens 75 is a convex lens as shoﬁn in Fig.20
and converges the light from the collimafor lens and the two-—
wavelength—separating prism 77 on the desired track of the signal
recording surface of the rotating optical disc 2a or 2b.

The objective lens 75 is made up of two objective lenses -
75a, 75b supported for being alternatively inserted into the
light path by the lens holder as mqvable parts. of the biaxial
actuator 20. The objective lenses 75a, T75b are supported by an
axially sliding and rotating type biaxial actuator 20 shown in
Fig.7 in two axial directions, that is in the focusing and
tracking directions, and designed for accommodating to two
different types of the optical disc.

The semiconductor laser device 71 is a light emitting device
exploiting the recombination radiation of a_semiconductor #nd is

configured for radiating a light beam of a shorter wavelength of

the order of 635 to 650 nm.



beamslitter 72. The collimator lens 74 is a convex |lens and converts
the I|ight beamfromthe beamsplitter 73 into a collimted |ight beam
which is led to the objective | ens 75. The objective lens 75 is a
convex |lens, as shown in Fig.15, and converges the collimted |ight from
the collimator lens 25 on the desired track on the signal recording
surface of the rotating optical disc 2a or 2b. The objective lens 75
i s 'made up of two objective lenses 7%, 75b which may be selectively

i ntroduced into the light path by the I ens holder as a novable part of the
bi axi al actuator 20 as w Il be explained subsequently. The objective

| enses 75a, 75b &ishstpporliove-Hysehidbeskisgrusturk of the iqsgntyembdr imens|
actuator 20 shown on Figb7 for mpvenent, in the. biaxial direction, that is

al ong the foc%%itﬁ"@ QREIEFL REHYPART ecty difs 2saHBed thafedhgneRt ol disc 2a
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enbodi nent descrl ove ese objective lenses are
as a high density optical disc, is reproduced.

Referring to Fig.24, the objective lens 75a is inserted by
the biaxial actuator 20 into the light path. The semiconductor
laser device 71 emits light, while the semiconductor laser device
84c of the light emitting device 84 does not emit light.

Thus, the light beam having the wavelength of, for example,
635 nm to 650 nm, from the semiconductor laser device 71, is
reflected by not less than 50% by the two-wavelength-separating
prism 77 so as to be radiated via the'objective lens 75a on the
optical disc 2a.

Since the objective lens 75a has its spherical aberration -
corrected for use with the optical disc 2a of a smaller disc
substrate thickness, the light beam is correctly converged on the
signal recording surface of the optical disc 2a.

The return light from the optical disc 2a is transmitted via
the objective lens 75a through the two-wavelength—separating
prism 77 by mot more than 50% so0 as to fall on the 1light
receiving/emitting device 84. The return 1light is then
transmitted through the inclined surface 84e of the prism 84d to
fall on the photodetectors 84f and 84g. In this manner, the
signals recorded oﬁ the optical disc 2a are reproduced based on

the detection signals of the photodetectors 84f and 84g, at the



supported by the | ens holder, as the novable part of the biaxial actuator

20, for being alternatively inserted into the |ight path. The
phot odet ector 76 is configured for having |ight receiving portions for the
return |ight beans transmtted through the beamsplitter 73. The

sem conductor | aser device 71, grating 72, beamsplitter 73, collimator

| ens 74 and t he photodetector 26 are fixedly nmounted on the biaxial base
21 ‘as a stationary portion of the biaxial actuator 20. The

t wo- wavel engt h-separating prism77 is cggstructed by bonding two
triangular pillars of glass as shown. On the bonding, K surface is
deposited anS®¥Pti fdme &5 | e 798RSy BAgNa ke c L8, BENGTAYEH; tToth R fertimg

ght beam of 8ol £GP IRYCLERIL Dackind 12r0Ueddh - OLnd B, URAW 2638, havi ng

necessary transm e eam of "a shorter maveleng?%'of t he

order of 635 to 68k NFepR&dSENY tHe FoBtibal disc e 6f Oht via_Wesl diR
shorter wavelength fromthe sem conductor |aser device 71 is collimted by

the col | i mat opubserste/ Ahivtkmess| bifnht 2dmhi (CR @andCD-&)l,edhedobyet bievd iens

mavelength-segaraging prism77 so as to be guided via the " objective |ens
75a to the optfPRals dinsersgd Wrethethiaxiglgaetpatorsf |intoy thet | dghePafhit he

Se”‘Cond“CtOraL%&%huP?NEQE.Zﬁ.tEEféﬂﬂs time, the semiconductor laser device
71 does not emit light, while the semiconductor laser device 84c
of the light emitting device 84 emits light.

In this manner, the light beam of & longer wavelength from
the semiconductor laser device 84c of the light emitting device
84 is reflected by not less than 50% by the inclined surface 84e
of the prism 84d and is transmitted by substantivally 100%
through the two-wavelength-separating prism 77 so as to be
illuminated via the objective lens 75b on the optical disc 2b. -

Since the objective lens 75b has its spherical aberration
corrected for use for fhe optical disc 2b, the light from the
semiconductor laser device 84c of the light receiving/emitting
device 84.is converged correctly'on the signal recording surface
of the optical disc 2b.

The return light from the optical disc 2a is transmitted via
the objective lens 75b through the two—-wavelength-separating
prism 77 by substantially 100% and partially transmitted by the
inclined surface 84e of the prism 84d of the light
receiving/emitting device 84 to fall on the photodetectors 84f

and 84g. In this manner, the signals recorded on the optical



35 on the photodetector 76. The Iight of the |onger wavel ength from
the light receiving/emtting device 78 is transmtted through the two-
wavel engt h-separating prism77 as far as the optical disc 2b via the

objective lens 75b. The return light is simlarly transmtted
t hrough the two-wavel engt h-separating prism77 to fall on t he l'i ght
recei vi ng section of t he light receiving/emtting device 78.

The separating optical characteristi«s of the t wo-
wavel engt h-separating prism 77 are optionally set in a range in which the

return |ight ¢can have sufficient char acter.i st i th an _outpu nal
of the |ight %%ascce% nadreseﬁ??xb%‘p‘bcfe% R’aseglno?rbdte’f ec or“f"6l Or stlﬁé‘a? % e
recei ving/ em pid tiied8Y¥L6Fs Wt EBQVM?(M the 118{d eekanéen Oﬁ&‘ﬂﬂttmg device

transmttance for respective wavelengths are conprised within the
tol erance of 8he atxkhimsamet gimeofast rthel i ghriveers idnaly patel igrmeratiede for

sem conductor | aser device 71 or the light receiving/emtting device 78.
In general, effecting focusing servo and tracking servo for the objective
lens by the biaxial actuator 20.

The light radiated on the optical disc 2b is.a light beam
of a longer wavelength from the semiconductor laser device 84c
of the light receiving/emitfing device 84, and hence a sufficient
reflectance is realized even if the optical disc 2b is a CR-R the
signal recording surface of which is formed of an organic dye.
Thus the signals can be detected reliably by the photodetectors
84f and 84g of the light receiving/emitting device 84.

