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‘BACKGROUND OF THE | NVENTI ON The invention relates to optical- pickup devi cg@iy
and conposite optical devices especially suitable for use in an optical

di sc system Along with the recent diversification of optical disc systens,
there has been an increase in inconpatible optical discs using what are
referred to herein as different read/witd formats (or sinply formats) (for
exanmple, CD, CD-R MDD, MO, Phase Change Di sc DVD, and .so on). These '
read/wite formats can very, e.g.SPEBCIRIQATION ight froma

sem conductor- L aser for emtting light in the band of 780 nm | aser |ight
froman emtting sem conductor |aser for emtting red light in the band of
635 nm (or 650 nn), laser light from am’wnductor | aser for emtting

blue light, and so forth. The optical prckup devices used to read from and
wite to these different opOREICAIePECKURDEVICE WEHBave what are

referred to herein as diffepFURAEEVVOFIASERTCOUPIERSS. I n order to use
a conmon optical disc systemto record and reproduce signals wit different

kinds of optical discs havi ng di fferent for rrats a system needs different
optical pickup devices for rRAQKA NEIOOFCHAE NYENTION ng di f f er ent

read/write formats. "The invention relates to optical pickup devices and composite optical devices

especially suitable for use in an optical disc system. :

Along with the recent diversification of optiéal disc systems, there has been |
an increase in incompatible optical discs using what are referred to herein as different
read/write formats (or simply formats) (for example, CD, CD-R, MD, MO, Phase
Change Disc DVD, and so on). These read/write formats can very, e.g., by using
laser light from a semiconductor laser for emitting light in the band of 780 nm, laser
light from an emitting semiconductor laser for emitting red light in the band of 635
nm (or 650 nm), laser light from a semiconductor laser for emitting blue light, and
so forth. The optical pickup devices used to read from and write to these different
optical recording media then have what are referred to herein as different read/write
specifications.

In order to use a common optical disc system to record and reproduce signals
wit different kinds of optical discs having different formats, a system needs different
optical pickup .devices for respective optical discs having different read/write
formats.

On the other hand, considering the large differences in purpose and
characteristics between writing semiconductor lasers and reading semiconductor
lasers, it would be easier for making an optical pickup device, in some applications,
to use a senﬁcpndtictor laser only for writing and another semiconductor laser for
reading.

However, the use of different optical pickup devices for respective optical
discs of different formats invites an increase in the dimensions and cost of the optical

disc system. Especially when a packaged writing semiconductor laser and a



On the other hand, considering the large differences in purpose and
“characteristics between witing sem conductor |asers and readi ng

sem conductor |asers, it would be easier for naking an optical pickup
device, in sone applications, to use a sem conductor |aser only for witing
and anot her sem conductor |aser for reading. However, the use of different
optical pickup devices for respective opt2cal discs of different formats
invites an increase in the dinensions and cost of the optical disc system
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readi ng sem conductor | aser are used to make up an optical pickup device,
the optical pkhsepticabpickup dedes itselfaand an opficalalisc syistem vsing ébecomeymiore

become nore byl ky. t he same finme, these senl conduetor, | aser,s an

phot odet ect or PRkl il S R phesf RemmioRS 1 T 6 HA DR BE-APE UEmBRE ary
their optical dgfeglt teassemBleebaise dlfustnhéit of BRRUIPticlties BavbreafifficaldhaRRY OF
THE INVENTION It is, therefore, an object of thé invention to provide an

optical pi ckuponesntiopaltdexicesan be used for both reading fromand witing to
di fferent kinds of optical-discs

SUMMARY OF THE INVENTION

It is, therefore, an object of the invention to provide an optical pickup device
that can be used for both reading from and writing to different kinds of optical discs
having different read/write formats, and yet has a small-scaled, easily assembled
structure.

Another object of the invention is to provide a composite optical device that
can be used for both reading from and writing to different kinds of optical discs
having different read/write formats when used in an optical pickup device, and
contributes to miniaturization and easier assembly of the optical pickup device.

According to a first aspect .of the invention, there is provided an optical
pickup device comprising: |

a plurality of a composite optical devices, each having a light emitting
element, a photodetector element and a transparent optical element with a partial
reflective plane that are supported on a base body, the composite optical devices
having different read/write specifications.. '

~ Typically, the light emitting elements are different from each other in light

emitting wavelength and/or optical output power. Each light emitting element,

photodetector element and transparent optical element typically is arranged so that

* the optical axis of exist light from the light emxttmg element and the optical axis of

incident light to the photodetector element substantially coincide: on the partial
reflective plane of the transparent opticai element.

According to another aspect of the invention, there is provided a composite

optical device comprising:



having different read/wite formats, and yet has a snall-scal ed, easily
‘assenbl ed structure. Another object of the invention is to provide a
conposite optical device that can be used for both reading fromand witing
to different kinds of optical discs having different read/wite fornmats
when used in an optical pickup device, and contributes to mniaturization
and easi er assenbly of the optical pickup 3levice. According to a first
aspect of the invention, there is provided an optical pickup device
conprising: a plur aI pluyality of Lightpemitting admens, aephotmistectoacélednent agd & | i ght
emtting el enent, hot odet ector el enent  and_a transparent optjcal el ement
with a parti aFa‘FS@F‘l' pptical glement havipg apartial seflsctive p. e&h%&?eprﬁ‘&’d‘?d oftfe
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el enment, phot odet ector el errent and transparent optlcal element typically is

arranged so t pmuttingovayelength and(px opticab,ouinut inowsr. fhaghnlight emitying enti ng
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provi ded a conP05|te optical device conprising:
incident light to the photodetector element substantially coincide on the partial

reflective plane of the transparent optical device.

- The optical pickup device having the above construction according to the
invention can be used for both reading of and writing to different kinds of optical
discs having different formats by designing its composite optical devices to have -
specifications in accordance with the different kinds of optical discs. Since the
composite optical devices can be miniaturized, the optical pickup device also can be
small-scaled. Moreover, since light emitting elements, photodetectors and
transparent optical elements in the composite optical devices are previously adjusted
in optical axis, etc., the optical pickup device can be assembled easily.

The composite optical device having the above construction according to the
invention can. be used for both wntmg to and reading of different kinds of optical
discs having different formats by designing individual light emitting elements to have
specifications in accordance with the different kinds of optical discs. Since the
composite optical device can be miniaturized, a miniaturized optical pickup device
can be made by using the optical pickup device. Moreover, since optical axes, etc.
of light emitting elements photodetectors and transparent optical elements in the
compos:te optical devices can be adjusted easily like those of a conventional
compos1te optical device having a single-light emitting element, they can be
assembled easily.

These and other features of the invention are discussed in greater detail below
in the follewing detailed description of the presently preferred embodiments with

reference to the accompanying drawings.



3 aplurality of light emtting elenents, a photodetector elenent and a
‘transparent optical elenment having a partial reflective plane that are
provi ded on a base body, the light emtting el enents having different
read/wite specifications. Typically, the light emtting el enents are
different fromeach other in light emtting wavel ength and/or optical

out put power. Each light emtting el enent,4phot odetector el enment and-each
transparent optical elenment are typically arranged so that the optical axis
of exit light fromthe Iight emtting eI errent and the optical axis of
incident light to the phoRIBFISES DS coi ncide on the
partial reflective plane of the transparent optical device. The optical
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Since the conposite opt i cal devices can be mniaturized, the optical pi ckup
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signals in the laser coupler shown in Figs. 1 and 2.

