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1: TITLE OF THE | NVENTI ON bj ective Lens, Optical Head wa ce- andﬁ'@f& eaf
Di sc Repr oduci ng’ Appar at us BACKGROUND G: THE | NVENTI ON Thi s i nvention
relates to an objective lens for focusing a |ight beam outgoing froma

| i ght source on ¥ signal recording surface of each of two optical discs
having different thicknesses of the light transmtting |ayers fromthe

|+ ght incident surfaces to the signal recording surfaces. The invention

al so rel atlddLE OInTHEt INMENREON devi ce enpl oying the objective lens and an
optical disc reproducing apparatus enploying such optical head device. An
optical di%decsHyfnLERsFi ‘glc%lhﬂ'lﬂj%@ﬁ"oﬁﬁr?n@p@?%malféblcﬁ%wr‘m‘ducanghas
a light trA%%%ngatttulsng Iayer 51 conprised of

BACKGROUND OF THE INVENTION

This invention relates to an objective lens for focusing a
light beam outgoing from a light source on a signal recordingf
surface of each of two optical discs having different thicknesses
of the light transmitting layers from the light incident surfaces
to the signal recording surfaces. The invention also relates to
an optical head device employing the objective 1lens and an
optical disc reproducinglapparatus employing such optical head
device. v

An optical disec, shoWn in Fig.1, among customary optical
recording media, has a light transmitting layer 51 comprised of
a disc substrate having a thickness of 1.2 mm. On one side of
the light transmitting layer 51 is formed a signal recording
portion in the form of information pits or guide grooves, while
‘a reflecting_film 52 and a prdtective fiim 53 for protecting the
reflective film 52 are formed in this order on the signal
recording portion. The laser light condensed by an objective
;ens 54 of an qpticﬁl head device is transmitted through thg
light transmitting layer 51 so as to be illuminated on the
information pits or the guide grooves.

Thus, looking from the side of the objectibemlens 54 of the

optical head device, the reproducing laser light beam is
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a; di sc substrate having a thickness of 1.2 mnm On one side of the Iight
transnlttlng layer 51 is formed a signal recording portion in the form of
information pits or guide grooves, while a reflecting filmb52 and a
protective film53 for protecting the reflectlve filmb52 are forned in this
order on the signal recording portion. 2The | aser l'i ght condensed by an
objective |l ens 54 of an optical head device is transmtted through the

light transaidtédg trayargtbl the agigacberidhami oaied omyidie isnf or gagjonapits

or the guide grooves. Thus, looking fromthe side of the objective Iens 54

of the opthteknéwsidofievifo®, exdwe!ler,ept ozluminngtol asefo dmaghtonbasies | Sfrom?2
which the laser light beam is reflected back through the light
transmitting layer 51 for reading out the information.

Up to now, attempts have been made for increasing the
recording density and hence the recording capacity. This high
density recording may be achieved by, for example, reducing the
wavelength of the laser light beam used for information writing
during recording or by increasing the numerical aperture of the
objective lens. For reprpducing a disc—shaped optical recording
medium on which information signals have been recorded with high
recording density, atttmpts have also been made for achieving
high-density reproduction by reducing the waveléngth of the laser
light beam or by increasing the numerical apertﬁre of the
objective lens.

If the numerical aperture NA is increased as described
above, the apparatus is lowered in stability in connection with,
for example, tilt of the optical disc, even although the high
dehsity reproduction is thereby achieved. The reason is that,
if the numerical aperture NA is increased, the depth of focus is
decreased thus reducing the tolerance of disc t11t. |

If the optical d1sc is t11ted with respect to the optical
axis of the objective lens, the wavefront surface W(x, y), which
is produced in proportion to an approiimately tﬁ;fa power of the .

numerical aperture NA and to an approximately first power of the



radiated through the |light transmtting layer 51, wth a thickness
of, for exanple, 1.2 mm to information pits, fromwhich the |aser |ight
beami.s refl ected back through the light transmtting |layer 51 for reading
out the information. Up to now, attenpts have been nade for increasing the
recordi ng density and hence the recordiﬁg capacity. This high density
recordi ng may be achi eved by, for exanple, reducing the wavel ength of the
.laser light beam used, for information witing during recordi.ng or by

i ncreasi ni¥Ehe® nuhtr§E4 2 dberture of the objective lens. For reproducing a
di sc-shaped optical recording nmediumon which information signals have been

recorded with high recording aeBgi ¥y, =ak}eapts +hpte al so been made for
achi eving high-density reproduction by rfeduci ng the wavel ength of the |aser
| i ght beam or by increasing the nunerical aperture of the objective |ens.

(1)

so that coma aberration of the order three becomes predominant.

The Seidel’s coma aberration coefficient of order three Wn is

given by

n -1
W,, = —— = t+0xNA3/A
a1 2n? :

e

» e (2)
wherein the unit is normalized with the wavelength A and t, n,
8 and NA denote a thickness of the light transmitting layer,
refractive index_of the light transmitting layer, the amount of
disc skew and the numerical aperture of the objective lens,
respectively.
| If an objective lens with a numerical aperture of 0.6 equal
to 1.33 times as large as the numerical aperture NA of 0.45 used
for a customary compact disc player is used for a conventional
optical pickup device, and the disc skew pfoduced in the compact
disc player is the same; the coma a%erration produced is 3.5
times as large as that with the use of the objective lens with
thé numerical aperture NA of 0.45, because the ‘coma aberration

coefficient is normalized with the wavelength A.