Fig.25 shows a sixth embodiment of an optical pickup
according to the present invéntion.

In Fig.25, an optical pickup 85 is similar in structure to
the optical pickup 83 of Fig.20 except that a lens adjustably
movable along the optical axis, herein a concave lens 71, is
provided between'the two-wavelength-separating prism 77 and the
semiconductor laser device 71.

With the above-described optical pickup 85, similarly to
thé optical pickup 83 bf Fig.20, signals recorded on the two
types of the optical discs 2a, 2b can be reliably reproduced. In
addition, if the optical disc 2b is the CD-R, the return light
of sufficient intensity can Be obtained by utilizing the light

beam of a4 longer wavelength from the semiconductor laser device



the separating optical characteristics are set so as to be within 50%

The light receiving/emtting device 78 is fornmed as a package conprised of
the sem conductor |aser device as the light emtting portion and the |ight
receiving device as the light receiving portion arrayed close to each

ot her. The  sem conduct or | aser device  of t he l'i ght
receiving/emtting device 78 is an IR laser emtting the |ight

36 " of, for exanple, 780 nmsuited to rgproduction of the usual CD.

Wth the above-described structure of the present enbodi nent of the
optical pickup 70, it is assuned that the optical disc 2a having a disc .
substrate of $4smd Itdre tlligbknenittoing dvige 8dch as a high density opti cal

disc, is reproduced. ... The sem conductor | asey, deyice,71 emts, |ight
whil e the 'Fi ght etft 1394 258t 1Bn " BF Fﬁ%s?'?tghﬁm%é{?&e\#ngféﬁ??tﬁeg \RRA S 76
does not em toliMie along thRCobt9Ph1 PEAMR T{ O A LRORHYCEPE s d S Blx i s

device 71
of the semiconductor laser device 71, the return light of the

light beam from the semiconductor laser device 71 reflected from
the optical disc 2a can be adjusted so as to 5e converged

correctly on the photodetectors 84f and 84g of the light
receiving/emitting device 84 b& adjusting the movement of the
lens 886. In this manner, the position setting in the Z-
direction, among the three-dimensional directions of X, Y and Z
directions of the semiconductor laser devicé 71, can be easily
adjusted after assemblage by adjusting the movement of the lens
86.

Fig.26 shows a seventh embodiment of the optical pickup -
according to the present invention.

Referring to Fig.26, there is shown an optical pickup 90 is
similar in structure to the optical pickup 83 of Fig.20, except
that a lens movable along the optical axis, herein a concave lens
91, adjustably movable along the optical axis, is mounted between
the two-wavelength~separating prism 77 and the light
receiving/emitting device 84.

With the above-—described optical pickuﬁ 90, similarly to
the optical pickup 83 of Fig.20, signals recorded on the two
types of the optical discs 2a, 2b can be-reliably reproduced. In

addition, if the optical disc 2b is the CD-R, the return light



havi ng the wavel ength of, for exanple, 635 to 650 nm is split by the
grating 72 into the main beam and the side beans so as to be reflected by
a reflecting surface 73a .of the beamsplitter 73. The reflected |ight
beans are collimated by the collimator lens 74 and reflected by the

t wo- wavel engt h-separating prism77 so as to be radiated on the optical

di sc 2a. Since the objective lens 75a has its spherical aberration
corrected for use with the optical disc of the thinner disc substrate
t hi ckness, the |ight beam can be correctly converged on the signal

recordi ng surface of the optical disc 2a. The return light fromthe
optical disc @& seffidiet datzgaiby bgnthe Qb\kﬁm’blbangttﬁléepmahmglimﬁtsm
77 via the objective Iens 75a so as to be transmtted through the beam

splitter 73 fBpamndi &g leBRGEtRYe InE e T3R8, 6B%t%%‘¥’d’r°“f’6‘°t°1‘hﬂ§s?%p4“o‘ﬂtf§es
the signals g o‘%petq%rht&% Qﬂﬁigﬂkgd"ié& daased on the detection signal
ector :

of the phot ode 37 When
reproducing the opthcabadisén2biRf thbepkasgRt @hS6diment, since a lens 91

movable along the optical axis is arranged in the light path to
the photédetectdrs 84f and 84g of the light receiving/emitting
device 84, the light from the semiconductor laser device 84c of
the light emitting device 84 is affected by this lens 91 in the
forward and return path thereof, while the 1light from the
semiconductor laser device 71 is affected by the lens 91 only in
the return path the:eof, so that, by adjusting the movement of
the lens 91, the return light of the light beam from the
semiconductor laser device 71 reflected from the optical disc 2a
can be adjusted so as to be converged correctly on the -
photodetectors 84f and 84g of the light receiving/emitting device
84. In this manner, the position setting in the Z-direction,
among the three—-dimensional directions of X, Y and Z directions
of the semiconductor laser device 71, can be easily adjusted
after assemblage by adjusting the movement of the lens 86.

Fig.27 shows an eighth embodiment of the optical pickup
according to the present invention.

Referring to Fig.27, thefe is shown. an optical pickup 95
which is similar iﬁ.structure to the oﬁtical pickup 83 of Fig.20,
except having, as light beam converging means, a sole objective

lens 96 and a poiarization hologram formed on the light incident



substrate thickness of 1.2 nm (CD or CD-R), the sem conductor |aser device
71 does not emt light, while the sem conductor |aser device of the
light emtting portion of the light receiving/emtting device 78 ents
l'ight. In this manner, the Iight beamw th the | onger wavel ength
fromthe light emtting portion of the Iight receiving/emtting device 78
Is transmtted through the two-wavel engt h-separating -prism77 so as to be
radi ated on the optical disc 2b via th®0 objective lens 75. Si nce the
objective lens 75b of the light receiving/emtting device 78 has its
spherical aberration of the objective |lens 75b corrected for use for the
optical disc gisle sNEIpeghef hEbIn THIGRt ivRe 1PPENC enitting portion is
correctly converg on, the, si gnal cordj ng surface_o he_optical d

b The ret aie PPORE O AerRe SEoEr ol eV 38Rk fs W iedeBE

through the ty-reRY¥EheNGhReSERA" AbeRBaPibR B F fan/icht iCRILEEIE¥ St N hinRe$O
as t be converged on the |ight receiving portion of the |ight

recei vi ng/ emdiscngutietrate 7&hidkmelsibi. sInnmadditjorn,hahei ghdbkst ieeorated 96n ishe
optical disc 2b are reproduced based on the detection signals fromthe
i ght recei Vi¥RPOS&LE| BY drbiaidali gatupbes; \ioly/shawn,i fgrdeeyementg in two

e e A B RS BPbE ol B o bk #Bh BEE™ i
directions.

The polarization hologram 97 is a double refraction
diffraction lattice type element and is configured for operating
as a hologram or for directly transmitting the light if the
incident polarized light is the first polarized light or the
second polarized light, respectively.