Fig. 4 is a perspective view showing a laser coupler packaged in a flat
. package.
Fig. 5 is a schematic diagram for explaining behaviors when a laser coupler
is applied to an optical pickup device.
Fig. 6 is a schematic dlagram showing a laser coupler according to the first
embodiment of the invention. '
| Fig. 7 is a perspective view showing a laser coupler according to a second
embodlment of the invention.
Fig. 8 is a perspective view showing a laser coupler according to a third
embodiment of the invention.
Fig. 9 is a perspective view showing a laser coupler according to a fourth
embodiment of the invention.
Fig. lb is a perspective view showing a laser coupler according to a fifth
embodiment of the invention. |
Fig. 11 is a perspective view showing a laser coupler according to a siicth
embodiment of the invention.
Fig. 12 is a perspective view showing a laser coupler according to another
embodiment of the invention.
| _ Fig. 13 schematically illustrates an optical disc system employing principles

of the invention.



in optical axis, etc., the optical pickup device can be assenbl ed easily.
*The conposite optical device having the above construction according to the
i nvention can be used for both witing to and readi ng of different kinds of
optical discs having different formats by designing individual |ight
emtting elenents to have specifications in accordance with the different

ki nds of optical discs. Since the conposi e optical device can be '
mniaturized, a niniaturizedvgftical Bickup devi ce can be nade by using the
optical pickup device. MreoPETAILERDESGRIPTIONQETHE c. of |ight emitting
el ements, phot odet ect or s BRESENIRSHBREFERRED EMBODEMENTS i n t he conposite
optical devices can be adjusted easily like those of a conventional

conposi te opti cal  SmcaRnERY iof theinveGore adel Giplaiséti bilowowith eéferhoe tEe Can
be assenbl ed easily. These ‘and other features of the invention are

di scussed i n drawings. ddentical pekquivalent plenteots| emparts awst labeled with commaron of
the presently eferred enbodinents wi.th.reference to th Q Ny N .
ara ngs. iaRedm B iR BEhed ofthe YoinERcR ey 1 ol RIRRMARP, .
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Figs. 1 and 2 show a laser coupler, which is a type of a composite opticaI

device. Fig. 1 is a perspective view of the laser coupler, and Fig. 2 is a cross-
sectional view 6f the laser coupler taken along its lengthwise direction.

As shown in Figs. 1 and 2, the laser coupler includes a microprism 2 made
from optical glass and a LOP (Laser On Photodiode) chip héving a semiconductor
laser 4 supported on a photodiode 3 which are mounted in close locations on a
photodiode IC 1. The photodiode IC 1 incorporates a pair of photodiodes PD1, PD2

- and other well known elements (not shown) such as a current-to-voltage converting -
amplifier, an operational processing circuit, and so on. The photodiode 3 is used to
monitor optical outputs from the rear end surface of the semiconductor laser 4 and
tocOnnolopﬁaﬂomgnupou@rﬁﬁnlﬂmdhnnendsudhoeofﬂmemnnkmndwﬂorhwer
4. Since the semiconductor laser 4 is mounted so as to locate its junction downward
in most cases, the photodiode 3 also functions to support the semiconductor laser 4
sufficiently high above the surface of the photodiode IC 1 to prevent that the laser
beam emitted from the front end surface of the semiconductor laser 4 is reflected by
the surface of the photodiode IC 1 and becomes noise light.

As shown in Fig. 2, the microprism 2 has a sloped surface 22, a top surface
2b, a bottom surface 2c, and surfaces 2d and 2e. The sloped surface 2a has a half
mirror 5, the top surface 2b has a total reflective film 6, thé bottom surface 2c has an
antireflection coating 7, the end surface 2d is a polished surface, and the end surface
2¢ has a light absorption film 8. A typical dimension of the microprism 2 is 0.6 mm
in height, 1.52 mm in total lerigth, 1.8 mm in width and 1.1 mm in length of the top
surface 2b. '



pi ckup device according to a first -enbodi nent of the invention. Fig. 2 is a
'cross-sectional view showing a typical |aser coupler used in an optical

pi ckup device according to the first enbodiment of the invention. Fig.3 is
~a plan view showing a pattern of photodi odes for detecting optical signals
in the | aser coupler shown in Figs. 1 and 2. Fig. 4 is a perspective view
showi ng a | aser coupl er packaged in a flate package. Fig. 5 is a schematic
di agram for expl ai ni ng behaviors when a | aser coupler is applied to an
optical pickup devFurherfompeddnithe antivefbertion coatiig doprethe bottom syrface2e ©f the
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vi ew showi ng shdvasierAnather $i0, fikadr ovenlies the i dilintdndehd phivtodiotle D2t IEhe
to a f11th enBeioRESR His TABNHAoRHE Bodiods 1 1 by bondie s Shos Jen OR g
showi ng a | asghuGR uilEde 225 e thibibphiSm® R/t §i0, film 9 on the photodiode IC 1 with
an adhesive 10. In this case, the SiN film on the photodiode PD1 and the overlying
portion of the SiO, film 9 form a half mirror. The SiO, film on the antireflection
coating 7 reinforces the adhesive force of the microprism 2 by the adhesive 10. The
SiO, film 9 passivates the surface of the photodiode IC 1 and reinforces the adhesive
force of the microprism 2 by the adhesive 10.

The photodiodes PD1 and PD2 for detection of optical signals may be of a
quarter divisional type. That is, as shown in Fig. 3, the photodiode PD1 has four
photodiodes A1l to A4 separated from each other, and the photodiode PD2 has four
photodiodes B1 to B4 separated from each other.

As shown in Fig. 4, the laser coupler having the above construction is
contained in a flat package 11, which may be made from ceramics, and is sealed by

“a window cap (not shown). - _ _

Not explained are behaviors of the laser coupler with reference to Fig. 5. The
laser light L emitted from the front end surface of the semiconductor laser 4 is
reflected back by the ﬁalf mirror (now shown ) on the slope surface 2a of the
microprism i, then converged by the objective lens OL, and enters onto the optical
disc D. The objective lens OL may be integral with or a separate body from the laser
coupler. The laser light L reflected by the optical disc D enters into.thé interior of the
.microprism 2 through the half mirror on the slope surface 2a of the microprism 2.
One half (50%) of the light entering into the microprism 2 enters into the photodiode
PD1, and the other half (50%) Iis reflected by the half mirror on the photodiode PD1

and the top surface 2b of the microprism 2 successivély, and then enters into the
photodiode PD2. '



enbodi nent of the invention. Fig. 12 is a perspective view showi ng a | aser
~coupl er according to another enbodi nent of the invention. Fig. 13
schematically illustrates an optical disc system enploying principles of

t he i nvention. 5 DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED

EMBODI MENTS Enbodi nents of the invention are explained below with reference
to the drawi ngs. Identical or equivalent elenents or parts are labeled with
common reference nunerals in all figures of the draw ngs. However, it

shoul d be not ed t hAﬂthaugla&ellasechﬁplm i$ desagrieidrsd theit the spotrsize of thedaser tight
opti cal devi ok qﬁﬂg pﬁetqﬁgo“ﬁﬁaif%{e@‘é?e&' er:ax;atqdﬁool"qq%ﬁz BoloteB othsmdns Bk ki .
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a mcroprism ﬁhcsmdiedésrmm amtthgmghﬂlgedlﬂ‘anhsahéj&al(zledpesmmdﬂmesﬂmmdhe chip
having a sem ?e%gr CI'E‘I% due to a movement of the optical disc D. Therefore, if any difference

between an output signal from the photodiode PD1 and an output signal form the

photodiode PD2 is regarded as a deviation in focalized position, a focus error signal

éan be detected. By determining the zero value of the focus error signal to indicate

proper focalization on the optical disc D, namely, the just focus point, an actual focus

errof signal is fed back to the focus servo system to adjust subsequent focus error

signals to zero. In this manner; proper focalization is maintained to ensure

satisfactory record and reproduce opefations of the optical disc D. In Fig. 3, the

focus error signal is made from (A1+A2+B3+B4)-(A3+A4+B1+B2).

Based on the description made above, a first embodiment of the invention is
explained below. In this embodiment, two laser couplers explained above are used
to form an optical pickup device.