Above all, if a mass-produced optical disc whose substrate



If the numerical aperture NA is increased as described above, the apparafus
is lowered in stability in connection with, for exanple, tilt of the

opti cal

di sc, even al though the high density reproduction is thereby

achieved. The reason is that, if the nunerical aperture NA is increased,
the depth of focus is decreased thus reducing the tol erance of disc tilt.
If the optical disc is tilted with respect to the optical axis of the

obj ecti ve jlseR§rmb 8o MOYST § O o SHE § 8CE PN ifen e haliaCliisS REkRUUEED+0N5 to
proportion to an approxinmately third power of the nunerical aperture NA
to an appnoxisetepsoduded up@ngra®fod jirtive318Kk8WhEE & Inuniet iPlavMeBplY ture

NA is 0.6, the wavefront W(x,y), having the wavefront W(x,y)
shown by the equation (1), with the predominant coma aberration
coefficient Wn shown in the equation (2), is génerated. The
result is that a spot of an image formed on the optical disc
becomes non-symmetrical and - inter—-symbol interference is
significantly increased, while the waveform distortion is
increased, thus rendering it difficult to read out signals
satisfactorily.

In this consideration, attempts have been made for e.g.,
halving the thickness E_of the light transmitting.layer from a
conventional value of 1.2 mm to 0.6 mm for halving the coma
aberration coefficient Way of the order three shown by the
equation (2).

For focusing a iight beam via an objective lens used for an
optical head'device on signal recording layers formed on the two
light transmitting layers, it has been known to use an optical
element designed for generating two light beams having different
focal lengths, such as a hologram. However, the double—fécus
hologram, exploiting the diffragtion, is expensiﬁe and low in
efficiency. )

It has also been known to restrict the width of the light
beam from the light source prior to incidence';ﬁ'the objective

lens by a light-shielding actuator for varying the focal length.

and



WX, y) = Werr]*x(x[err] + y[err]) ....(1) so that coma aberration of the
order three becomes predominant. The Seidel's coma aberration coef fici ent
of order three Werr] is given by [err] wherein the unit is normalized with
the wavel ength [err] and t, n, 8 and NA denote a thickness of the |ight
transmtting | ayer, refractlve i ndex ofdthe light transnitting layer, the
anmount of disc skew and the nunerical aperture of the objective |ens,

L | t f 0. |
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devi ce, and the disc skew produced in
cannot be easily reduced in size.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an objective lens whereby at least two light beams of
different focal lengths may be produced without employing special
devices, above all, peripheral devices. |

In one aspect, the present invention provides an objective
iens having at least two regions of different numerical apertures
and configured for focusing a light beam outgoing from a light
source as light beams'transmitted through the regions of the
different numerical apertures on signal recordiﬁg surfaces of at
least two -optical discs having light transmitting layers of
different thicknesses.

In another aspect, the present invention provides an optical

- head device inbluding.a light source radiating a light beamn,
light beam separating means for separating an outgoing light from
the'light source and a return light from thé optical disc, an
objective lens arranged between the light beam separating means
and the optical disc and photo-electric conversion means for
receiving the reflected lighf beams from signal surfaces of at
least two optical discs separated by the sepapgting means for
converting the reflected light beams into electriéél signals. The

objective lens has at least two regions of different numerical



di sc player is the sane; the coma aberration produced is 3.5 tines as |arge
as that with the use of the objective lens with the nunerical aperture NA
of 0.45, because the coma aberration coefficient is normalized with the
wavel ength [err]. Above all, if a mass-produced optical disc whose
substrate 4 is fornmed of pol ycarbonatge and hence has a di sc skew of 0.5
to 1 is reproduced using an objective | ens whose nunerical aperture NAis

.6, th ) havj h f : h by t
cauati on TH3TCUETH ST IRUh Fan tOCHACHBCr r ntFEh 2R TP RFERETBYEFPT Ehown
) in the eqi‘?%h@”sc(@x)ce 'acsisl glei%{tatbee%msTQ%arnesﬁnLiltttelds t,thq‘%hg% %RQt QLgQQngngge

formed on the opti cal sc

the different numerical apertures on signal recording surfaces
of at least two optical discs having light transmitting layers
of different thicknesses.

In yet another aspect, the present invention provides an
optical disc reproducing apparatus including an optical head
portion for radiating a light beam on a signal recording surface
of an optical disc and for receiving the light beam reflécted by
the signal recording surface for converting the peceived light
beam‘ into electrical signals, and reproducing means for
;eproducing informatiog signals recorded on the signal recording
supface based upon an output of the optical head portion. The
head portion has an objective lens having at least two regions
of differeht numerical apertures configured for focusing a 1light
beam outgoing from a light source as light beams transmitted
through the regions of the different numerical apertures on
signal recording surfaces of at least two optical discs having
light transmitting layers of different thicknesses.

Since the objectiye lens is integrally formed by at least
two lens portions, a light_beam outgoing from a common light
source is focused on sighal recording surfaces of at least two
optical discs having light transmitting layers of different

thicknesses.

BRIEF DESCRIPTION OF THE DRAWINGS




becones non-symetri cal and- inter-symbol interference is
significantly increased, while the waveformdistortion is increased, thus
rendering it difficult to read out signals satisfactorily. In this
consideration, attenpts have been nade for e.g., halving the thickness t of
the light transmitting layer froma conventional value of 1.2 nmto 0.6 mm
for halving the coma aberration coefficient werr] of the order three shown

by the equatiopig?2).idQr chr8edSkBetRohb®hy; Q/@aénﬁ 1%§Qh%bjs%9§|c\£9rhe5'§ dised
for an optical head device on signal recording layers forne

light traostitdl nbidawicse ilti dias thesmiReWngt Qayse aasoattﬁaékﬁéem
desi gned for generating two |ight beanms having different focal |engths,

such as aftolexrmple, Ho2vewer, the doubl e-focus hol ogram exploiting the
diffraction, is expensive and low in
Fig.2 is a schematic block diagram showing the structure of
an optical disc reproducing apparatus embodying the present
invention.
Fig.3 is a schematic side view showiﬁg an optical head
portion employed in the optical disc reproducing apparatus shown
in Fig.1.

