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APPARATUS FOR AND METHOD OF RECORDI NG | NFORMATI ON ON OR REP
| NFORVATI ON FROM RECORDI NG MEDI UM BACKGROUND OF THE INVENTICN Fi FH@%},
Tnvention The present invention relates to an apparatus for and a netho
recording information on or reproducing 5 information froma recording
Jdredi um and, nore particularly, to an apparatus for and a nmethod of record-
ing information on or reproducing informafion froma plurality of
di sk- shaped recordi ng medi uns having different substrate thicknesses. 10.
Description of the Related Art Conpact discs (CDs) have been w dely used as
a recording medi um from which recorded information is reproduced with
light. In recerippARNIUS FORCANDEMETHODOH RECORDING KINFORMATION QO al Vi deo
di sc (DVD), has HRrRERRODUCINGJINFORMATION (RROM RECORDIVGI MBQEBMOVer a | ong
period of time.  -For reading recorded digital information froman opti cal
recording medium a |aser beamis applied to the 20 optical recording

medi um |ight F%&G%%B%g Bﬁogkﬁr§h§§ﬁ4f3ﬂ recording nediumis detected, and

the | evel of
Field of the Invention : -

. The present invention relates to an apparatus for and
a method of recording information on or reproducing
5 information from a recording medium and, more
particularly, to an apparatus for and a method of record-
ing information on or reproducing information from a
plurality of disk-shaped recording mediums having
different substrate thicknesses.
10 .
Description of the Related Art
Compact discs (CDs) have been widely used as a
recording medium from which recorded information is
reproduced with light. In recent years, a new recording
15 medium, known as digital video disc (DVD), has been used
for digitally recording video images over a long period of
tinme. . _
For reading recorded digital information from an
optical recording medium, a laser beam is applied to the
20 optical recording medium, light reflected from the optical
recording medium is detected, and the level of the
reflected light is converted into binary data.
FIG. 1 of the accompanying drawings shows an optical
pickup device for use with a CD. As shown in FIG. 1, a
25 1laser diode (LD) 1 emits a laser beam having a wavelength
of 780 nm. The laser beam emitted from the LD 1 is
divided into a plurality of laser beams, e.g., three laser
beams, by a grating 2. One of the three laser beams is
used to read recorded information and to control the
30 optical pickup device in focusing servo operation. The
remaining two laser beams are used to control the optical
. pickup device in tracking servo operation. The three




reflected light is converted into binary data. FIG 1 of the acconpanying
drawi ngs shows an optical pickup device for use with a CD. As shown in FIG
1, a 25 |aser diode (LD) 1 enmits a |aser beam having a wavel ength of 780
nm The | aser beamenmtted fromthe LD 1 is divided into a plurality of -

| aser beans, e.g., three | aser beans, by_a grating 2. One of the three
1aser beams is used to read recorded i nfdrTmtion and to control the 30
optical pickup device in focusing servo operation. The remaining two | aser

beams are used;}Qefopiifd Jm QAldL Bl pbfgype@% Co1 Mkdt idiiyNgsSer vo
operation. The_three -2- laser beans will also be referred to

col l ectively a%lFVbht A beam splitter 3 that conprises a transparent
pl anar plate refl echsbéde dpkidrtdreanthhtopoinbeigesta ngrahsparent planar
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CD 10 and transmitted through the objective 4 passes
through the beam splitter 3 toward a photodiode (PD) 5
that serves as a photodetector. While the reflected light
is passing through the beam splitter 3, the reflected

10 light is giVen astigmatism by the beam splitter 3.

The objective 4 converges the laser beams onto an
information recording layer 12 that comprises minute pits
on the CD 10. The objective 4 also converges light
reflected from the information recording layer 12 of the

15 CD 10 through the beam splitter 3 onto the photodiode 5.

The larger the numerical aperture (NA) of the
objective 4, the larger the angle through which the
objective 4 converges iight into a smaller spot. In FIG.
1, the objectiﬁe 4 has an NA of 0.45.

20 The photodiode 5 detects the returning light
reflected from the CD 10 that is irradiated with the laser
beam from the LD 1. Since the laser beam emitted from the
LD 1 is divided into three laser beams, the photodiode S
has three corresponding photodetector units. One of the

25 photodetector areas serves to detect the laser beam that
is used to read recorded digital information. The
remaining two photodetector areas serve to detect the two
laser beams for tracking servo control. Specifically,
based on the difference between the optical energy

30 quantities of the two laser beams, the objective 4 is
controlled to apply the laser beam used to read recorded
digital information to a predetermined track on the CD 10
in tracking servo operation.

Since the light reflected from the information

35 recording layer 12 and applied to the photodiode 5 paéses
as converged light thrpough the beam splitter 3, the light



I s passing through the beamsplitter 3, the reflected 10 light is given
astigmati smby the beamsplitter 3. The objective 4 converges the |aser
beans onto an information recording |layer 12 that conprises ninute pits on
the CD 10. The objective 4 also converges light reflected fromthe
information recording layer 12 of the 15 CD 10 through the beamsplitter 3
onto the photodi ode 5. The larger the nurexical aperture (NA) of the
objective 4, the larger the angle through which the objective 4 converges
light into a smaller spot. In FIG 1, the obljlectlve 4 has an NA of 0.45. 20
The phot odi ode 515de"t"§bjte§tt ke pStapmphiSPi gntts ARieGtayes f‘or’rFt fenerPided hat
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has t hree correspondi g phot odet ector units. One of the 25 phot godetector
areas serves to detedh® (D [19s8Aspa kransparent, substyatesdl Bayingd di git al
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the LD 10 are converged by the objective 4 and pass
through the transparent substrate 11 to the information

10 recording layer 12 that has minute pits representative of
recorded information. When the laser beams are applied to
pits, they are diffracted, causing the returning light
that is reflected by the recording medium and applied to
the photodiode 5 to be reduced in intensity. When the

15 laser beams are applied to a pit-free area of the
information recording layer 12, they are reflected as they
are, and hence the returning light has a high intensity.
The returning light from the CD 10 is detected by the
photodiode 5, which converts higher and lower intensities

20 of the returning light into respective binary levels of
“1” and “0”, thereby reading the digital information
recorded as pits on the CD 10.

While the objective 4 is being thus controlled in

tracking and focusing servo modes, the laser beams are

25 applied to a given'position on the CD 10, and the
returning light is detected to read the recorded digital
information from the CD 10.

FIG. 2 of the accompanying drawings illustrates a

digital video disc (DVD) 20 that has been proposed

30 recently. The DVD 20 has digital information recorded in
a double-sided structure, whereas the CD 10 has digital
information recorded in a single-side structure.
Specifically, the.DVD 20 includes a first disc member
comprising a substrate 21, an information recording layer

35 22 disposed on the substrate 21, and a protective film 23
disposed on the information recording layer 22, and a



digital information to a predeterm ned track on the CD 10 in tracking servo
operation. Since the light reflected from-the information 35 recording
"ayer- 12 and applied to the photodi ode 5 passes as converged |ight through
the beamsplitter 3, the light -3- is subject to astigmatism The
objective 4 is controlled in focusing servo operation based on the
astlgnatlsn1thus produced. The CD 10 has%a~transparent substrate 11 havi ng
a 5 thickness t of 1.2 nmwith the information recording |ayer 12 disposed

thereon and a IOl ed lEo! hbibds’ hifififhes 'SiBskpheesi | ofly recor ding

| ayer 12. The 145 eans ron1t e dare converge th e obj ective 4
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causing the returnlngq he recordi ng nmedi um and

applied to the hginm @G@dStPoe%‘éhr%'éR&”eotrP?Pq‘ﬂt &hei pyotegkive nellms
23, 33. Therefore, the DVD 20 is symmetrical with respect

to a median plane thereof.
Since digital information is recorded with high
density on the DVD 20, the substrates 21, 31 are thinner
10 than the substrate 11 of the CD 10 in order to minimize
skews and errors of substrate thicknesses. Specifically,
while the substrate 11 of the CD 10 has a thiékness of 1.2
mm, each of the substrates 21, 31 of the DVD 20 has a
thickness of 0.6 mm. The length of and intervals between
15 the pits on the DVD 20 are smaller thén those of the CD
10.
Inasmuch as the recording density of the DVD 20 is
greater than the recording density of the CD 10, an LD 41
of an optical pickup device for use with the DVD 20 emits
20 a laser beam having a shorter wavelength of 650 nm than
the LD 1 of the optical pickup device for use with the CD
10. The optical pickup device for use with the DVD 20 has
other components including a grating 42, a beam splitter
43, an objective 44, and a photodidde (PD) 45 that are
25 identical to those of the optical pickup device for use
with the CD 10.
. However, because the DVD 20 has ‘pits smaller than the
CD 10 due to the larger recording density, the objective
44 has a numerical aperture (NA) of 0.6, which is greater
30 than the objective 4 (NA = 0.45) of the optical pickup
' device for use with the CD 10. The objective 44 with the
larger numerical aperture is capable of converging a laser
beam into a smaller spot to read smaller pits.
As described above, the CD 10 and the DVD 20 are
35 structurally different from each other. Usually,

therefore, it is necessary to use different optical



15 |l aser beans are applied to a pit-free area of the information recording

| ayer 12, they are reflected as they are,

and hence the returning |light has

-a high intensity. The returning light fromthe CD 10 is detected by the

phot odi ode 5,
returning |ight
*reading the digital

whi ch converts higher and |ower intensities 20 of the

into respective binary levels of "I" and "0", thereby
I nformation recorded as pits on the CD 10. Wile the

objective 4 is being thus controlled Lngtracki ng and focusing servo nodes,
the | aser beans are 25 applied to a given position on the CD 10, and the
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the recorded information from the DVD 20 under optimum
conditions, it suffers spherical aberration due to the
difference between the thicknesses of the substrate 11 of
the CD 10 and the substrates 21, 31 of the DVD 20 and the
difference between the numerical apertures of the
objectives 4, 44 when reading the recorded information
from the CD 10. ,

For example, when a CD.whose substrate has a
thickness of 1.2 mm is played back using an objective
having a numerical aperture of 0.6 which is optimized for
a DVD whose substrate has a thickness of 0.6, the amount
of spherical aberration that is produced reaches 3.6 um in
terms of a fourth-order Seidel spherical aberration
coefficient W,. If this amount of spherigal aberration is
expressed by a root-mean-square value, it is 0.268 rmsun
(which is 0.412 rmsA if normalized at a wavelength \ of
650 nm). Generally, all optical systems'for use with
optical discs are required to have the sum of root-mean-
square values of aberrations equal to or smaller than the
Maréchal’s criterion of 0.07 rmsA. Therefore, it is
difficult to accurately read the recorded information from
the CD 10 with the optical system arrangement shown in
FIG. 3. '

It has been proposed to adjust the numerical aperture
of an objective to the types of different recording
mediums for making an optical pickup device for use with a
DVD applicable to a CD, as disclosed, for example, in
Japanese patent application No. 6-277400 (which
corresponds to copending U.S. patent application Serial
No. 08/555,339).



-4- second di sc nenber conprising a substrate 31, an information recording
| ayer 32 di sposed on the substrate 31, and a protective film 33 disposed on
fhe information recording |ayer 32, the first and second disc nenbers 5
bei ng bonded to each other through the protective filnms 23, 33. Therefore,
the DVD 20 is symmetrical with respect to a nedian plane thereof. Since
digital information is recorded with high density on the DVD 20, the
substrates 21, 31 are thinner 10 than the substrate 11 of the CD 10 in
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of 650 nmt hanrecording medium which is used, in addition to the optical
pickup device for use with a DVD, as shown in FIG. 2.
The sensor 52 detects the type of recording medium
used, and the actuator 53 actuates the diaphragm 51 based
10 on a detected signal from the sensor 52. Specifically,
for reading the recorded information from the DVD 20, the
actuator 53 actuates the diaphragm 51 to increase the
opening thereof until the numerical aperture of the
objective 44 becomes 0.6, as shown in FIG. 4. For reading
15 the recorded information from the CD 10, the actuator 53
actuates the diaphragm 51 to reduce the opening thereof
until the numerical aperture of the objective 44 becomes
0.45, as shown in FIG. 5. The opening of the diaphragm 51
is thus reduced to minimize the spherical aberration (the
20 fourth-order Seidel spherical aberration coefficient W,, is
proportional to the fourth power of the numerical aperture
NA) for reading the recorded information from the CD 10.
However, because the mechanical diaphragm 51 is newly -
added, the optical system is made up of an increased
25 number of parts, expensive to manufacture, and large in
size and complex in structure. Since the diaphragm 51 is
mechanically operated, it is not resistant to vibrations,
cannot operate quickly, and tends to cause'a fault in the
optical system.
30
SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
provide an apparatus for and a method of recording
information on or reproducing information from different
35 types of recording mediums stably with a relatively small,
simple, and inexpensive arréngement that requires no



the LD 1 of the optical pickup device for use with the CD 10. The opti cal
pickup device for use with the DVD 20 has ot her conponents including a
grating 42, a beamsplitter 43, an objective 44, and a phot odi ode (PD) 45
that are 25 identical to those of the optical pickup device for use with
ihe CD 10. However, because the DVD 20 has pits smaller than the CD 10 due
to the larger recording density, the dbjectlve 44 has a nunerical aperture
(NA) of 0.6, which is greater 30 than the objective 4 (NA = 0.45) of the
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| arger nunerical apérture 1S capable of converg aser, bea Into a
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DVD 20 are 35 p‘ﬁédﬂﬂe\tﬁrﬂ.hleﬁ gahte.ent from each other. Usually, therefore,
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t he opt|cal5pl%Hﬁu}qﬁﬁﬁﬁé@nfU#léséemf?ﬁ ??EFW)HB:B?r in the description
that follows, and in part will become apparent to those
skilled in the art upon examination of the following or
may be learned by practice of the invention. The objects
and advantages of the ‘invention may be realized and

10 attained by means of the instrumentalities and
combinations particularly pointed out in the appended
claims.

According to the present invention, there is provided
an apparatus for recording information selectively on and

‘15 reproducing information selectively from a first recording
medium having an information recording layer on a
substrate having a first thickness and a second recording
medium having an information recording layer on a
substrate having a second thickness, comprising generating

20 means fér generating light to be applied to the '
information recording layer of the first or second
recording medium, applying means for converging the light
generated by the generating means and applying the
converged light to the information recording layer of the

25 first or second recording medium, and photodetector means
for detecting returning light from the information
recording layer of the first or second recording mediums,
the photodetector means having a normalized detector size
of at least 3 pm and at most 16 um.