In this manner, the first polarized 1light from the
semiconductor laser device 84c of the light receiving/emitting -
device 84 has its l-order light correctly converged on the signal
recording surface of the optical disc 2b of a thicker disc
substrate surface via the objective lens 96 by the operation as
a hologram of the light polarization hologram 97. On the other
hand, the second polarizéd light from the semiconductor laser
device 71 is directly transmitted through the light polarization
hologram 97 while having its O-order light correctly converged
on the signal recording surface of the optical disc 2b of a
thicker disc substrate surface via the objective lens 986.

"Although the light polarization hologram 97 is formed on the

light incident surface of the objective lens 96, it may also be



i ght receiving/emtting device 78, a sufficient reflectance is

38 obtained even if the optical disc is a CD-R the signal recording
surface of which is forned of an organic dye, so that the signal can be
detected reliably by the light receiving portion of the 1ight

recei ving/emtting device 78. Meanwhil e, in the optical pickup 70 of
Fig.15, the collimator lens 74 is arranged ahead of the incident surface
of * the two-wavel engt h-separating prisfl77 with respect to the light beam
fromthe sem conductor |aser .device 71. Therefore, if the sem conductor

| aser device 71 is deviated by [err] fromthe optical _axis,,as shown in
Fro 17 the. | TeRRSt SRHR TR SR dDCUP IS GagR Ehe Liait mraesipbldn Bplokran
of fset by [er fir.0 : i gal [ l, e ;{pal t t ;

collimator | eén'}s 74 irqs);‘ggln&(;étuedqgs %%c( %tpﬁ'eltm% fslelt er?felgsqrrg%r egg?lt elc}glgl;i
[err] O = [ errteddicinkl et higsidencee feOmst Har &6/ dieRipdichendidds tan,t 26,

obj ective lens 75a for the high density optical disc 75a is represented by
L, the position deWith orheAlaboye-tihsceibe¢d mutddal grickspadd i neinfernrlon tohe
obj ective len%hZSEPtical pickup 83 of Fig.20, signals recofded on the two
types of the optical discs 2a, 2b can be reliably reproduced. In
addition, if the optical disc 2b is the CD-R, the return light
of sufficient intensity can be obtained by utilizing the light
beam of a longer wavelength from the semiconductor laser device
84c of the light receiving/emitting device 84.

In addition, with the present embodiment, since there.is no
necessity of switching the objective lenses depending on the type
of the optical disc to be reproduced, a small number of component
parts suffices. Moreover, since the present embodiment is simpler -
in structure, the cost of component parts or assembiing cost may
be reduced.

In the above embodiment, the light receiving bortion of the
light reqeiving/emitting device 84 is arranged on the 1light
transmitting side of fhe two—wavelength-separating prism 77.

_ However, the light receiving portion of the light
receiving/emitting device 84 may also be provided on the light
reflecting side, in which case the optical_system_for the light
beams of various wavelengths are provided on the opposite side

with respect to fhe-_two—wavelength—separating prism 77. The

reflection characteristics of the reflecting film 77a of the two-



is represented by AL = L x [err]O=1L x [err]e/Fc. If this positional -
devi ati on AL becones larger, optical characteristics are degraded on

reproduction of the high-density optical disc 2a. Fig. 18 shows the
configuration of reducing the deviation of the optical axis of the
sem conductor | aser device 71. In Fig.18, the position of the

collimator.lens 74 is varied fromthe previous enbodi nent. That is, an
optical pickup 80 is simlar to the optb2al pickup 70 except having a
collimator lens 81 between the |ight outgoing surface of the

t wo- wavel engt h- 39 separatlgg prism
77 and the omaérallmtheﬁgpqzmtms priwm {7t nedobbﬁcamcbimpsumacm eapfy

to the optlc cku f f| 15, the SI recor? 3 on the optlcal di, scs
o, 55 are o oBtbEn Baa] piFse qprord ton S EPRES “HF ¢ 13h PHbReER APOR n
return |ioht gibodiaehti 6t eRtrddylile (0! YREHRYs Do REF1BYE 31| 121 NG the
| i ght beam of the | onger wavel ength romthe Iight receiving portion of
the |light receiving/ ethdt abgveladesxr ibdd embodiments, the laser light is
converged on the signal recording surface of the optical disc of
a thinner disc substrate thickness or on the signal recording
surface of the optical disc of a thicker disc substrate thickness
by using associated objective lenses. This, however, is merely
illustrative, and the present invention may be applied to

reproduction of an optical disc obtained on bonding two

substrates or a usual optical disc.



In addition, in the present. enbodinment, in which the <collimator lens 81 is
arranged between the |light outgoing surface of the :

t wo- wavel engt h-separating prism77 and the objective lens 75a, the

di stance L between the collimator lens 77 and the objective lens 75a is
di'm ni shed significantly. Thus, the position deviation AL of the |ight
beamin the objective lens 75a by the offset of the optical axis [err]e of

T gﬁ o Seor ke e “SrSMEAEMBRERMD 1 o
case, N%E&Ts §P?g $n?#or ens 81 is arrange i_n *t he d-pt Mcal pat , a lens
s0-¢c ntY

used i hite systemis used as the objective | ens 75b used
for CDyepraduehbk®Bal pickud dbviteSkRewdrasipgs th enbodi ment of the optical
pi ckup according to the present invention. In Fig.19, an optica

pi ckup 82 i @ YiRiraditirNost Iightirsourced Foropaidéat i pg ck upl vk 1dft yFiog. 15
except that the collimator lens 74 is omtted and the a lens used in the
finite pancdightsbeamsi 8f ydéfif arenthavanslangthe fanasyorigtdon wd thi gh

denSIt)&(¥¥dé§¥ity of types of optical recording mediums of different

_layered structures;

& plurality of objeciive lénses for converging the laser
light beams radiated ffom said light sources to the signal
recording layers of pre—-set optical recording mediums;

an objective lens switching mechanism for moving one of said
objective lenses to a light path between said light source and
thé optical recording medium;

light splitting means on which the laser light ‘beams
radiated from said light sources are incident via the objective -
lens after reflection by said optical recording medium, said
light splitting means splitting each of the incident laser light
beams into a plurality of light beams portions;

a plurality of photodetectors for receiving the laser light
beams split by said light splitting means; and

optical system cdrrectién means for deviating the objective
lens arranged in said light path responsive to an output signal
of said photodetector for converging the laser light beam
radiated from said light source on a signal recording layer of

the pre-set optical recording medium; and wherein



SESTEA L

40" di sc. Wth the optical pickup 82%5im1arlyto the—optical pickup

70 of Fi.g. 15, the signals recorded on the optical dise¢ a_2b are
g fiiniar, .

reproduced positively. If the optical disc 2b is the
beam of the | onger wavel ength fromthe light enitting portion of’tHe Iight

