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DESCRIPTION
OPTICAL DISC APPARATUS AND OPTICAL DISC DISCRIMINATING METHOD

Field of the Invention

The present invention relates to an optical disc
apparatus and'an optical disc discriminating method for
recording or reproducing a plurality of types of optical discs
having different reflectivities such as CD-ROM, CD-R and CD-RW,

for example.

Background Art

In recent years, CDs (compact discs) are widely used as
optical discs which are recording'media of digital information.
Optical discs using such CD systems are used in various fields,
typically in audio systems and computer systems, as recording
media of various types of data.

Among these optical discs using CD systems, a CD-ROM has
assumed a dominant position in early stages, however, in recent
years, a write-once optical disc called a CD-R (compact
disc-recordable) and a rewritable optical disc called a CD-
RW (compact disc-rewritable) have also been commercialized.
Thus, diversification 6f optical discs and expansion in
specification and application have dramatically increased.

In response to the commercialization of a plurality of
types of optical discs, it is necessary to provide optical disc
apparatuses capable of responding to the a plurality of types
of optical discs as well as having compatibility with
conventional optical discs.

Generally speaking, in CDs, a ratio of reflected light
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with respect to incident light, i.e., a reflectivity differs
depending on the structure of a signal recording layer of the
optical disc. Therefore, the reflected light obtained from a
pickup device, i.e., the signal level of an RF signal differs
depending on the type of optical disc. Using this difference
in signal level, the type of optical disc, that is, CD~ROM, CD-R -
or CD-RW can be_discrimihated. The reflectivities of the
respective types of optical discs are determined as follows:
0.7 or more for CD-ROM, 0.65 or more for CD-R and 0.15 to 0.25
for CD-RW.

Also, in recordable qptical discs such as CD-R and CD-RW,
a guide groox're for trécking at the time of recording is provided,
in which guide groove, time information and identification
information of the _optica‘l disc, and property of the recording
medium and the like are recorded as ATIP (absolute time in
pre-groove) information. In particular, by reading out disc
type identification information recorded as one of
identification information of the disc, it is possible to
discriminate the type of the optical disc between CD-R and CD-RW,
for example. Furthermore, as for CD-ROM, since the ATIP
information itself does not exist, it is possible to achieve
type discrimination from a read—only optical disc such as
CD-ROM.

In the manner as described above, it is possible to
discriminate the type of optical disc. To be more specific,
in the optical disc apparatus capable of responding to a
plurality of types of optical discs, by making discrimination
using combination of the reflectivity and the disc type
identification information as described above at the time when

the optical disc is loaded, which type of optical disc was loaded
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is discriminated.

Furthermore, on the basis of this discrimination result,
the optical disc apparatus makes settings of optimum values of
parameters in various kinds of servo systems such as focus servo
and tracking servo and a laser power.

In the above mentioned prior art, however, since the
reflected light from the optical disc varies depending on the
manufacturer of the optical disc, it is difficult to determine
a threshold value of quantity of reflected light for
discriminating the type of optical disc by a fixed threshold
value which is common among different manufacturers. For
exampie, when an optical disc is provided by a newly entered
optical disc ﬁanufacturer, there arises a case that
discrimination results of the optical disc.differ between the

discrimination result based on the reflectivity and the

-discrimination result based on the disc type identification

information. In such a case, the type of the optical disc is
determined by giving a'priority to the discrimination result
based on the disc type identification information. However,
it was necessary to make settings of optimum values of
parameters in various kinds of servo systems such as focus servo
and tracking servo and a laser power again with respect to that
optical disc after the above determination.

Inbrief, a threshold value of quantity of reflected light
for discriminating the type of optical disc is fixed regardless
of the manufacture of the optical disc. For this reason, as
described above, when an optical disc is loaded to the optical
disc apparatus, setting of parameters of various kinds of servo
systems and laser power is necessarily conducted twice, which

leads the problem that the startup time of the optical disc
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increases.
Furthermore, when the discrimination results of _the
optical disc differ between the discrimination of the optical

disc based on the reflectivity and the discrimination of the

optical disc based on the disc type identification information,

the type of the optical disc is determined by giving a priority
on the latter discrimination result of the optical disc.
Therefore, there is a problem that depending on the manufacturer |
of the optical disc, recording/reproducing operation wi.th
respect to the optical disc is carried out under the condition
of erroneous discriminat;ion result of the optical disc, so that

the operation is not accurately carried out.

Disclosure of Invention

The present invention solves the above-mentioned
problems of the prior art, and provides an optical disc
apparafus and an optical disc discriminating method capable of
accurately starting the optical disc apparatus and reducing the
startup time, as well as reproducing/recording information of.
a plurality of types of optical discs in accordance with the
type of the optical discs securely and accurately.

In order to solve the above-mentioned problems, the
optical disc apparatus and optical disc discriminating method
according to the present invention are characterized by
calculating a threshold value of quantity of reflected light
for diseriininating the type of optical disc, on the basis of
a measured value of quantity of reflected light from an optical
disc of high reflectivity such as CD-ROM and CD-R and a measured
value of quantity of reflected light from an optical disc of

low reflectivity such as CD-RW to update the threshold value,
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thereby discriminating the typé of the optical disc loaded into
the optical disc apparatus securely with high accuracy in short
time, and setting the operation mode in accordance with the type
of the optical disc on the basis of that discrimination.

In the manner as described above, it is possible to start
the optical disc apparatus accurately and reduce its startup
time, as well as to reproduce/record information of a plurality
of types of optical discs in accordance with the type of the
discs securely and accuratély.