30 According to the present ihvention, there is also
provided a method of recording information selectively on
and reproducing information selectively from a first
recording medium having an information recording layer on
a substrate having a first thickness and a second

35 recording medium having an information recording layer on
a substrate having a second thickness, the second
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Is applied to the CD 10, for exanple, as shown in FIG 3 5 of the ,
acconpanyi ng drawi ngs, then since the optical pickup device for use with
the DVD 20 is designed to read the recorded information fromthe DVD 20
under optimum conditions, it suffers spherical aberration due to the

di fference between the thicknesses of the substrate 11 of 10 the CD 10 and
the substrates 21, 31 of the DVD 20 and the difference between the
nunerical apertures of the objectives 4, 44 when reading the recorded
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thickness of 1.2 nmi s,rglla ed back_ usi,ng an objective havi a nuneri cal
aperture of 0°BtiFRErP} ‘{"l%tqerﬁlﬁfdhfiéfr“ng Wﬁ#%%’ég S af[g’g has a

thi ckness of @efierabinannight dfo deheppdikdabertlae i brfarmatiion produced
reaches 3.6 [ ?EFL%iH?]Eﬂt%E}S ¥ AL WikBrobpekeS8hdlOte SRMBINL HeadR rati on

20 coefficien err anmpunt _of sﬁgherl Cﬂglr,aberratlo I s expressed by
i t

a root - meal- s&barPEID aFR syhstrate IRereply oRPPHY i REPRS T0%a12 [err] if
nornal i zed at canvergisggtie X ifhit Yemeratednbyathy, gaeraipiniyg sleaggsarnds for
use W th opti %ghtlggﬁéstﬁé %&M&&Sﬂ r%g]%r.t&a»ee the $hFoRlad Q0 HBRARaikg squale

val ues of abe equ to or er than_{he Mugechal'
0.07 rns[err]laYﬁﬁr@foFg? $%r§g or second record&ng meéfhmfiaﬁ% criterion of

photodetector means for detecting returning light from the
10 information recording layer of the first or second

recording mediums, the method comprising the step of

detecting the returning light from the information

recording layer with the photodetector means which has a

normalized detector size of at least 3 um and at most 16
15 pupm. '

According to the present invention, there is further
provided an apparatus for recording information
selectively on and reproducing information selectively
from a first recording medium having an information

20 recording layer on a substrate having a first thickness
and a second recording medium having an information
recording layer on a substrate having a second thickness,
comprising generating means for generating light to be
applied to the information recording layer of the first or

25 second recording medium, applying means for .converging the
light generated by the generating'means and applying the
converged light to the information recording layer of the
first or second recording medium, and photodetector means
for detecting returning light from the information

30 recording layer of the first or second recording mediums,
the photodetector means having a normalized detector size
that.is larger than a diameter of a spot on the
photodetector means of returning light of a first
numerical aperture N, from the first recording medium and

35 smaller than a diameter of a spot on the photodetector
means of returning light of a numerical aperture greater



difficult to accurately read the recorded information fromthe CD 10 with
the optical system arrangenent shown in FIG 3. 30 It has been
proposed to adjust the nunerical aperture of an objective to the types of
different recording mediuns for maki ng an optical pickup device for use
with a DVD applicable to a CD, as disclosed, for exanple, in Japanese
patent application No. 6-277400 (whi ch-38 corresponds to copending U S.
patent application Serial No. 08/555,339). -6- FIGS. 4 and 5 of the

acconpanyi ng drawi ngs_show, an_opt.i i £l emb sed on e principles of the
above proposal . ﬁ gh%ﬁﬁ o7 R 1p aﬁ&’)ég%ufﬁe pptilaf §y§g€?ﬁ“éorrpr| ses a

di aphragm 51, a'ncal;danOme@Blmor actuating the 5 diaphragm 51, and a sensor
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sensor 52 det e®F t?/p’&‘“f)t?o oG Hodi ﬁﬁfﬁ%’éﬂtl%\rhcfﬁlﬁézt&é’te&éﬁ Bf‘ 53
actuat es t hé& daaghrepnoddcimgeithformation selectively from a first .

recording medium having an information recording layer on
a substrate having a first thickness and a second
recording medium having an information recording layer on
a substrate having a second thickness, the second

10 thickness being larger than the first thickness, with an
optical pickup device having generating means for
generating light to be applied to the information
recording layer of the first or second recording medium
through the substrate thereof, applying means for

15 converging the light generated by the generating means and
applying the converged light to the information recording
layer of the first or second recording medium, and
photodetector means for detecting returning lighﬁ from the
information recording layer of the first or second

20 recording mediums, the method comprising the step of
detecting the returning light from the information
recording layer with the photodetector means which has a
normalized detector size that is larger than a diameter of
a spot on the photodetector means of returning light of a

25 first numerical aperture N, from the first recording medium
and smaller than a diameter of a spot on the photodetector
means of returning light of a numerical aperture greater
than a second numerical aperture N, from the second .
recording medium.

30
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more clearly

appreciated as the disclosure of the invention is made
with reference to the accompanying drawings. . In the
35 drawings: '
FIG. 1 is a cross-sectional view of a conventional



10 on a detected signal fromthe sensor 52. Specifically, for reading the
recorded information fromthe DVD 20, the actuator 53 actuates the

di aphragm 51 to increase the opening thereof until the numerical aperture
of the objective 44 becones 0.6, as shown in FIG 4. For reading 15 the
recorded information fromthe CD 10, the actuator 53 actuates the di aphragm
51 to reduce the opening thereof untlT 1%e nuneri cal aperture of the

obj ective 44 becones 0.45, as shown in FIG 5. The opening of the di aphragm

51 is thus redge¢dalOpitihyl dévidle RRNYUSCRitAPRE/LI ON (the 20
fourth-order Selde% gpherlcal aberrati nPEaEAfICIenf WI0 is proportional to
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obj ect of the %resent | nvention, t
tical pickup dev1ce that can be used with both a CD and

a DVD;

10 FIG. 5 is a cross-sectional view showing the
conventional optical pickup device, which is illustrated
in FIG. 4, used with a CD; | |

FIG. 6 is a cross-sectional view of an optical pickup
device of an apparatus for recording information on or

15 reproducing information from a rebording medium accofding
to the present invention;

FIG. 7 is a diagram showing an example of tracked
rays of returnlng llght in the optlcal plckup device shown
in FIG. 6;

20 FIG. 8 is a diagram showing the relationship between
increases in the thickness of a substrate of a recording
medium and distances from a Gaussian focal plane to given
points;

FIG. 9 is a diagram showing a distribution of

25 intensities of returning light with the optical pickup
device shown in FIG. 6 used with a DVD;

FIG. 10 is a diagram showing spherical aberration
with the optical pickup device shown in FIG. 6 used with a
DVD;

30 FIG. 11 is a diagram showing a modulation transfer
function (MTF) with the optical pickup device shown in
FIG. 6 used with a DVD;

FIG. 12 is a diagram showing a distribution of
intensities of returning light when the distance from the
- 35 Gaussian focal plane is 0 um with the optical pickup
device shown in FIG. 6 used with a CD;



provi de an apparatus for and a nethod of recording information on or
reproducing information fromdifferent 35 types of recordi ng nmedi uns stably
with a relatively small, sinple, and inexpensive arrangenment that requires
no -7- mechani cal di aphragm based on the detection of |ight returning
fromthe recording nediumand entering a predeterm ned range. Additional

obj ects, advantages and novel features-afit 5 the invention will be set forth
in part in the description that follows, and in part will become apparent
to those skilled in the art upon exam nation of the follow ng or may be
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a first recgrding riG. 14 is a diagram showing a distribution of
intensities of returning light when the distance from the
Gaussian focal plane is 8.0 pum with the optical pickup
device shown in FIG. 6 used with a CD;

FIG. 15 is a diagram showing a distribution of

10 intensities of returning light when the distance from the
Gaussian focal plane is 10 pum with the optical pickup
device shown in FIG. 6 used with a CD;

. FIG. 16 is a diagram showing a distribution of
intensities of returning light when the distance from the

15 Gaussian focal plane is 12 um with the optical pickup
device shown in FIG. 6 used with a CD; '

FIG. 17 is a diagram showing a distribution of
intensities of returning light when the distance from the
Gaussian focal plane is 16 pm with the optical plckup

20 device shown in FIG. 6 used with a CD;

FIG. 18 is a diagram showing a distribution of
intensities of returning light when the distance from the
Gaussian focal plane is 24 um with the optical pickup
device shown in FIG. 6 used with a CD;

25 FIG. 19 is a diagram showing spherical aberration
with the optical pickup device shown in FIG. 6 used with a
CD;

FIG. 20 is a diagram showing a modulation transfer
function (MTF) with the optical pickup device shown in

30 FIG. 6 used with a CD;

FIG. 21 is a diagram showing spherical aberration
with the optical pickup device shown in FIG. 6 used with a
CDh;

FIG. 22 is a diagram showing an MTF with the optical

35 pickup device shown in FIG. 6 used with a CD;

FIG. 23 is a view showing normalized photodetector



medi um havi ng an information recording |ayer on a substrate having a first
t hi ckness and a second recordi-ng nmedi um having an i nformation recording

|1 ayer on a substrate having a second thickness, conprising generating 20
means for generating light to be applied to the information recording |ayer
of the first or second recordi ng nediugp appl yi ng neans for converging the
l1ight generated by the generating neans and appl ying the converged light to
the information recording layer of the 25 first or second recordi ng medi um
and phot odet ectigesnanstieropfdicadt PAgkuptdgviary shioyht inr BEE ¢ M i nf or nat i on

recording | ayer of pie 24 rid HviekCendwing ofld @ 1aedoHsRip L iherydwt odet ect or
nmeans having a nornalize tect i I 3. Le d at nost 16
[err]m 30 .n?rm ggg?éié&ﬁ%%é%ﬁ%?ﬁgreégﬁgéiéﬁ&ﬂﬁ%% n? ?ke%él§%ﬁ¥hqy) provi ded
a met hod of rdda&ing i nformation selectively on and reproduci ng

i nformati ons sel ect iFzeky $sAMZ6E, la%id R6COALE NGiewadiofMthavistguetfurd oz Mat i on
recording | ayef rﬁci%t%.diﬂﬁét m%@%&%& %i&ﬁ&d? t4UAIIRE SRR R Ofk?- 35
nt or

recordi ng mediu avi ng an_i tion record ng l'ayer on a substiTat’e

having a second t hif&nedt, i¥ R Fasivgectional view of the optical
pickup device shown in FIG. 6 used with a CD;

FIG. 27 is an enlarged view showing the positions of

10 laser beam spots applied to a CD to read recorded
information therefrom;

FIG. 28 is an enlarged view showing the positions of
laser beam spots applied to a DVD to read recordéd
information therefrom;

15 FIG. 29 is a block diagram of an electric arrangement
of the apparatus for recording information on or
reproducing information from a recording medium according
to the present invention; .

FIGS. 30A, 30B, and 30C are diagrams showing other

20 configurations for a photodetector unit in the apparatus
shown in FIG. 29;

FIG. 31 is a block diagram of an arrangement for
generating a tracking error signal according to a
differential phase detection method;

25 FIG. 32 is a diagram showing how jitter varies when
the normalized detector size varies upon playing back a
CD;

FIG. 33 is a diagram showing the characteristics of a
focusing error signal and an RF siénal upon playing back a

30 CD with a normalized detector size of 16 um;

FIG. 34 is a diagram showing the characteristics of a
focusing error signal and an RF signal upon playing back a
CD with a normalized detector size of 10 um;

FIG. 35 is a diagram showing the characteristics of a

35 focusing error signal and an RF signal upon playing back a
CD with a normalized detector size of 4 um;



-8- thickness being |arger than the first thickness, with an optical pickup
devi ce having generating neans for generating light to be applied to the
i nformation recording |layer of the first or second recordi ng medium5
t hrough the substrate thereof, applying neans for converging the |ight
generated by the generating neans and applying the converged light to the"’
information recording |ayer of the f+rsi -or second recordi ng nmedi um and
phot odet ect or neans for detecting returning light fromthe 10 information
recording |layer of the first or second recording nediuns, the nethod
conprising the st &fCof 3fetdcti hpdrfn oW PRI GRRTAFEaT 1Heleixh Mati on
recordi ng | ayecusiinhg ebheophsignel exidramm®nsiyhathupes plapindl baad a
detector sizegpof,;ah Eeﬂékmglifé&]ég &y:§@9§t03621 m:L €T M According to
' there [

t he present invention, : I's further provided an appar at us_for recording
i nformati on sel ecFlfal $704SadddaPrat G NInthenghprsAckertsticse|of fa om a
first recq dimgusEdguarbayi 89gadl | AMDrdMEAPBiNalr apohdp gyl Ry Badd 2

substrate hayng A+ bShoblth tKIES %@k eh:s 390 JeeEOLfl; Ngngedl um having an

i nformation o
FIG. 38 is a diagram showing the characteristics of a

focusing error signal and an RF signal upon playing back a
DVD with a normalized detector size of 8 um.
10
DETAILED DESCRIPTIOﬁ OF _THE PREFERRED_BMBODIMENTS
FIG. 6 shows in cross section an optical pickup
device'of an apparatus for recording information on or
reproducing information from a recording medium according
15 to the present invention. As shown in FIG. 6, the optical
| pickup device comprises an LD 41 (light generating means)
for generating a laser beam having a wavelength of 650 or
635 nm, a grating 42 for dividing the laser beam generated
by the LD 41 into three laser beams, a beam splitter 43
20 for separating the laser beams applied to a recording
medium and laser beams reflected from the recording medium
and imparting astigmatism to the reflected laser beams, an
objective 44 (applying means) for applying the laser beam
to the recording medium, the objective 44 having a
25 numerical aperture (NA) of 0.6, and a photodiode 61
(photodetector means) for deﬁecting the reflected laser
beams, the photodiocde 61 having small photodetector units.
The photodiode 61 detects only returning light (reflected
light) entering within a predetermined range, and does not
30 detect any returning light that falls outside of the
predetermined range.
The sizes of the photodetector units of the
photodiode 61 will be described below.
FIG. 7 shows tracked rays of returning light in the
35 optical pickup device shown in FIG. 6 in the case where
the thickness of a substrate of a recording medium has



recording |layer on a substrate having a second thickness, conprising
generating neans for generating light to be applied to the information
.recording layer of the first or 25 second recordi ng nedium applying nmeans .
for converging the |ight generated by the generating neans and applying the
converged light to the information recording |layer of the first or second
- recordi ng nmedium and phot odet ector -negans for detecting returning |ight
fromthe information 30 recording layer of the first or second recording
medi uns, the Ehotodetector nmeans havin % a normalized detector size that is
h

| arger than a*BFCRASES: PErO0o BLETOR P12 PhdEBgetRET a8t returning
light of a fi ssbstmmsl eal hpe:ﬂ the BYD fa20mtbhe.?imst recordi ng nedi um and

35 smaller than a zdi %ﬁsuﬁrlﬁfn% SPOt R éati%habow.«_deifgqit% peass «f

returning lig pertu second

numer i cal ape%ﬁ c%?&l"g% %ﬁ@%g@gﬁﬁa %&‘ﬁg%’éﬁ%ﬁa",&éco?'d?wg to the
present i nventhenlangexy ShesNay| oy Gbsvltﬂhi-aSWEFhedqx#ahesc@hdlng i-nf or mati on
sel ectively oaistance by which the focused point of the light is spaced

from the Gaussian focal plane. If the NA is 0.45, then "
the focused point is spaced from the Gaussian focal plane
by about 5 um. If the NA is 0.6, then the focused point
10 1is spaced from the Gaussian focal plane by about 8.3 um.
In the case where the thickness of a substrate of a
recording medium has increased by 0.6 mm from 0.6 mm to
1.2 mm (which is the thickness of the substrate 11 of the
cD 10), the distance by which the focused point is spaced
15. from the Gaussian focal plane if the NA is 0.6 is about5l.8
pm (=83pum X 0.6 mm/0.1 mm). As a result, the focused
point is widely spaced from the Gaussian focal plane.
FIG. 8 shows the relationship between increases At in
the thickness of a substrate of a recording mediunm
20 (starting from a thickness of 0.6 mm at point A, which is
the thickness of each of the substrates 21, 31 of the DVD
20), and distances from the Gaussian focal plane to given
peoints, i.e., a point where the light of the NA of 0.6 is
converged, a point where wavefront aberration (rms) is
25 minimum, and a point on the optical axis where a spot
'intensity is maximum.
The optical pickup device shown in FPIG. 6 being used
with a DVD corresponds to a point A in FIG. 8.
Specifically, in the case where the thickness of the _
30 substrate is 0.6 mm (the increase At in the thickness is 0
mm), the point where the light of the NA of 0.6 is
converged, the point where wavefront aberration is
-minimum, and the point on the optical axis where the spot
intensity is maximum are all positioned on the Gaussian
'35 focal plane. In the case where the thickness of the
substrate increases, these points are spaced farther from



5 and reproducing information selectively froma first recordi ng nedi um
havi ng an information recording |ayer on a substrate having a first

"t hi ckness and a second recordi ng nedi um having an i nfornmati on recording

| ayer on a substrate having a second thickness, the second 10 thickness
.being larger than the first thickness, with an optical pickup device having
generating neans for generating light to be applied to the information
recording layer of the first or second recordi ng nedi umthrough the
substrate thereof, applying nmeans for 15 converging the |ight generated by
t he generating neans and appl yi ng L$ie converged light to the information
recordi ng Iayer of the first or second recordi ng nedium and photodet ect or

reans for detegtiag. R WAL OR! EBINGLDo a0 ALTgLEABGRECOT ding Tayer of

the first or seco he met conprising the step of
detecting t h&°F &GP MY £‘I"Tcl ﬁtpch%&n the information recording layer with the

phot odet ect or rreérﬂs%PEﬁiq?&sP‘&"‘Hqu?é{FF%é&"ﬂétiécﬁﬁ §ieveeht is |arger
than a di anewéth gf CB whpoe the thickpess ofcthecswhstnptmdsot- 2 saurni ng |i ght of
a 25 firstsnyre iinateaspest Unhetid thidimessdsl 0/6 mm) cahedi g nedi um and
smal | er than A6l RAPSE Enfpcint Ritler WabBOrdaROLNERAELINOEs MBaNS of returning
light of a ”‘HIEH&%:&P %ﬁé lgaﬁsg{a%ah%al plane is about 24 um, as
indicated by a point B, and the point on the optical axis
where the spot intensity is maximum (maximum spot
10 intensity point) is spaced from the Gaussian focal plane
by about .10 um, as indicated by a point cC.
Since the optical pickup device shown in FIG. 6
‘basically has components for use with a DVD, e.g., the LD
‘41, the grating 42, -and so forth, when the optical pickup
15 device shown in FIG. 6 is used with the DVD 20 as
indicated by the point A, returning light has a
sufficiently high intensity, as shown in FIG. 8, and
almost no spherical aberration is produced, as shown in
FIG. 10. A modulatién transfer function (MTF) that
20 represenfs the,resblving power of the optical system is
good for both the radial direction of the disc (indicated
by the curve R in FIG. 11) and the tangential direction of

the disc (indicated by the curve T in FIG. 11).
In the case of applying the optical pickup device for use with
theDVD to the CD, theresults of calculations of intensities of
returning light at given points between the optical axis

and the point where the wavefront aberration is minimum
'(the point B in FIG. 8) are shown in FIGS. 12 through 18.
FIG. 12 shows a distribution of intensities of returning
light at a point on the Gaussian focal plane, i.e., a

30 point spaced from the Gaussian focal plane by 0 um. If it
is assumed that the intensity of returning light when the
optical pickup device is used to read recorded information
from a DVD is 1, then the intensities of returning light
shown in FIG. 12 are only about 5% of the intensity 1 of

35 returning light, and hence the recorded information cannot
be read from the CD at this point.



than a second nunerical aperture N2 fromthe second recordi ng nedium 30
BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention w |l becone nore
Clearly appreciated as the disclosure of the invention is made with
reference to the acconpanying drawings. In the 35 drawings: FIG 1 is a
cross-sectional view of a conventional =~ - 10 - optical pickup device for
use with a CD; FIG 2 is a cross-sectiod® ~view of a conventional opti cal
pi ckup device for use with a DVD; FIG 3 is a cross- sectlonal V|eM/shomnng

the 5 conventi onal d;%f cal3 @h%ldghd«i\;l gng@ég% cé Ve &Lst ré&k’t‘ﬁ%&l n FI

used with a CD;, FI Cross-séctonal 2 Conve R4F 8 tlcal
pi ckup devi ce %H‘é‘?n%’a‘?ﬂ-%ﬁe %éﬁwpﬁnﬂoﬂhghtwa?mlfatﬂb\matl@re spacBdG 5 is
a Cross- sect|0ﬁﬁbmvtmnwaﬁusuﬂam fleéal plane along the optical axis by

respective distances 4.0 um, 8.0 gm, 10 um {the point ¢ in

5 FIG. 8), 12 pum, and 16 um. FIG. 18 shows a‘distributioh
of intensities of returning light at a point épaced from
the Gaussian focal plane by 24 um (the point B in FIG. 8)
where the wavefront aberration is minimum.