Fig. 6 shows the opﬁcal pickup device according to the first embodiment of
the invention.

As shown in Fig. 6, the optical pickup device according fo.the first

embodunent is made up of two laser couplers LCI and LC2, half mirror HM and
objective lens OL. The laser couplers LC1 and LC2 may have the construction
shown in Figs. 1 and 2, for example. In this case, the laser coﬁpler LC1 is disposed
to share a common optical axis with the half mirror HM and the objective lens OL.
The laser coupler LC2 is disposed to substantially coincide its incident or exit optical
axis with the incident or exit optical axis of the laser coupler LC1 on the half mirror
HM. The half mirror HM preferably has a polarizing function to polarize laser beams
from the laser couplers LC1 and LC2 into different polarized beams to attain the
maximum use of light. .

In the first embodiment, the laser coupler LC1 is designed in accordance with

an optimum specification for record and reproduce of a particular kind of optical



I'aser 4 supported on a photodi ode 3 which are mounted in close locations on
*a photodiode IC 1. The photodiode IC 1 incorporates a pair of photodi odes
PD1, PD2 and other well known el enents (not shown) such as a
current-to-voltage converting anplifier, an operational processing circuit,
and so on. The photodiode 3 is used to nonitor optical outputs fromthe
rear end surface of the sem conductor |as®&r 4 and to control optical output
power fromthe front end surface of the seniconductor |aser 4. Since the
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Usable as the semiconductor laser 4 are, e.g., a ssmiconductor laser for light

emitting wavelength in the band of 780 nm and optical output power of several
milliwatt, a semiconductor laser for light emitting wavelength in the band of 780 nm
and optical output power of decades of milliwatt, a semiconductor laser for emitting
red light (light emitting wavelength in the band of 635 to 680 nm, approximately) and
optical output power of several milliwatt, a semiconductor laser for emitting red light
(light emitting wavelength around 635 to 680 nm) and optical output power of
decades of milliwatt, a semiconductor laser for emitting blue light (light emitting
wavelength around 500 nm) and optical output power of several milliwatt, and a
semiconductor laser for emittiﬁg blue light (light emitting wavelength around 500
nm) and optical output power of several milliwatt. Clearly, a laser is selected
depending on the purpose.

Since the optical pickup' device according to the first embodiment has the
laser couplers LC1 and L.C2 having optimum specifications for recording onto and
reproducing from two kinds of optical discs in different formats, the optical pickup
device is available for recording onto and reproducing from two kinds of optical discs
in different formats by selectively using one of these las& couplers LC1 and LC2 .
depending on the format of an optical disc to be recorded or reproduced. Since these
laser couplers L.C1 and LC2 can be miniaturized, the optical pickup device can be
small-scaled. Moreover, since the semiconductor lasers 4, photodiodes PD1, PD2,
and microprisms 2 are previously adjusted in optical axis, etc., the optical pickup

device can be assembled easily.



6 Further formed on the antireflection coating 7 on the bottom surface 2c
sof the mcroprism2 is a silicon dioxide (SiQ2) film(not shown). On the
ot her hand, formed on the photodi ode PD1 of the photodiode IC 1 is a _
silicon nitride (SiN) film(not shown). Another SiQ2 film9 overlies the
SiN filmand the photodi ode PD2. The microprism2 is nounted on the

phot odi ode IC | by bonding the Sigerr] fi9mon the bottom surface 2c of
the mcroprism2 to the SiJerr] film9 on the photodiode IC 1 with an
adhesi ve 10. I n t hiFig.G=bews alaserStavpler kaken as a sesopd ombadisarnt pfithe invantione

overlying portioc&.of t he Siq%ierr};i fiI@9 forma half mrror. The SIQ2 film
on the antir et isyset BuAD qpyicsl ¢ t he adhesive force of the

mcroprism2 by t heagfom MFig0r, tH Rsed éa%ﬁfei: lafoPdiRg 16 thedeBsnd &ibsdideace Of

the photodiode IC I and reinforces the adhesive force of the.mcroprism?2
by the adhesi wmcludes tWodaseh couplersdeSl mpl LCavingxhe same eonstriction showmin cal
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other. As shown in Fig. 4, aser coupl er having the above construction
i s contained ilasencduplers @t aadyeC2 are individhualipgdesignedideptimunspeeifications caglnd i s

seal ed by a Wlfgxﬁj r%\é\é)r%a&d A Orgdécréoo\gn()né kind of optical discs in a parﬁcular format.

The distance between the LOP chip of the laser coupler L.C1 and the LOP
chip of the laser coupler LC2 is typically around 500 um, and 30 to 400 um in
minimum, although depending on the mounting accuracy of these LOP chips..

When an optical pickup device is made by using the laser coupler according
to the second embodiment, the objective lens may be an'integral body with or a
separate body from the laser coupler. The laser couplers LC1 and LC2 can
commonly use a single objective lens.

Also the second embodiment has the same advantages as those of the first
embodiment. That is, when the laser couﬁler according to the second embodiment
is used in an optical pickup device, the optical pickup device is available for
recording on and reproducing from two kinds of optical discs in different formats by
selectively using one of these laser couplers LC1 and LC2 depending on the format
of an optical disc to Be recorded or reproduced.

 Additionally, since the laser couplers LC1 and L.C2 are incorporated into the

common photodiode IC 1, the optical pickup device can be miniaturized and canbe

fabricated economically because a single photodiode IC 1 and a single package are'
sufficient to make up the optical pickup device. Morem}er, adjustment of opticél

aces upon incorporating the laser couplers LC1 and LC2 on the photodiode IC1is
relatively easy, like the laser coupler shown in Figs. 1 and 2.

. Since the semiconductor lasers 4, photodiodes PD1, PD2 and microprisms 2
are previously adjusted in oﬁtical axis, efc., the optical pickup device can be

assembled easily.



Not expl ai ned are behaviors of the |aser coupler with reference to Fig. 5.
'The laser light L emitted fromthe front end surface of the sem conductor

| aser 4 is reflected back by the half mrror (now shown ) on the sl ope
surface 2a of the mcroprism2, then converged by the objective lens Q.
and enters onto the optical disc D. The objective |lens OL may be integral
with or a separate body fromthe |aser col®ler. The laser light L reflected
by the optical disc D enters into the interior _of the m.croprism 2 through
the half nirror onFign8 sbpwpelwtﬁqaéerzgkma&m@mmbﬂshmgnﬁozpthmean (50%

of the |ight t ering 4N emeroprism?2 enters into the photodi ode PD1,
and t he ot her‘gﬁlﬁﬁfs‘(l%s%‘gﬁg}){}%aflpécg?gg%ﬂ‘;e‘t he half mrror on the photodiode
PD 1 and the top shE&E&&n %F%S,tih%maﬁémnpkﬁh&owﬁg&s&emwemaa@hﬂdﬂe,n_

enters into the photodi ode PD2. 7 Althougahs t he | aser cougl_er i s designed

so that the spsingleicommsmn microprismds usedfor bothdaser enuiplsinol-Gliandi BCRDA singlet hat

t he phot odi,ode, P incid the | i gh i s f i zed gnto th
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pl ane due to a novenent of the optical disc D’ Therefore, if any difference
its explanation is omitted here..

Here again, when an optical pickup device is made by usingl the laser coupler
| according to the third embodiment, the objective lens may be an integral body with
or a separate body from the laser coupler, and the laser couplers LC1 and LC2 can
commonly use a single objective lens.
. Also the third embodiment has the same advantages as those of the second
embodiment. _ R
“Fig. 9 shows a laser coupler taken as a fourth embodiment of the invention,
which is used in an optical pickup device._ .