SR

light of a sufficient Iight volunme may be obtained b

receiving/emtting device 78. In addition, since the collimtor |ens
74 1s not usedggdd STakk? IERE’ velansher&@ROSENs A  Satdl id19A%1 SOikhe!
the cost of the conponents and for assenbl age may be reduced. In the

above enbeduiRrls cbl® heFeCpNduslolikAtepatikyisropdr tHhOhedeight osoubcand
the beamsplitter 73 are provided for radiating and receiving the |light of
a shorter amad ed esghiionWhight phehl iightwhiedeiid np=eit tdned) sieid ceng8ofsthe
provided for radiating and receiving the Iight of a | onger wavel ength.
Thi s structhjesetines lémseser, be reversed. In addition, the seni conduct or

| aser device, photodetector and the beam splitter nay be used for both
structure- whiThe torti¢ght pickupyidayiee t ebng ledmed fay cléimsel frsthest h
structures. . .Athough the collimator |enses, 74, 8# ar r.ovi ded, ahead
of the tRAWRELS LGt ndeehBiaR| nBepRFsnf9Y o UBEiREentPhe ﬁpgﬁﬁd oBPYSFA

surface thereof,.and t objective,lens, this is rel illustratiyve and
vy bo- opt AR AR FRenBRLPRELAFL R PR oSt Frdht 'sodid Td' $d-

set objective lens in association with a pre-set recording
medium. |
3. The optical pickup device as claimed in claim 1 wherein said
light sources include a first light source for radiating a laser
light beam with a wavelength not higher than 680 nm dnd a laser
light beam with a wavelength not lower than 770 nm;

said objective lenées having a first objectfve lens for
focusing the laser light beam on the signal recording layer‘
having a substrate thickness of approximately 0.6 mm and a seqond
"objective lens for focusing the laser light beam on the signal
reco;ding layer having'a substrate thickness of approximately 1.2
mm. |
4. An optical pickup device having a light source for radiating
a light beam, an objective lens for directing the light beam
radiated from the light source for focusing on the signal
recording surface of an 6ptica1 recording medium and a
photodetector for receiving the return light beam reflected by

the signal recording surface of the optical recording medium;



design statenent of the two-wavel ength-separating prism77. If the
collimator lens is omtted, a finite systemis used for the '

41 objective |ens. Referring toto Figs.20 to 24, a fifth enbodi nent
of an optical pickup 83 built into the optical pickup device 50 shown in
Fig.5, and in which the collimator lens is omtted, is__hereinafter

expl ai ned. Referring to Fig.20, the optical pickup 83 is nade up of a
light receiving/enitting device 84, a two-wavel engt h-se

as wavel ength splitting neans, an objective |lens 75, ml’mm'ffmw"rﬂll
convergi ng nmeans, and a sem conductor | aser device as |t gt SOUk
Referring to sEiig. 2btiché bighip reomminisdggem tting deV| ce 84 has a second
sem conductor substrate 84b faor |ight outputting, set on a first’

seni conduct or sub&t PArEa Bty °5nﬂb~be°ste‘rﬁecdﬁaﬁ€? greleski¥e ¥ areangess in thght
em tting deviGe,3ehaPh §H%a38CP0%ht SR QRINEIN1a3YBR L LR 84 uratity of

fypes of the optical discs with different substrate thicknesses;

A plurality of semiconductor laser devices for radiating
laser lighé beams with different wavelengths; and

wavelength separating means for guiding the radiated light
.beams from said semicondqctor laser devices to said objective
lenses.
5. The optical pickup device as claimed in claim 4 wherein a
first semiconductor laser device
of said semiconductor laser devices has & wavelength of not
higher than 680 nm suited for reproduction of & high—-density
optical disc and wherein a second semiconductor laser device -
of said semiconductor laser devices has a wavelength of
approximately 780 nm suited for reproduction of an other optical
disc.
6. The optical pickup device as claimed in claim 4 wherein said
wavélength separating means is a two-wavelength—separating prism
having a reflectance of not less than 50% for the light beam from
one of the first and second semiconductor laser devices and a
transmittance of not less than 50% for the light beam from the
other of the first and second semiconductor laser devices.
T. An optical disc reproducing apparatus comprising:

driving means for rotationaily driving an optical disc;



On the first sem conductor substrate 84a ahead of the sem conductor
substrate 84c is nounted a trapezoidally-shaped mcro-prism84d, as |ight
separating means, with its inclined surface 84e as a sem -transmitting
surface directed to the sem conductor substrate 84
surface 84e of the mcro-prism84d is fornmed an | m 77a havi
transmttance of not higher than 50% to the Ilght bjm “ u ”lI
wavel ength of the order of 780 nm and asgransnittan an
50% preferably close to 100%to the |ight beam of a shorter wavel engt h of

t he order of . L. 635 nmto 65
Thus the |ight beaf®roRfiifeddPi¢iom RE sadiatdieuét Bfgzhfsﬁﬁﬁ“r‘é?e €°gﬁghng

di tio i : Sl
ab i 5 rof | octBIEy! CHEY NEK RERRIRLEIAF 1 AF° BT AERGIRR RO R TR,

upwards to re&@hmthae epEh&e 8l rééSid ihgy isurtfar el \WI- Whéelophgthi Sapaé ati&0the
prism77 and the objective |lens 75.

objective lens by a photodetector;

| ned

a biaxial actuator for supporting the objéctive lens for
movement in two axial directions; |

a signal processing circuit for generating a reproduced
signal based on a detection signal from said photodetector; and

a servo circuit for moving the objective 1lens of said
optical pickup in two axial directions based on a detection
signal from said photodetector;

wherein said optical pickup includes

a light source for radiating a light beam;

an objective lené for directing the light beam radiated by
said light source for focusing on the signal recording surface
of said optical disc; and

a photodetector for receiving a return light beam reflected
by the signal recording surface of-said optical disé;

said objective lens being a plurality of objective lenses
selectively arranged in a light path formed between the light
source and the optical disc in association with the plural types
of the optical discs with different disc substrate thicknesses;
said optical pickup device further including wavelength
separating 'means for guiding radiated light beams from the

semiconductor laser devices.