Fig.4 is a schematic side'view showing another optical head

poption employed in the optical disc reproducing apparatus shown

»

in Fig.1.

Fig.5 is a schematic side view showing tﬁe state in which
the optical head portion shqwn in Fig.2 is radiating a light beam
on an optical disc having a light transmitting layer of increased
thickness. -

Fig.6 is a schematic side view showing the state of stray
light produced when fhe optical head portion shown in Fig.2 is
radiating a 1light beam on an optical disc having. a light
transmitting layer of increased thickness.

Fig.7 shows the state of the stray light at the photosensor

portion.
Fig.8 is a schematic side view showing the stgte in which
the optical head portion shown in Fig.2 is radiating a light beam

on an optical disc having a light transmitting layer of decreased



efficiency. It has also been known to restrict the wwdth of the |ight beam
fromthe light source prior to incidence on the objective lens by a

| i.ght -shi el ding actuator for varying the focal |ength. 5 I n an apparat us
enpl oyi ng such actuator, the nunber of conponent parts is increased, while
t he apparatus becones expensive and cangot be easily reduced in size.
SUMWARY OF THE INVENTION It is therefore an object of the present invention

to providg ﬁ@kgpigctive | ens whereby at |least two |ight beans of different
f ocal Ieng? S may be produced without enploying speci al

Fig.9 is a schematic side view showing the state of stray
light produced when the optical head portion shown in Fig.2 is
radiating a 1light beam on an optical disc having a 1light
transmifting layer of decreased thickness.

Fig.10 shows the state of the stray light at the photosensor
portion.

EMBODIMENTS

Referring to the drawings, preferred embodiments of an
objective lens, an optical head device and an optical disc
reproducing apparatus according to the present invention will be
explained in detail. 'Fig.z shows an optical disc reéroducing
apparatus configured for reproducing information signals from_a
signal recording surface la of an optical disc 1 and from a
signal recording surface 2a - of an optical disc 2. The two

optical discs 1 and 2 have light transmitting layers of different

thicknesses.’

The 1light trahsmitting layer of the optical disc 1 from the
light incident surface 1b to the signal recording surface la has
a thickness tl1 which is larger than the thickness t2 of the liéht
transmitting layer of the optical disc 2 from the light incident
surface 2b to the sig;al recording surface 2a. The 1light
transmitting layer of the optical disc 1 Having the thickness . .t1l

and the light transmitting layer of the optical disc 2 having the

"thickness t2 are denoted as 1c and 2c¢, respectively. The



devi ces, above all, peripheral devices. In one aspect, the present

i nvention provides an objective | ens having at |east two regions of
di-fferent nunerical apertures and configured for focusing a |ight beam
outgoing froma light source as |ight beans transmtted through the regions
of the different nunerical apertures on %ignal recording surfaces of at

| east two optical discs having light transmtting |ayers of different

t hi cknessebaickneanesher aspect, malye FSaMampMENtE N 7 Onh desd a0 . ephimGal
head device including a Iight source radiating a |ight beam [|ight beam
separ ati ngeseansivelyseparating an outgoing light fromthe Iight source and
areturn light fromthe optical disc, an objective |ens arranged between
the i ght bean?§§p%?ﬁ%?%b &t st epk dbel ptdred rafi we iaed ydlest encedticed
conversion neans for receiving the reflected |ight beans from_signa
surf aces 8Fagtport1on 3 for radiating a light beam with a wavelength of{
for example, 635 nm, on the two signal recording surfaces la or
2a via the light transmitting.layers lc or 2c¢ of the differént
thicknesses t; or t2, and for converting the reflected light from
the optical discs 1 or 2 into electrical s}gnals, and- a
reproducing unit 4 responsive to electrical signals produced by
the optical head portion 3 for reproducing information signals
recorded on the signal recording surfaces la or 2a.

The reproducing unit 4 processes electrical signals detected
by the optical head portion 3 for generating blayback signals,
such as RF signals, tracking error signals or focusing error
signals. The RF.signals are processed with, for example, EFM
demodulation and CIRC decoding, for producing playback digital
data. In the case of an optical disc having a diameter of 64 mn,
speech decoding for data expansion ié further carried 6ut for
producing playback digital data. The playback digital data,
outputted by the reproducing unit 4, is converted by a
digital/analog (D/A) converter 5 into analog audio data of L and
R channels, which are ouiputted at an output termiﬁ#l 6.

The tracking error éignals and the focusing error signals

are supplied to a servo circuit 7. The ser?d circuit 7 1is

responsive to these signals to effect tracking error control,



| east two optical discs separated by the separating nmeans for converting
the reflected |ight beans into electrical signals. The objective | ens has
at |east two regions of different nunerical 6 apertures configured for
focusing a |light beam outgoing froma Iight ‘'source as |ight beans
transmtted through the regions of the ddPferent nunerical apertures on
signal recording surfaces of at |east two optlcal di scs having |ight

trans”‘ttEGQUE@MEréogtrglfiﬁ&epﬁréiﬁ I3}, egsangtngu§§R %r gglng

present invention provides an optical disc repro ucing apparatus”inc
an opticalsigaad pordp®nidd®@rtd adivdtiaRGad he8hin PERM B 1 iHIBA! ob§eLt i Bg

surface

lens 8 in the optical head portion 3 for driving the objective
lens 8 for movement towards and away from the optical disc 1 or
2 for performing focusing control. Also, a tracking driving
signal is applied to the bi-axial mechanism 9 for driving the
objective lens 8 radially of the optical disc 1 or 2 for
performing trackihg control. In addition, low-range components
of the tracking error signals are extracted for generating thread
drive signals for driving a thread mechanism for radially moving
the optical head portion 3 in its entirety along the radius of
the optical disc 1 or 5.