As shown in Fig. 9, in the laser couple;r according to the fourth embodiment,
two laser couplers LC1 and LC2 are incorporated in a face-to-face relationship ona -
common photodiode IC 1 to share common signal detecting photodiodes PD1 and

- PD2, common microprism 2, and a common optical axis. In this case, the
microprism 2 has two oppositély positioned sloped surfaces 2a for receiving incident
light, which are slanting down toward respective LOP chips of the microprisms 2,
respectively. .' _ _

In: the other aspects, the laser coupler according to fhe fourth embodiment is
the same as the laser coupler according to the second embodiment, and its
explanation is omitted here. |

In the fourth embodiment, a typical distance between a laser beam L emitted
from one of the semiconductor laser 4 and reflected by one of the slope surfaces 2a
of the microprism 2 and another laser beam L emitted ﬁ'om the other semiconductor

laser 4 and reflected by the other slope surface 2a is about 1 mm.



bet ween an out put signal fromthe photodi ode PD1 and an output signal form
't he photodi ode PD2 is regarded as a deviation in focalized position, a
focus error signal can be detected. By determ ning the zero value of the
focus error signal to indicate proper focalization on the optical disc D,
nanely, the just focus point, an actual focus error signal is fed back to
the focus servo systemto adjust subsequedfl focus error signals to zero. In
this manner; proper focalization is nmaintained to ensure satisfactory
record and repr odultbrea;yii:awhanoptictahpxcbmde}dd:eidnwebyusingﬂiajas@pomﬁlafocus

error signal is de from +A2+B3+B4 A3+A4+B1+B2 Based on, t

descri pt |gon nacher B&\f% th"afé‘i‘&’s?mb?ﬁgm%zéﬁ objectiyg L ‘?nﬁzfg?')f B?)ﬁmF%rale%B Phed
bel In thi ; I to
€l OW. ; ' s cﬁﬂl‘] lagei"@o@e;teﬁ%&(?ﬁﬂ l&‘s%? @&S?éx@'ﬂ%ﬁ Q% %th%eéj

forman opti c evi ce he opti cal eV| ce
according to tditﬁnﬁonrobjeoamtmhsnent of the |nvent|on As shown |n Fig. 6, the

optical pickup devi cgor |rst enhodi nent i s na of , two
| aser couplers LC ﬁ%ﬁ’n@ E@E&eﬁ% ﬂﬁl\?ﬁ‘é‘ﬁ BH}tégﬂSl%g‘quHgS’Gfec

‘| aser coupl er a 0 0 and
2, for exanpl gmb%\“’?%?shﬁgge%ts% 8 ¥é‘gelh'reﬂfceo%%‘% er Eﬁpll'?ld%%osed to sﬂlﬁare a

common opt i cakoraion photodiddesPDa lahd PD2ramd thi\tonndon heicropriant?, de photsdiéde The
| aser coupler LC2 is disposed to substant ially coincide its_incident or

exit optical ¥ilsamhbeminiprizedmensrandsisathe optissl pickup dsvics can be proall-sealed
coupler LC1 OHoré.he half mrror

Fig. 1'0 shows a laser coupler taken as a fifth embodiment of the invention,
which is used in an optical plckup device.

As shown in Fig. 10, in the laser coupler accordmg to the fifth embodiment,
two semiconductor lasers 4 different in light emitting wavelength and/or optical
output power from each other are incorporated on a single LOP chip. More
specifically, a photodiode chip 3 has a two-step top surface 3a. Formed on a lower
step of the two-step top surface a is a semiconductor laser 4 designed for optimum
light emitting wavelength and/or optical output pdwer for writing to and reading from
the same kind of discs in a particular format. Formed on the higher step of the two-
step top surface 3a is another semiconductor laser 4 designed for optimum light
emitting wavelength and/or optical output power for write and read of different kinds
of 6ptical discs in different formats. The height of the step portion 3a is large enough
to prevent interference between laser beams L emitted from the front end surface of
both semiconductor lasers 4. |

In the other aspects, the fifth embodiment is the same as the laser coupler
according to the second embodiment, and its explanation is omitted here.

" . Here again, when an optical pickup device is made by using the laser coupler
according to the fifth embodiment, the objective lens thay be integral with or separate

from the laser coupler, and both laser couplers LC1 and LC2 may share a common

objective lens.



HM The half mrror HM preferably has a pol arizing function to pol arize

-l aser beans fromthe |aser couplers LCI and LC2 into different polarized
beans to attain the nmaxi mumuse of light. In the first enbodi nent, the

| aser coupler LCl is designed in accordance with an optinum specification
for record and reproduce of a particular kind of optical 8 di scs having
a particular format. That is, the light ex@tting wavel ength and/ or. opti cal

out put power of its_sem conduct or | aser 4, ph detectiv rties of t he
phot odli bdes. PDL andlsPrhe Hafkerabsdimerthas tish sHaziages sy ofruotiar sseoud

optical di SC:?xﬁﬁoéhﬂﬁ ft e i3 atade ﬁéggﬁeaﬁl%rlage?%h ea} 'ﬁmddﬁé

accordance w i MUm Specifi on for rec repro uce 0

anot her - ki nd edmaphiphatodiddes PD1aatidBD2, the rcomimati micrommnﬂrmmméleorhnm[er
one. That is, the light emtti n%/avel engt h_and/ or gptlcal out put power of
the sem conduicseprisa sloped spxfene ofediediCal can be mipiatusized more, an

SrgzodbggglsePg% ﬁ%&@e@%%@‘@ %B%@h@ﬁ%&t&&ﬁ&@ ot her kind of optical

aser ar e .g., a sem conductor |aser

for Iight emtti nng%a\wlsm masérddngldamnaﬁ azﬁﬁxaﬁbemmnpbfmahnmhaﬂ,t
power of several iwatt, a sem conductor | aser for light emtting

wavel engt h i nwhish ipused ipranTpticalpickup device.

As shown in Fig. 11, in the laser coupler according to the sixth embodiment,

two laser couplers LC1 and LC2 are incorporated in a face-to-face relationship on a
common photodiode IC 1 to share the common photodiodes PD1, PD2 or PD1' for
detecting optical signals (in this case, the photodiode PD2), the common microprism '
2, and a comthon optical axis. In this case, the laser coupler LCI1 uses the
photodiodes PD1 and PD2 to detect optical signals, and the laser coupler LC2 uses
the photodiodes PD1' and PD2 to detect opticél signals. In the other respects, the
sixth embodiment is the same as the laser coupler according to the second
embodiment, and its explanation is omitted here.

Here again, when an optical pickup device is made by using the laser coupler
according to the sixth embodiment, the objective lens may be integral with or
separéte from the laser coupler, and both laser couplers LC1 and LC2 may share a
common objective lens. Also the sixth embodiment has the same advantages as

~ those of the second embodiment. | |

Although the invention has been explained by way of some embodiments, the
invention is not limited to the illustréted examples, but involves various changes or
modifications within the spirit and scope of the mventlon.

For example, numerical values and materials mdlcated in the explanation of
embodiments are only examples, and different numerical values and materials may
be used in the invention. , | .