The return light fromthe signal recording surface of the optical disc 2
Is transmtted through the objective lens 23 and the
t wo- wavel engt h-separating prism77 to reach the bott

m c¥ 0- pri sm 84d. On the first sem conductor substrate 84a bel ow t he
return light incident position of the micro-prism 84d”mmmljmmu[]“m
phot odet ect or 84f. The return light reflected on

is “reflected by the upper surface of th&7mcro-prism 84d to Tal'l agal n on
the bottom surface of the mcro pri sm 84d. On the fi rst sem conduct or
supstrate Baa pel onphaeo ol gt T ARHRL thaCaBbELSY 3o Rdtn08 M0l 1
fallsthereturnllg ecte eupp ace o0 e mcro-pris

84d is forned 7a @eeQh pPhot QQ?EECt Ors&ﬂﬂconductoanqusle dbPgce fidgst gaid
photodetector 84f and the second photodetector 84g is split into plural

l'ight receivi ngexm@lnﬂnmoranﬁmediefvdhelsndepeademdaye:(gﬁtpmtft no¢ Higleat | than
signals of the 8(; In%nhtsul;.sgglt\'/olrn%egsgcrirt?cngison of a high—density optical disc and

wherein a second semiconductor laser device of said semiconductor
lase; devices has a wavelength of approximately 780 nm suited for
reproduction of an other optical disc.
9. The optical disc reproducing apparatus as-claimed in claim
7 wherein said wavelength separating means is a two-wavelength-
separating prism having a reflectance of not less than 50% for
the light beam from one of the first and second semiconductor
laser devices and a transmittance of not less than 50% for the
light beam from the other of the first and second semiconductor
laser devices.
10. An optical pickup device comprising:

a light source for radiating a light beam;

means for cdnverging a light beam radiated by said light
source on a signal recording surface of an optical disc;

light separating means provided between said light source
and said converging means; and

a photodetector for receiving a return light beam reflected
by the signal recording surface of an optical‘disc;

wherein said light source_comriggs;

first and second semiconductof. laser devices for

respectively radiating first and second light beams having



43 On the second sem conductor substrate 84b is provided a third
phot odet ector 84h on the opposite side of the light radiating side of the

sem conductor | aser device 84c. The third phot odet ec erates for
nmonitoring the light emssion intensity of the sem ctor Iaser vi ce
84c. The sem conductor |aser device 84c is a li H”W I ce
exploiting the reconbination radi ation of a sem con m’ d as a
| i ght source. The sem conductor |®8er device 84c |s Cont i gijr for

radiating a |light beam of a | onger wavel ength of, for exanple, 780 nm |n

rgeggggtrLEPeér%feg%ﬁ¥hugdéinw8tps an&]where %%kﬁ”?ih?éeﬁgga qgﬁp&E§HL %Syprxs

ng £ fangul ar p|

the bonding Surf&@Qelleﬁgdﬁprdﬁa&dt&thpﬁeaeé hlaiviifg7 78 hasinsgisitance of
transmttance of substantially 100%to the |ight beam of a | onger

“wavel engt h of substentiéally 109% tonsaid flicethhighig beamepndca arrfd ecpnppinot

| ess than 50%to the |ight beam of a shorter en of the ordey of
635 to 650 nml %rshﬁﬁﬁgl P44 gtoz the secopd tmaisg%'rfa ﬂ%?“"tlfé"ﬁ gﬁ?v‘bg

the |onger wavglg u@gwﬂg,ﬂégnst Reast HUIEHE ¢4 ASCTL 1BRY 6Eafl Und Teflecting

transmtted thr two- wavel engt h-'separating prism // to reac
optical disc ?s'hld\/lsécbhﬂ_ PIERC bedR; | £0d WRlve1dhgth addyatdtiiaft meahk egh bdidy

the the first and second light beams to said light converging means.
11. The optical pickup device as claimed in claim 10 wherein
said first semiconductor laser device of said semiconductor
laser devices has a wavelength of not higher than 680 nm suited
for reproduction of a high-density optical disc and wherein said
second semiconductor laser device
of said semiconductor laser devices has a wavelength of
approximately 780 nm suited for reproduction of an optical disc
of another recording density.
12. The optical pickup device as claimed in claim 10 wherein
said converging means comprises a plurality of objective lenses
selectively arrdnged in the light path between the light source
and the optical disc in association with a plurality of types of
the optical discs with different substrate thicknesses.
13. . The optical pickup device as claimed in claim 10 wherein
said converging.means comprises an objective lens and a light
polarization hologra@ a?ranged between said light source and the
optical disc; Said héiogram operating as a hologram only for the

first polarized light from one of the first and second



optical disc 2b is éinilarly transmtted through the two-
wavel engt h-separating prism77 to reach the first photodetector 84f and
the second phot odet ector 84g of the Iight

44 . receiving/emtting device 84. The light of a shortéer wavetength

from'the sem conductor |aser device 71 is reerCtﬁ" an 50%
by the two- wavel ength-separating prism?77 so as Immnﬂ"ﬂim Pf,ﬂl a the
objective lens 75a to the optical disc 2b.59The retufn tight mss transmtted
by not nore than 50% by the two-wavel.ength-separating prism77 so as to be

i nci dent the f t odet ect or  84f hat 84
of e | | onEerseapditadin leaBE, §6v fhof dng FernitE1RE RS o HIHLIEER] 2Eq 51O
a convex |ensgas %l;tewnth@ GkHe 200 £ 20He CRBNEESETud R |1'aQ;|%tr fd@Q'ﬂzEQeto be

collimator lens and the two- wavel ength-separating prism 77 on the desired

track of thearangnitted atiareditng snef-amermign Hor ebavengingtbatdl tlesEirator
2b.

and second polarized lights on the signal recording surface of
the optical disc.14.
14. The optical pickup device as claimed in claim 10 further
.comprising a lens arranged between the first or second
semiconductor laser devices for movement along the optical axis.
15. The optical pickup device as claimed in claim 10 wherein
said light separating means has a reflectance of substantially
50% to one of the light beams from said first and second
semiconductor laser devicés and a transmittance of approximately
100% to the other light beam.
16. An optical disc reproducing apparatus comprising:
driving means for rotationally driving an optical disc;
an optical pickup for radiating a light beam on the rotating
optical disc via an objective lens for detecting the return light
from the signal recofding surface of the optical disc via the
objective iens by a photodetector;
a biaxial actuator for supporting the objective lens for
movement ih two axial directions; |
a signal processing circuit for generating a reproduced
sigﬁal based on a detection signal from said photodetector; and
a servo circuit for moving the objective lens of =said

optical pickup in two axial directions



The obj ective |€hs 75 1s made up of two obfective lenses 75a, 75b
supported for béing alternatively inserted into the |light path by the |ens
hol der as novabl e parts of the biaxial actuator 20. The objective |enses
75a; 75b are supported by an axially sliding and rotating type biaxi al
actuator 20 shown in Fig.7 in tw axial directions, that—Ts Tmn the
focusing and tracking directions, and designed for ac '

di fferent types of the optical disc. The sem congmﬂﬂﬂmmmﬂme
71 is a light emtting device exploiting the reconbin tron «0f a
sem conductor and is configured for radiating a |ight beamof a shorter
wavel ength of the order of 635 to 650 ngb

45 Wth the above-described structtfYe of the present enbodi nent of

t he opti calbasieskgn 83,detedtsiarssaignil hiromheadgdt bhakodesectar;having a

di sc substrate of a smaller thickness of 0.6 mm such as a high density
optical disc, i|¥hegmigdaeid opticekfrieckup inctudess, the objective lens

75a is inserted by Lo .
a 'light source for radiating a light beam;.

means for converging the light beam radiated by said light
source on the signals recording surface of the optical disc;

light separating means provided between said light source
and Said converging means; and

a photodetector for receiving a return light beam reflected
by the signal recording surface of the optical disc;

sgid light source being first and second semiconductor laser
devices radiating light beams with different wavelengths;

said optical pickup further combrisiné: . -

wavelength separating means having a transmittance of
substantially 100% to the first light beam and a reflectance not
lower than 50% to the second light beam; said wavelength
separating means transmitting the first light beam and reflecting
said second light beam; said wavelength separating means guiding

the first and second light beams to said light converging means.