As can be understood from FIGS. 12 through 18, the

10 point where the intensity of returning light is maximum is
not the point where the wavefront aberration is minimum
(the point B in FIG. 8), but the point which is spaced
from the Gaussian focal plane along the optical axis by
about 10 pm (the maximum spot intensity point, i.e., the

15 point C in FIG. 8), as shown in FIG. 15. The intensity of
returning light at this point is about 15% of the
intensity of returning light that is produced when reading
recorded information from a DVD. With this intensity of
returning light, it is possible to read the recorded

20 information from a CD at this point.

At the point B, the spherical aberration is .
appreciably large if the NA is about 0.15 or greater, as
shown in FIG. 19, and the resolving power is low because a
spatial frequency is 100 lines/mm, as indicated by an MTF

25 in FIG. 20. Therefore, at the point B, it is difficult to
read recorded information from the CD 10, which has
approximately 2.5 tracks/mm.

At the maximum spot intensity point, i.e., the point
C in FIG. 8, the spheriéal aberration is relatively small

" 30 if the NA_is in a range up to about 0.3, as shown in FIG.
21, and the resolving power is high because a spatial
frequency is 1000 lines/mm in the radial direction of the
disc (indicated by the curve R in FIG. 22) and in the
tangential direction of the disc (indicated by the curve T

35 in FIG. 22). Therefore, at the point ¢, it is possible to
read recorded information from the CD 10.



conventional optical pickup device, which is illustrated in FIG 4, used
with a CD;, FIG 6 is*a cross-sectional view of an optical pickup device of
an apparatus for recording information on or 15 reproducing information
froma recording nediumaccording to the present invention; FIG 7 is a

di agram showi ng an exanple of tracked rays of returning light in the
optical pickup device shown in FIG=-@&7 20 FIG 8 is a diagram show ng
the rel ationship between increases in the thickness of a substrate of a

recordi ng nmedi um and di stances from ssi an focal plane to given points;
FIG 9 is a di agr SARSSMiRnTdYa TReqde u?ﬁg‘f'\n@fn?@ ?‘ﬁt’é‘%ﬂalfir@g‘ €returning

light with tha® opt byadetsictiing detimwdnghdight fromGEhe ¢ e® withim DVD, FIG
10 is a di agraimaheihd iPREr bsabkt anar hat £ n\aﬁihuﬁahgp&p_tiweahspt,ﬁkuri device
shown in FIG G.used with a DVD, 30 : FIG 11 is a diagram show ng a
nmodul ation tr er function (MIF) with the optical pickup device shown in
FIG 6 usesl w th ZFIGVE3 Rhaws]Roimalkizgdagebtesrtarowiags sthtitsareb®i on of

15, and 20 um in terms of sides of square shapes. Each of
the normalized detector sizes is calculated by dividing
the length L of an actual detector (the photodetector
units of the photodiode 61) by a magnification m of the

10 objective 44 (L/m). Therefore, the actual dimensions of
detectors are calculated by multiplying the normalized
detector sizes by the magnification of the objective 44.
For example, if the magnificétion of the objective 44 is
7.2, then the actual dimensions of the detectors are 72 (=

15 10 X 7.2), 108 (15 x 7.2), and 144 (20 x 7.2) um,
respectively, in terms of sides of square shapes.

For reading recorded information from a DVD, the spot

of* returning light that is applied to the photodiode 61
for the NA = 0.6 is represented by a largest circle of all

20 concentric circles shown in FIG. 23. Therefore, for the
photodiode 61 to read recorded information from a DVD, the
normalized photodetector size therefor is required to be
of a square shape with each side of 10 um or greater.

FIG. 24 shows the relationship between the normalized

25 detector sizes and ranges of returning light for
respective NA values when reading recorded information -
from a CD . For detecting returning iight at the maximum
spot intensity point, it is neceSsary not to detect light
of the NA of more than 0.3, i.e., light with large

30 spherical aberration. As shown in FIG. 24, if the
normalized detector size is 20 pgm in terms of sides of a
square -shape, then it will detect light of the NA of 0.4
in its entirety. 1If the normalized detector size is 15 pm
in terms of sides of a square shape (particularly if the

35 normalized detector size of 20 pm is cut off at upper left
and lower right corners), then it will not detect part of



intensities of returning |light when the distance fromthe 35 Gaussi an focal
plane is O [errmwith the optical pickup device shown in FIG 6 used with
-a CD, FIG 13 is a diagramshowi ng a distribution of intensities of
returning light when the distance fromthe Gaussian focal plane is 4.0
[errImwith the optical pickup device-shewa in FIG 6 used with a CD; 5
‘FIG 14 is a diagramshowi ng a distribution of intensities of returning

| i ght when the djstan fromt ussi an focal_ plang is 8 0. [ertr]mwth
the optical pi cgk&% ]d‘él%\%cgfsg?aﬁm g’aEFI%G4’6 e&ff\f\’ng?h ?:[5}"?\%[“3% is a

di agr am show ngdeteftarn isigei showld prefaraply theed 6ofimr &€ uranimgml i ght when
the distance frpstdds: Grughiansiacalt plianendts deételctr Lightvidth theengpid cal

pi ckup devi ce sRhoyn, | I dwith a CD, FIG 16 is a diagram show ng
a distribution gf'xvrlln erlrgs;i ?Fégrgﬁ'yetur ning |ight when _the distance fromthe

15 Gaussi an 5 ocal (Feeauentdyy ok |9RARFt ho tFRAD FEreERed PRFmatiPre shown
in FIG 6 used firbh a I8D aRdGnotl 7to sletedtagetamrsingniliight «ff dthel Eatiwn of

excess of 0.3 when reading recorded information from a CD,
the normalized detector size should be in the range from
10 to 16 um. The photodetector thus has a normalized

10 detector size that is larger than a diameter of a spot on
the photodetector of returning light of a first numerical
aperture N, (0.6) from the DVD recording medium and smaller
than a diameter of a spot on the photodetector of .
returning light of a numerical aperture greater than a

15 second numerical aperture N, (0.3) from the CD recording
medium. o '

FIGS. 25A through 25C show specific configurations
for the photodiode 61. As shown in FIGS. 25A through 25C,
the photodiode 61 comprises photodetector units 61-1, 61-
20 2, 61-3. The photodetector unit 61-1 is used to read
recorded information and to control the objective 44 in
focusing servo operation, and has dimensions of 90 x 85 um
(it can be converted into a normalized detector size of
12.5 X 11.8 um because the magnification of the objective
25 44 is 7.2). The photodetector unit 61-1 is divided into
four segments A, B, C, D because thé focusing servo
operation employs the astigmatic method.
Inasmuch as the optical pickup device shown in FIG. 6
has the photodiode 61 that includes the photodetector unit
30 61-1 that is of a sufficiently small size of 12.5 x 11.8
pm for detecting returning light that is applied thereto
in a given fange (the NA is about 0.3), the optical pickup
device used to read recorded information from a DVD is
capable of reading recorded information from a CD, as
35 shown in FIG. 26.
' The photodetector units 61-2, 61-3 are used to



intensities of returning |light when the distance fromthe Gaussi an focal
plane is 16 [err]mwth the optical pickup 20 device shown in FIG 6 used
~wWith a CD;, FIG 18 is a diagramshowing a distribution of intensities of
returning light when the distance fromthe Gaussian focal plane is 24
[errImwith the optical pickup device shew in FIG 6 used with a CD; 25

FIG 19 is a diagram show ng spherical aberration with the optical pickup
device shown in FIG : di agram showi n

sed. with.a CO, . FIG 20 s a
U ot o nePBitel R GROPRR e 4 Ry fa-GRh BB P r ek L8 oun |
30 FIG 6 used weryoom@latips. 2However.dithgrehetadekentos pritiscSl-aberrati on
\ém'th t he ﬁpticalslphcxw dienidea sheuvrségmeﬁts GH m&eﬁd%t;heﬁtm F,G 22 is a
i agram show ng 3 in FIG 6
used with a CbO;- %P&wgﬁml?arf\g?e‘\?v% lﬁggﬁggi ?’é’d%hef%]c?ig%\ggt or - 12
_ 5 objective 44 also in dlfferentlal push—pu 1 tracking servo

operation.

+ For reading recorded information from the CD 10, the
objective 44 is controlled in the three-beam tracking
servo operation in which tracking laser beam spots are

10 positioned to irradiate radially inward and outward
portions, respectively, of a track that is being read at
present. The photodetector unit 61-2 detects returning
light from the tracking laser beam spot on the radially
inward portion, for example, of the track, and the

15 photodetector unit 61-3 detects returning light from the
tracking laser beam spot on the radially outward portion,
for example, of the track. .

When the track is properly followed by an information
playback laser beam spot, i.e., when there is no tracking

20 error, the two beams of returning light from the tracking
laser beam spots have the same intensity. However, when
the information playback laser beam spot is shifted
radially outwardly from the track, i.e., when a tracking.
error occurs radially outwardly from the track, the

25 'tracking laser beam spot on the radially outward portion
of the track has a reduced area overlapping the track, and
hence the intensity of returning ligﬁt reflected from the
tracking laser beam spot on the radially outward portion
of the track and applied to the photodetector unit 61-3 is

30 increased (since the track has pits for diffracting light,
the light reflected from the tracking laser beam spot that
has a reduced area overlapping the track has an increased
intensity). At the same time, the tracking laser beam
spot on the radially inward portion of the track has an

35 increased area overlapping the track, and hence the
intensity of returning light reflected from the tracking



sizes for the optical pickup device shown in FIG 6; FIG 24 is a view :
showi ng the rel ationship between nornalized photodetector sizes and ranges
-of returning light; 5 FI GS. 25A, 25B, and 25C are views of the
structure of a photodiode in the optical pickup device shown in FIG 6;

FIG 26 is a cross-sectional view of theooptical pickup device shown in
"FIG 6 used with a CD; FIG 27 is an enlarged view showi ng the positions of

10 | aser beam spots lied to d .recorded | nfor i on
therefrom FIG f%f ?eﬁﬁ‘ Eﬁ?"ér%fbg"h\‘?l Eﬁﬁgé"h]o AGVERE BIT gﬂ%) %€ | aser beam
spots applied teraclDADY aPPLIRA r@’c@h&eﬂ”‘?ﬁdﬁﬁ?&@‘énﬂ%ﬁéﬁ?oh’f 15
FIG 29 is a bl peducdagr @aonoérselye| ehbni tharintogaaeion qflaybacrppaseat us f or

recording 'nfOrﬁa&h%&n19rsﬁ§&éw%a@g%wfﬂ{mhugnf£&m§@ tggak di ng medium

according to the resent 1 nyvention are diagrans

showi ng ot hef 26-©corieguPat Tt LrEOphet TSt é'éfib?f{%llt"wlaﬁdﬂ-ﬁef%ﬂibar at us
shown in FIG 2§he Rixack3lthe éntdnsikidbagf armtofrningalighiyeefiecteal

generating a trggkhhe tr@bkxshgMBlsciC6ah#ll &bl oR the radially outward -
and inward portions of the track and applied to the
phoéodetector units 61-3, 61-2 are reduced and increased,
10 respectively.

The intensities of returning light reflected from the
tracking laser beam spots on the radially inward and
outward portions of the track, i.e., electric signals
outputted from the respective photodetector units 61-2,

15 61-3, are compared with each other. If the intensity of

' returning light reflected from the tracking laser beam
spot on the radially outward portion of the track is
greater, then the information playback laser beam spot is
shifted radially outwardly from the track. If the

20 intensity of returnlng light reflected from the tracking
laser beam spot on the radially inward portion of the
track is greater, then the information playback laser beam
spot is shifted radially inwardly from the track.
Consequently, the direction and amount of a tracking error

25 are known, allowing tracking adjustments to be made with
respect to the objective.

If the objective 44 is to be controlled in the three-
beam tracking servo operation for reading recorded
information from the DVD 20, then since the intervals

30 between the three laser beams are fixed at intervals for

' reading recorded information from a CD, i.e., intervals
corresponding to a track pitch of the CD 10, and the track
pitch of the DVD 20 is smaller than the track pitch of the
CD 10, the laser beam spots of the three laser beams are

35 not properly positioned with respect to tracks on the DVD
20, as shown in FIG. 28. As a result, it is difficult to



differential phase detection nethod; 25 FIG 32 is a diagram show ng
“how jitter varies when the nornalized detector size varies upon playing
-back a CD; FIG 33 is a diagram show ng the characteristics of a focusing

error signal and an RF signal upon playing back a 30 CD with a normalized
detector size of 16 [err]m FIG 34 is a_diagram show ng the

“characteristics of a focusing error si'gn%ill “and an RF signal upon playing
back a CD with a nornalized detector size of 10 {err]m FIG 35 is a

di agr am showi ng dfffecehasadd itrackin®fcantrblf 66 ueheBbrElecttivei gnal and an RF

agr ng d s e 2 i gnal
93 HG Be1s g Aeasdid ﬁé*wkﬁaggﬁﬂ% TR e N

signal and an RASSICGREFOLbwh iR &Pen ntigh QR BRI frark iRy se&vect or
size of 2 [err] mpeERGioB7fors readiiagr vecotted Agfobmattivy £Lopwr e iod of a 5

focusing errog sjgnakragdesdoiing egfor dRUFsH! BHEN TR GhaRt VRN deh a
normal i zed det.ecfi%rhtsgéglgéd Q:J re';‘.]tnlmgnrq'.qht rjeqions of each of the
bhotodetector units 61-1, 61-2, 61-3 across the track are
varied. 1In the differential push-pull tracking servo
operation, the quantities of light applied to left and
10 right regions are compared with each other, and the
tracking error is detected based on the difference between
the compared quantities of light.

FIG.-29 shows an electric arrangement of the
apparatus for recording information on or reproducing

15 information from a recording medium according to the
present invention. In FIG. 29, the photodetector unit 61-
1 of the photodiode 61 is used mainly to read recorded
information and also to control the objective 44 in
focusing servo operation, though it is partly used to

20 control the objective 44 in tracking servo operation. The
photodetector unit 61-1 is divided into four segments A,
B, C, D each for converting detected light into an
electric signal.

The segment A is connected to adders 72, 95 for

25 outputting an electric signal thereto, and the segment B
is connected to adders 71, 96 for outputting an electric
signal thereto. The segment C is connected to the adders
72, 96 for outputting an electric signal thereto, and the
segment D is connected to the adders 71, 95 for outputting

30 an electric signal thereto.

The photodetector units 61-2, 61-3 are used to
control the objective 44 in tracking servo operation. The
photodetector unit 61-2 is divided into segments E, F each
for converting detected light into an electric signal.