In the first embodiment, the half mirror may be replaced by a polarizing beam
splitter, for example, and the objective lens OL may be made as a separate body from
the optical pickup device.



and optical output power of decades of milliwatt, a sem conductor |aser for
-emtting red light (light emtting wavel ength in the band of 635 to 680 nm
approxi mately) and optical output power of several mlliwatt, a

sem conductor | aser for emtting red light (light emtting wavel ength
around 635 to 680 nm and optical output power of decades of mlliwatt, a
sem conductor laser for enitting blue ligh3 (light enmitting wavel ength

d 500 d ' f | milli d
et conduct or 1 ascATRBPEE the oA epfbadped e Breefrolihed b s oeed dpulges,
ar ound 500 N, HR40It3 Aibking ebionfRSiBles FVE P id 4 eokon Rkl

| aser is selected depending on the ‘purpose. Since the optical pickup device
accordi ng to 2end the sixtk etmbdidineint hasbeanhexplainest ascthba faser souplir LGt ot TL2havi ng

opti mum speci f.i cati ons for recording. Qato and reproduci ng. from two, ki nds of
optical di scsSHaRNg; # FOPERPR fpg‘PW&f‘%{é ?ﬁ ﬁ!ﬁf?‘c‘éﬂmﬁ%lﬁﬁ’“&g}ﬁ‘b »i% P abl e
for recording cmy% : l'agﬂ'%o ) o '

di fferent formaggé}%e gﬁl ve gﬁgg%?g&g%ég}g? t esgﬁﬁefaysl'teqf:%glup %fOZSHl%l and
LC2 dependi nga eontinhen fopticaitaxid, santhapthechaberdcampler .Gk and d«C2 shiareronly the

reproduced. Since t.heig | aser couplers LCL and LC2 can be mniaturized, the
optical pickuPdeD¥R <can be snall-scal ed.” Moreover, since the

seni conduct or | asegégﬁ,ﬁgl%{[ileégﬁﬂ{ é;{)?lﬁ‘@,iﬁ@hts, B@%ﬁgﬂ?ao msg{&glﬁ)lcig’%cz and1.c2

previ ously adjuste etc., optic evi ce can be
assenbl ed easateyincorporated on a common photodiode IC 1 to make up a single laser coupler,

three or more laser couplers may be incorporated on a common photodiode IC 1 to
. form a single laser coupler. '

Also when two laser couplers LC1 and LC2 on common substrate 12 are
mounted ina j)arallel alignment in the lateral direction in a common flat package 11,
as shown in Fig. 12, and the package 11 is used in an optical pickup device, the same
advantages as those of the above embodiments can be obtained. Here again, both
laser couplers LC1 and LC2 can use a common objective lens. However, taking the
lens field into account, the laser couplers LC1 and LC2 are preferably mounted in
close locations up to 100 um, for example. Alternatively, these laser couplers LC1
and LC2 may be érranged in a serial alignment within the common flat paékag'e 11.
Moreover, three or more laser couplers may be mounted in a common flat package
1. " )

In Fig. 13, there is schematically illustrated an optical disc system 100
employing anyone of the previousiy’ discussed optical devices of the invention. As
illustrated, in the optical system 100, an optical device 102 can be employed in which

_ laser coupler LC 1, LC2 to LCn are used to read ﬁ‘om and write to an optical
recording medium 104 (appiopﬁately supported and driven by well known means not
illustrated here). |

As illustrated, appropriately associated with the optical device 102 is circuitry
106 for driving the laser couplers LC1 to LCn in accordance with well known
technology. Additionally, there_ is i)mvided a selector 108 to switch between the laser



9 Fig. 7 shows a | aser coupler taken as a second enbodi nent of the
*invention, which is used in an optical pickup device. As shown in Fig. 7,
the | aser coupler according to the second enbodi nent includes two |aser
couplers LCl and LC2 having.the sane construction shown in Figs. 1 and 2
and supported in close |ocations on a conmon photodiode IC 1 to orient
their optical axes in parallel wth eachid her. Like those in the first
enbodi ment, the |aser co | ers LC1 and L are individually, designed in
opt i mum speci FRUPIE b te ki as secesianyr fhesrlector i &aeéaksmwéome}w&dd%ncm

Idia:gf l:(r)]ugl gf&k@ﬂ{&{v{xﬁ@‘% &E&“ %ﬁﬂ%ﬁ‘?&%&ﬁ@% I's typl chel y

around 500 ummagrbd cdpled t4@he circmuryl 106 1o enable alatialuglectiemofialaser coupldre
nounting accuracy, of these LOP chips. Wien an optical pickup.device is made

by using the pabdherefore, adormats by auvﬁgr t@therwise.dhe selectipndnrybe accoppdished
obj ective 1en e
| aser coupl er. fu %ﬁf?’aj ?y k%gghﬁﬁorﬁ%gén%ﬁ@ ﬁiea(?\&ﬁgfnno ﬁdﬁ)&ﬂ%e&ﬁlggl % e
obj ective | engithAing@rinfte HEERN45ef 5RGIESE I is Balfevie thaadEh @quﬁmmdase t hose .
of the first enbodinent. That is, when the |aser coupler accor ding to the
second enbodi readily nnplemented by those of ordinary skill in the art.

As illustrated, the selector 108 and driver circuitry 106 may be provided as
part of overall circuitry 112 used to operate the optical disc system 100. Such
circuitry 112, apart from the inclusion of a selector 108 and the switch means 110
should be well known in the art.

As described above, the optical pickup devices according to the invention are

available for writing to and reading from different kinds of optical discs in different

formats from each other, and promises miniaturization and easy assembly thereof
because the include a plurality of composite optical devices having different
read/write specifications. | _

Because the composite optical devices according to the invention have light
emitting elements with different read/write specifications, an optical pickup device |
using the composite optical devices is available from writing to and reading from
different kinds of optical discs of different read/write formats, and can be
miniaturized and assembled easily. |

Also, it will be readily understood by those of ordinary skill in the art how the
various embodiments described above can be modified and/or combined to include
more than two laser photocouplers to enable read/write interaction with recording
media with more than two read/write formats. | ' |

Although modifications and changes may be suggested by those skilled in the
art, it is the intention of the inventors to embody within the patent warranted hereon
all changes and modifications as reasonably and properly come within the scope of
their contribution to the art.



15 used in an optical pickup device, the optical pickup device is avail able
for recording on and reproducing fromtwo kinds of optical discs in :
different formats by sel ectively using one of these | aser couplers LCl and
LC2 depending on the format of an optical disc to be recorded or
reproduced. Additionally, since the |laser couplers LCI and LC2 are.

I ncorporated into the conmon phot odi ode | @51, the optical pickup device can
be mnifurized and can be fabricated econom cally because a single

phot odi ode | CIN B CLAIMS; e package are sufficient to make up the optical
pi ckup device. Moreover, adjustnent of optical aces upon incorporating the
| aser couplers LCI and LC2 on the photodiode IC 1 is relatively easy, like
the | aser coupler ghown 4 k3P oi i ' .he sem conductor |asers 4,
phot odi odes PD1, P%é andﬂogﬁ%gﬂcsn@agwg?gﬁﬁﬁ?%usly adjusted in optical
axis, etc., the opta plurality of gocaleposite opiicabdeviesseebthetiadngia light emitngi g. 8
shows a | aser coupler taken as t hi,rd emhodi ment, of the invention, i ch
is used in an optical pi%EAeAtoRPhetadetpctor glsmant sndrg gansparen °W‘F@i F{E]W

coupl er according to theyjdhi peigfeRdidVe lane that are supported on a base body, said

composite optical devices having different read/write specifications.

2. The optical pickup device according to claim 1, wherein said light
emitting elements of said composite optical devices are different from each other in

light emitting wavelength.

3. The optical pickup device according to claim 1, wherein said light
emitting elements of said composite optical devices are different from each other in

optical output power.

4, "The optical pickup device according to claim 1, wherein, said light
emitting element, said photodetector element and said transparent optical element in
each said composite optical device are disposed so that the optical axis of exit light
from said light emitting element and the optical axis of incident light to said |
photodetector element substantially coincide on said partial reflective plane of said
transparent optical element.

5. The optical pickup device accordihg to claim 1, wherein said base
body is a semiconductor substrate, said light emitting device is a semiconductor laser,
said photodetector element is a photodiode, and said transparent optical element is .

a prism.