the biaxial actuator 20 into the |light path. The sem conductor |aser
device 71 emts light, while the sem conductor |aser device 84c of the
light emtting device 84 does not emt |ight. Thus, the |ight beam
havi ng the wavel ength of, for exanple, 635 nmto 650 nm fromthe

sem conductor |aser device 71, is .reflected by not |ess than 50% by the

t wo- wavel engt h-separating prism 77 so as to be radiated via the objective
| ens 75a on the optical disc 2a. Since the objective | ens 75a has
its spherical aberration corrected for6dse with the optical disc 2a of a
smal | er disc substrate thickness, the |ight beamis correctly converged on

the signal recordi ngeprcAecrICtup NBEVDCE CAliDJOBLIGAL DISC The return
light fromthe optical disc 2a is transmtted via the objective |lens 75a

t hrough the two-wavel engt h- s EFERIDUCING APFARATUS, npt nore than 50% so as -
to fall on the light receiving/emtting device 84. The return light is
then transmtted through the inclined surface 84e of the prism84d to

fall on the photodetectors 84f and f8grTrAoT this nanner, the signals
recorded on the optical disc 2a are reproduced based on the detection
si'gnal s of the photodetectors 84f and 84g, at the

An optical pickup device which assures interchangeability
between plural types of optical discs with different layered
structures, such as CD, CD-R oi DVD, which is reduced in size and
which realizes reproduction of high reliability informatibn
sighals. The pickup device includes a light source for radiating_
laser light beams of different wavelengths in association with
the plural types of the optical discs with different layered
structures, an objective lens for converging the laser light beam

radiated from the light source on the signal recording layer of

the optical disc, an objective lens switching mechanism for

switphing and moving the objective lens to the

recording/reproducing position, 1light splitting means for

splitting the incident laser light beam from the light source
from the réflected laser light beam reflected from thé optical
disc, plural photodetectors for receiving the reflected laser
light split by the light splitting means, and an optical system

correction means for correcting the objective lens.

FIGURE 15



46 sanme tine as the servo signals are generated for effecting focusing
servo and tracking servo for the objective |ens. For r.eproduci ng the
optical disc 2b of a thicker disc substrate thickness of 1.2 mm (CD or
CD-R), the objective lens 75b is inserted by the biaxial actuator 20 into
the Iight path, as shown n Fig.20. At this tinme, the sem conductor |aser
device 71 does not emt |light, while the sem conductor |aser device 84c

of the light emtting device 84 em tsilpght. In this manner, the

| i ght beam of a | onger wavel ength from the seni conductor |aser device 84c
of the light emtting device 84 is reflected by not |ess than 50% by the
inclined surface 84e of the prism84d and is transmtted by substantivally
100% through the two-wavel ength-separating prism?77 so as to be
illumnated via the objective lens 75b on the opti di sc 2b. -

Since the objective lens 75b has its spherical abertation corrected for
use for the optical disc 2b, the light fromthé seni&iaductor | aser device

84c of the light receiving/em M‘%’:"I;{ i ot ged correctly on
RN

v/
the signal recording surface of [Zl sc 2b. The return
S \\Q\‘ I
\\‘\ :
NN N

light fromthe optical disc 2a i F@/IO3_
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t he objective lens 75b through the two-wavel engt h-separating prism77 by
substantially 100% and partially transmtted by the inclined surface 84e
of the prism84d of the light receiving/emtting device 84 to fall on the
phat odet ectors 84f and 84g. In this manner, the signals recorded on the
opti cal 47 disc 2b are reproduced
based on the detection signals of the photodetectors 84f and 84g of the
light receiving/emtting device 84, at theygage tinme as the servo signals
are generated for effecting focusing servo and tracking servo for the
objective lens by the biaxial actuator 20. The light radiated on the.
optical disc 2b is a light beam of a |longer wavel ength fromthe

sem conductor | aser device 84c of the light receiving/emtting device 84,
and hence a sufficient reflectance is realized even if the optical disc 2b
is a CRRRthe signal recording surface of which is fornmed of an organic
dye. Thus the signals can be detected reliably by the photodetectors 84f
and- 84g of the light receiving/emtting device 84.
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Fig.25 shows a sixth enbodi nent of an optical pickup according to the
present invention. In Fig.25, an optical pickup 85.is simlar in
structure to the optical pickup 83 of Fig.20 except that a | ens adjustably
mov.abl e al ong the optical axis, herein a concave lens 71, is provided

bet ween the two-wavel engt h-separating prism 77 and the sem conductor |aser
device 71. Wth the above-described optical pickup 85, simlarly to
the optical pickup 83 of Fig.20, signaggagecorded on the two types of the
optical discs 2a, 2b can be reliably reproduced. In addition, if the
optical disc 2b is the CO-R, the return light of sufficient intensity can
be obtained by utilizing the light beamof a | onger wavel ength fromthe

sem conduct or | aser device 48 84c
of the light emtting device 84. In addition, in the present

embodi ment, since the |ens 86 ble along the optical af0€is arranged
on the optical axis ] tor |as i eturn light
of the —

o7 for

FIG.3
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i ght beam fromthe sem conductor |aser device 71 reflected from the
optical disc 2a can be adjusted so as to be converged correctly on the
phot odet ectors 84f and 84g of the light receiving/emtting device 84 by
adj.usting the novenent of the 1ens 86. In this manner, the position
setting in the Z- direction, anong the three-dinensional directions of X
Y and Z directions of the sem conductor | aser device 71, can be easily
adj-usted after assenbl age by adj usti nd‘/tZIQe novenent of the lens 86.
Fig.26 shows a seventh enbodi nent of tF&Smoptl cal pickup according to the
present invention. Referring to there is shown an opti cal
pickup 90 is simlar in structure tog aoptlcal pi ckup 83 of Fig. 20,
except that a |lens novable along the E cal axis, herein a concave | ens
91, adjustably novable along the opticalQaxis, is nounted between the

t wo- wavel engt h-separating prism 77 a & the | i ght
receiving/emtting device 84. W1ih the above-described opti cal

pi ckup 90, simlarly to the opti  Fi g. 20, signals recorded
on the two types of the optigal [discs §a, 2b can|be reliably reproduced.
In addition, if the optical %s 2b i s he CDFg the return |ight
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49 of sufficient intensity can be obtained by utilizing the |ight beam
of a longer wavel ength fromthe sem conductor |aser device 84c of the
light emtting device 84. In addition, in the present enbodi nent,
since a lens 91 novable along the optical axis is arranged in the |ight
path to the photodetectors 84f and 84g of the light receiving/emtting
device 84, the light fromthe sem conductor |aser device 84c of the light
em-tting device 84 is affected by this $4#4@ 91 in the forward and return
path thereof, while the light fromthe sem conductor |aser device 71 is
affected by the lens 91 only in the return path thereof, so that, by