35 The segments E, F.are connected to an adder 88 and a

subtractor 98 for outputting respective electric signals



A

FIG 38 is a diagramshow ng the characteristics of a focusing error signal
and an RF signal upon playing back a DVD with a nornalized detector size of
8 [err]m 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FI G 6 shows
in cross section an optical pickup device of an apparatus for recording

information on or reproducing information froma recordi ng nmedi um accordi ng
15 to the present invention. As showr 2B FIG 6, the optical pickup device
conprises an LD 41 (light generating neans) for generating a | aser beam

havi ng a wavel ength of 650 or 635 n a grating 42 faor. dividing the |aser
beam gener at e'ah%%“'tch'e LTI§Q4P?’1'° %eitﬁfr%grl‘g%’e Yeaie-s g"l?fé&ﬁ'fisﬁf‘g?ter 43 20
for separati ngegientsasyr Hearh ppl cedventing etmratitiegl tdghttmiand daser
beans reflectgg the [-8C0r dihag Lhex apd "R tddGhedsbhogBt Lgmto the
refl ected Iasgreéﬁgﬁi, ghagb'ectivgggg zg%pl'i neaqﬁé for aggléﬁng t he

0

yin

| aser beam t o2€%&F &t AW Ry F@HEOFh ?’éc‘f‘?‘%&‘% Fefgesta8enuneri cal
aperture (BlA) edéctric sirthadsplthierditode 61 (phot odet ector neans) for
detecting the refl ; ot adi ' ssmal |
phot odet ect or uni t@.% %ﬁjedﬁgilogﬁ?gglgkgge?@%t%%ﬁ? the WUCRS i

returning I'ight
(reflected |i §hepabhtBIERRFRAS Hine™ thecHesReRY HERI %l%mﬁé‘,tsaﬁd Boeg Ehe

photodetector unit 61-1, and outputs a sum signal to an
adder 73. The adder 72 calculates the sum of the electric
10 signals outpdtted from- the respective segments A, C of the
photodetector unit 61-1, and outputs a sum signal to the
adder 73. . _
The adder 73 calculates the sum of the signals from
the adders 71, 72, i.e., the sum of the electric signals
15 outputted from the segments A, B, C, D, and outputs a sum
signal through an ampiifier 74 to an equalizer 75
(equalizing means) and a smoothing circuit 7s6.
- The equalizer 75 processes the electric signal
detected by the photodetector unit 61-1 as being read from
20 the recording medium to emphasize high-frequency
components thereof compared with low-frequency components
thereof according to predetermined equalizing
characteristics, and outputs the processed signal to a
binary signal generator 78. The equalizer 75 can change
25 its equalizing characteristics depending on an output
signal from a comparator 77 (decision means) that
represents the determined type of the recording medium
being read. Since the DVD 20 stores information recorded
at a2 higher density than the CD 10, the egualizer 75
30 emphasizes signal components of higher frequencies when
the DVD 20 is played back than when the CD 10 is played
back.
The smoothing circuit 76 smooths the supplied signal
and outputs the smoothed signal to the comparator 77.
35 The comparator 77 stores, as a reference value, a
value that is twice the output voltage produced by the



30 detect any returning light that falls outside of the predeterm ned
range. The sizes of the photodetector units of the photodi ode 61 w ||
descri bed below. FIG 7 shows tracked rays of returning light in the 35
optical pickup device shown in FIG 6 in the case where the thickness of a
substrate of a recordi ng nedi um has - 14 - increased by 0.1 mmfrom0.6
mm (the thickness of the substrates 21,_31 of the DVD 20) to 0.7 mm As
shown in FIG 7, the farther the |ight 4pplied to the photodiode 61 is
spaced fromthe optical axis, i.e., 5 the larger the NA for the |ight
the greater tl@sﬁto@'\:ﬁﬁﬁecélpauw"ﬁé‘ vhhﬁ, faO@bS%@ eghat S’?f theylyghfe | s Spaced
fromthe Gaussi g I.S h hen t he, f ocused poi nt
spaced fromtﬁé‘%ﬁ‘ éﬁaﬁ fB%té‘feTﬂ at'ﬁbe t}f“’z?doﬁtf § EePPERIE | #1992 NA i s 0. 6,
t hen the focupeddpoerdt bgOthe sswpetdeihd radmauié @&uwbeanafobals ptee dna about

8.3 [err]m |%hb“§e9éieo¥h€ﬁ§ 6$Ebﬁi“
nedlun1hasg ncrease
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g 6 mMmm from O.
rcuit 76 when a DVD is read. The comparator 77 compares

the output signal from the smoothing circuit 76 (the
output voltage produced by the smoothing circuit 76 when a
DVD is read is about three times the output voltage
produced by the smoothing circuit 76 when a CD is read)
with the reference value for thereby determining the type
of the recording medium. The comparator 77 then outputs a
signal representing the determined type of the recording
medium to the equalizer 75, a PLL (phase-locked loop) 80,
and a selector switch 91. '

The binary signal generator 78 asymmetrically
corrects the equalized signal outputted from the equalizer
75, converts the corrected signal into a binary signal,
and outputs the binary signal to a demodulator/ECC circuit
79 and the PLL 80.

The demodulator/ECC circuit 79 corrects errors
contained in the supplied signal, demodulates binary data
according to a clock signal supplied from the PLL 80, and
outputs a video signal and an audio signal (only an audio
signal when a CD is played back) to a processor 81.

The PLL 80 generates a clock signal from the signal
supplied from the binary signal generator 78 and outputs
the clock signal to the demodulator/ECC circuit 79. Since
clock frequencies used to demodulate the binary data from
the DVD 20 and the CD 10 are different from each other,
the PLL 80 supplies a clock signal having a frequency
corresponding to the type of the recording medium
depending on the output signal from the comparator 77 to
the demodulator/ECC circuit 79.

When supplied with both the video signal and the
audio signal from the demodulator/ECC circuit 79, the
processor 81 outputs the audio signal to a speaker 82, and

be
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1.2 mm (which is the thickness of the substrate 11 of the CD 10), the

'di stance by which the focused point is spaced 15 fromthe Gaussi an focal
‘plane if the NAis 0.6 is about5l.8 [err]m(=8.3 [err]mXx 0.6 m10.1 m).
As a result, the focused point is widely spaced fromthe Gaussi an focal
plane. FIG 8 shows the relationship between increases At in the thickness
of .a substrate of a recording medium-2¢4 (starting froma thickness of 0.6
nm at point A which is the thickness of each of the substrates 21, 31 of
the DVD 20), and distances fromthe Gaussian focal plane to given points,

i .e., a point owkepEstERe | Vigro gfianed MR of CBT683s cheersymplimdpeiith wher e

mvef ront a?ebh?yl an?(&mioleslg%&l rf'rf&:lmrm.ﬁle aaﬂloaup@t&.t/dm tél"i‘-cﬁﬁtt' 93!, gf'GS
ere a spo ensli evij.ce snown |n
6 being used vﬁp‘ﬁh ﬁoﬁéﬁscﬁf%sog%{:ﬁdlécst% 8& AP %l?ﬂaﬁlfé’ e SpEAiFEcal |y,

in the case w8@re the thickness of the 30 substrate is 0.6 nmm (the increase

At in thg tshlh cknesg gﬁb@rmar te?e dﬂd&tla\d@@.r ehbhaikiahin&d Bét%z(fﬂlﬁh%eo 6t'5
on t e opt i caruliyi BUsHEEESq By che AHIRE! 3’ P6e e LRI Sianadds { | oned
on the Gaussi afnr035theca¢=qp¢atﬁe B.I D tdfe thes phabedetedtor hnﬁ«nms-lofanahe '
the sum, outputted from the adder 72, of the output
51gnals from the segments A, C of the photodetector unit
10 61-1, i.e., the subtractor 84 calculates (b + d) - (a + c)
where a, b, ¢, d represent the output signals from the
respective segments A, B, C, d, and outputs the calculéted
difference as a focusing error signal through an amplifier
85 to a focusing servo circuit 86.
15 In response to the supplied focusing error signal,
the focusing servo circuit 86 controls a focus actuator 87
to move the objective 44 along the optical axis for making
the light spot on the photodetector unit 61-1 circular.
The adders 88, 89 calculate the sums of the electric
20 signals outputted from the respective photodetector units
61-2, 61-3, and output sum signals to a subtractor 90.
The subtractor 90 calculates the difference between the
output signals from the adders 88, 89, and outputs a
differential signal as a tracking error signal at the time
25 a CD is read to the selector switch 91.
At this time, the tracking error signal (three-beam
tracking error signal) outputted to the selector switch 91
is expressed by (e + £) - (g + h) where e, £, g, h
represent respective electric signals corresponding to the
30 quantities of light detected by the segments E, F, G, H.
The subtractors 98, 99 calculate the differences
between the electric signals outputted from the respective
photodetector units 61-2, 61-3, and output differential
signals to an adder 100. The adder 100 calculates the sum
35 of the differential signals, and outputs a sum signal
through an amplifier 101 to a subtractor 102.



substrate increases, these points are spaced farther from - 15 - the
Gaussi an focal plane by distances that are different for each particul ar
-point. If the optical pickup device shown in FIG 6 is used with a CD where
t he thickness of the substrate is 1.2 nm5 (the increase At in the
thickness is 0.6 mm, then the distance of the point where wavefront
aberration is mninmumfromthe Gaussi anz6o€al plane is about 24 [err]m as
i ndicated by a point B, and the point on the optical axis where the spot
intensity is maxinmum (maxinum spot 10 intensity point) is spaced fromthe
Gaussi an focal pl af@ep@PPRBAEe¥01Pe 2R 1L %ﬁecétlaaaﬁysapabm fromsj nce
the optical pitHaipdderi ceosbhgwa ppedéteribimatifartdor K3saandnpatpits dor use
with a DVD, e. : LD t t] o forth, when the optical
pi ckup 15 ovi p1ielSd Bidhaa! B SR8 LGN %0 O LN, i ndi cat ed by
the point A, retur fh%g 988kt 9RaS24cylteti @i ISpmhiodh thet éAsFtyicas shown in
FIG 9, andsalstinfialzo ohtlpatitedl £ebrrthé i sdgnenty aueeds &heshown in

photodetector unit 61-1, and outputs a sum signal to a
subtractor 97. The adder 96 calculates the sum of the
electric signals outputted from the segments B, C of the
photodetector unit 61-1, and outputs a sum signal to the

10 subtractor 97. The subtractor 97 calculates the
difference between the output signals from the adders 96,
97, and outputs a differential signal to the subtractor
102. -

The subtractor 102 calculates the difference between

15 the signal from the amplifier 101 and the signal from the
subtractor 97, and outputs a différential signal as a
tracking error signal (a differential push-pull tracking
error signal) at the time a DVD is read to the selector
switch 91.

20 If it is assumed that the electric signals outputted
from the segments A, B, C, D, E, F, G, H are represented
by a, b, ¢, d, e, £, g, h, respectively, and the amplifier
101 has an amplification factor K, then the tracking error
signal outputted to the selector switch 91 is represented

25 by (b+c) - (a+d) —K{(e - f) + (g - h)}.

If the recording medium currently being played back
is the CD 10, as indicated by the output signal from the
comparator 77, then the selector switch 91 selects the
output signal, i.e., the three-beam tracking error signal,

30 from the subtractor 90, and supplies the selected three-
beam tracking error signal through an amplifier 92 to a
tracking servo circuit 93 (control means). If the
recording medium currently being played back is the DVD 20
as indicated by the output signal from the comparator 77,

35 then the selector switch 91 selects the output signal,
i.e., the differential push-pull tracking error signal,



FIG 10. A nodulation transfer function (MIF) that 20 represents the
resol vi ng power of the optical systemis good for both the radial direction
of the disc (indicated by the curve Rin FIG 11) and the tangenti al
direction of the disc (indicated by the curve T in FIG 11). In the case of
appl ying the optical pickup device for use with the DVD to the CD, the
results of cal cul ations of intensitigszéﬁ_ returning light at given points
bet ween the optical axis and the point”where the wavefront aberration is

m ni mum (the point Bin FIG 8) are shown in FIGS. 12 through 18. FIG 12
shows a di stigowt tRE ShbtrdEESH liES, @Ind uppliay thghéeBdctiedoi Nt on the

- Gaussi an focal, plane,.i,e.. a3 oi nt .spaced fromith ussi.an .f ocal
pl ane by 0 [gPF%ﬁFeana}tp?ingé&ﬁnufﬁﬁ# %tﬁErPEt%h%??§ gt SReng 1 ght
when t he opt iappllifiekup2 dewithe i trapkihg seryadcitewttieB i nformati on from a

DVD is 1, then theni pbepshit e€o Ofhd Guppliiea kir8Bkif§ovkrd fidnail2 are only
about 5% of the |ntegs aggagfnce t he recorded

ot or mati ah Gl SERBELPENECT TR RE KD RCEOR0] At Cracking ackuatr
94 to move the objective 44 in a direction perpendicular
to the track to apply the laser beam on the track of the
information recording layer.

A process of determining the type of the recording

10 medium being played back by the apparatus shown in FIG. 29
' will be described below.

First, returning light of the laser beam that has
read recorded information from the recording medium is
detected by the four segments A through D of the

15 photodetector unit 61-1, and converted thereby into
respective electric signals a, b, c, d. The electric
signals are then added into a sum signal (a + b + ¢ + qa)
by the adders 71 through 73. The sum signal (a + b + c +
d), which represents the intensity of the returning light,

20 is supplied through the amplifier 74 to the smoothing
circuit 7s6.

The smoothing circuit 76 smooths the supplied signal
and outputs the smoothed signal to the comparator 77. The
level of the smoothed signal that is produced when a DVD

25 is read is about three times the level of the smoothed

-signal that is produced when a CD is read. Therefore, the

comparator 77 compares the smoothed signal with a .
predetermined reference value, i.e., a value intermediate
between the level of the smoothed signal produced when a

30 CD is read and the level of the smoothed signal produced
when a DVD is read. If the recording medium currently
being read is- the DVD 20, then the comparator 77 outputs a
positive signal, for example, and if the recording medium
currently being read is the CD 10, then the comparator 77

35 outputs a negative signal, for example.

A focusing servo process carried out by the apparatus



FIGS. 13 through 17 show respective distributions of.intensities of
returning light at points that are spaced fromthe Gaussi an focal plane

‘al ong the optical axis by respective distances 4.0 [err]m 8.0 [err]m 10
[err]m (the point Cin 5 FIG 8), 12 [err]m and 16 [err]m FIG 18 shows a
distribution of intensities of returning light at a point spaced fromthe
Gaussi an focal plane by 24 [err]n1(tju5ixy nt Bin FIG 8) where the
wavefront aberration is mninmum As can be understood fromFIGS. 12 through
18, the 10 point where the intensity of returning light is maxi numis not
the poi nt wheréwh hen S raanty jahe vealdiegBribedi Bé IdW (the point Bin FIG

8), but the point V\/m h |s ‘%9‘] %%r%rprgnﬁﬂ%ugyége pch q:c{ I%n% al ong the

optical axis by ab out e Taxl| mm spot 1 nt*ensi i.e.,
the 15 poi nungti a1l @orgyer%ge;mmngn lipt that imcdetratesd tlyltgf

returning i Qabp&btﬂ?é Selsut¥id %ﬁﬁmts 25%00f cf he. | Nt sdddexofzar et urni ng
l'ight tha gu en reaﬂ%qg rded i nation froma DVD. Wth
this |nte%5|F9 ? urn WW g§55|gf% T4 1 ¥sPa% recorded 20
i nf or mati on font;putatezb £xron mr@ pmsnectﬁwet segpenhs B, Bhambithe adder
aberration i 9appigeiabey trd Bun f(d he HAdeStaBOEieOedfc UigHAat er, as
shown in FI G, 13utBlY £06n "G80 MNL AR sednb¥s PECAHSE fie
subtractor 84 then calculates the difference ((b + d) - (a
10 + ¢)) between the sums (b + d) and (a + ¢). The
differential signal from the subtractor 84 is supplied as
a focusing error signal through the amplifier 85 to the
focusing servo circuit 8s. .
When the spot of the returning light applied to the
15 photodetector unit 61-1 is of a circular shape, the
focusing error signal supplied to the focusing sexrvo
circuit 86 is of a zero level. When the spot of the
returning light applied to the photodetector unit 61-1 is
of an elliptical shape whose major axis is directed
20 through the segments B, D, the focusing error signal
supplied to the focusing servo circuit 86 is of a certain
positive level. When the spot of the returning light
applied to the photodetector unit 61-1 is of an elliptical
shape whose major axis is directed through the segments A,
25 C, the focusing error signal supplied to the focusing
servo circuit 86 is of a certain negative level.

Depending on the sign and level.of the focusing error
signal, the focusing servo circuit 86 controls the focus
actuator 87 to move the objective 44 along the optical

30 axis to make the spot of returning light on the
photodetector unit 61-1 circular.