An optical disc apparatus according to claim 1 of the
present invention comprises: a laser light source for emitting
a laser beam for irradiating an.0ptica1.disc surface via an
objective lens; light detector for detecting reflected iight
by the optical disc surface of fhe laser beam emitted from the
laser light source; focus controller for controlling a focus
condition by moving the objective lens in a direction of optical
axis in accordance with a focus error signal generated by the
light detector; tracking controller for controlling a tracking
condition by moving the objective lens in a horizontal direction

in-accordance with a tracking error signal generated by the

light detector; disc signal discriminator for discriminating

the type of the optical disc on a basis of a focus error signal
and a sub beam addition signal obtainable in performing a focus
search by movirig the objective lens in the direction of optical
axis by means of the focus controller; and disc information
discriminator for discriminating the type of optical disc in
accordance with information recoréled oh the optical disc, and -
is so configured that final discrimination of the type of

optical disc is made on a basis of a type discrimination result

of the optical disc by means of the disc signal discriminator
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and the type discrimination result by the disc information
discriminator.

An optical disc discriminating method according to claim
13 is an optical disc discriminéting:method in an optical disc
apparatus according to any one of claims 1 to 12, and is so
configufed that final discrimination of the type of optical disc
is made on the basis of a type discrimination result of the
optical disd-by means of disc signal discriminator which
discrimiﬂates the type of optical disc on the basis.of a focus
error signal and a sub beam addition sighal obtainable in
performing a focus search by moving an objective lens in a
direction of optical axis; and the type discrimination result
of the optical disc by disc information discriminator which
discriminates the type of optical disc in accordance with
information recorded on the optical disc.

According to these configurations and methods, by
calculating a threshold value of quantity of reflected light
for discriminating the type of optical disc on a basis of a
measured value of quantity of reflected light from an optical
disc of high reflectivity such as CD-ROM and CD-R and a measured -
value of quantity of reflected light from an optical disc of
low reflectivity such as CD-RW to update the threshold value,
the type of the optical disc loaded into the optical disc
apparatus is discriminated securely and in short time.

In the optical disc apparatus according to claim 2, the

optical disc apparatus according to claim 1 is so configured.

" that the disc signal discriminator uses signal levels of the

focus error signal and the sub beam addition signal as threshold
data of quantity of reflected light for discriminating the type

of optical disc.
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In the optical disc apparatus according to claim 6, when
the type of the optical disc discriminated by the disc
information discriminator according to claim 5 is discriminated
as the type of the optical disc inserted into the optical disc
apparatus, signal levels obtained by the disc signal
discriminator is adopted as a threshold value for
discriminating the type of the optical disc used in the disc
signal discriminator.

In the optical disc apparatus according to claim 7, when
the type of the optical disc discriminated by the disc
information discriminator according toclaim5 is discriminated
as the type of the optical disc inserted into the optical disc
apparatus , an intermediate value between a maximum value of one
of the signal levels of optical disc and a minimum value of the
other of the signal levels of optical disc obtained by the disc
signal discriminator is adopted as a threshold value for
discriminating the type of the optical disc used in the disc
signal discriminator.

In the optical disc apparatus according' to claim 8, the
maximum value of one of the signal levels of optical disc
obtained by the disc signal discriminator according to claim
7 is used as a maximum value of signal levels in the type of
optical disc discriminated by the disc information
discriminator.

In the optical disc apparatus according to claim 9, the
minimum value of the other of thé signal 1eveis of optical disc
obtain_ed by the- disc signal discriminator according- to claim
-7 is used as a minimum value of signal levels in the other type
of optical disc not discriminated by the disc information

discriminator.
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In the optical disc apparatus according to claim 10, in
the case where the type of optical disc discriminated by the
disc information discriminator according to claim's is
discriminated as the type of the optical disc inserted into the
optical disc apparatus, an intermediate wvalue between an
average value of signal levels in one type of optical disc
discriminated by the disc information discriminator and an
average value of signal levels in the other type of optical disc
discriminafed by the disc signal discriminator is adopted as -
a threshold value for discriminating the type of the optical
disc used in the disc signal discriminator.

| In the optical disc apparatus according to claim 11, the
average of signal levels in the type of optical disc
discriminated by the disc signal discriminator according to
claim 10 is determined by averaging a plurality of signal levels
obtained in the type of optical disc discriminated by the disc
signal discriminator. '

In the optical disc apparatus according to claim 12, the
average of signal levels in the type of optical disc
.discriminated by the disc information discriminator according
to claim 10 is determined by averaging a plurality of signal
levels obtained by the disc signal discriminator in the type
of optical disc discriminated by the disc information
discriminator. '

In the optical disc discriminating method according to
claim 14, in discriminating the type of optical disc by the disc
signal discriminator accordiﬁg to claim 13, signal levels of
the focus error signal and the sub beam addition signal.are used
as threshold data of quantity of reflected light for

discriminating the type of optical disc.
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In the optical disc discriminating method according to
claim 18, when the type of optical disc discriminated by the
disc information discriminator according to claim 17 is
discriminated as the type of the optical disc inserted into the
optical disc apparatus, signal levels obtained by the disc
signal discriminator is adopted as a threshold value for
discriminating the type of the optical disc used in the disc
signal discriminator.

In the'optic,al disc discriminating method according to
claim 19, when the type of optical disc discriminated by the
disc information discriminator according to claim 17 is
discriminated as the type of the optical disc inserted into the
optical disc apparatus, an intermediate value between a maximum
value of one of the signal levels of optical disc and a minimum
value of the other of the signal levels of optical disc obtained
by the disc signal discriminator is adopted as a threshold value
for discriminating the type of the optical disc used in the disc
signal di;slcriminator.