!
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a single comon microprismis used for both |aser couplers LCl and LC2. A
single sloped surface 2a is used by both | aser couplers LCl and LC2. In the
ot her aspects, the third enbodinment is the sane as the | aser coupler of the
second enbodi nent, and its explanation is omtted here.. Here again, when
an optical pickup device is made by using the |aser coupler according to
the third enbodi nent, the objective lens qgy be an integral body with or a
separate body fromthe | aser coupler, and the |laser couplers LCl and LC2
can commonly use a &.i ngleohjpssitevmidabdsviceM:mmprthhi rd enbodi nent has t he
sanme advantages as th se ofﬁtge secqnd e WS a

coupler taken as a # P‘?'the qqtﬁaeanppﬂwgem%ﬁ? gents P'n an

opti cal pickup device. aﬁg\k 5%-513 ing -
to the fourth enbodi nent, Mageré%glgﬁ%gtrlslﬁfggg %2 are %%%g%gé!gt ed
in a face-to-face rel ati prwfde;ionabasa:lmdywmcblngﬁtednmdgeleﬁieﬂxtstlmvmgallﬁeremrrrmn
signal detecting photodi odsf I?Dl and PD2, common microprism2, and a conmon
optical axis. In this cak@YWIHE m 2 has two oppositely positioned
sl oped surfaces 2a for receiving incident |ight, which are slanting down
toward respective LOP chips of the mcroprisns 2, respectively. In the

ot her aspects, the Vaser Theughpdsitaoptical devicé accohiing icldiin 6; wherkinrsaid ligis

emitting elements are different from each other in light emitting wavelength.

8. The composite optical device according to claim 6, wherein said light

emitting elements are different from each other in optical output power.

9. The composite optical device according to claim 6, wherein each said
light emitting element, said photodetector elements and said transparent optical
elements are disposed so that the optical axis of exit light from said light emitting
device and the optical axis of incident light to said photodetector element
substantially coincide on said pai'ti_al reflective plane of said transparent optical

element.

10.  The composite optlcal device according to claim 6, wherein said light
emitting elements are arranged side-by-side to align their optical axes substantially
in parallel, each said light emitting element having its own said transparent optical

element.

11.  The composite optical device according to claim 6, wherein said light
emitting elements are arranged side-by-side to align their optical axes substantiaily
 in parallel, said light emitting elements having a common said transparent optical

element.
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the sane as the |laser coupler according to the second enbodi ment, and its
-explanation is omtted here. In the fourth enbodi nent, a typical distance
between a | aser beamL emtted fromone of the sem conductor |aser 4 and
reflected by one of the slope surfaces 2a of the microprism2 and anot her

| aser beam L emtted fromthe other sem conductor |aser 4 and reflected by
the other slope surface 2a i's about 1 mml7 Here again, when an optica

pi ckup device is nmade by using the | aser coupler according to the fourth
embodi nent, the obj2ct i Ve rempositgpptical davieejreerrdipg to chaimeG Whepinsaid aht: he

| aser coupl er th | r . S 1 g@i% r C

obj ective | en?p&ﬁfq%%?ﬁ?tgéﬁr %%géi%%ta%gg“@%o anesag%v%}]cflg)gglgg}gs% t hose
of the secondcdnipefisa@ptichldehives case, because the |aser couplers LCL and
LC2 share the comon phot odi odes PD1 and PD2 and the comon m croprism 2,

t he photodiode IC 1 can be miniaturized nore, and al so the optical pickup

device can be smal | ;scal.ed nore. Figd. shows a | aser. counl er. taken, as a

[T TEh embodi ment - of 3% ho TR GRPY opfFptefice &ifdufing gl Wheitin s By

devi ce. emitting elements are disposed at different heights from the surface of said base
body.

14.  The composite optical device according to claim 6, wherein said light
emitting elements are arranged to share a common optical axis and to share a part of

said photodetector element.

15.  The composite optical device according to claim 6, wherein said base
body is a semiconductor substrate, said light emitting element is a semiconductor
laser, said Iphotodetector element is a photodiode, and said transparent optical

element is a prism.

16.  An optical pickup device comprising a plurality of photocouplers
having different read/write specifications so as to enable the optical device to read
from and write to recording media having a like plurality of different read/write

formats.

17.  The optical pickup device of claim 16, wherein the photocouplers are
mounted within a single flat package.

18.  The optical pickup device of claim 16, wherein the photocouplers are

formed on a common substrate,

19. The optical pickup device of claim 16, wherein there are two

photocouplers and the photocouplei‘s share a common half mirror such that one

(.



As shown in Fig. 10, in the | aser coupler according to the fifth

-embodi nent, two sem conductor lasers 4 different inlight emtting

wavel engt h and/ or optical output.-power from each other are incorporated on
a single LOP chip. Mre specifically, a photodiode chip 3 has a two-step
top surface 3a Fornmed on a | ower step of the two-step top surface ais a
sem conductor | aser 4 designed for optimug light emtting wavel ength and/ or
optical output, power for witing to and reading fromthe same kind of discs

in ? parti cul RRotogoypler ispabigned;with the axisi ofithe direet light passing fgough the halh
L . o o SIS S
on 11 g way o FAgH Wil 8 Bt Bt6dRbler Aflondd A WIS orhci Bt BRI Ao

di fferent ki ndsg tigf haipinirg@d. di scs in different formats. The hei ght of the

step portion 3a is large enough to prevent interference between | aser beans
L emitted fromthe front end surface of both sem conductor lasers 4. In the

ot her aspects, the,fift |48 i 3 t.he ne . |.er
according to the sg@bndwg%br%gﬁmgupaﬁﬂnﬁ %ﬁgﬁlﬁ iﬁ’aﬁg@ﬁ} ?@ﬁéﬂﬁﬁg 5&”}?8} e.
Here again, WsRitedih chrh6@by HePhbRdco@plérs wviththéPisn Rved 5 the phOOchIas to
coupler according to the fifth enbodinent, the objective |ens nmay be

i ntegral wit hreflect Bghtrtaward the opti¢al récending omedpimar . and both l-aser couplers
LC1 and LC2 may share a conmon objective |ens.

21.  The optical pickup device of claim 20, wherein the photocouplers

share a common reflecting surface of the prism.

22.  The optical pickup device of claim 20, wherein the prism has a
plurality of reflecting surfaces and the photocouplers use different reflecting surfaces -
of the prism. |

23.  The optical pickup device of claim 21, wherein the photocouplers are
positioned in side-by-side relationship.

24.  The optical pickup device of claim 20, wherein the photocouplers are

positioned in over-and-under relationship.

25.  The optical pickup device of claim 21, wherein the photocouplers are
positioned in con_fronting relationship on opposite sides of the prism. '

26.  The optical pickup device' of claim 25, whefein.ﬂle f»hotocouplers-are

operatively interconnected so as to share in common photo diodes located under said

prism.
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12 Also the fifth enbodi nent has the same advantages as those of the second
enbodinment. In this case, because the |aser couplers LO and LC2 share the
comon phot odi odes PD1 and PD2, the comron mcroprism2 and the conmon

m croprism sl oped surface 2a, the photodiode IC I can be mniaturized nore,
and al so the optical pickup device can be small-scaled nore. Fig. 11 shows
a laser coupler taken as a sixth enbodi ren® of the invention,.which is used
in an optical pickup device. As shown in Fig. 11, in the |aser coupler
according to the S|37th oA opticabdisg sysiem comprising amoptical picku Ia deviccmvinga

t ed -to-f h de |C | t
Share’ the. om0 Omeas e AcBhseFep Rt i By s PG et ts?gnaf’s
(in this case, hbfbae@bta} SdheAtnB R #hansgabéht 6PHERPleMbA VAR 4 ;ts;ﬁ%a refiéttivé plaRgTON

optical axis. In this case, the | aser coupler LCl uses phot odi odes PD 1
and PD2 to detthattare suppostied s»ngﬂmlss bo@dsatdmntmsc opmqb devicesOravingdifferent

phot odi odes PD1',and PD2.to.detect aq C J t.he ot her respects,
The o xth embdatdi@Rte seee wangfasnecggm?ﬁg Siical deipcp H et RE
second enbodi n@pkiing ggtwegﬁsﬁa Rpakil éeged here. Here again, when an
optical pickup device is y usin aser coupler according to the

si xth enbodi nent, the objective |ens may be integral with or
28.  The optical disc system according to claim 27, wherein said light
emitting elements of said composite optical devices are different from each other in
light emitting wavelength.