The reproducing unit 4 also'éenerates‘a spindle error signal
from clocks produced on supplying the playback data into a PLL
circuit. The spindle error signal thus generated is supplied to
the servo circuit 7 which then controls the spindle motor 10 so
that the motor 10 will be rotated at a coﬁstant linear velocity
(cvv). )

Referring to Fig.3, the optical head 3 includes a light
source 11, such as a laser diode, for radiating a common light
beam to the signal recording surfaces la or 2a of the opticél
disc 1 or 2, and a beam—splitter 13 for reflecting af least a
portion of the light beam from a light source 11 incident on the

beam splitter via a diffraction lattice 12 and for transmitting

at least a portion of the return light from the optical disc.



of an optical disc and for receiving the I'ight beamrefl ected by the signal
recording surface for converting the received |light beaminto el ectrical
si-gnal's, and reproduci ng means for reproducing information signals recorded
on the signal recording surface based upon an output of the optical head
portion. The head portion has an objectime | ens having at | east two regions
of different nunerical apertures configured for focusing a |light beam

out goi ng_ﬁlgrg@t 1dGht, & urce. as Ié%flt bea?glhérgnasrgot %elde tfhrough the regl ons

of the different numerical apertures n'd relSraiRg ISGHPalBEF 14

| east twojgRLi gakndi 8CH1haYi QY hbehanﬁéﬁ“§”¥$P'agﬂbﬁxsrﬁhgfdGhEEQr?QEus

t hi cknesses. Since the objective lens Is Integra formed by at |east two
| ens portba@sctavél|@ﬁsbsamhouhaowaguéﬁﬁg1alﬁeavpanlaﬂ@t1ﬁouﬁeetback@ﬁgsed

on signal recording surfaces of at |least two optical discs having ligh

transm ttdhgettiyens of Thdéfedmubile-focus objective lens 8 is formed
integrally from two lens portibns 8a, 8b configured for focusing
the light beam reflected by the beam splitter 13 on the signal
recording surfaces la and 2a of the two optical discs 1 and 2,
respectively. In addition, the optical head portion 3 includes
a photodetector 16, such as a photodiode, for conberting the
reflected light beams from the signal recording surfaces la and
2a of the two optical discs 1 and 2 via beam splitter 13 for
converting the receivea light into electrical signals.

The optical head portion 3 is of a finité system since no
collimator lens is used. Alternatively, a collimator lens 17 may
be apranged between the beam splitter 13 and the double-focus
objective lens 8, the optical head portion 3 then being of an
infinite system, as shown in Fig.4. In the following description,
the optical head portion 3 is assumed to be of a finite system.

The optical head portion 3 guides the light beam radiated
by the light source 11 to the double-focus objective lens 8 via
the diffraction lattice 12 and the beam splitter 13. The double-
focus objective lens sy;tem 8 focuses the incident light beam

'with a wavelength of, for example, 635 nm, on the signal

recording surfaces la or 2a in a manner tabulated in‘Tabie 1.

TABLE 1



t hi cknesses. BRI EF DESCRI PTI ON OF THE DRAW NGS 7 Fig.1is a
tross-sectional view showi ng the structure of an optical disc whose |ight
trransmtting |layer has a thickness of, for exanple, 1.2 mm Fig.2 is a
schemati ¢ bl ock di agram show ng t he structure of an optical disc

repr oduci ng appar at us enbodyi ng the preseht invention. Fig.3 is a schematic

si de vi ew showi ng an optlca
repr oduci g '

design speczf1cat1ons

g1

~head portion enployed in the optical

di sc

mid part 8a

rim part 8b

light beam wavelength 635 nm 635 nm
focal length 2.85 mm 2.62 mm
numerical aperture 0.35 0.60
multiplication factor -1/7.1 -1/8.0
operating distance 1.20 mm 1.20 mm
ref. object image distance 28.845 mm 28.245 mm

cover glass

light
source side

1.0 mm (BK7)

1.0 mm (BK7)

disc side

1.2 mm(PC)

0.6 mm (PC)

In the above Table 2, the two lens portions of the double-
focus objective lens 8 are divided into a mid part 8a and a rim
part 8b. The mid part 8a focuses the light beam with a
wavelength of 635 nm on the signal recording surface la of the
optical disc 1 with a focal length of 2.85 nm. On the other hand,
the rim part 8b focuses the light beam with a wavelength of 635
nm on the signal recording surface 2a of the optical disc 2 with
a focal length of 2.62 nm.