In the optical disc discriminating method according to
claim 20, the maximum value of one of the signal'levels of optical
disc obtained by the disc signal discriminator according to
claim 19 is used as a maximum value of signal levels in the type
of optical disc discriminated by the disc information
discriminator.

In the optical disc discriminating method according to
claim 21, the minimum value of the other of the signal levels
of optical disc obtained by the disc signal discriminator
according to claim 19 is used as a minimum value of signal levels
in the other type of optical disc not discriminated by the disc

information discriminator.
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. In the optical disc discriminatihg method according to
claim 22, when the type of optical disc discriminated by the
disc information discriminator according to claim 17 is
discriminated as the type of the optical disc inserted into the
optical disc apparatus, an intermediate value between an
average value of signal levels in one type of optical disc
discriminated by the disc information discriminator and an
average value of signal levels in the other type of optical disc
disqriminated by the disc signal discriminator is adépted as
a threshold value for discriminating the type of the optical
disc used in the disc signal discriminator.

In the optical disc discriminating method according to
claim 23, the average of signal levels in the type of optical
disc discriminated by the disc signal discriminator according
to claim 22 is determined by averaging a plurality of signal
levels obtained in the type of optical disc discriminated by
the disc signal discriminator.

In the optical disc discriminating method according to
claim 24, the average of signal levels in the type of optical
disc discriminated by the disc information discriminator
according to claim 22 is determined by averaging a plurality
of signal levels obtained by the disc information discriminator
in the type of optical disc discriminated by the disc
information discriminator.

According to these configurations and methods, the
accuracy of discrimiﬁating the type of the optical disc loaded
into the optical disc apparatus is improved.

In the optical disc apparatus according to claim 3, the
disc signal discriminatdr accdrding to claim 1 discriminates

~whether the optical disc to be discriminated based on the focus
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error signal and the sub beam addition signal is a CD-ROM, a
CD-R, a CD-RW or no disc.

In the optical disc discriminating method according to
claim'15, in discriminating the type of optical disc by the disc
signal discriminator.according to claim 13, whether the optical
disc to be discriminated based on the focus error signal and
' the sub beam addition signal is a CD-ROM, a CD-R, a CD-RW or
no disc is discriminated.

According to these configurations and methods, setting
of the operation mode in accordance with the type of optical
disc on the basis of the discrimination by the disc signal
discriminator is enabled.

In the optical disc apparatus according to claim 4, the
disc information discriminator according to claim 1
discriminateS'whether the optical disc to be discriminated
based on the informai:ion recorded on the optical disc is a CD-R,
a CD-RW, or a CD-ROM.

In the optical disc discriminating method according to -
claim 16, in discriminating the type of optical disc by the disc
information discriminator according to claim 13, whether the
optical disc to be discriminated based on the information
recorded on the optical disc is a CD-R, a CD-RW, or a CD-ROM
is discriminated.

According to these configurations and.methods, setting
of the operation mode in accordance with the type of optical
disc on the basis of the discrimination by the disc information
discriminator is enabled.

In the optical disc apparatus according to claim 5, with
regard to a loaded optical disc according to claim 1, in the

case where the type of optical disc discriminated by the disc
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signal discriminator and the type of optical disc discriminated
by the disc information discriminatbr are different from each
other, a pfiority is given to the type of optical disc
discriminated by the disc information discriminator.

In the optical disc discriminating method according to
claim 17, with regard to a loaded optical disc according to claim
13, in the case where the type of optical disc discriminated
by the disc signal discriminator and the type of optical disc
discriminated by the disc information discriminator are
different from each other, a priority is given to the type of
optical disc discriminated by the disc information
discriminator.

Accordingtotheseconfiguratiohsandmethods,bysettihg
the operation mode in accordance with the type of optical disc
on the basis of the discrimination by the disc information
discriminator, accurate starting with respect to a plurality

of types of optical discs is enabled.

Brief Description of Drawings
Fig. 1 is a sectional view showing a structure of an

ordinary CD-ROM;

Fig. 2 is a sectional view showing a structure of an
ordinary CD-R;

Fig. 3 is a sectional view showing a structure of an
ordinary CD-RW; |
| Fig. 4 is a block diagram showing a general configuration
of an optical disc apparatus according to a preferred embodiment
of the present invention;

Fig. 5 is an explanatory view of a configuration of a

pickup device in the optical disc apparatus according to the
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same embodiment;

Fig. 6 is a flowchart showing an optical disc
discriminating method in an optical disc apparatus. according
to a first embodiment of the present invention;

Fig. 7 is a schematic view showing an example of a
discrimination operation in the optical disc apparatus
according to the first embodiment; '

Fig. 8 is a flowchart showing an optical disc
discriminating method in an optical disc apparatus according
to a second embodiment of the present invention;

Fig. 9 is a schématic view showing an example of a
discrimination operation in thé optical disc apparatus
according to the second embodiment;

Fig. 10 is a flowchart showing an opticél.disc
discriminating method in an optical disc apparatus according'
to a third ‘embodiment of the present invention;

Fig. 11 is a schematic view showing an example of a
discrimination operation in the optical disc apparatus
according ﬁo the third embodiment; and

Fig. 12 is a schematic view showing disc type

identification information.

Best Mode for Carrying Out the Invention

In the following, an optical disc apparatus and an optical
disc discriminating method representing a preferred embodiment
of the present invention will be concretely explained with
referencé to the drawings.