29.  The optical disc system according to claim. 27, wherein said light-
emitting elements of said composite optical devices are different from each other in

optical output power.

30.  The optical disc system according to claim 27, wherein, said light
emifting .element, said photodetector element and said transparent optical element in
each said composite optical device are disposed so that the optical axis of exit light
from said light emitting element and the optical axis of incident light to said
photodetector element substantially coincide on said partial reflective plane of said
transparent optical element.

31.  The optical disc system accoiding to claim 27, wherein said base body
is a semiconductor substrate, said light emitting device is a semiconductor laser, said
~ photodetector element is a photodiode, and said transparent optical element is a

prism.
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separate fromthe | aser coupler, and both |aser couplers LCl and LC2 may
share a common objective I ens. Al so the sixth enbodi nent has the sane
advant ages as those of the second enbodi nent. Although the invention has
been expl ained by way of sone enbodi nents, the invention is not limted to
the illustrated exanples, but involves various changes or nodifications
within the spirit and scope of the inventizgn. For exanple, nunerical val ues
and materials indicated in the explanation of enbodi nents are onl

exanpl es, and di f f 82ent mmmwwammmmmmmawsfmmmﬁamt he

invention. In the first enbodi.pent, the hal f  nm.rror, be replaced by a
pol ari zi ng bedprTEAdyTicppoibcations s a5 gn nahle e gptiedl dbuice tq e fomgad .
made as a sep QYd; ' ' : }[ﬂ% t he
fourth enbodi mﬁ%gs beﬁelgqg%(% g?ﬁg%hggdetrﬂgﬁpgggrjﬁgfgﬁ%t gag/ v&%tf@gn L’%
shari ng commorirphivtforldrising dail ppfiad dewite andoaselector forcgeldcting betvesent dafick

si xth enbodi nent has been, expl ai ned as the | aser coupler LClI or LC2 sharing
a common phot &Bmﬂé‘twcéh&‘gcﬁomn mcroprism?2, a pair of S

33.  The optical disc systeni of claim 32, wherein the photocouplers are

mounted within a single flat package.

34. The optical disc system of claim 32, wherein the photocouplers are

formed on a common substrate.

35. The optical disc system of claim 32, wherein there are two
photocouplers and the photocouplers share a common half mirror such that one
photocoupler is aligned with the'axi_s of the direct light passing through the half
mirror while the other photocoupler is aligned with the axis of incident light reflected
by the half mirror. o

36.  The optical disc system of claim 32, further comprising a prism shared
in common by the phdtocouplers with the prism used by the photocouplers to reflect
light toward the optical recording medium.

37.  The optical disc system of claim 36, wherein the photocouplers share
a common reflecting surface of the prism.

38." " The optical disc system of claim 36, wherein the prismhasa pluralify |
of reflecting surfaces and the photocouplers use different reflecting surfaces of the
prism. '

iy Iy

[ L p
Sk



phot odi odes PD1 and PD2 may be provided for |aser couplers LClL and LC2 to
-share a common optical axis, so that the | aser coupler LCL and LC2 share
only the mcroprism2. In the first to sixth enbodi nents, although two

| aser couplers LCI and LC2 are incorporated on a comon photodiode IC 1 to
make up a single |aser coupler, three or nore |aser couplers nay be

i ncorporated on a common photodiode IC 1 23 form a single | aser coupler.

Al so when two | aser Couplers LClL and LC2 on common substrate 12 are nounted
in a parallel ali gﬁﬁent The aptisal disesystenaof elaim 3, wWherginctbepbotorouplersarkage
11, "as shown in. nd t.he .package 11 is used in an optical pickup
deV| ce, the sgﬂ‘?} 8@% s&cbe 3’9 1“?118 gﬁ)the above enbodi nents can be

obt ai ned. Here again, both .laser couplers LClL and LC2 can use a common
objective |l ens. However, taking the lens field into account, .the |aser
coupl ers LC1 and LGQ ar d‘lw'rcm‘t'mahcﬁstysymmbédlaim 36) whereirothephotesougletsard 00
um for exanple.. rnatlv(k1 ser couplers LCl and LC2 may be
arranged in aPQ%‘PPg? 1y Ve ¥m common flat package 11. Moreover,
three or nore | aser -coupl ers may be rmunt ed in a coomon flat package 11. In
Fig. 13, there is schematically illustrated an optical disc system 100 .
enpl oyi ng anyone of4lt he 'ﬁleeoptimlsdi}c slystemsafehimﬁﬂi. whbreiteﬂieqﬂastmbuplbfs are .

i nvention. A5|IIus ated, in th cal sstem& tﬁ\notlcal devi ce 102
can be enpl oy&gsitign pacqpnfrontmgreatl ns p on opposite sides of the pri

42.  The optical disc system of claim 41, wherein the photocouplers are
operatively interconnected so as to share in common photo diodes located under said

prism.
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| aser coupler LCl, LC2 to LCn are used to read fromand wite to an opti cal
Tecordi ng medi um 104 (appropriately supported and driven by well known
means not illustrated here). As illustrated, appropriately associated with
the optical device 102 is circuitry 106 for driving the |laser couplers LCl
to LCn in accordance with well known technol ogy. Additionally, there i.s
provided a selector 108 to switch between_fhe |aser 14 couplers LCL to
LCn as necessary. The selector 108 can t ak many forms, including a circuit
driven by an electronic signal fromthe driver circuitry 106. A switch 110
may be coupl ed (ol iLr t apl | selection of a laser
coupl er, and, tég?%$§?e#£§k¢%rﬁgﬂgéﬁyﬁgf@s€rsLﬁgﬂgimfsé? PﬁﬁEge?Qnggﬁsnay
be acconplished automatically by reading informati on stored on the opti cal
recordi ng medium 104 with one or nore of the | aser couplers. It is believed
that such techni ques could be_leadi ' enent ed b ose of ordinary
skill in the art. As i'IIustr-E—"a,','L 4 o e2mier driver circuitry 106
may be provided as part of overall circuitry 112 used to operate the
optical disc system 100. Such circuitry 112, apart fromthe inclusion of a
sel ector 108 and the switch nmeans 110

An optical pickup device with the capability to read data from and write data
to different kinds of optical discs in different formats and a composite optical device

used in the optical pickup device. An optical pickup device is made by combining
two laser couplers LC1 and LC2 that are de'signegi for optimum read/write
specifications for optical discs which are different in format from each other. In one
embodiment, two laser couplers LC1 and LC2 are incorporated on a common
photodiode IC to form a single laser coupler, and the laser coupler is used in an

optical pickup device.

Figure 7
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shoul d be well known in the art. As described above, the optical pickup
devi ces according to the invention are available for witing to and reading
fromdifferent kinds of optical discs in different formats from each ot her
and prom ses mniaturization and easy assenbly thereof because the include
a plurality of conposite optical devices having different read/wite

speci fications. Because the conposite optical devices according to the
invention have light emtting elements with different read/wite

speci fications, an optical pickup devikklhsing the conposite opti cal
devices is available fromwiting to and reading fromdifferent kinds of
optical discs of different read/wite formats, and can be mniaturized and
assenbl ed easily. Also, it will be readily understood by those of ordinary
skill in the art how the various enbodi nents descri bed above can be

nodi fied and/ or conbined to include nore than two | aser photocouplers to
enable read/wite interaction with recording nedia wwth nore than two

read/ wite formats. Although nodifications and changes may be suggested by
those skilled in the art, it is the intention of the inventors to enbody
within the patent warranted hereon all changes and nodifications as
reasonably and properly come within the scope of their contribution to the
art.