Meanwhile, if.the light.beam from the mid part 8a of the
double-focus objective lens 8 is focused on the signal recording
surface la for detecting the reflected light, as shown in Fig.5,
the light beam from the rim part 8b of the double—focus objective
lens 8 is radiated so as to be focused on the signal regording

_ surface 2a of the optical disc 2, as shown in Fjg.S. This light
beam is reflected by the signal recording sﬁffaée la of the

optical disc 1 so as to be returned as stray light rays via the



Fig.4 is a schematic side view show ng anot her optical head portion

enpl oyed in the optical disc reproducing apparatus shown in Fig.1l. Fig.51is
a.schematic side view showing the state in which the optical head portion
shown in Fig.2 is radiating a |ight beamon an optical disc having a |ight
transmtting layer of increased thicknesgg Fig.6 is a schematic side view
showi ng the state of stray light produced when the optical head portion

g the stat St ! | al head on
shown in Eblbfelfolddi ad 00 Ay ?gasbsa@ngnkﬁeg.g@%hggél it o6 N2y 09, Bkl ot

. S
transmtting layer of 1ncreased I ckness. e

stray |igRheapnbbeapbetpsenger portion. Fig.8 is a schematic side view
showi ng the state in which the optical head portion shown in Fig.2 s

radiating a |ightsbeamray light rays are focused at a conjugate focal
boint Pfassociated with the signal recording surface la of the
optical disc 1 before being incident on the photodetector 16, as
shown in Fig.6. Thus, these stray light rays cancel one another,
so that the photodetector 16 detects only thé reflected light of
the light beam fogusad on the signal recording surface ia shown
in Fig.5, as indicated by broken lines in Fig.5.

On the other hand, if the light beam from the rim part 8b
of the dquble—focus objective lens 8 is focused on the signal
recording surface 2a fJ} detecting the reflectedllight, as shown
in Fig.8, the light beam from the mid part 8a of the double-focus
objective lens 8 is radiated so as to be focused on the signal
recording surface la of the optical disc 1, as shown in Fig.9.
This light beam is reflected by the signal recording surface 2a
of the optical disc 2 so as to be returned as stray light rays
via the double-focus objective lens 8 and the beam splitter 13
towards the photodetector 16.

These stray light rays are focused at a conjugate point
associated with a focal point of the light beam reflecéed by the
signal recording surfac; la of the optical disc 1. Thus,
although the stray light rays are incident on the photodetector
16, as shown in'Fig.lo, these light rays canceildge another, so

that the photodetector 16 detects only the reflected light of the



on an optical disc having a light transmtting |ayer of decreased 8
thickness. Fig.9 is a schematic side view showing the state of stray |ight
produced when the optical head portion shown in Fig.2 is radiating a |ight
beam on an optical di.sc having a light transmtting |ayer of decreased

t hi ckness. Fig.10 shows the state of thel&tray |ight at the photosensor
portion. EVMBODI MENTS Referring to the draw ngs, preferred enbodi nents of an

ObjeCtiVellfﬁé’béﬁh(¥%é&§'dhggdtggvgggngpdrg op£{$§£§u§¥§%é 2a shown in
Fig.8, as indicated by broken lines in Fig.9.

The optical disc reproducing apparatus of the instant
embodiment has the double—-focus objective lens 8 in the optical
head portion 3 thereof for focusing the light beam on two signal
recording surfaces having different distances from the light
incident surface, thereby enabling the size and the ‘production
costs to be reduced. On the other hand, the stray light produced
as shown in Fig.6 when one of the optical disc, such as the
optical disc 1, is reproduced, as shown in Fig.5, is not detected
by the photodetector 16, so that it becomes possible with the

»
present optical disc reproducing apparatus to reproduce two

optical discs with high accuracy.



reprodue+ﬁg~aﬁpaﬁa%ﬂs—aeee{dfng to the present invention will be expl ai ned

i n detai [ an optical disc reproduci ng apparatus configured
for reer @ ﬁ“ﬂﬂﬂ Hfﬁlsignals froma signal recording surface |a of
an optic N m a signal recording surface 2a of an optical

di sc 2. The two optical discs 1 and 218ave light transmtting |ayers of
different thicknesses. The light transmtting |ayer of the optical disc 1

fromthe gt igneLdemipspgsface Ib to the signal recording surface la has a
thi ckness t1 which is larger than the thickness t2 of the |ight

transmtting | axesbPéct e oL Havline & fre@Ott RGol ir@Bli onkCohodent reurbace 2b
to the signal recording surface 2a. The light transmtting |ayer of the
optical dnsmetibaVi mapetrihareki adaiessorfli guted heoti ghiculsiagsm t1iggt | Byemn of
the optical disc 2 having the thickness t2 are denoted as 1c and 2c, -
respectivePyEOingTﬁeom a light source as light beams transmitted through
said regions of the different numeridaI apertures on signal
recording surfaces of at least two optical discs having light
transmitting layers of different thicknesses.
2. The objective lens as' claimed in claim 1 wherein said
regions thereof have numerical apertures of focusing the light

beam outgoing from the light source for optical discs having the

light transmitting layers with the thicknesses of 1.2 mm or 0.6

*
mm.

3. The objective lens as claimed in clgim 1 héving the regions
with different numerical apertures in the radial direction, with
a fadia;ly inner portion of the objective lens being higher in
‘numerical aperture than a radially outer portion thereof.