First, sectional structures of a CD-ROM, a CD-R and a
CD-RW to be loaded in the optical disc apparatus of the present

embodiment will be explained with reference to Figs. 1, 2 and
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The CD-ROM shown in Fig. 1 is a read only medium and formed
by a transparent disc substrate 11, a signal surface 12, a
reflection layer 13 and a protection layer 14. Upon incidence
of a laser beam from the side of the disc substrate 11 with
respect to the CD-ROM, information recorded on the signal
surface 12 is detected by means of the reflected light.

The CD-R shown in Fig. 2 is a write-once media, and formed
by a trahsparent disc substtate 21, a recording layer 22, a
reflection laye: 23 and a protection layer 24.

Fbr recording data on the CD-R, it is necessary to
irradiate with an intense laser beam from the side of the disc
substrate 21. The recording layer 22 irradiated with the
intense laser beam absorlc;s the irradiated laser beam to generate
heat because it contains an organic dye, and local temperature
rise occurs. As a result of this temperature rise, the
refractive index changeé due to deformation of the disc
substrate 21 and decomposition of the dye of the recording layer
22, thereby forming bits corresponding to the data to accomplish
recording of the data.

The CD~-RW shown in Fig.'3 is a medium which records or
erases data by reversibly changing a phase change recording
layer 33. This CD-RW is formed by a ti‘ansParent disc substrate
31, a dielectric layer 32, the phase change recording 33, a
reflection layer 34, a protection layer 35 and a special
printing layer 36.

For recording data on the CD-RW, it is necessary to
irradiate with a laser beam of relatively high power from the
side of the disc substrate 31 to raise the temperature of the

phase change recording layer 33 to high temperatures near the
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melting point, followed by rapidly cooling.. As a consequence
of this series of operations, a noncrystalline state is formed
in the phase change recording layer 33, whereby recording of
data is accomplished.

On the other hand, for erasing data, it is necessary to
irradiate with a laser beam of relatively low power from the
side of the disc substrate 31 to raise the temperature of the
phase change recording layer 33 to a crystallization transition
temperature, followed by slowcooling. As:a consequence of this
series of operations, a crystalline state.changed from the
noncrystalline state is formed in the phase change rec_o:_:ding
layer 33, whereby erasing of data is accomplished.

As described above, reflectivities of the respective
types of optical disc are determined as 0.7 or more for CD-
. ROM, 0.65 or more for CD-R and 0.15 to 0.25 for CD-RW depending
on the difference in structure of the signal recording layer
of each optical disc.

Next, an optical disc apparatus of one embodiment of the
present invention will be explained.

~ Fig. 4 is a block di’agranl showing a general configuration
of an optical disc apparatus according to the present embodiment.
In Fig. 4, the reference numeral 41 denotes an optical disc
inserted into the_optical disc apparatus with being laid on a
tray (not shown). In response to a control signal from a disc
motor control circuit 44 which controls the number of revolution
of the optical disc 41, a disc motor 42 rotationally drives the
optical disc 41.

The reference numeral 5 denotes a pickup device, which
irradiates a predetermined position of the optical disc 41 with

a laser beam and detects the reflected light of the laser beam.
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A variety of signals detected by the pickup device 5 are inputted
to a focus control circuit 45 which movés an objective lens in
the direction of its optical axis to control a focus condition,
a tracking control circuit 46 which moves the objective lens
in a horizontal direction so as to control the tracking
condition, and a feed motor control circuit 47 which moves the
.pickup device 5 in the horizontal direction by means of a'feed
motor 43, to be outpﬁtted as a variety of servo control signals;

A microcomputer 48 integrally controls the disc motor
control circuit 44, the focus control circuit 45, the tracking
control circuit 46 and the feed motor control circuit 47.

Next, the pickup device mounted on the optical disc
apparatus according to the present enbodimeﬂt will be
explained. _

-Fig. 5 is an explanatory view of a structure of the pickup
device in the optical disc apparatus of the present embodiment.
In this pickup device 5, as shown in Fig. 5, the laser beam
outgoing from a laser 1igh£ source 56 is split into a plurality

.of beams by means of a diffraction grating 55. The split beams
pass through a collimator lens 54 for shaping beams into
parallel beams, a beam splitter 53, a quarter waveiength plat'e
52 and an objective lens 51 for converging beams on a disc surface,
and enter a recording surface of the optical disc 41.

The incident light to the optical disc 41 is subjected

-to modulation by the recording surface formed on the optical
disc 41 to be rendered reflecf.ed light, and the reflected light
from the disc surface 'again passes through the objective lens
51, and the incident light and the reflected 1light are separated
from each other by means of the quarter wavelength plate 52 and

thebeam splitter 53. The separated reflected light is detected
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by a light detector 57 which detects a focus and a tracking
condition to be outputted as a variety of error signals

generated thereby.

(First Embodiment)

In the following, an embodiment corresponding to the
inventions described in Claims 1 to 6 and Claims 13 to 18 of
the present invention will be explained with reference to Figs.
6, 7 and 12.

Irradiate the optical disc 4.1 which has been inserted into
the optical disc apparatus with being laid on a tray with a laser
‘beam from the laser light source 56 via the objective lens 51
(S601). Thereafter, execute a focus search (S602) operation
which moves the objective lens 51 in the up and down direction
by means of the focus control circuit 45.

On the basis of the laser beam emitted from the laser 1light
source 56, detect the reflected light from the recording surface
of the optical disc'41 obtainable by the focus search operation
with réspect to the laser beam by means of the light detector
57. Acquire amplitude level of a focus error signal and sub
beam addition signal generated by the light detector 57 by the
microcomputer 48 via the focus control circuit 45 and the
tracking control circuit 46 (S603).