adj usting the novenent of the lens 91, the return light of the |ight beam
fromthe sem conductor |aser device 71 reflected fromthe optical disc 2a
can be adjusted so as to be converged ~correctly on the
phot odet ectors 84f and 84g of the light receiving/emtting device 84. In
this manner, the position setting in the Z-direction, anong the

t hree-di nensi onal directions of X, Y and Z direg{i ofigy Of |t he sem conduct or
| aser device 71, can be easily adjusted after sggﬂﬂzgp by adj usting the
nmovenent of the |ens 86. 3%5 _
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Fig.27 shows an ei ghth enbodi nent of the optical pickup according to the
present invention. Referring to Fig.27, there is shown an optica
pi ckup 95 which is simlar in structure to the optical pickup 83 of
Fi g 20, except having, as |light beam convergi ng neans, a sole objective
| ens 96 and a pol ari zation hol ogram formed on the |ight incident
50 side surface of the objective |ens 96. The objective lens 96 is a
convex lens and is designed for corréyﬁqK;spherical aberration of an
optical disc of a thinner disc substrate thickness. In addition, the
objective lens 96 is supported by a biaxial actuator, not shown, for
novenent in two axial directions, that is in the tracking and focusing
di rections. The pol arization hologram 97 is a double refraction
diffraction lattice type elenment and is configured for erating as a
hol ogram or for directly transmtting the light if t nci dent pol ari zed
light is the first polarized light, or the- ;/h
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second pol arized light, respectively. In this manner, the first
polarized light fromthe sem conductor |aser device 84c of the |ight
receiving/emtting- device 84 has its 1l-order light correctly converged on
t he:signal recording surface of the optical disc 2b of a thicker disc
substrate surface via the objective lens 96 by the operation as a hol ogram
of the Iight polarization hologram97. On the other hand, the second
polarized light fromthe sem conduct of /#%ser device 71 is directly
transmtted through the light polarization hologram97 while having its
O-order light correctly converged on the signal recording surface of the
optical disc 2b of a thicker disc substrate surface via the objective |ens
96. Al t hough the Iight polarization hologram97 is formed on the

i ght incident surface of the objective lens 96, it may al so be

51 formed separately, in which case the |ight polarization hol ogram 97
is provided in an optional light path fromthe Iighé receiving/emtting
device 84 as far as the optical discs 2a, 2b.
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Wth the above-described optical pickup 95, simlarly to the optical

pi ckup 83 of Fig.20, signals recorded on the two types of the optical

- discs 2a, 2b can be reliably reproduced. In addition, if the optical disc
2b.is the CO-R the return light of sufficient intensity can be obtained
by utilizing the light beamof a |onger wavel ength fromthe sem conductor
| aser device 84c of the light receiving/emtting device 84. I n
addition, with the present enbodi ment, sBd@@ there is no necessity of
switching the objective | enses depending on the type of the optical disc
to be reproduced, a small nunber of conmponent parts suffices. Mreover,
since the present enbodinent is sinpler in structure, the cost of
conponent parts or assenbling cost may be reduced. In the above
enbodi nent, the light receiving portion of the |light receiving/enmtting

device 84 is arranged on ransm’tting side of the

t wo- wavel engt h- separ ati ng\Q nﬁéb However , t he | i ght recei vi.ng
portion of t he light redeiving/emtting device 84 may al so be
provided on the light reflectiyng side, in mhtiv case the optical system
for the light beang of various wavel ength re’provided on the opposite
side with respect {o tHRARQPTIGALIRIBG - sqparating prism 77. The

reflection charact ef g film77a of the two-
52
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52 wavel engt h-separating prism 77 and the inclined surface 84e of the
prism 84d are opposite to those of the above-described enbodinment with
respect to transm ssion and reflection. In the above-descri bed
enhodi ments, the laser light is converged on the signal recording surface
of the optical disc of a thinner disc substrate thickness or on the signal
recording surface of the optical disc of a thicker disc substrate
t hizckness by using associ ated obj ect3AZ0 | enses. This, however, is nerely
illustrative, and the present invention may be applied to reproduction of
an optical disc obtained on bonding two substrates or a usual optical
“di sc. 53 WHAT IS CLAIMED I S
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1. An optical pickup device conprising: a plurality of light sources
for radiating a plurality of [laser |ight beans of different wavel engths in
association with a plurality of types of optical recordi ng nedi uns of

difrerent |ayered structures; a plurality of objective |enses for
converging the laser |ight beans radiated fromsaid |ight sources to the
signal recording |layers of pre-set optical recording nedi uns; an

obj ective lens swtching nechanismfor h@f2thg one of said objective |enses
to a light path between said |light source and the optical recording

medi um light splitting neans on which the laser |ight beans

radi ated fromsaid |ightsgourices are incident via the objective Ilens after
reflection by said opt]i{ recording medium said |ight splitting neans
splitting each of theui dent |aser light beans into a plurality of |ight
beans portions; a rjlity of photodetectors for receiving the | aser

light beans split by{(skid lijght splitting neans; and optical system
correction nmeans for de\igting the objective lens arranged in said |ight
pat h responsive to an;output !signal of said photodetector for converging
the | aser |ight beam |ra i@éd fromsaid |ight source on a signal recording
| ayer of the pre-set jop#ical} recordi ng nedi um and wherein
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54 said laser |light beans radiated fromsaid plural light sources
each have plural |ight paths proper to the |ight sources and a common
light path in which is positioned said one of the objective |enses. 2.
The. optical pickup device as clainmed in claiml further conprising

deci sion nmeans for judging the | oaded optical recording nediuns for
selecting a pre-set |light source and a pre- set objective lens in
association with a pre-set recording neddddP 3. The optical pickup
device as clained in claim1l wherein said |ight sources include a first
light source for radiating a laser [|ight beamw th a wavel ength not higher
than 680 nmand a | asep\ |i ght beamwith a wavel ength not |ower than 770
nm sai d objecti | epses having a first objective lens for focusing
the |l aser |ight beam q hersignal recording | ayer having a substrate

t hi ckness of appr oxi y T.G nm and a second objective lens for focusing

the laser |ight bea helsignal recording |ayer having a substrate
t hi ckness of approxieg ¢fy ..2 nmm
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4. An optical pickup device having a light source for radiating a |ight
beam an objective lens for directing the Iight beam radiated fromthe

| i ght source for focusing on the signal recording surface of an

opttcal recording medium and a photodetector for receiving the return
| ight beamreflected by the signal recording surface of the optical
recordi ng nmedi um sai d optical pickup conprising: a
plurality of objective |enses selectively ard/20ed in the 1|ight path of
said light beamin association with a plurality of types of the optica
discs with different substrate thicknesses; a plurality of

sem conduct or | aser dfvi or radiating |laser light beans with different
wavel engt hs; and ¢ngt h separating nmeans for guiding the radiated
light beanms fromsaifd i conductor | aser devices to said objective