4. | An optical head device comprising:

a light source radiating a light beam; light beam separating .
means for separating an outgoing light from said light source and
a return light from the optical disc;

an objective lens arranged between 'said light beam
separating means and sﬁ&d optical disc, said objective lens
having at least two regions of different numerical apertures and

configured for focusing a light beam outgoing from a light source

as light beams transmitted through said regions of the different
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9 thicknesses t1 and—t2—ay, for exanple, be 1.2 mmand 0.6 nm

respectqﬂﬂ di sc reproduci ng apparatus includes an optica
head por lm”m mmﬂjﬂ ing a light beamw th a wavel ength of, for
exanpl e, 635 nfm ®on wo si gnal recordlng surfaces la or 2a via the

light transmtting |ayers 1c or 2c of thE®different thicknesses tl or t2,
and for converting the reflected light fromthe optical discs 1 or 2 into

el ectricahyume@iehs, apdft @ré &R PAUGEHI ?@b5r615§5999§éé’@s tPr &l € GlefalsGak wo
signal s produced by the optical head portion 3 for reproducing information

signal s repeaided ahidd®e RagRAg NEGHtdi tgasshio€tseg | Aa9erdd.of different

thicknesses; and

photo—electric conversion means for receiving the reflected
light beams from signal surfaces_of at least twb optical discs
separated by said separating means for converting the reflected
light beams into electrical signals.
5. The optical head device as claimed in claim 4 wherein the
regions of said objective lens are of the numerical apertures of
focusing the light beam outgoing from the light source on said
optical discs having the light transmitting layers with the
thicknesses of 1.2 mm Br 0.6 mm.
6. The optical head device as claimed in claim 4 wherein said
objective lens has the regions with different numerical apertures
in the radial direction, with a radially inner portion of the
objective lens being higher in numerical aperture than a radiélly
outer portion thereof.
7. An optical disc reproducing apparatus comprising:

an optical head portion for'radiating a light beam on a
signal recording surface of an optical disc and for receivipg the
light beam reflectéd by the signél recording surface for.
converting the received 1ight beam into electrical signals; and

feproducing means for reproducing information signals
recorded on said signal. recording surface based';poh an output

of said optical head portion;
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The reproducing unit— 4 processes el ectrical signals detected by the opti cal

head p " rati ng pl ayback signals, such as RF signals,
t racki H"Mml{ﬂmnﬂlﬁﬂmor focusing error signals. The RF signals are
processed & tith, wf 0 exanpl e, EFM denodul ati on and Cl RC decodi ng, for

produci ng playback digital data. In the rase of an optical disc having a

di aneter of 64 mm speech decoding for data expansion is further carried
out for producisagdphaybagkréight ahviagaan odiec 0l Wybagk dipiimd adatidast

outputted by the reproducing unit 4, is converted by a digital/analog (D A)
converter twol megianal of diflferdatanoheticdll dpanred sandWd T i c@UitRW t ed
at an output termnal 6. The tracking error signals and the focusing error
si gnal s arf@causgplei d! ighth beanyoudigodmigt frdm a Iflghtsepuocei asul ight ibeams
responsive to these signals to effect tracking error control,
transmitted through said regions o the different numerical
apertures on signal recording surfaces of at least two optical
discs having light transmitting layers of different thicknesses.
8. The optical disc reproducing apparatus as claimed in claim
7 wherein said reproducing means reproduces said electrical
signals corresponding to the reflected light beams from the

signal recording surfaces of at least two optical discs detected

by said optical head.
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10 focusing control and thread control. That is, a focusing drive signal

applied to a bi-axial mechanism9 holding an obJectlve lens 8 in the
opti cal

control .

or

2 for

head portion 3 for driving the objective Iens 8 for novenent

.towards and away fromthe optical disc 1 or 2 for perform ng focusing

Al so, a tracking driving sigaal is applied to the bi-axial

REPRODICING. APPARAGUSONt I O

the tracking error signals are extracted for generatlng thread drive
signal s faBSARACTNg a thread nmechanismfor radially noving the optical head
portion 3 inits entirety along the radius of the optical disc 1 or

An objective lens having at least two regions of different
numerical apertures is configured for focusing a light. beam
outgoing from a light source as light beams transmitted through
the regions of the different numerical apertures on signal
recording surfaces of at least two optical discs having light
transmitting layers of different thicknesses. Since the
objectivg lens is integrally formed by at least two lens
portions, a light beam outgoing from a common light source is
focused on signal recording surfaces of at lzast two optical
discs having the 1lijght transmitting layers of different
thicknesses. An optical head device employing the objective iens

and an optical disc reproducing apparatus employing such optical
head device are also disclosed.

. The objectlve lens having at least two regions of dlfferent

" numerical -apertures of the invention may be a glass lens or a

plastic:- _lens.

Figure 2

i's
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~The reproducing unit 4 also generates a spindle error signal from clocks
produced on supplying the playback data into.a PLL circuit. The spindle
error signal thus generated is supplied to the servo circuit 7 which then
controls the spindle notor 10 so that the notor 10 will be rotated at a
constant linear velocity (CW). Referring to Fig.3, the optical head 3
includes a light source 11, such as a | aga#p di ode, for radiating a comon

| i ght beamto the signal recording surfaces la or 2a of the optical disc 1
or 2, and a beamsplitter 13 for reflecting at |east a portion of the |ight
beam froma |Iight source 11 incident on the beamsplitter via a diffraction

lattice 12 and for transmtting at |east a portion of the return |ight from
the optical disc.




The optical head portion 3 also includes a doubl e-focus objective |ens 8
and a bi-axial mechanism 9 for driving the doubl e-focus objective lens 8 in
the focusing direction and in the tracking direction. The doubl e-focus
objective lens 8 is forned integrally fromtwo | ens portions 8a, 8b
configured for focusing the light beamreflected by the beamsplitter 13 on:
the signal recording surfaces |la and 2a2fl1k he two optical discs 1 and 2,
respectively. In addition, the optical head portion 3 includes a

phot odet ector 16, such as a photodi ode, for converting the reflected |ight
beans fromthe signal recording surfaces la and 2a of the two optical discs
1 and 2 via beamsplitter 13 for converting the received light into
electrical signals. The optical head portion 3'is of a finite system since
no collimator lens is used. AlterndDively, a collimator |ens 17 may
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be arranged between the beamsplitter 13 and the doubl e-focus objective
ens 8, the optical head portion 3 then being of an infinite system as
shown in Fig.4. In the follow ng description, the optical head portion 3 is
assuned to be of a finite system The optical head portion 3 guides the

| i ght beamradi ated by the |ight source 11 to the doubl e-focus obj.ective
lens 8 vi‘a the diffraction lattice 12 apdiohe beam splitter 13. The doubl e-
focus objective |l ens system 8 focuses the incident |ight beamw th a

wavel ength of, for exanple, 635 nm on the signal recording surfaces la or
2a in a manner tabulated in Table 1. TABLE 1 12 .