The microcomputer 48 stores the acquired amplitude level
in a memory (not shown) and discriminates (S604) whether the
inserted optical disc 41 is a CD-ROM (S607), a CD-R (S606), a
CD-RW (S608) or no disc (S605). For example, as shown in Fig.
7, if the amplitude level exceeds a certain threshold value,
the disc can be discriminated as a CD-R, while on the other hand,

if the amplitude level doe not exceed the threshold value, the
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disc can be discriminated as a CD-RW. _

~ In accordance with the type of the optical disc 41
discriminated in the manner as described above, an automatic
adjusting operation is executed so that settings of optimum
values of parameters of various kinds of servo systems such as
focus servo and tracking servo and a laser power are carried
out (S609).

After completion of the adjusting operation for setting
parameteré 6f various kinds'of servo systems and laser power,
the optical disc apparatus is enabled to read out information
recorded on the 6ptica1 disc 41. The optical disc apparatus
having become thus capable of reading out information recorded
on the opticél disc 41 acquires disc type identification
information recorded as one of ATIP information (S610).

Discriminate-whether the inserted optical disc 41 is a
CD-ROM (S612), a CD-R (S613) or a CD-RW(S614) in accordance with
the disc type identificat.ion information (S611). For example,
as shown in Fig. 12, if the disc type identification information
(D1) is "1", it cén be discriminated as a CD-RW; if the.disc
type identification information (D1) is "0", it can
discriminated as a CD-R, and if the disc type identification
information itself does not exist, it can be discriminated as
a CD-ROM. |

In this manner, compare the type of the optical disc 41
discriminated in accordance with the amplitude level based on
the focus error signal and sub beam addition signal, with the
type of the optical disc 41 discriminated in accordance with
the disc type identification information (S615), and if £he
types of the optical disc 41 discriminated respectively are the

same, compare the measured amplitude level with the
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maximum/minimum amplitude levels in the discriminated type of
the optical disc 41 (S616, S618).

On the other hand, if the measured amplitude level is
larger than the maximum amplitude level in the discriminated
. type of the optical disc 41, the amplitude level is stored in
the memory as a maximum amplitude level (S617). Similarly, if
the amplitude level is smaller than the minimum amplitude level
in the discriminated type of the optical disc 41, the amplitude
level is stored in the memory as a minimum amplitude level
(8619).

In this manner, when the types of the optical disc 41
discriminated respectively are the same,'the.maximum/minimum
amplitude levels are discriminated in accordance with the type
of the optical disc 41 to be stored and renewed in the memory.

Oon the other hand, if the type of the optical disc 41
discriminated in accordance with the amplitude 1eve1.measﬁred
based on the focus error signal and the sub beam addition signal
is different from the type of the optical disc 41 discriminated
in accordance with the disc type identification information
because of variations in the reflected light from the optical.
disc 41, for example, as shown in Fig. 7, in the case where the
type of the optical disc 41 diécriminated in accordance with
the measured amplitude ievel is a CD-R, while the type of the
optical disc 41 discriminated in accordance with the disc type
identification information is a CD-RW, the type of the inserted
optical disc 41 is determined by giving a priority to the CD-RW
which is the type of the optical disc 41 discriminated in
accordance with the disc type identification information
(S620). |

From the above different discrimination results of type
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of the optical disc 41, it is.found that the amplitude level
of quantity of reflected light used in discriminating the type
of the optical disc 41, that is, the threshold value was not
an effective threshold value for discriminating the type of the
optical disc 41. For updating this, a threshold value of
quantity of reflected light is newly calculated and set.

First, the above mentioned measured amplitude level that .
led the erroneous discrimination is read out from the memory
into which the microcomputer 48 stored the acquired émplitude
level (S621). In the memory, maximum/minimum amplitude levels
in correspondence with the type of the optical disc 41 are also
stored in addition to the above amplitude level. For example,
as shown in Fig. 7, in the case where an amplitude level
corresponding CD-R is obtained as a measured value, though the
inserted optical disc is a CD-RW, the measured amplitude level
corresponding to CD-R is compared with the minimum amplitude
level corresponding to CD-R (S622). .

If the measured amplitude level corresponding to CD-R is
smaller.than the minimum amplitude level corresponding to CD-R,
the value of amplitude level for distinguishing CD-R from CD-RW,
‘that is, the threshold value is raised to the value of the
measured amplitude level corresponding to CD-R, thereby
updating the threshold value (S623). As a consequence, it is
possible to improve the accuracy of discrimination of the type
of the optical disc 41 in accordance with a measured amplitude
level.

In the first embodiment, the process of updating the
threshold value to the measured amplitude level corresponding
to CD-R (S5623) was executed; however, the threshold value may

be updated by such a value that is obtained by multiplying the
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measured amplitude level corresponding to CD-R by
coefficient-times in consideration of a margin within the range
of less than the minimum amplitude level corresponding to CD-R.

-Furthermore, in the first embodiment, the updating
process is executed in the case where an amplitude level
-corresponding CD-R is obtained as a measured value, though the
inserted optical disc 41 is a CD-RW; however, the process may
conversely update the threshold value in the case where an.
amplitude level corresponding to CD-RW is obtained as a measured
value, though the inserted optical disc 41 is a CD-R.