15 IN THE CLAI MS: 1. An optical pickup device conprising: a plurality of
a conposite optical devices, each having a light emtting elenent, a

phot odet ector el ement and a transparent -optical elenent with a partial
reflective plane that are supported on a base body, said conposite optical
devices having different read/wite specifications. 2. The optical

pi ckup device according to claiml1l, wherein said |ight emtting el enents of
sai d conposite optical devices are di f 2éldnt from each other in | i ght
emtting wavel ength. 3. The optical pickup device according to claiml,
wherein said light emtting elements of said conposite optical devices are
different fromeach other in optical output power. 4. The optical pickup
device according to claim1, wherein,. said light emtting elenent, said
phot odet ector el enment and said transparent optical elenent in each said
conposite optical device are disposed so that the optical axis of exit

light fromsaid light emtting el enment and t opty cal axis of incident

light to said photodetector element substantjally foincide on said parti al
reflective plane of said :
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transparent optical

el ement. 5. The opti cal

pi ckup device according to

claim1, wherein said base body is a sem conductor substrate,

said |ight

enmtting device is a seniconductor |aser, said photodetector elenent is a

phot odi ode,
conposite optica
el enent s,
a partial
emtting el enents
conposite optica

and said transparent optical

el ement
device conprising: a plurality of

a photodetector elenment and a transparent optical
reflective plane that are prippiXed on a base body, said |ight
read/ wite specifications. 7.

havi ng di fferent

is a prism

16 6. A
l'ight emtting
el enent havi ng

The

devi ce according to claim6, wherein said light emtting

ﬁer

in

-The conposite optica

devi ce acc

to

j ght emtting wavel ength. 8.
aim6, wherein said |ight

el ements are different from eachF[

emtting elenents are different
The conposite optical
emtting el enent,

each other in optica

1
-\

out put power .

| PD2 P'i‘
B1, N
B3 - :2
“T l I ? | i A2
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9.

devi ce according to claim6, wherein each said |ight
sai d photodetector elenents and said transparent optical



el enents are disposed so that the optical axis of exit light fromsaid
light emtting device and the optical axis of incident light to said

. phot odet ect or el enent substantially coincide on said partial reflective
pl ane of said transparent optical elenment. 10. The conposite opti cal
device according to claim®6, wherein said light emtting elenents are
arranged side-by-side to align their optical axes substantially in
parallel, each said |ight emtting el ht having its own said transparent
optical elenent. 11. The conposite optical device according to claim 6,
wherein said light emtting el enepm9 are argmanged side-by-side to align
their optical axes substantially Igzgall , said light emtting el enents
having a common sai d transparent opt™al el enent. 17 12. The conposite
optical device according to claim®6, wherein said light emtting el ements
are arranged to share a comon optical axis and to share a common said .
optical device. 13. The conposme—eptt+eal device according to claimé6,

wherein said |ight
T 3—D
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ehittihg el ements are disposed at different heights fromthe surface of

sai d base body. 14. The conposite optical device according to claimé6,
wherein said light emtting elenents are arranged to share a common optical
axis and to share a part of said photodetector elenent. 15. The conposite

optical device according to claim®6, wherein said base body is a

sem conduct or substrate, said light emtting elenent is a sem conductor

| aser, said photodetector elenent is aghpiodiode, and said transparent
optical elenment is a prism 16. An optical pickup device conprising a
plurality of photocouplers having different read/wite specifications so as
to enable the optical device to read fromand wite to recordi ng nedi a
having a |like plurality of different read/wite formats. 17. The opti cal
pi ckup device of claim 16, wherein the photocouplers are mounted within a
single flat package. 18. The optical pickup device of claim 16, wherein

t he photocouplers are fornmed on a commopn sub3
pi ckup device of claim 16, wherein there ar Wo pRot ocoupl ers and the
phot ocoupl ers share a common half mrror
1111111112111112




18 photocoupler is aligned wth the axis of the direct |ight passing
through the half mrror while the other photocoupler is-aligned with the
axis of incident light reflected by the half mrror. 20. The opti cal

pi ckup device of claim 16, further conprising a prismshared in conmon by

t he photocouplers with the prismused by the photocouplers to reflect |ight
toward the optical recording medium 21. The optical pickup device of

cl ai m 20, wherein the photocoupl ers sh8/dla conmon reflecting surface of
the prism 22. The optical pickup device of claim 20, wherein the prism
has a plurality of reflecting surfaces and the photocoupl ers use different
reflecting surfaces of the prism 23. The optical pickup device of claim
21, wherein the photocouplers are positioned in side-by-side relationship.
24. The optical pickup device of claim20, wherein the photocouplers are
positioned in over-and-under relationship. 25. The optical pickup device
of claim 21, wherein the photocouplers are

Fig. 8
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positioned in confronting relationship on opposite sides of the prism 26.
The optical pickup device of claim?25, wherein the photocouplers are
operatively interconnected so as to share in conmon photo di odes | ocated
under said prism 19 27. An optical disc systemconprising an optical
pi ckup device having a plurality of a conposite optical devices, each
having a |light emtting el enent, a photodetector elenent and a transparent
optical elenment with a partial reflecfliMd plane that are supported on a
base body, said conposite optical devices having different read/wite
specifications, a circuit for driving said optical device and a sel ector
for selecting between said conposite optical devices. 28. The opti cal

dir sc system according to claim27, wherein said light emtting el enents of
sai d conposite optical devices are different fromeach other in Iight
emtting wavel ength. 29. The optical disc systemaccording to claim 27,
wherein said light emtting el enents i optical devices are
different fromeach other in optica

Ig.




30. The optical disc systemaccording to claim27, wherein, said |ight
emtting elenent, said photodetector elenent and said transparent optical

el enent i.n each said conposite optical device are disposed so that the
optical axis of exit light fromsaid light emtting el ement and the opti cal
axis of incident light to said photodetector elenent substantially coincide
on said partial reflective plane of said transparent optical elenent. 31.
The optical disc systemaccording to cgaim 27, wherein said base body is a
sem conductor substrate, said light emtting device is a sem conductor

| aser, said photodetector elenent is a photodi ode, and said transparent
optical elenent is a prism 20 32. An optical disc systemconprising a
plurality of photocouplers having different read/wite specifications so as
to enable the optical device to read fromand wite to recordi ng nedia
having a like plurality of different read/wite formats, a circuit for
driving said optical device and a selector for selecting between said
conposite optical devices. 33. The optical disc systemof claim 32,
wherein the photocouplers are '

Fig. 10
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nmounted within a single flat package. 34. The optical disc system of
claim 32, wherein the photocouplers are forned on a common substrate. 35.
The optical disc system of claim32, wherein there are two photocoupl ers
and t he photocoupl ers share a conmon half mrror such that one photocoupl er
is aligned with the axis of the direct |ight passing through the half
mrror while the other photocoupler is aligned with the axis of incident
-light reflected by the half mrror. 369/11The optical disc systemof claim
32, further conprising a prismshared in comon by the photocouplers with
the prismused by the photocouplers to reflect Iight toward .the optical
recordi ng nmedium 37. The optical disc system of clanTS wherein the
phot ocoupl ers share a common reflecting suyface of t}) 38. The
optical disc systemof claim 36, wherein e prismp ality of
reflecting surfaces and the phot ocoupl er 8t i ng surfaces
of the prism 21

\\




39. The optical disc.systemof claim37, wherein the photocouplers are
positioned in side-by-side relationship. 40. The optical disc system of
cl ai m 36, wherein-the photocouplers are positioned in over-and-under
relationship. 41. The optical disc systemof claim37, wherein the

phot ocoupl ers are positioned in confronting relationship on opposite sides
of the prism 42. The optical disc systemof claim4l, wherein the

phot ocoupl ers are operatively intercoq@gqhed so as to share in common photo-
di odes | ocated under said prism

Fig. 12
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