- - (&)
w&}o“

t2

8a
8b

Lo

13
FIG.3
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rimpart 8b |ight beam

desi gn specifications md part 8a

wavel engt h 635 nm - 635 nm focal |ength

2.85 nm : 2.62 mm nunerical aperture 0. 35

0.60 multiplication factor. =1/7.1 -1/8.0 operating

di stance . 1.20 mMm
28. 845 mm 28.245 mm | i ght

cover gl ass source side disc side

8a focuses the 1ight beam®.th
recordi ng surface |la of the oprTc
n the ot her hand, o

11

1.20 mmref. object image di st ance

471@- 0 nm (BK7) 1.0 nmm ( BK7)

1.2 mm(PC) 0.6 mMm (PC)
In the above Table 2, the two | ens portions of the double- focus objective
| ens 8 are divided |nto a md part 8a and a rimpart 8b The

a foca“ | endit h

13

md part

on the signa

f 2.85 nm

FIG.4



the rimpart 8b focuses the light beamwith a wavel ength of 635 nmon the
signal recording surface 2a of the optical disc 2 with a focal |ength of
2.62 nm Meanwhile, if the light beamfromthe md part 8a of the
doubl e-focus objective lens 8 is focused on the signal recording surface |la
for detecting the reflected light, as shown in Fig.5, the |light beamfrom -
the rimpart 8b of the double-focus obj®tidve lens 8 is radiated so as to
be focused on the signal recording surface 2a of the optical disc 2, as
shown in Fig.6. This lidght beamis reflected by the signal recording
surface la of the optical disc 1 so as to be returned as stray |ight rays
‘via the - 13
| 9

8a

13

FIG.5




doubl e-focus objective lens 8 and the beamsplitter 13 towards the"

phot odet ector 16. These stray light rays are focused at a conjugate focal
"point P[err] associated with the signal

recording surface la of the optical
disc 1 before being incident on the photodetector 16, as shown in Fig.®6.
Thus, these stray light rays cancel one another, so that the photodetector
16 detects only the reflected light of ¢pglight beam focused on the signa
recording surface la shown in Fig.5, ‘as indicated by broken lines in Fig.5.
~On the other hand,

if the light- beamfromthe rimpart 8b of the
doubl e-focus objective lens 8 is focused aon the signal

recordi ng surface 2a
for detecting the reflected light, as shown in Fiqg.8,

the Iight beam from
the md part 8a of the double-focus objective lens 8 is radiated so as to
be focused on the signal rec8rd] : |

disc 1, as
shown in Fig.9. _ _
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‘This Iight beamis reflected by the signal recording surface 2a of the
optical disc 2 so as to be returned as stray light rays via the

doubl e-focus objective lens 8 and the beamsplitter 13 towards the

phot odet ector 16. These stray light rays are focused at a conjugate point
associated wth a focal point of the light beamreflected by the signal
recording surface la of the optical 3isc 1. -Thus, al though the stray
l'ight rays are incident on the photodeﬂg Oor 16, as shown in Fig.10, these
| ight rays cancel one another, so that the photodetector 16 detects. only

the reflected light of the 14 |ight beam focused on the signal recording
surface 2a shown in .

{6

O

FIG.7



_Fig.8, as indicated by broken Iines in Fig.9. The optical disc reproducing
apparatus of the instant enbodi nent has the doubl e-focus objective |lens 8
in the optical head portion 3 thereof for focusing the |ight. beamon two
signal recording-surfaces having different distances fromthé |ight

i nci dent surface, thereby enabling the size and the production costs to be
reduced. On the other hand, the stray | gghp produced as shown in Fig.6 when
one of the optical disc, such as the optical disc 1, is reproduced, as
shown 'in Fig.5, is not detected by the photodetector 16, so that it becones
possible with the present optical disc reproducing apparatus to reproduce
two optical discs with high accuracy.
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15 1. An objective lens having at least a first region and a second
region, said first and second regions having different nunerical apertures
and bei'ng configured for focusing a light beamon first and second signal
recordi ng surfaces which are spaced apart from each other. 2. The
objective lens as claimed in claim 1 in conbination with said first and
~second signal recording surfaces, wherePdlOaid first and .second signal
recordi ng surfaces are forned on an underside of first and second |ight
transmtting |layers respectively with said first and second |ight
transmitting |layers have respective thicknesses of 1.2 mand 0.6 nm 3. .
‘The objective lens as clained in claim1l1, whegrein said first region is
formed in a central portion of said | ens and{sai'd second region is forned

in a peripheral portion of idlens. 4. \ne objective l'ens as cl ai ned
in‘claim3; wherein said fir T . rtion of said
| ens has a hi gher nuneri cal efture than s second regio
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formed in a peripheral portion of said |éns. 5. An optical head
conprising: a light source radiating a light beam 1|ight beam separating
means for separating said light beamfromreflected light; an objective
| ens arranged between said |ight beam separati ng neans and sai d-opti cal
di sc, said objective lens having at least first and second regions, said
first and second regions having differea0 gaoerical apertures and being
configured for. focusing said |ight beamon first and second signal
recordi ng surfaces; and photo-electric conversion neans for receiving
reflected light fromsaid signal recording surfaces through said separating
nmeans and for converting said reflected light into electrical signals.
16