Next, in accordance with the determination of the type
of the inserted optical .disc a1 (8620), it is necessary to change
the settings of the optimum values of parameters of the various
kinds of'se.rvo systems such as focus servo and tracking servo
and the laser power that have been set in accordance with the
type of the optical disc discriminated based on the amplitude
level into the settings of optimum values of parameters of the
various kinds of servo systems such as focus servo and tracking
servo and a. laser power in accordance with the type of the optical
disc discriminated based on the disc type identification
information. For this reason, the automatic adjusting
operation is executed again (8609).

The optical disc apparatus having completed the adjusting
operation for setting the parameters of the various kinds of |
servo systems and the laser power again, acquires the disc type
identification information agéin (S610), and confirms whether
an error occurs in the determination of the type of the optical
disc 41 (§611) to complete the process.

Then according to the above described series of

operations, in the optical disc apparatus in which the threshold
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value of quantity of reflected light has been updated, insert
the optical disc 41 again, acquire the reflected light
obtainable by the focus search (S602) operation as an amplitude
level by means of the light detector 57 (S603) and discriminate '
the inserted optical disc 41 in accordance with the acquired
measured amplitude level and the updated threshold Value.
(5604). '

. In the preceding discrimination of the optical disc 41,
the optical disc 41_ was discriminated as a CD-R because. the
amplitude level exceeded the threshold value before updating,
though it should essentially be discriminated as a CD-RW,
however, in the discriniination of the optical disc 41 of this
time, since the threshold value has been updated in accbrdance
wiﬁh the optical disc 41, it becomes possible to properly
discriminate the optical disc 41 as a CD-RW, for example.

As a consequence of this, the type thus discriminated
becomes corx"espondent with the type of the optical disc which
is obtainable by discrimination in accordance with the disc type
identification information that will be executed later, so that
the optical disc apparatus can normally starts in a short time
without executing the readjusting operation which used to

hinder reduction of the startup time.

(Second Embodiment)

In the following, an embodiment corresponding to the
inventions described in Claims 7 to 9 and Claims 19 to 21 of
the present invention will be explained with reference to Figs.
8 and 9. The configqguration as same as that of the first
embodiment as described above are denoted by the same reference

numeral and explanation of which will be omitted.
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In the case where the type of the optical disc 41
discriminated in accordance with the measured amplitude level
differs from the type of the optical disc 41 discriminated in
accordance with the disc type identification information '
because of variations in the reflected light from the optical
disc 41, it is found that the amplitude level of quantity of
reflected 1ight used for discriminating the type of the optical
~disc 41, that is, the threshold value is not effective for
discriminating the tYpe of the optical disc 41. For updating
this threshold value, it is necessary to calculaite the threshold
value of quantity of reflected light and make a setting again.

For example, as shown in Fig. 9, in the case where an
amplitude level corresponding to CD-R is obtained as a measured
value, though the inserted optical disc 41 is a CD-RW, update.
the value of the maximum amplitude level in accordancle with
CD-Rﬁ'to the value of the above-mentioned measured amplitude
level cofreéponding to CD-R (S631).

From the minimum amplitude level in correspondence with
CD-R and.the maximum amplitude level in correspondence with
CD-RW; that is, the above-mentioned measured amplitude level
corresponding to CD-R, calculate an intermediate value of these
amplitude levels (S632). Update the value of amplitude.level
for distinguishing CD-R from CD-RW, that is, the threshold value
by this intermediate value (S633).

In the second embodiment, the updating process is
executed in the case where an amplitude level corresponding CD-R
is obtained as a measured value, though the inserted optical
disc 41 is a CD-RW; however, the process may conversely update
the threshold value in the case where an amplitude 1evél

corresponding to CD-RW is obtained as a measured value, though
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the inserted optical disc 41 is a CD-R.

Néxt, in accordance with the determination of the type
of the inserted optical disc 41 (S620), set the parameters of
-various kinds of servo systems and the laser power again by
‘automatic .adjustment (5609). The optical disc apparatus
having completed the adjusting operation for setting the
parameters of the various kinds of servo systems and.the laser
power again, acquires the disc type identification information
again (S610), and confirms whether an .error occurs in the
determination of the type of the optical disc 41 (S611) to
complete the process. _

Then according to the aﬁove described series of
operations, in the optical disc apparaf.us inwhich the threshold
value of quantity of reflected 1light has been updated, insert
the optical disc 41 again, acquire the reflected light
obtainable by the focus search (S602) operation as the measured
amplitude level by means of the light detector 57 (S603) and
discriminate fhe inserted optical disc 41 in. accordance with
the acquired measured amplitude level and the updated threshold
value (S604).

In the preceding discrimination of the optical disc 41,
the optical disc 41 was discriminated as a CD-R because the
amplitude level exceeded the threshold value before updating,
though it should essentially be discriminated as a CD-RW;
however, in the discrimination of the optical disc 41 of this
time, since the threshold value has been updated so as to
correspond to CD-RW as the optic;al disc 41, it becomes possible
to properly discriminate the optical disc 41 as a CD-RW, for
exaﬁple.

As a consequence of this, the type thus discriminated
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becomes correspondent with the type of the optical disc which
is obtainable by discrim;i.nation in accordance with the disc type
identification information that will be executed later, so that
the optical disc apparatus can normally starts in a short time
without executing the readjusting operation which used to

hinder reduction of the startup time.

(Third Embodiment)

.. In the following, an embodiment corresponding to the
inventions described in Claims 10 to 12 and Claims 22 to 24 of
the present invention will be explained with reference to Figs.
10 and 11. The configuration as same as that of the first
embodiment and the second embodiment as described above are
denoted by the same reference numeral and explanation of which
wil; be omitted.