As described above, based on the principles of the
astigmatic method, the quantity of light detected by the
segments B; D of the photodetector unit 61-1, and the

35 dguantity of light detected by the segments A, C of the
photodetector unit 61~1, are compared with each other to



spatial frequency is 100 lines/mm as indicated by an MIF 25 in FIG 20.
Therefore, at the point B, it is difficult to read recorded information
fromthe CD 10, which has approxi mately 2.5 tracks/nmm At the naxi num spot

intensity point, i.e., the point Cin FIG 8, the spherical aberration is
relatively small 30 if the NAis in a range up to about 0.3, as shown in
FIG 21, and the resolving power is hi because a spatial frequency is

1000 lines/nmin the radial direction of the disc (indicated by the curve R
in FIG 22) and in the tangential direction of the disc (indicated by the
curve T 35 i ndEItGrmZﬂ)a tHéed f extel oritaridh agBiiRLAE, of t a | SofaSiFiglerrior ,r ead

recorded i nforpgt ltggf %&%Ne R Jlfgb m°3'§degilrpﬁ%%§q8§n€ﬁé/ dgﬁ@%ﬁ%ﬁ

information i s rea urnin mthe CD

10 within an IQArteSﬁéénuﬁn@om%%’cﬁuQF ?fatthﬁé"ﬁ&ﬂ-ﬁﬂn?‘éﬁ%‘f ynslensi ty point.
5 FI G Zdcalsanwg serwal caweralet ect or sizes that are 10, 15, and 20

[err] in tqgns of ii@§§cﬂinaq§é%6%fﬁyﬂgﬁ§s %%%Qi%ﬁ out by the apparatus
shown in FIG. 29 will be described below.
The photodetector units 61-2, 61-3 converts the
quantities of returning light detected by the segments E,
F and G, H into respective electric signals e, £ and g, h,

10 and outputs the electric_signals e, £ and g, h to the
respective adders 88, 89. The adders 88, 89 supply
respective sum signals (e + f) and (g + h) to the
subtractor 90, which calculates the difference ((e + £) -~
(g + h)) between these sum signals (e + £) and (g + h),

15 and outputs the differential signal as a three-beam
tracking error signal to the selector switch 91.

The subtractors 98, 99 calculate the differences (e -
f) and (g - h) between the quantities of returning light
detected by the segments E, F and G, H.

20 The segments B, C of the photodetector unit 61-1
output respective electric signals b, c converted from the
quantities of returning light detected thereby to the
adder 96, and the segments A, D of the photodetector unit
61-1 output respective electric signals a, d converted

25 from the guantities of light detected thereby to the adder
95. These adders 95, 96 calculate the sums (b + c¢) and (a
+ d) of the electric signals from the segments B, C and A,
D, and output the sum signals to the subtractor 97.

The subtractor 97 calculates the difference ((b + c)

30 - (a + 4d)) between the sum (b + c) of the electric signals
from the segments B, C and the sum (a + d) of the electric
signals from the segments A, D, and outputs the
‘differential signal to the subtractor 102.

' The subtractor 98 calculates the difference (e - f)

35 between the electric signal e converted from the quantity
~of returning light detected by the segment E of the



the nornalized detector sizes is 'calculated by dividing the length L of an
actual detector (the photodetector units of the photodi ode 61) by a
nmagni fi cation mof the 10 objective 44 (L/m. Therefore, the actual

di mensi ons of detectors are calculated by nmultiplying the normalized
detector sizes by the magnification of the objective 44. For example, if

t he magni fication of the objective 44 |% then the actual dinensions of
the detectors are 72 (= 15 10 x 7.2), g (15 X 7.2), and 144 (20 x 7.2)

[err] respectively, in ternms of sides of square shapes. For reading
recorded inforpRétsdetdstivr uife sihe apattwé éﬁtwﬁcﬂgsﬂgr@ht gthat is

applied to the hot gdi 61 for t he S I e est
circle of all 58“ Cﬁ |qé‘§“tr'¥€§5m°9 N ‘gmﬂ% %&e%&?écgfgaﬂg
phot odi ode 61 tbetmn@'étd’r d:t;fd ther phekefleheetom wnivs 1 the andr eukputs
phot odet ect or ghgeai fedRditiid1S JiRfdl" @8 tRebgadér a1 Goluarmhes kaprruttBreach

ormal 1 zed 36 48 SeIEHTRNR. e X er3888T (Bt B E R T Ih A0 FEEREE | ve

NA val ues whensignail rg ¢QﬁXﬁHﬁ§ﬂ|ﬁﬁhﬂ’¢Bﬁlqnantehyepilretqhn1HQEﬂeqhtng

returni ng i ghheé‘&céﬁl:? X&HEJ@ ntl &l 8ASth¥ ﬂ%ﬁdeﬁécﬁo"r RGERSEALY not to

detect |ight OLn& the e ecgggéaélgnaf)g cohverteé £Eomv¥ﬁg]4&gﬁilty of
returning light detected by the segment H of the

10 photodetector unit 61-3, and outputs the differential
signal to the adder 100. The adder 100 calculates the sum
((e - £) + (g - h)) of the supplied differential signals,
and outputs the sum signal to the amplifier 101.

The amplifier 101 amplifies the supplied sum signal

15 by the amplification factor K, and outputs the amplified
signal (K((e - £) + (g - h))) to the subtractor 102.

The subtractor 102 calculates the difference (((b +
c) - (a+4d)) - K((e - £) + (g - h))) between the output
signal ((b + c) - (a + d)) from the subtractor 97 and the

20 output signal (K((e - £) + (g - h))) from the amplifier
101, and outputs the differential signal as a differential
push-pull tracking error signal to the selector switch 91.

As described above, the selector switch 91 is
‘'supplied with the output signal from the comparator 77.

25 If the output signal from the comparator 77 is positive,
indicating that the recording medium is a DVD, then the
selector switch 91 selects the differential push-pull
tracking error signal from the subtractor 102, and
supplies the selected differential push-pull tracking

30 error signal through the amplifier 92 to the tracking
servo circuit 93. _

If the output signal from'the comparator 77 is
negative, indicating that the recording medium is a CD,
then the selector switch 91 selects the three-beam

35 tracking error signal from the subtractor 90, and supplies
the selected three-beam tracking error signal through the



—

30 spherical aberration. As shown in FIG 24, if the normalized detector
size is 20 [err] in terns of sides of a square-shape, then it will detect
1ight of the NA of 0.4 in its entirety. If the normalized detector size is
15 [err] in terns of sides of a square shape (particularly if the 35
normal i zed detector size of 20 [err] is cut off at upper left and | ower
right corners), then it will not detecsopart of - 18 - the light of the
NA of 0.4. Therefore, the normalized detector size should preferably be 16
Am at maxi mum becauyse at this size it wll not detect |light of the NA of
0.4 in its edpidfjers92 to thy ergking perve §iHeR1to%?ead recorded

i nformati on from anD¥YEspBfsaotot eheledguil ifeet wraickgnbi ghtopfsidwalNA in

excess of 0. r [ n o] Wl ' r a normal i zed
det ect or sizéjéaggﬁﬁﬁggbi%e%ﬁé égﬁg%i y%##gﬁ#q%§i%6gﬁgrngﬁﬁ%pghotodetector
thus has a naaRateEd 9¢otodepret Bhe sphieqtiite 44 Latger PRERCR di aneter of a
spot on the RPudiadencpetbenlitalas Iy Neo |trghttr@lcka first nunerical aperture

[err] (0.6) fromthe BYD.Le§oLdLR0; Iedi i A4, 318/e®in the tracking
servo process to apply the laser beam.to the desired track
at all times for thereby obtaining appropriate returning
light.

10 A process of reading recorded information from the
recording medium will be described below.

Returning light representing read recorded
information is detected by the four segments A through D
of the photodetector 61-~1, which convert the returning

15 1light into respective electric signals a, b, c, d. The
adders 71 through 73 calculate the sum (a + b + ¢ + d) of
the electric signals a, b, ¢, d, and supplies the sum
signal as representing the intensity of the returning
light through the amplifier 74 to the equalizer 75.

20 Based on the output signal from the comparator 77,
the equalizer 75 equalizes the signal supplied from the
amplifier 74 with equalizing characteristics corresponding
to the recording medium being played back. Then, the
equalizer 75 outputs the equalized signal to the. binary

25 signal generator 78. The binary signal generator 78
corrects the signal and converts the corrected signal into
a binary signal, which is outputted to the demodulator/ECC
circuit 79 and the PLL 80.

The PLL 80 generates a clock signal from the signal

30 supplied from the binary signal generator 78 depending on
the type of the recording medium based on the output
signal from the comparator 77, and outputs the clock
signal to the demodulator/ECC circuit 79. The
demodulator/ECC circuit 79 corrects errors contained in

35 the supplied signal, and demodulates binary data according
to the clock signal supplied from the PLL 80. If the



than a dianeter of a spot on the photodetector of returning Iight of a
nunmeri cal aperture greater than a 15 second nunerical aperture N2 (0.3)
“fromthe CD recording nedium FIGS. 25A through 25C show specific
configurations for the photodi ode 61. As shown in FIGS. 25A through 25C,
_the photodi ode 61 conprises photodetector units 61-1, 61- 20 2, 61-3. The
"phot odetector unit 61-1 is used to read recorded information and to control
t he objective 44 in focusing servo opefhtTon, and has. di nensi ons of 90 x 85
[err] (it can be converted into a nornalized detector size of 12.5 x 11.8

Lert] because Lhe f1R0MpLLIah! 90 81chneuiphl 51d WenBdurdfol Jededir ol

phot odet ect or Tt rded Thto Tour ause

t he focusi ng 7fecpdpybsr at F’G}‘PG%?E?@ i i it #EFhBE°°¢ﬁ%%1FTLﬁ:h as the
optical pickur deid Gecoraingi nefitn Hs haDube tmhmt deOdemG&ulﬂaér)E@ udes

he phot od f
1205 x 116 (o diephta kBl et AR el ShLY SPhnd 65 000 i n

a given raﬁm&?ﬂ%lﬂ?q$@559ra§éut 0.3), the optlcal p|ckup devi ce used to read
recorded i nformat mm; fgr@aaeasastn_soﬁep_m eeld awHd B3ghatoedegne nf or mat i on

froma CD, assp?’e5a er OV& ! %n'czll Gifzgulaplled with the video signal, also
outputs the video signal to the CRT 83.
As described above, recorded information from a CD
10 and a DVD is read, equalized, corrected, demodulated, and
then.outputted to the speaker 82 and the CRT 83 for
reproduction. .

In this manner, recorded information is read

selectively from the CD 10 and the DVD 20 while under
15 focus and tracking servo control to reproduce video and
audio signals. _

The photodetector unit 61~1 is shown as being of a
substantially octagonal éhape in FIG. 25B. However, the
photodetector unit 61-1 may be of a square shape as shown

20 in FIG. 30A. Alternatively, in order not to detect
unwanted light, i.e., 1i§ht of the NA of 0.4, as shown in
FIG. 24, the photodetector unit 61-1 may be of a hexagonal
shape produced by cutting off two opposite corners of a
square shape, as shown in FIG. 30B, or may be of a

25 circular shape, as shown in FIG. 30C.

In the apparatus shown in FIG. 29, the tracking servo
process is based on the three-beém tracking servo method
or the differential push-pull tracking servo method.
However, the tracking servo process may be carried out

30 according to the differential phase detection (DPD)
method. According to the differential phase detection
method, as shown in FIG. 31, the electric signals
outputted from the segments A, C of the photodetector unit
61-1 are added by the adder 72, and the electric signals

35 outputted from the segments B, b of the photodetector unit
61-1 are added by the adder 71. Then, the sum signals



————

The ‘phot odetector units 61-2, 61-3 are used to - 19 - control the
objective 44 in so-called three-beamtracking servo operation. However, the
phot odet ector units 61-2, .61-3 are divided into segnents G H and segnents
E, F, respectively, for making it possible to control the 5 objective 44
also in differential push-pull tracking servo operation. For reading
Tecorded information fromthe CD 10, the objective 44 is controlled in the
t hr ee- beam tracki ng servo operation in ich tracking | aser beam spots are
10 positioned to irradiate radially inward and outward portions,

respectively, QtpRtteaCkrbiiatné Sadigdrly) 71626 2atk rar %%ﬁP&rea- hen Ripidet ect or
unit 61-2 detect retgrnkgg Igght fromthe tr%&klnqo aser. heam spot on the
radi al |y i nward FoPRCEnCtheF BY aAtRASHCPRATARLEK 104n YR HE BFoduces

phot odet ect or auphias@ledrdet eignal casiraittpdkigigt efrrom shgnakacki ng | aser

beam spot on the radicahbynguivetfle RO #tdiendidn Praskl Getoéeidif ddrady, Wen

the track is properly fol]dowed by an jnfarmati on
5 [éiA%e aytrackgng er%or signa can %e generated only from

the returning light reflected from the information
playback laser beam spot, the tracking spots, and hence
the photodetector units 61~2, 61-3, and the selector
switch 91 may be dispensed wifh.' Therefore, the output

10 signal from the phase comparator 101 may be outputted
directly to the amplifier 92.

The principles of generation of a tracking error
signal according to the differential phase detection
method are disclosed in Japanese patent publication No. 5-

15 800535, for example.

If a tracking error signal is generated acéording to
the differential phase detection method and a focusing
error signal is generated according to the astigmatic
method, then recorded information may be reproduced from

20 Dboth the éD.lo and the DVD 20, and the tracking servo and
the focusing servo processes may be carried out, using
only the output signéls from the photodetector unit 61-1.

For actually reproducing recorded information from

the CD 10 and the DVD 20, it is necessary to detect

25 reflected light suffering small aberration and having a
level greater than a predetermined level, and also to take
other conditions into account.

For example, as shown in FIG. 32, when a CD is played
back, jitter varies as the normalized detector size

30 varies.

FIG. 32 shows how jitter varies when the normalized
detector size varies while the focusing servo process is
carried out according to the astigmatic method and the
tracking servo process is carried out according to the

35 differential phase detection method. 1In FIG. 32, the
solid-line curve represents calculated values produced by



pl ayback | aser beam spot, i.e., when there is no tracking 20 error, the two
beans of returning light fromthe tracking | aser beam spots have the sane
‘intensity. However, when the information playback | aser beam spot is
shifted radially outwardly fromthe track, i.e., when a tracking error
.occurs radially outwardly fromthe track, the 25 tracking | aser beam spot
on the radially outward portion of thesgrack has a reduced area overl appi ng
the track, and hence the intensity of returning light reflected fromthe
tracking | aser beam spot on the radially outward portion of the track and

applied to the qempubert sémulabhdn Blo@Ess, 3Md beecgdwdulsindetshe track has

pits for diffiiflddRat! edBbrihBAth) 0¥41d&f] ected fromthe tracking |aser

beam spot that "has a hgduced g&ea over) ingg}he Lrgﬁk has an ingcreased

intensity). At th&SsEREYRi hB, Fifie % ack ' 29&malazhrsg6Fe6hoY netsedi al | y
i nward porti ais dfod Hargeackihee the 3photmiaiasdwranadtodetkappi highte track,
and hence § NedrilAiiting nibn! 8bkBhfoh | (igHedee! adrbeomh) hesitagking -

20 - |l aser be Spot on the radiall i nward portion o
5?91$§ncrease. y P

If the normalized detector size is too small, it wili
be difficult to Keep a spot of reflected light in a given
position on the photodetector unit due to requirements for

10 the tracking servo control and the focusing servo control
and also the attachment accuracy. As a consequence, the
photodetector unit is unable to detect a sufficient
guantity of returning light, resulting in increased
jitter.

15 '~ If jitter increases in excess of 8%, then recorded
information cannot substantially be reproduced from the
recording medium. Therefore, jitter should preferably be
reduced to 8 % or less. In order to lower jitter to 8 %
or less, the normalized detector size should be at most

20 about 16 um and at least about 1.8 pum.

In order to lower jitter to 7% or less, the
normalized detector size should be at most about 14 um and
at least about 2 um.

However, as shown in FIG.'32, if the normalized

25 detector size is nearly of 2 pm, jitter increases sharply

| even if the normalized detector size suffers slight
variations. From the practical standpoint, therefore, the
normalized detector size should preferably be at least 4
pm.

30 | An RF signal, i.e., the sum of the electric signals
outputted from the segments A through D of the
photodetector unit 61-1 shown in FIG. 29, and the focusing
error signal according to the astigmatic method vary as
the normalized detector size varies, as simulated in FIGS.

35 33 through 38.