16
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Roiraz-4 oo
6. The optlca1-head~dem_ce_as clalrred in claim5, wherein said first
regl onis formemH central portion of said. Iiens WAngmngeglm

oo on oo SOOMRARUDARELIN 7 s5° ol onifohosesk ansaggjgga% i

clainmed in clai

of said’lens has a hi gher” ndmeri cal aperi¥re t Ran; E%ggzo degl on ﬁ 4Ted
in a periph ﬁomﬁp of said lens. 8. Th gp a; ‘6?%1 n
claim5inc [ $tn said first and secan S|gné1 re

surfaces, wherein said first and second signal record| ng surfacesﬂa{.‘e

formed on an underside of first and second lig am%ﬁsﬁ“t“i_ Hlayerg. ey
respectivel . vm' t A abjectivegans having; at least dgfirshyegion and/a second spgion; said first

compr 1 o ng: 4 et TeRiE o B murhicl b lre iF 158, v BBRE Kk ono

si gnal recorfdctuam gsa! ligARAmOdn first AR lséédndd;h?ﬁl feedrding surkfes Whikh iﬂé% hdeght
beam refl ected by the signal recording surfaces, and for converti ng t he

recei ved | i gpurt feoapeadixohetl ectrical signals;

2. The objective lens as claimed in claim 1 in combination with said first and

second signal recording surfaces, wherein said first and second signal recording

surfaces are formed on an underside of first and second light transmitting layers

respectively with said first and second' light transmitting layers have respective
“=thicknesses of 1.2 m and 0.6 mm. o

3. The objective lens as claimed in claim 1, wherein said first region is formed in
a central portion of said lens and said second region is formed in a peripheral portion

of said lens.

4. The objective lens as claimed in claim 3, wherein said first region formed in
a central portion of said lens has a higher numerical aperture than said second region

fonngtg? in a peripheral portion of said lens.

5. An optical head comprising:

a light source radiating a light beam;
light beam separating means for separating said light beam from reflected light;

an objective lens arranged between said light beam separating means and said
optical disc, said objective lens having at least first and second regions, said first and
second regions having different numerical apertures and being configured for

focusing said light beam on first and second signal recording surfaces; and

photo-electric conversion means for receiving reflected light
from said signal recording surfaces through said separating means and for converting

said reflected light into electrical signals.
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and reproduci ng neans for—+eproducing i nformati on_signals recorded on said
signal recording s ased upon an output of said optical head; said
head having an obj mﬂﬁ |rst and second regions, said first and
second regi ons haviag rlcal apertures and belng confi gured
for focusing a |light beam out gm ng fromlé light source on said signal

di f t di dj | d
Crarm 6 wher of e gpest a67d bt Sainie BBty RudB BB Ca' o gnal s
cor r espondi Pégxérplstﬂaﬂné&id E%&xﬁﬂu |pbﬂiUn Seablehs ama t4ie s&oﬁﬂ%gnbﬁ‘i@fcﬂiﬂ%ﬁ in

sur f aces. The optical disC reading apparatus as clained in claim?9,
wher ei n sai dpferlphqrahpmlgeoﬁﬁaidslﬂynal recordi ng surfaces are forned on an
undersi de of first and second light transmtting | ayers respectively with
said light transmtting |ayers having respective

7. The objective lens as claimed in claim 6, wherein said first region formed in

a central portion of said lens has a higher numerical aperture than said second region

formed in a peripheral portion of said lens.

8. The optical head as claimed in claim 5 in combination with said first and second
signal recording surfaces, wherein said first and second signal recording surfaces are
formed on an underside of first and second light transmitting layers respectively with
said light transmitting layers having respective thicknesses of 1.2 mm and 0.6 |

mm.

9. An optical disc reading apparatus comprising:
an optical head for radiating a light beam on first and second signal recording surfaces
of an optical disc and for receiving the light beam reflected by the signal recording
'surfaces, and for converting the received light beam into electrical signals;
and reproducing means for reproducing information signals recorded on said signal
recording surfaces based upon an output of said optical head;

said head having an objective lens with first and second regions, said first and
second regions having different numerical apertures and being configured for focusing
a light beam outgoing from a light source on said signal recording

surfaces.

10. The optical disc reading apparatus as claimed in claim 9, wherein said
reproducing means reproduces said electrical signals corresponding to the reflected

light beams from the signal recording surfaces.

11.  The optical disc reéding apparatus as claimed in claim 9, wherein said first and
second signal recording surfaces are formed on an underside of first and second light

~ transmitting layers respectively with said light transmitting layers having respective
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17 thicknesses of The optical disc reading
apparatus as cl ai HIIH]B E;?reln said first region is formed in a
central portion of= id second region is fornmed in a

peripheral portion of said Iens The optical disc reading apparatus
as clainmed in claim12, wherein sal d firdt region formed in a central

portion of g!kﬂeésgpgf ?QS cp@%r qlumerl cal aperture than said second
regi on forne periphera por on of said |ens.

12.  The optical disc reading apparatus as claimed in claim 9, wherein said first
region is formed in a central portion of said lens and said second region is formed in

‘a peripheral portion of said lens.

13.  The optical disc reading apparatus as claimed in claim 12, wherein said first
region formed in a central portion of said lens has a higher numerical aperture than

said second region formed in a peripheral portion of said lens.
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