In the case where the type of the optical disc 41
discriminated in accordance with the measured amplitude level-
differs from the type of the optical disc 41 discriminated in
accordance with the disc type identification information
because of variations in the reflected light from the optical
disc 41, it is found that the-amplitude level of quantity of
reflected light used for discriminating the type of the optical
disc‘41, that is, the .threshold value is not effectivé for
discriminating the type of the optical disc 41.

For updating this threshold value, it is necessary to
calculate the threshold value of quantity of reflected light
and make a setting again. For example, as shown in Fig. 11,
in the case where an amplitude level corresponding to CD-R is
obtained as a measured value, though the ihserted.optical disc

41 is a CD-RW, update the value of the maximum amplitude level
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in accordance with CD-RW to the value of the above-mentioned
measured amplitudé level corresponding to CD-R (S631).

Then, calculate an average value including the updated
maximum amplitude level in correspondence with CD-RW (S641),
calculate an intermediate value of average amplitude levels
from an average value of amplitude level in correspondence with
CD-R and an average value of amplitude level in correspondence
with CD-RW (S632), and update the value of amplitude level for
distinguishing CD-R from CD-RW, that is, the threshold value
by this intermediate value (S633). |

In the third embodiment, the updating process is' executed
in the case where an amplitude level corresponding CD-R is
obtained as a measured value, though the inserted optical disc
41 is a CD-RW; however, the process may conversely update the
threshold value in the case where an amplitude level.
corresponding to CD-RW is obtained as a measured value, though
the inserted optical disc 41 is a CD-R.

Next, in accordance with the determination of the type
of the inserted opticai disc 41 (S620), set the parameters of
various kinds of servo systems and the laser power again by
"automatic adjustment (S609). The optical disc apparatus
having completed the adjusting operation for setting the
parameters of the various kinds of servo systems and the laser
power again, acquires the disc type identification information
again (S610), and confirms whether an error occurs in the
determination of the type of the optical disc 41 (S611) to
complete the process. |

Then according to the above described series of
operations, in the optical disc apparatus inwhich the threshold

value of quantity of reflected light has been updated, insert
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the optical disc 41 again, acquire the reflected light
obtainable by the focus search (S602) operation as an amplitude
-level by means of the 1light detector 57 (S603) and discriminate
' the inserted optical disc 41 in accordance with the acquired
measured amplitude level and the updated threshold value
(S604).

In the preceding'discrimination of the optical disc 41,
the optical disc 41 was discriminated as a CD-R because the
amplitude level exceeded the threshold value before updating,
though it should essentially be discriminated as a CD-RW;
however, in the discrimination of the optical disc 41 of this
time, since the threshold value has been updated so as to
correspond to the optical disc 41, it becomes possible to
properly discriminate the optical disc 41 as a CD-RW, for
example.

As a consequence of this, the type thus discriminated
becomes correspondent with the type of the opticalldisc which
is obtainable by discrimination in accordance with the disc type
identification information that will be executed later, so that
the 6ptical disc apparatus can normally starts in a short time
without executing the readjusting operation which uéed to

hinder reduction of the startup time.
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CLAIMS
1; An optical disc apparatus comprising:
| é laser light source for emitting a laser beam for
‘irradiating an opfical disc surface via an objective lens;

a 1ight detector for detecting reflected light of the
laser beam emittea ffom.said laser light.source and refiected
by said optical disc surface;

a focus controller for controlling a focus condition by
moving said objective lens in a direction of an optical axis
in accordance with a focus error signal generated by said 1J‘._ght
detector; |

a tracking controller for controlling a tracking
condition by moving said objective lens in a horizontal
direction in accordance with a tracking error signal generated
by said light detector;

a disc signal discriminator for discriminating a type of
said optical disc on a basis of a focus error signal and a sub
beam addition signal obtainable in performing a focus search
by moving said objective lens in the direction of optical axis
by means of said focus controller; and

a disc information discriminator for discriminating the
type of said optical disc in accordance with information
recorded on said optical disc,

wherein final discrimination of the type of said optical

disc is made on a basis of the type discrimination result of

AR
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said optical disc by means of said disc signal discriminator
and the type discrimination result of said optical disc by means
of said disc information discriminator.

2. - Thé optical disc apparatus according to claim 1,
wherein the disc signal discriminator uses a signal level of
the focus error signal and the sub beam addition signal as
threshold data of quantity of reflected light: for
disc;iminating the type of the optical disc.

| 3. The optical disc apparatus according to claim 1,
whereinthediscsignaldiscriminatordiscriminatesﬁhetherthe
optical disc to be discriminated based on i:he focus error.-signal
and the sub beam addition signal is a CD-ROM, a CD-R, a CD-
RW or no disc.

4. The optical disc apparatus according to claim 1,
wherein the disc information discriminator discriminates-
whether the optical disc to be discriminated based on the
information recorded on the optical disc is a CD-R, a CD-RW,
or a CD-ROM.

. 5. The optiéal disc apparatus according to claim 1,
wherein with regard to a loaded optical disc, in the case where
the type of optical disc discriminated by the disc signal
discriminator and the type of optical disc discriminated by the
disc information discriminator'differ frbm each other, a
priority is given to the type of optical disc discriminated by

said disc information discriminator.
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6. The optical disc apparatus according to claim 5,
wherein when the type of optical disc discriminated by the disc
information discriminator is discriminated as the type of the
optical disc inserted into the optical disc apparatus, a signal
level obtained by the disc signal discriminator is adopted as
a threshold value for discriminating the type of the optical
disc used.in said disc signél discriminator.