FIGS. 33 through 36 show how the RF signal and the



track and applied to the photodetector unit 61-2 is reduced. Conversely,
when the information playback | aser beamspot is shifted radially inwardly
fromthe track, 5 i.e.; when a tracking error occurs radially inwardly
fromthe track, the intensities of returning light reflected fromthe
tracking | aser beam spots on the radially outward and i nward portions of
the track and applied to the photodetgcg r_units 61-3, 61-2 are reduced and
i ncreased, 10 respectively. The intensities of returning light reflected
fromthe tracking | aser beam spots on the radially i nward and outward

portions of thdukdal, ekrér, seyral rvdarysivgizal a eot pBt pedyéd dadbadiggpect i ve

phot odet ect or Lts.6%-2, . - £ C I | each other. I'f the

i ntensity of rpglt J’roﬁllgée%i Bé?l?gﬁégﬂa:fdlﬁer%%%ﬁggfygggfﬁgsfﬁ%%ﬁéelfm spot on

the radially ¢mdOdipor ¢i R, ofnd he #Radlespecyiveiyr, FREH. t3z amd @emat i on

pl ayback | asersHapamowPehel ﬁFSBi?ﬁaﬁiIi dredliwd )fdé:h&b\ﬂﬁ@déi‘réfogiiﬂﬂ tJﬁy- I f
aser

the 20 intensity of turni Lght reflected framthe tracking | beam
spot on the re‘i’dﬁ%’l By D&ﬁmé?dpg%}f?‘lag%a%ﬁ 159 ngngﬁolgéoégga{x%p’.nq hen t he

i nfor mati on pinprwadidizedsphobedetepbor isizgd fafed padadfll § kpmwardly fromthe
track. Consequeii¥gestitBeydi rection and anount of a tracking error v

As shown in FIG. 33, when a CD is played back using
the photodiode having the normalized photodetector size of
10 16 um, the focusing error signal does not have a so-called
' S curve, but rather has a large minimal value (V-shaped
notch) in a positive range, making it difficult to effect
the focusing servo process stably.

As shown in FIG. 34, when a CD is played back using

15 the photodiode having the normalized photodetector size of
10 um, the focusing error signal has a somewhat high
positive level, resulting in characteristics that make it
possible to carry out the focusing servo process.

As shown in FIG. 35, when a CD is played back using

20 the photodiode having the normalized photodetector size of
4 pm, the focusing error signal has a relatively distinct
S curve. When a CD is played back using the photodiode
having the normalized photodetector size of 2 pm, as shown
in FIG. 36, the focusing error signal has an irregular S

25 curve. . .

Therefore, for.the focusing error signal to have a
satisfactory S curve when a CD is played back, the
normalized photodetector size should be about 15 um or
less (i.e., smaller than about 16 pum), preferably 14 um or

30 1less, and more preferably 10 pum or less, and should have a
lower limit of about 3 um (i.e., greater than 2 um), and
preferably 4 um.

As shown in FIG. 38, when a DVD is played back using
the photodiode having the normalized photodetector size of

35 8 um, the focusing error signal has a distinct S curve.
When a DVD is played back using the photodiode having the



25 are known, allow ng tracking adjustnents to be nmade with respect to the
objective. If the objective 44 is to be controlled in the three- beam
‘tracki ng servo operation for reading recorded information fromthe DVD 20,
then since the intervals 30 between the three | aser beans are fixed at
dntervals for reading recorded information froma CD, i.e., intervals
corresponding to a track pitch of the CD 10, and the track pitch of the DVD
20 is smaller than the track pitch of BRe-CD 10, the | aser beam spots of
the three | aser beans are 35 not properly positioned with respect to tracks

on the DVD 20, as .sho Ln, Fl 28. As,a result, it is difficult to - 21
- effect corr%ﬁﬁmﬁﬁﬁﬂégpFb°58ﬂg%8Fg85 fh@ed%fé%HFVeqﬁ4§hﬂ¥BoF8iﬁﬁGto t he
present invemT7.orthe focysiingt eveon4signabrtas|d atbdd zome divhbeeethéal

push-pul | tr agkidiGriterio spRen it &antﬁervi@ﬁdiﬁtfsﬁ S G Aed-RbeEFRGi on from

the DvD 5 20. . tra?king error occurs, en the quantities”of |ight

i
applied to Ie??IQﬁuﬁﬁﬁr regi ons of each of the photodetector units 61-1,
61- 2, 61-35across Qdnseguenit 1y, e for the focusing error signal to have a

good S curve when a DVD is played back, the normalized
photodetector size should be of a value greater than 7 pm,
and preferably 8 um or greater. '

For reproducing information recorded in the

10 information recording layer from the output signal from
the photodetector unit, the normalized photodetector size
should preferably be in the range from about 1.8 um to
about 16 um for the purpose of holding jitter below a
predetermined level. From the practical standpoint, the

15 normalized photodetector size should preferably be in the
range from about 4 um to about 14 um. To detect a
sufficient quantity of returning light when a DVD is
played back, the normalized photodetector size should
preferably be of 10 um or greater.

20 For generating a focusing error signal from the
output signal from the photodetector unit, the normalized
photodetector size should be in the range from about 3 um
to about 15 um, and more preferably from 4 um to 14 um, to
give the focusing error signal a good S curve for the

25 playback of the CD 10.

For producing a focusing error signal having a good.s
curve when the DVD 20 is played back, the normalized
photodetector size should be 7 um or greater, and
preferably 8 um or greater.

30 If both the RF signal (reproduced information signal)
and the focusing error signal form the output signal from
the photodetector unit, then the normalized photodetector
size should satisfy both conditions to obtain the
reproduced information signal and conditions to obtain the

35 focusing error signal. Specifically, the normalized
photodetector size should preferably be in the range from



varied. In the differential push-pull tracking servo operation, the
gquantities of light applied to left and 10 right regions are conpared with
each other, and the tracking error is detected based on the difference

bet ween the conpared quantities of light. FIG 29 shows an el ectric
arrangenent of the apparatus for recording informati on on or reproducing 15
i nformation froma recordi ng nedium acggrding to the present invention. In
FIG 29, the photodetector unit 61- 1 of the photodi ode 61 is used mainly
to read recorded information and also to control the objective 44 in
focusing servabaperdmto tHough it is partly used to 20 control the

obj ective 44 in tragkidGEhee E&s@w ahveRtiod h%@@é?ﬂ?e%@EgB?Hn\%zit 1- 1 'S
gnverti n e eq: e

di vided into four ne for

"o an el et FREPRTE T omealésrive REFLoRT, RECEHP (WPAbdoFstsacsos Tor 25
out putting anie¢ectai@d singhal DVir &he, pHNUCimEsegﬁ’rsme PBriesentnnected to
adders 71, 5961£oén91&ptaxté AR a@pqeeabieswna{e tMe%ﬁveTg&agsggfns Cis

connected to %F ders 72, 96 f ﬁ guttln an electrl.c t héret o,
and the segnme ?fl%ré?ﬁﬁfecft RFS 8ft 8 deF sother greqanding: E‘G?PP’H@ 30 anp

el ectric signbhanhdists. The present invention is further applicable
to the recording of information on recording mediums,
rather than the reproduction of recorded'infofmation from
10 recording mediums.

According the present invention, the optical pickup
device requires no mechanically moving parts for
selectively playing back recording mediums of different
substrate thicknesses. The optical pickup device can be-

15 used in vibratory environments, is less liable to
malfunction, can be reduced in size, and can be
manufactured inexpensively.

Having described preferred embodiments of the
invention with reference to the accompanying drawings, it

20 is to be understood that the invention is not limited to
those precise embodiments and that various changes and
modifications could be effected by one skilled in the art
without departing from the spirit or scope of the
invention as defined in the appended clains.



The photodetector units 61-2, 61-3 are used to control the o mullll !“ﬂ"ll””“'
tracki ng servo operation. The photodetector unit 61-2 is divi '
segnments E, F each for converting detected light into an electrlc S|gna
35 The segnents E, F are connected to an adder 88 and a subtractor 98 for

Qut putting respective electric signals - 22 - thereto. The photodetector
unit 61-3 is divided into segnents G _H#ach for converting detected |ight
into an electric signal. The segnents H are connected to an adder 89

and a subtractor 99 for outputting respective 5  electric signals thereto.
The adder 71 cpiamulkst esatBdepsos: of the electric signals outputted fromthe
respective segnents B, D of the photodetector unit 61-1, and outputs a sum
signal to an adder 73. The adder 72 calcul ates the sumof the electric 10
signal s outdbutted ﬂﬁonﬂphéppé§®§%$lﬂ%r§§§#§ﬂ@§quné°6ﬂthenphotodetector
unit 61-1, @nc_t.élta&likralg 8thﬁdi rédudiiy addrmatiohheedddeivdBy
Calculates-ghe %HFEPEI%S% Q%ﬁlng mrﬁlum having an information
4 recording layer on a substrate having a first thickness
and a second recording medium having an information
recording layer on a substrate hav1ng a second thickness,
comprising: .
generating means for generating light to be applied -
to the information recording layer of the first or second
10 recording medium;

O 0 N & !

11 applying means for converging the light generated by
12 said generating means and applying the converged light to
13 said information recording layer of the first or second
14 recording medium; and

15 photodetector means for detecting returning light

16 from said information recofding layer of the first or

17 second recording mediums;

18 said photodetector means having a normalized detector
19 size of at least 3 um and at most 16 um.

2. An apparatus according to claim 1, wherein said
photodetector means has a size of at least 4 pm, which is

normalized baéed on a magnification of said applying
@
. means.

O R X

3. An apparatus according to claim 2, wherein said
photodetector means comprises means for outputting a
focusing servo signal.

4. . An apparatus according to claim 1, wherein said
photodetector means has a size of at most 14 um, which is
normalized based on a magnification of said applying
means.

[T VA I S B



. the adders 71, 72, i.e., the sumof the electric signals 15 “mmmmﬂllmwn“'
the segnents A, B, C, D, and outputs a sum signal through an ' .
to an equalizer 75 (equalizing nmeans) and a snoothing circuit *76° The "
equal i zer 75 processes the electric signal detected by the photodetector
unit 61-1 as being read from20 the recording nediumto enphasize

hi gh-frequency conponents thereof compgged with | owfrequency conponents

t hereof according to predeterm ned equalizing characteristics, and outputs
the processed signal to a binary signal generator 78. The equalizer 75 can
change 25 }ts equd-i zRRg2PRAFatHNE 2GEPXEinte Feh dilad Mok s aWheueputsaidnal from
a conpar atpr photddRtestop WRaNS) colptised sy Forheudphetihgesd type of the
recordi ng {“ﬁ?éﬁﬂ*%% n%eggadsighgie the DVD 20 stores information recorded

at a hi ghe enS|stygt &h the 0, the equalizer 75 30 enphasi zes si gnal
conponents of higher frequencies when the DVD 20 is played back than when

the C:D 10dis |tol a%/eﬂt ﬁmkapﬁtaﬁagﬁgpwéfﬁ%gﬁgt% tc18GmS E:;Obﬁ%&h%é&@&)' i e$h
signal and, ou s, the snoot hed signal o onpar at qr . ) e
conpar at or? 77pl£‘f%o°r Feckor meapg, §ﬁgeav%+ﬁ%,°h§ a\c}:alq% s?‘hgt Fpe YRAGR ife
out put vol 3 ageoymaddizedd bpgetdhon a magnification of said applying

4 means.

1 7. An apparatus according to claimlst wherein said
photodetector means comprises means for outputting a
focusing servo signal.

8. An apparatus according to claim 1, wherein said
photodetector means has a size of at least 10 um, which is
normalized based on a magnification of said applying
means. ‘ |

[ I S I

9. An apparatus according to claim 8, wherein said
photodetector means comprises means for outputtihg a
signal reproduced from said information recording layer of
the first or second recording mediums.

= W NN

10. An apparatus according to claim 1, wherein said
photodetector means has a size of at least 8 um énd at
most 14 um, -which is normalized based on a magnification
of said applying means. '

S WwN R

11. An apparatus according to claim 10, wherein said
photodetector means comprises means for outputting a
focuéing servo signal and a signal reproduced from said
information recording layer of the first or second
recording mediums.

(G I S

12. An apparatus according to claim 1, wherein said
photodetector means has a size of at least 10 um and at



- 23 - snoothing circuit 76 when a CDis read, i.e., a val uﬁmué]mum!u‘m*iu!ll
between the | evel of the output signal produced by the snootih

-when a CD is read and the | evel of the output signal produced by the
snoothing 5 circuit 76 when a DVD.is read. The conparator 77 conpares the
out put signal fromthe snoothing circuit 76 (the output voltage produced by
‘the snmoothing circuit 76 when a DVD is 32ad is about three tines the output
vol t age produced by the snmoothing circuit 76 when a CDis read) 10 with the.
reference value for thereby.determ ni ngl,t he type of the recordi ng nmedi um
The conpar & o™oFF tlﬁeﬂmou't’%b?’% 1s pRAL4zss) éé\?ﬁfii AR RhBrgRIEITAYED type of
t he recordiang afedaim applhéngouednger 75, a PLL (phase-I| ocked | oop) 80, and
a selector switch 91. 15 The binary signal generator 78
asymmetrically corrects_the equalized s(iggn,al gutputted fromthe equalizer

q ]
75, convertls the cdrrecPBd2BPEFRaFUF ASFAL NGRS SHGARI 12 anth R Busaidhe:
bi nary si gmal ghotadéteotioraneanh&CGeomprised médnendorhoutputting a

3 focusing servo signal and a signal reproduced from said
4 information recording layer of the first or second
5 recording mediums.

_ 14. An apparatus according to claim 1, wherein said
first recording medium has a recording density greater
than said second recording medium.

15. An apparatus according to claim 1, further
comprising:

decision means for distinguishing said first
recording medium and said second recording medium from
“each other; and '

equalizing means for equalizing an output signal from
said photodetector means with different characteristics
when said first recording medium is played back and when
said second recording medium is played back, as
distinguished by said decision means. '

W 0 ~NN 6 0 b W
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16. An apparatus according to claim 15, wherein said
decision means compfises means for distinguishing said
first redording medium and said second recording medium
from each other based on a level of the output signal from
said photodetector means.

(6 BT S B S

17. An apparatus according to claim 1, further
comprising:

decision means for distinguishing said first
recording medium and said second recording medium from
each other; and '

[ YN € 1 T I ¥ B SO I

control means for controlling said applying means



20 The denodul ator/ECC circuit 79 corrects errors cont ﬂwmlu!ltlnnuml””"l
suppl i ed signal, denpdul ates binary data according to a cl ockilS! e i S
supplied fromthe PLL 80, and outputs a video signal and an audi o signal
(only an audio signal when a CD is played back) to a processor 81. 25

The PLL 80 generates a clock signal fromthe signal supplied fromthe

bi nary signal generator 78 and outpuissghe clock signal to the

denodul ator/ ECC circuit 79. Since clock frequencies used to denodul ate the
binary data fromthe DVD 20 and the CD 10 are different fromeach other, 30
the PLL 80 sagpbirdéng tbodkfSexprt ttmdhigxgacbnequénpyocessaﬁpﬂfdi ng to the

type of t I r t Sl
corpar ato?*eﬁ%?% %ggszggéﬁﬁ%ﬁ%%aﬂ% 2% Playgd' BabkoLi Amed YR i

the vi deo %i RSP 4nHSER Bﬁga’&%‘?’o“’%l’g%é? yEgmberk déﬁbﬂ’cﬁ%’fféﬂ‘l%dcl rcuit
79, the proockyseaifldeaipivs némnsudi o signal .to a speaker 82, and - 24
- outputs the video signal .to a CRT 83. Wen supplied with onIy the audio

signal fromthe denodul at or / ECC circuit_ 79,
1 8. A method of recording information selectively on

2 and reproduc1ng information selectively from a first

3 recording medium having an information recording layer on

4 a substrate having a first thickness and a second

5 recording medium having an. information recording layer on

6 a substrate having a second thickness, said second

7 thickness being larger than said first thickness, with an

8 optical pickup device having generating means for

9 generating light to be applied to the information
10 recording layer of the first or second recording medium
11 through the substrate thereof, applying means for
12 converging the light generated by said generating means
13 and applying the convérged light to said information
14 recording layer of the first or second recofding medium,
15 and photodetector means for detecting returning light from
16 said information recording layer of the first or second
17 recording mediums, said method comprising the step of:
18 detecting the returhing light from said information
19 recording layer with said photodetector means which has a
20 normalized detector size of at least 3 pm and at most 16
21 pum. |

1 19. Ah apparatus for recording information

2 selectively on and reproducing information selectively

3 from a first recording medium having an information

4 recording layer on a substrate having a first thickness

5 and a second recording medium having an information

6 recording layer on a substrate having a second thickness,

7 comprising:

8 generating means for generating light to be appliéd

9 to the information recording layer of the first or second



the processor 81 outputs the audio signal to the speaker 82”““'”]“""%""“]"'
subtractor 84 calculates the difference between the sum out

adder 71, of the output signals fromthe segnents B, D of thé pliotbdetector”
unit 61-1 and the sum outputted fromthe adder 72, of the output signals
fromthe segnents A, C of the photodetector unit 10 61-1, i.e., the
subtractor 84 calculates (b + d) - (a j,CL Wwhere a, b, ¢, d represent the

out put signals fromthe respective segnents A B, C d, and outputs the
calcul ated difference as a focusing error signal through an anplifier 85 to

a focusi ngosefdord irig!inedd@m;15 In response to the supplied focusing
error signal, the focusin O¢ r I a 87 to
nove the H)J ectivel @?’%ﬁnﬁ mset(?’}i'l'\eé |§§1 ?l (?n&{é) gfiu—_f %“éi‘geha by ot on -

t he phot odl2t esabd m%raszllmg Fepag| and mlﬁé%fé%r%h%scmg’@r@&ldc&PﬁPE Fﬂe suns
of the el Q§”!;£1801§f&l‘1ﬁ&t§;&utr@¢b&aﬁln§r payéheof etpectirat phosedehact or

units 61- % Ut sumsignals to a subtractor 90. The subtractor
90 cal cul &f‘esr?ﬁ%r 179 &P ee‘iﬁ’c‘g“ &Ween the output signals fromthe adders 88,

89, and ousputs a phétedetrditdr giegnsl £95 deteabindgrerydring ddghtat the
time 25 a;6D egohC88id CiAFGnRfl RG] Qecortiifiy Pdyer of the first or

17 second recording mediums;

18 said photodetector means having a normalized detector
19 size that is larger than a diameter of a spot on said

20 photodetector means of returning light of a first

21 numerical aperture N, from said first recording medium and
22 smaller than a diameter of a spot on said photodetector

23 means of returning light of a numerical ape;turé greater
24 than a second numerical aperture N, from said second

25 recording medium.