| enses. 5. The opt ?kup device as clainmed in claim4 wherein a

first sem conductor |ps ice
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of said sem conductor |aser devices has a wavel ength of not higher than
680 nm suited for reproduction of a high-density optical disc and wherein
a second sem conductor | aser device of said sem conductor |aser devices
has+a wavel ength of approximately 780 nm suited for reproduction of an
other optical disc. 6. The optical pickup device as clainmed in claim4
wherein said wavel ength separating {s a two-wavel engt h-separating
prism having a reflectance of not |ess tthan 50% for the |ight beam from
one of the first and second sem conductor |aser devices and a

transm ttance of not |ess than 50%for the |ight beamfromthe other of
the first and second sem conductor |aser devices. 7. An optical disc
reproduci ng apparatus cornpr+ st Ag+ driving neans for rotationally
driving an optical disc; i 1 an optical pickup for radiating
a light beamon the ptatiing -optigal disc via an objective lens for
detecting the returnoﬂlght fromthe signal recording surface of the
optical disc vCﬂ the "~ '
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obj ective lens by a photodetector; a biaxial actuator for supporting

the objective lens for novenent in two axial directions; a signal
processing circuit for generating a reproduced signal based on a detection
sighal from said photodetector; and a servo circuit for noving the

objective lens of said optical pickup in tw axial directions based on. a
detection signal fromsaid photodetector wherein said optica

pi ckup i ncl udes a |light source fot4 4%&ha1|ng a |light beam an
objective .lens for directing the |ight beamradiated by said |ight source
for focusing on the signal recording surface of said optical disc; and

a photodetector for receiving a return light beamreflected by the signal
recordi ng surface of saiq optical disc; sai d objective lens being a
plurality of objective Ignses selectively arranged in a light path formed
between the light sourcqg and the optical disc in associathn with the
plural types of the ijcal discs with different disc sub51

t hi cknesses; sald:DpﬁBb i ' lﬁéle@&r1
separati ng neans fgg gui di ng radi ated TQ senlcanductor
| aser devi ces. \
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The optical disc reproducing apparatus as clained in claim 7
wherein a first sem conductor |laser device of said sem conductor
| aser devices has a wavel ength of not higher than 680 nmsuited for
reproduction of a high-density optical disc and wherein a second

sem conductor | aser device of said sem conductor |aser devices has a
wavel ength of approximately 780 nm suited for reproduction of an other
optical disc. 9. The optical disc repréadgpng apparatus as clainmed in
claim 7 wherein said wavel ength separating neans is a two-wavel engt h-
separating prismhaving a reflectance of not |ess than 50%for the |ight
beam from one of the first and second sem conductor |aser devices and a
transm ttance of not |less than 50%for the |igw beamfromthe2pt her of
the first and second sem conductor |aser devifces. 10. An optf cal pickup
devi ce conpri si ng: 8@ 1ight sour iating a{ ean

means for converging a |light bear?5€d| at y said light™/$ urce 0ps3

signal recording surface of an optl s“kﬁgﬁna '-::;3’“/
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| i ght separating nmeans provided between said |ight source and said
conver gi ng neans; .and a photodetector for receiving a return |ight
beamreflected by the signal recording surface of an optical disc;
wherein said |ight source conrises: first and second '

sem conduct or | aser devices for respectively radiating first and
second |ight beans having 58

di f erent wavel engt hs; and wherein saidlpfaﬂt separating means conprise
wavel engt h separating neans having a transmttance of substantially 100%
to said first Iight beamand a refl ectance not |ower than 50%to the
second |ight beam said wavelength separating neangzgtransmtting the first
| i ght. beam and reflecting said second |Iight bea 'Sald wavel engt h

separating neans guiding the Pprst andj second | ¥ght beanms to said |ight
converging nmeans. 11. The optigal pickpup device as clained in claim10
‘wherein said first sem conduc -—de¥LGﬁ of sai ¢7%eni conduct or
| aser devices has a wavel engt h 75 EO nmsuited for
reproduction of a high-density optic i%cC -'9=%§f yn said
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second sem conductor | aser
a wavel engt h of
di sc of another recording
clainmed in claim210 wherei
objective |l enses selectiv
source and the optical di
the optical discs with dif
pi ckup device as clainmed i
conprises an objective |en
bet ween said |ight source
a hologramonly for the f
second sem c
pol arized |ight fromthe
transmtted directly there

approxi mately 780 nm suited for

| aser devices has
repr oducti on of an optical
density. 12. The optical pickup device as

n said converging nmeans conprises a plurality of
ely arranged in the light path between the |ight
sc in association with a plurality of types of

ferent subst Ad¥/@0t hi cknesses. 13. The opti cal

n claim 10 wherein said convergi ng neans

s and a light polarization hologram arranged

and the optical disc; said hol ogramoperating as

irst pol IHAMNSMITTRNCE rom one of the first and

onduct or | asgr deﬁgﬁgigﬁgﬂcgernitting t he second
bt her 1@fog he) sem

aser devices to be
hr o conveZ?fng botq[the first

-

device of said sem conductor
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and second pol arized lights on the signal recording surface of the optical
disc.14. 14. The optical pickup-device as clainmed in claim10 further
conprising a lens arranged between the first or second semnm conductor |aser-
devices for novenent along the optical axis. 15. The optical pickup device
as claimed in claim10 wherein said |ight separating neans has a

refl ectance of substantially 50%to one of the |ight beans from said flrst
and second semi conductor |aser deviced8d@@ a transnittance of

approximately 100%to the other |ight beam 16. An optical disc
reproduci ng apparatus conpri si ng: driving neans for rotationally _
driving an optical disc; an optical pickup for radiating a |ight beam
on the rotating optical disc via an objective |lens for detecting the
return light fromthe signal recording surface of the optical disc via the
obj ective lens by a photodetector; a biaxial actuator for supporting
the objective lens for novenent in two axial directions; a signal
processing circuit for generating a reproduced signal based on a detection
signal from said photodetector; and a servo circuit for noving the
objective lens of said optical pickup in two axial directions
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60 based on a detection signal from said phot odetector; wherein said
optical pickup includes a light source for radiating a |ight beam..
means for converging the |light beamradiated by said light source on the
signrals recordi ng surface of the optical disc; | i ght separating nmeans
provi ded between said |ight source and said converging neans; and a
phot odet ector for receiving a return |ight beamreflected by the signal
recérding surface of the optical disc; 19/20 said |ight source being first
and second sem conductor .| aser devices radiating |ight beans with

di fferent wavel engt hs; said optical pickup further conprising:

wavel engt h separati ng neans having a transm ttance of substantially 100%
to the first light beamand a reflectance not |ower than 50%to-the second

| i ght beam said wavel ength separati means transmttin e first 1light
beam and reflecting said second |ight Peam; said wavel epft h Separating
means guiding the first and second |ight bgans to %ﬁbg | i ght convergi ng
means. L A § . 25b
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