20. An apparatus according to claim 19, wherein said
first numerical aperture N, is 0.6 and said second
numerical aperture N, is 0.3. '

21. An apparatus according to claim 19, wherein said
normalized detector size is in the range from 10 pm to 16
pm, which is normalized by dividing a length of said
photodetector means by a magnification of said applying

oo W R

means.

22. A method of recording information selectively on
and reproducing information selectively from a first
recording medium having an information recording layer on
a substrate having a first thickness and a second
recording medium having an information recording layer on
a substrate having a second thickness, said second
thickness being larger than said first thickness, with an
optical pickup device having generating means for

W © N o o W

generating light to be applied to the information



At this tinme,

the tracking error signal (three-beam tracking Hwﬂullﬂl

outputted to the selector switch 91 is expressed by (e + f) .
g, h represent respective electric signals correspondlng toth

e, f,

guantities of

|ight detected by the segnents E, F, G H. The subtract

Ll

ors

98, 99 calculate the differences between the electric signal s outputted
fromthe respective photodetector unitg,61-2, 61-3, and output differ
signals to an adder 100. The adder 100 cal cul ates the sum 35 of the

signals, and outputs a sumsignal through an anplifier 101 to
a subtraciror dAésbrding 12yer ®lfethmpkifserod Odecomi izfeices.-db.lmq segiakh supplied

fromthe addeendffnbad Bipdetaed Bd;Lagt cloloy AR AN B,an anpl i f

differenti al

si gnal

to the subtTactor

he a e sun1of t he

enti al

i ed

electric 523|EREN%¥QiﬂBbGPFE&lﬂpﬁnﬁﬁﬁérééaﬂeHYss§$dlgﬁﬂeqﬁ%énﬁhBFeﬂétector

.unit 61- 113 anghduippliysing the sogvelkged dighbttaciaid Safomatddder 96
calculate§4

of the

15
16
17
18
19
20
21
22
23
24
25
286

and photodetector means for detecting returning light from

said information recording layer of the first or sécond

recording mediums, said method comprising the step of:
detecting the returning light from said information

" recording layer with said photodetector means which has a

normalized detector size that is larger than a diameter of

a spot on said photodetector means of returning light of a

first numerical aperture N, from said first recording
medium and smaller than a diameter of a spot on said
photodetector means of returning light of a numerical
aperture greater than a second numerical aperture N, from
said second recording medium.
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phot odet ector unit 61-1, and outputs a sumsignal to the 10 subtractor 97.
The subtractor 97 calculates the difference between the output signals from
tthe adders 96, 97, and outputs a differential signal to the subtractor 102.
The subtractor 102 cal cul ates the difference between 15 the signal fromthe
amplifier 101 and the signal fromthe subtractor 97, and outputs a
differential signal as a tracking error signal (a differential push-pul
tracking error signal) at.the tine aaDVDis read to the selector switch 91
20 If it is assuned that the electric signals outputted fromthe
segnents A, B, C D E, F, G Hare represented by a, b, ¢, d, e, f, g, h,
respectively, and the anpllfler 101 has an anplification factor K, then the
tracki ng error signal outputted to the séiector switch 91 is represented 25

by (b + ¢) (a +-d) bddg oedi um
currently bei ng pl ay%%al&. “ﬁgg %ﬁk % out put si gnal
fromthe conparator éﬁmghe sel ec or 91 sel ects the output

signal, i.e., the three-beamABSTRR ‘--=UR"0 fromthe subtractor
90, and supplies tje)sehecdRAe! abgsteé)eaama eCKédy throQbhsa gRRltingr,ough an
anplifier 92 té)gzam splitter, and an objective to a compact disc. A
laser beam reflected by the compact disc is applied
5 through the objective and the beam splitter to a
photodiode. The objective has a large numerical aperture
of 0.6 in order to be able of play back a digital video
disc that has a thin substrate and contains information
recorded at a high density. To prevent the photodiode
'10 from suffering aberrations caused due to the large
numerical aperture of the objective, the photodiodg has a
relatively small photodetector unit having a normalized
detector size ranging from 3 pm to 16 um, for detecting
only returning light up to a numerical aperture of 0.3 and
15 not detecting light of.greater numerical aperture values.

Figure 5 “ .



tracking servo circuit 93 (control means). |f the recording nmedi um
currently being played back is the DVD 20 as indicated by the output signal
“fromthe conparator 77, 35 then the selector switch 91 selects the output
signal, i.e., the differential push-pull tracking error signal, - 26 -
.fromthe subtractor 102, and supplies the selected differential push-pul
tracking error signal through the anplifier 92 to the tracking servo
circuit 93. In response to the supplied tracking error signal, 5 the
tracking servo circuit 93 controls a tpgéging actuator 94 to nove the
objective 44 in a direction perpendicular"to the track to apply the | aser
beam on the trackoff t i nfpr J e ZNg | ayer. A process of
determ ning the Epe[ oﬁthe ?e@ﬁ%h?m um bei ng pl ayed back by the
apparatus shownin FIG 29 will be described below. First, returning |ight
of the |l aser beamthat has read recorded information fromthe recording
mediumis detected by the four segnents A through D of the

10 CD 1?

!

t=1.2mm




15 phot odetect.or unit 61-1, and converted thereby into respective electric
signals a, b, ¢, d. The electric signals are then added into a sum si gna
(a+b+c +d) by the adders 71 through 73. The sumsignal (a + b + ¢ +
d), which represents the intensity of the returning light, 20 is supplied
through the anplifier 74 to the snoothing circuit 76. The snoothing circuit
76 snoot hs the supplied signal and outputs the snoothed signal to the
conparator 77. The | evel of the snoothe@/§§gnal that is produced when a DVD
25 is read is about three tines the |level of the snoothed signal that is
produced when a CD is read. Therefore, the conparator 77 conpares the

snoot hed signal with a predeterm ned reference value, i.e., a value

i nternedi ate between the | evel of the snoothed signal produced when a 30 CD
is read and the I'evel of the snoothed signal produced when a DVD is read.

If the recording [ currently being read is the DVD 20, then the
conparator 77 oufgﬁ?s@posgi\( l‘ialaIA'rf[()' exanple, and if the recording
medi um currently being read is.the CD 10, then the conparator 77 35 outputs
a negative signal, for exanple. A focusing servo process carried out by the
~ appar at us .

20 DVD 31
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- 27 - shown in FIG 29 wll be described bel ow The four segnents A

t hrough D of the photodetector unit 61-1 convert returning light that is
detected into respective electric signals a, b, ¢, d. The adder 71 5
calculates the sum (b + d) of the electric signals outputted fromthe
respective segnents B, D, and the adder 72 calcul ates the sum(a + c) of
the electric signals outputted fromthe respective segnents A C The
subtractor 84 then calculates the difference ((b + d) - (a 10 + c)) between
the suns (b + d) and (a + ¢). The diffgpg@tial signal fromthe subtractor
84 is supplied as a focusing error signal through the anplifier 85 to the
focusing servo circuit 86. Wen the spot of the returning light applied to
the 15 photodetector unit 61-1 is of a circular shape, the focusing error
signal suppliedto the focusing servo circuit 86 is of a zero |evel. Wen
the spot of the returning light applied to the photodetector unit 61-1 is
of an elliptical shape whose major axis is directed 20 through the segnents
B, D, the focusing error signal

F | G. 3 (Prior Art)
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supplied to the focusing servo circuit 86 is of a certain positive |evel.
When the spot of the returning light applied to the photodetector unit 61-1
. is of an elliptical shape whose major axis is directed through the segnents
A, 25 C, the focusing error signal supplied to the focusing servo circuit
86 is of a certain negative |evel. Depending on the sign and |evel of the

* focusing error signal, the focusing servo circuit 86 controls the focus
actuator 87 to nove the objective 44 along the optical 30 axis to make the
spot of returning light on the photodet/@tor unit 61-1 circular. As

descri bed above, based on the principles of the astigmatic nethod, the
quantity of light detected by the segnents B, D of the photodetector unit
61-1, and the 35 quantity of |ight detected by the segnments A, C of the
phot odet ector unit 61-1, are conpared with each other to - 28 -
determ ne the direction and magni tude of a focusing error, and the

obj ective 44 is noved depending on the determ ned direction and nagnitude

of the focusing errsﬁ }lln@r 4_ (Related Art)
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focusing servo control. 5 A tracking servo process carried out by the
apparatus shown in FIG 29 will be described bel ow. The photodetector units
61-2, 61-3 converts the quantities of returning |light detected by the
segnments E, F and G Hinto respective electric signals e, f and g, h, 10
and outputs the electric signals e, f and g, h to the respective adders 88,
89. The adders 88, 89 supply respective sumsignals (e + f) and (g + h) to
t he subtractor 90, which cal cul ates the gggference ((e +f) - (g + h))

bet ween these sumsignals (e + f) and (g 15 and outputs the
differential signal as a three- bean1track|ng error signal to the selector
switch 91. The subtractors 98, 99 calculate the differences (e - f) and (g
- h) between the quantities of returning |light detected by the segnents E,

Fand G H 20 phot odet ector unit 61-1

out put respecti vf / rjr'l ceg Kﬁ?ﬁafgatfkfiat ed fromthe quantities of
returning |ight detected thereby to the adder 96, and the segnents A, D of
t he photodetector unit 61-1 output respective electric signals a, d
converted 25 fromthe quantities of Ilqoghh detected therebﬁato the adder 95.

These-adders 95, 96 calcul at€ the sun§ (b +c) and (a

g53
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+ d) of the electric signals fromthe segnments B, C and A, D, and out put
the sumsignals to the subtractor 97. The subtractor 97 cal cul ates the
difference ((b + c¢) 30 - (a + d)) between the sum (b + c) of the electric
signals fromthe segnments B, C and the sum(a + d) of the electric signals
fromthe segnents A D, and outputs the differential signal to the
subtractor 102. The subtractor 98 calculates the difference (e - f) 35
between the electric signal e converted gfmmthe quantity of returning

| ight detected by the segnent E of the - 29 - photodetector unit 61-2
and the electric signal f converted fromthe quantity of returning |ight
detected by the segnent F of the photodetector unit 61-2, and outputs the
differential signal to the adder 100. The subtractor 5 99 calcul ates the
difference (g - hy between the electric signal g converted fromthe
quantity of returning |light detected by the segnent G of the photodetector
unit 61-3 and the ?Eé?tr signal g converted fromthe quantity of
returning light detected”by tthe segnent H of the

20 DVD 3\1
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10 photodetector unit 61-3, and outputs the differential signal to the
adder 100. The adder 100 cal cul ates the sum((e - f) + (g - h)) of the
supplied differential signals, and outputs the sumsignal to the anplifier
101. The anplifier 101 anplifies the supplied sumsignal 15 by the
anplification factor K, and outputs the anplified signal (K((e - f) + (g -
h))) to the subtractor 102. The subtractor 102 cal cul ates the difference
(((b+c¢c) - (a+d) - K(e - f) + (g - hé)) bet ween the output signal ((b
+c) - (a+d)) fromthe subtractor 97 H#8 the 20 output signal (K((e - f)
+ (g - h))) fromthe anplifier 101, and outputs the differential signal as
a differential push-pull tracking error signal to the selector swtch 91
As descri bed above, the selector switch 91 is supplied with the output
signal fromthe -conparator 77. 25 If the output signal fromthe conparator
77 is positive, indicating that the recording nediumis a DVD, then the
selector switch 91 selects the differential- push-pull tracking error signa
- fromthe subtractor 102, and supplies the selected differential push-pul
tracking 30 error signal through the anplifier 92 to the tracking servo
circuit 93. If the output signal fromthe conparator 77 is
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negative, indicating that the recording nediumis a CD, then the selector
swtch 91 selects the three-beam 35 tracking error signal fromthe
subtractor 90, and supplies the selected three-beamtracking error signal

t hrough t he - 30 - anplifier 92 to the tracking servo circuit 93. In
response to the supplied tracking error signal, thetracking servo circuit
93 controls the tracking actuator 94 to nove the objective 44 into a proper
5 position perpendicularly to the track 8/29'€ objective 44 is thus
controlled in the tracking servo process’'To apply the |l aser beamto the
desired track at all times for thereby obtaining appropriate returning
light. 10 A process of readlngq éEorded information fromthe
recording mediumw || be descrlbé§ gp o§/ Returning light representing read
recorded information is detectedby thé four segnents A through D of the
phot odet ector 61-1, which convert~tReXr®turning 15 light into respective

electric signals a, b, ¢, d. The é{?g M _
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adders 71 through 73 calculate the sum(a + b + ¢ + d) of the electric
signals a, b, c, d, and supplies the sumsignal as representing the
intensity of the returning light through the anplifier 74 to the equali zer
75. 20 Based on the output signal fromthe conparator 77, the
equal i zer 75 equalizes the signal supplied fromthe anplifier 74 with
equal i zi ng characteristics corresponding to the recordi ng nmedi um bei ng

pl ayed back. Then, the equalizer 75 outp 4? the equalized signal to the

bi nary 25 signal generator 78. The binar&i ?gnal generator 78 corrects the
signal and converts the corrected signal into a binary signal, which is
outputted to the denodul ator/ECC circuit 79 and the PLL 80. The PLL 80
generates a clock signal fromthe signal 30 supplied fromthe ‘binary signa
generator 78 depending on the type of the recording nmedi um based on the
out put signal fromthe conparator 77, and outputs the clock signal to the

denodul at or/ ECC circuiBéIQZ YEF demmdul ator/ ECC circuit 79 corrects errors
contained in 35 the supplieédtsh gnal/ and denodul at es bi nary data accordi ng

to the clock signal supplied fromthe PLL 80. If .the
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31 - recording nediumis a CD, then the denodul ator/ECC circuit 79 outputs
a denodul ated audio signal to the processor 81. If the recording mediumis
a DVD, then the denodul ator/ECC circuit 79 outputs denodul ated vi deo and
audio signals to 5 the processor 81. The processor 81 outputs the audio
signal to the speaker 82, and, if supplied with the video signal, also
outputs the video signal to the CRT 83. As described above, recorded
information froma CD 10 and a DVD is read,.equalized, corrected,

denodul ated, and then outputted to the sggé%%r 82 and the CRT 83 for
reproduction. In this manner, recorded information is read selectively from
the CD 10 and the DVD 20 whil e under 15 focus and tracking servo control to
reproduce video and audi o signals. The photodetector unit 61-1 is shown as
bei ng of a substantially octagonal shape in FIG 25B. However, the

phot odetector unit 61-1 may be of a square shape as shown 20 in FIG 30A
Alternatively, in order not to detect unwanted light, i.e., light of the NA-

of 0.4, as shown in
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FIG 24, the photodetector unit 61-1 may be of a hexagonal shape produced
by cutting off two opposite corners of a square shape, as shown in FIG

30B, or may be of a 25 circular shape,-as shown in FIG 30C 1In the
apparatus shown in FIG 29, the tracking servo process is based on the

t hree- beam tracki ng servo nethod or the differential push-pull tracking
servo net hod. However, the tracking servo process may be carried out 30
according to the differential phase detection (DPD) nethod. According to
the differential phase detection nethod}/2%s shown in FIG 31, the electric
signals outputted fromthe segnments A, C of the photodetector unit 61-1 are
added by the adder 72, and the electric signals 35 outputted fromthe
segnents B, D of the photodetector unit 61-1 are added by the adder 71.
Then, the sumsignals - -32 - outputted fromthe adders 71, 72 are
conpared in phase with each other by a phase conparator 101, which produces
a phase error signal as a tracking error signal. According to the
differential phase detection nethod,
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5 since a tracking error signal can be generated only fromthe returning
light reflected fromthe information playback | aser beam spot, the tracking
spots, and hence the photodetector units 61-2, 61-3, and the sel ector
switch 91 may be dispensed with. Therefore, the output 10 signal fromthe
phase conparator 101 may be outputted directly to the anplifier 92. The
principles of generation of a tracking error signal according to the
differential phase detection nethod are dppsm osed i n Japanese patent
publication No. 5- 15 800535, for exanple. If a tracking error signal is-
generated according to the atff reatial ase detection nethod and a
focusing error signal ‘is ge erdfeé?gccdzg?ng to the astigmatic nethod, then
recorded i nformati on may be reproduced from 20 both the CD 10 and the DVD
20, and the tracki'ng servo and the focusing-servo processes may be carried
out, using only the output signals fromthe photodetector unit 61-1. For
actual ly reproducing recorded information fremthe CD 10 and the DVD 20, it
is necessary to detect 25 reflected lighf suffering snmall aberration and
having a | evel greater than a predeterm “Tevel, and also to take ot her
conditions into account. €1
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For exanple, as shown in FIG 32, when a CDis played back, jitter varies
as the normalized detector size 30 varies. FIG 32 shows how jitter varies
when the normalized detector size varies while the focusing servo process
is carried out according to the astigmatic nethod and the tracking servo
process is carried out according to the 35 differential phase detection
nmethod. In FIG 32, the solid-line curve represents cal cul ated val ues

produced by - 33 - a conputer simulati 18fbgpdr Ocess, and the circular dots
As shown in FIG 32, if the nornmalized

represent experinental values

detector size is too Iarge c the 4Egtodetector unit detects light 5
cont ai ni ng nuch aberratlon ép rge NA), jitter will increase. If
the normal i zed detector S|ze |s too small, it will be difficult to keep a

spot of reflected light in a given posrtnonrdn t he photodetector unit due
to requirenents for 10 the tracking servo qontrol and the focusing servo

control -1

0.8+

0.6

0.4

0.2

L_i/ A\

pO/A/T C
(10 pm)

5 [Hm]



and al so the attachnent accuracy. As a consequence, the photodetector unit
is unable to detect a sufficient quantity of returning light, resulting in

increased jitter. 15 : If jitter increases in excess of 8% then
recorded informati on cannot substantially be reproduced fromthe recording
medi um Therefore, jitter should preferably be reduced to 8 %or less. In

order to lower jitter to 8 %or less, the nornalized detector size should

be at nost 20 about 16 [err] and at Ieasé4zgfut 1.8 [err] In order to
| ower jitter to 7% or |ess, the normalize ector size should be at nost

about 14 Am and at | east abo E/[Er] I-?gver, as shown in FIG 32, if the
normal i zed 25 detector size ifs rdeakd¥y of [err] jitter increases sharply
even if the normalized detector size suffers slight variations. Fromthe
practical standpoint, therefore, the normali zed detector size should
preferably be at least 4 [err] 30 An RH signal, i.e., the sumof the
electric signals outputted fromthe segnents™A& through D of the

phot odet ector unit 61-1 shown in FIG 29, q¥g_the focusi ng error signal
according to the astigmatic nethod vary ag‘
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the nornalized detector size varies, as sinulated in FIGS. 35 33 through
38.. FIGS. 33 through 36 show how the RF signal and the - 34 - focusing
error signal vary when a CD is played back using photodi odes havi ng
normal i zed photodetector sizes of 16 [err] 10 [err] 4 [err] and 2 [err]
respectively. FIGS. 37 and 38 show how the RF signal and the focusing error
signal vary 5 when a DVD is played back using phot odi odes havi ng nornalized
phot odetector sizes of 6 [err] and 8 [ernkssgespectively. As shown in FIG
33, when a CD is played back using the photodlode havi ng the normalized
phot odet ector size of 10 16 eAr] he 723u5|ng error signal does not have a
so-called S curve, but rath asJa. | a m ni mal val ue (V-shaped notch) in
a positive range, naking it difficult to effect the focusing servo process
stably. As shown ih FIG 34, when a CD isiplayed back using 15 the

phot odi ode having the normalized phot odetectior size of 10 [err] the
focusing error signal has a sonmewhat high T
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positive level, resulting in characteristics that nmake it possible to carry
out the focusing servo process. As shown in FIG 35, when a CD is played

. back using 20 the phot odi ode having the normalized phot odetector size of 4
[err] the focusing error signal has a relatively distinct S curve. Wen a
CD is played back using the photodi ode having the normalized phot odetect or
-size of 2 [err].as showmn in FIG 36, the focusing error signal has an
irregular S 25 curve. Therefore, for i&éwfocusing error signal to have a
satisfactory S curve when a CD is played back, the normalized photodetector
size should be about 15 [err] or less (i.e., smaller than about 16 [err])
preferably 14 [err] or 30 Iless, and nore preferably 10 [err] or less, and
should have a lower Iimt of about 3 [err] (i.e., greater than 2 [err]) and
preferably 4 [err] As shown in FIG 38, when a DVD is played back using the
phot odi ode having the normalized photodetector size of 35 8 [er t he
focusing error signal has a distinct S curve. Wen a DVD is play back

usi ng - t he phot odi ode hawi n he ~
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- 35 - normalized photodetector size of 6 [err] as shown in FIG 37, the
focusing error signal has a dead zone (where the gradient is small) in the
vicinity of a zero-crossing point thereof. 5 Consequently, for the
focusing error signal to have a good S curve when a DVD is played back, the
normal i zed phot odetector size should be of a value greater than 7 [err] and
preferably 8 [err] or greater. For reproducing information recorded in the

- 10 information recording |ayer fromthe ogi t signal fromthe

- photodetector unit, the normalized photod tor size should preferably be
in the range fromabout 1.8 [err] to about 16 [err] for the purpose of
holding jitter below a predeterm ned |level. Fromthe practical standpoint,
the 15 nornalized phot odetector size should preferably be in the range from
~about 4 [err] to about 14 [err] To detect a sufficient quantity of
~returning Iight when a DVD is played back, the normalized phot odet ector

- size should preferably be of 10 [err] or greater. 20 For generating a
- focusing error signal fromthe output signal fromthe photodetector unit,

~ the normalized photodetector size should be in the range from about 3 pm




to about 15 pm and nore preferably from4 [err] to 14 [err] to give the
focusing error signal a good S curve for the 25 playback of the CD 10. For
produci ng a focusing error signal having a good S curve when the DVD 20 is
pl ayed back, the nornmalized photodetector size should be 7 [err] or
greater, and preferably 8 [err] or greater. 30 I f both the RF signal
(reproduced information signal) and the focusing error signal formthe
out put signal fromthe photodetectorlﬂﬂie/ghen the normali zed
phot odet ect or si'ze should satisfy both conéltions to obtain the reproduced
i nformation signal and conditions to obtain the 35 focusing error signal.
Specifically, the normalized photodetector size should preferably be in the
range from - 36 - about 8 [err] to 14 Am Wiile the present invention
has been described -with respect to the selective playback of two types of
discs, i.e., a CD and a DVD, the principles of the present 5 inveﬂﬁﬁon are
al so applicable to the selective playback of
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three or nore types of discs or other recording nediuns than discs. The
present invention is further applicable to the recording of information on
recordi ng medi ums, rather than the reproduction of recorded information
from 10 recordi ng nmedi uns. According the present invention, the optical
pi.-ckup device requires no nmechanically noving parts for selectively playing
back recording nmediuns of different substrate thicknesses. The opti cal

pi ckup device can be 15 used in vibratorygﬁﬁyironnents, is less liable to
mal functi on, can be reduced in size, and can be manufactured inexpensively.
Havi ng described preferred enbodi nents of the invention with reference to

t he acconpanying drawings, it 20 is to be understood that the invention is
not limted to those precise enbodi nents and that various changes and

nmodi fications coutd be effected by one skilled in the art wi thout departing
fromthe spirit or scope of the invention as defined in the appended

cl ai ns. - 37 -
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VWHAT IS CLAIMED IS: 1 1. An apparatus for recording information 2
sel.ectively on and reproducing information selectively 3 froma first
recordi ng medi um having an information 4 recording |layer on a substrate
having a first thickness 5 and a second recordi ng nmedi um havi ng an
information 6 recording |ayer on a substrate having a second thickness, 7

conprising: 8 . generating nmeans for generating light to be applied 9
to the informati on recordi ng |ayer of thgpf%%st or second 10 recording
medi um 11 appl yi ng nmeans for conv é g the light generated by 12

sai d generating neans and applying the converged light to 13 said
information recording |ayer of the first or second 14 recording nmedi um
and 15 phot odet ector neans for detecting returning light 16 from
said information recording |ayer of the first or 17 second recording

medi uns; 18 sai d phot odet ector neans having a normalized detector 19
size of at least 3 [err] and at nost 16 [err] 1 2. An apparatus
according to claim1l, wherein said 2 photodetector nmeans has a size of at

| east 4 [err] which is 3 nor i zed asefzp a magnification of said
app! yi ng ”F': 79 [.7b. ﬁ




4 nmeans. 1 3. An apparatus according to claim2, wherein said 2
phot odet ect or neans conpri ses neans for outputting a 3 focusing servo

signal. 1 4. An apparatus according to claim1l, wherein said 2
phot odet ect.or neans has a size of at nost 14 [err] which is 3 normalized
based on a magnification of said applying 4 neans. - 38 -1 5. An

apparatus according to claim4, wherei 8188 d 2 phot odet ect or neans

conpri ses neans..for_outp ing a 3 focusing servo signal. 1 6. An

appar at us acco?‘ﬁi/ﬂﬁ?o ?g/ﬂ 1, wherein said 2 photodetector neans has a

~size of at least 8 [err][ Which is 3 norgpfi2Dded based on a magnification of
1

sai d applying 4 nmeans. 7. An_appd@at us gccording to claime,
wherein said 2 photodet ector meang,_conpt i §@s eans {or outputting a 3
focusing servo signal. 1 ;/-jﬁ— Afr—appar-atog rrgpto claim 1,
wherein said jﬁjf// .
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2 phot odet ector neans has a size of at least 10 [err] which is 3 nornalized
based on a magnification of said applying 4 neans. 1 9. An apparatus
according to claim8, wherein said 2 photodetector neans conprises neans
for outputting a 3 signal reproduced fromsaid information recording |ayer
of 4 the first- or second recording nediunms. 1 10. An apparatus
according to claiml1l, wherein said 2 photodetector neans has a size of at
least 8 [err] and at 3 nost 14 [err] whigjed s normali zed based on a
magni fi cation 4 of said applying neans. 1 11. An apparatus according
-to claim 10, wherein said 2 photodetector neans conprises neans for
outputting a 3 focusing servo signal and a signal reproduced fromsaid 4
information recording layer of the first or second 5 recording nmediunms. 1
12. An apparatus“according to claim1, wherein said 2 photodetector neans
has a size of at st and at - 39 - 3 nost 14 [err] which is
normal i zed basedft ? gnlg?é;tlon -
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4 of said applying neans. 1 13. An apparatus according to claim 12,

wherein said 2 photodetector neans conprises neans for outputting a 3
f ocusi ng servo signal and a signa

reproduced fromsaid 4 information
recording layer of the first or second 5 recording nediuns. 1 14.
An apparatus according to claim1, wherein said 2 first recordi ng nedi um
has a recording density greater 3 than said second recording nmedium 1
15. An apparatus according to claiml1, further 2 conprising: 3

deci si on neans for distinguishing said 23fet 4 recordi ng nedi um and said
second recording nmediumfrom5 each other; and 6

equal i zi ng nmeans for
equal i zing an output signal from 7 said photodetector neans wth different
characteristics 8

nysard fi recordi ng mediumis played back and when
9 said second-reco&gfﬂg @idiué?ﬁé pl ayed back, as 10 distingui shed by said
deci sion neans. 1 16. An ap

paratus according to claim15, wherein
said 2 decision nean%gz DI i S¢ ;dr istinguishing said 3 first
recordi ng medi um and i i

medi um 4 from each ot her based
on a |l evel of the out///4'
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5 sai d photodetector neans. 1 17. An apparatus according to claiml,

further 2 conprising: 3 deci sion neans for distinguishing said first
4 recordi ng nmedi um and said second recording nediumfrom5 each other; and
6 control neans for controlling said applying neans - 40 - 7

according to different tracking control processes when 8 said first
recording nmediumis played back and when said 9 second recording nediumis

pl ayed back, as distinguished 10 by sai d28&3 si on means. 1 18. A
met hod of recording informatiop selectively on 2 and reproduci ng
I nformation selectively froma|fi > S jecording nedi um haviphg an
I nformati on recording |ayer_ony 4 | a3ubg§trate having a first thickqﬁss and
a second 5 recording nedi U@ ihg &n ' co&li ng| | ayer 'dn 6 a
substrate havi ng a-second tht'ckne s,ssa d secqond 7 t i ess| bei ng~tar ger
than said first thickness, wt 8Ropti Vite NAVITg )
generating neans for x , ~ o «Q .
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9 generating light to be applied to the information 10 recordi ng | ayer of
the first or second recording nedium 11 through the substrate thereof,
appl yi ng means for 12 converging the |ight generated by said generatlng
means 13 and applying the converged light to said information 14 recording
“layer of the first or second recording nedium 15 and phot odet ect or neans
for detecting returning light from16 said information recording |ayer of
the first or second 17 recording medi uns,68pd nethod conprising the step

of : 18 detecting the returning light fromsaid information 19
recording layer with said photodetector neans which has a 20 nornmalized
detector size of at least 3 [err] and at nost 16 21 [err] 1 19. An

apparatus for recording information 2 selectively on and reproduci ng
information selectively 3 froma first recordi ng nmedi um havi ng an
information 4 recording |ayer on a substrate having a first thickness 5 and
a second recordi ng nmedi um having an information 6 recording |layer on a
substrate having a second thickness, 7 conprising: 8 generati ng nmeans
for generating light to be applied 9 to the information recording |ayer of
the first or second
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- 41 - 10 recording nedium 11

appl-yi ng means for converging the
| i ght generated by 12

sai d generating neans and appl yi ng the converged

li-ght to 13 said information recording |ayer of the first or second 14
recordi ng nmedi um and 15 phot odet ect or neans for detecting returning
light 16 fromsaid information recording |layer of the first or 17 second

recordi ng nedi uns; 18 sai d phot odetector neans having a normalized
detector 19 size that is larger-than a dianeter of a spot on said 20

phot odet ect or means of returning |ight oP6&2%irst 21 nunerical aperture
[err] fromsaid first recording nmediumand 22 snaller than a dianmeter of a
spot on said photodetector 23 neans of returning |light of a nunerical
aperture greater 24 than.-a second nunerical aperture N2 fromsaid second
25 recording nedium 1 20. An apparatus according to claim 19,

wherein said 2 fi;&% uperic perture [err] is 0.6 and said second 3
numeri cal apertur fiéep. 3.

21. An apparatus according to claim
19, wherein said
72
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2 normalized detector size is in the range from10 [err] to 16 3 [err]
whi.ch is normalized by dividing a length of said 4 photodetector neans by a
magni fi cation of said applying 5 neans. 1 22. A nethod of recording
information selectively on 2 and reproducing information selectively froma
first 3 recordi ng nmedi um having an information recording |ayer on 4 a
substrate having a first thickness and a second 5 recordi ng nmedi um havi ng
an information recording layer on 6 a subgjjgate having a second thickness,
said second 7 thickness being larger than said first thickness, with an 8
optical pickup device having generating neans for 9 generating light to be
applied to the informatf - é% - 10 recording layer of the first or
second recordi ng medi um 1T through the substrate thereof, applying neans

for 12 converging.t-he |ight generat edobmcliiedi GO Siaei 1M EDB) 13 and
appl ying the converged |ighg 4% said information 14 recording layer of the

first or second recording nedium 15 and phot odet pct Qr--means for dgtecting
returning light from 0. 20 |-~ !
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16 said information recording |ayer of the first or second 17 recording

medi uns, said nmethod conprising the step of: 18 detecting the
returning light fromsaid information 19 recording |layer with said

phot odet ect or neans which has a 20 nornualized detector size that is larger
than a dianeter of 21 a spot on said photodetector nmeans of returning |ight
of a 22 first numerical aperture [err] fromsaid first recording 23 nedium
and snmaller than a diameter of a spot on said 24 photodetector neans of
returning light of a nunerical 25 apert #8é2Yyreater than a second nuneri cal

aperture N2 from 26 saf':j /sef;nd -rysordi ng medi um
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