7. The optical disc apparatus according to claim 5,
wherein when the type of optical disc discriminated by the disc
information discriminator is discriminated as thé type of the
optical disc .inserted into the optical disc apparatus, an
intermediate value between a maximum value of one of the signal
levels of optical disc and a minimﬁm.value of the other of the
signal levels of optical diSc obtained by the disc signal-:
discriminator is adopted as a threshold value for
discriminating the type of the optical disc used in said disc
signal discriminato;.

8. The optical disc apparatus according to claim 7,
wherein the maximum value of one of the signal levels of optical
disc obtained by the disc signal discriminator is used as a
maximum value.of signal levels in the type of optical disc
discrimiﬁated by said disc information discriminator.

9. The optical disc apparatus according to claim 7,
wherein the.minimuﬁlvalue of the other of the signal levels of

optical disc obtained by the disc signal discriminator is used
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as a minimum value of signal levels in the other type of optical
disc.not discriminated by said disc information discriminator.

10. The optical disc apparatus according to claim 5,
wherein when the type of optical disc disc;riminated by the disc
information discriminatpr is discriminated as the type of the
optical disc inserted into the optical disc apparatus, aﬁ
intermediate value between an average value of signal levels
in one type of optical disc discriminated by said disc
information discriminator and an average value of signal levels
in the other. type of optical disc discriminated by the disc
signal discriminator is adopted as a threshold value for
discriminating the type of the optical disc used in said-disc
signal discriminator.

11. The optical disc apparatus according to claim 10,
whereinthea#eragevalueofsignallevelsinthetypeofoptical
disc discriminated by the disc signal discriminator is
determined by aﬁeraging'a plurality of signal levels obtained
in the type of optical disc discriminated by said disc signal
discriminator.

12. The optical disc apparatus according to claim 10,
wherein the average value of signal levels in the type of optical
disc discriminated by the disd information discriminator is
determined by averaging a plurality of signal 1e§el§ obtained
by the disc signal discriminator in the type of optical disc
discriminated by said disc information discriminator.

-
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13. Anoptical disc discriminatingmethod in an optical
disc apparatus according to any one of claims 1 to 12,

wherein final discrimination of _the type of said optical
disc is made on the basis of the type discrimination result of
said optical disc by means of the disc signal discriminator .
which discriminates the type of said optical disc on the basis
of the focus error signal and a sub beam addition signal
obtainable in performing é focus search by moving an objective
lens in a direction of optical axis, and the type discrimination
result of said optical disc by disc information discriminator
which discriminates the type of said optical disc in accordance
- with informationrrecorded on said optical disc.

14. The optical disc discriminating method according
to claim 13, wherein in discriminating the type of optical disc
by the disc signal discriminator, signal levels of the focus
error signal and the sub beam addition signal are used as
threshold data of quantity of reflectéd light for
discriminating ﬁhe type of said optical disc.

15. The optical disc discriminating method according
to claim 13, wherein in discriminating the type of optical disc
by the disc signal discriminator, the optical disc to be
discriminated based on the focus error signal and the sub beam
addition signal is discriminated whether it is a CD-ROM  a CD-R,
a CD-RW or no disc.

16. The optical disc discriminating method according

* 4 L M S *
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to claim 13, wherein in discriminating the type of optical disc
by the disc information discriminator, the optical disc to be
discriminated based on the information recorded on the optical
disc is discriminated whether it is a CD-R, a CD-RW, or a CD~-ROM.

17. The optical disc discriminating method according
to claim 13, wherein with regard to a loaded optiqal disc, if
the type of optical disc discriminated by the disc signal
discriminator and the type of optical disc discriminated by the
disc information discriminator differ from each other, a
priority is given to the type of optical disc discriminated by
said disc information discriminator.

18. The optical disc discriminating method according
to claim 17, wherein when the type of optical disc discriminated
by the disc informafion'discriminator is discriminated as the
type of the optical disc inserted into the optical disc.
apparatus, the signal levels obtained by the disc signal
discriminator are adopted as threshold values for
discriminating the type of the optica1 disc used in said disc
signal discriminator.

19. The qptical disc discriminating method acdording
to claim 17, wherein when the type of optical disc discriminated
by the disc informafion discriminator is discriminated as the
type of the optical disc inserted into the optical disc
apparatus, an intermediate value befween a maximum value of one

of the signal levels and a minimum value of the other of the
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signal levels obtained by the disc.signal discriminator is
adopted as a threshold value for discriminating the type of the
optical disc used in said disc signal discriminator. |

20. The optical disc discriminating method according
toclaim 19, wherein the maximum value of one of the signal levels
obtained by the disc signal discriminator is used as a maximum
value of the signal levels in the type of optical disc
discriminated by said disc information discriminator.

21. The optical disc discriminating method according
to claim 19, wherein the minimum value of the other of the signal -
levels obtained by the disc signal discriminator is used as a.
minimum value of signal levels in the other .tyP'e of optical disc
not discriminated by said disc information discriminator.

22. The optical disc discriminating method according
to claim 17, wherein when the type of optical disc discriminated
by the disc information discriminator is discriminated as the
type of the optical disc inserted into the optical disc
apparatus, an interﬁediate value between an average value of
signal levels in one type of optical disc discrimina.ted by said
disc information discriminator and an average value of signal
levels in the other type of optical disc discriminated by the
disc signal discriminator is adopted as a threshold value for
discriminating the type of the optical disc used in said disc
éignal discriminator.

23. The optical disc discriminating method according

A
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to claim.22,-wherein'the average value of signal levéls ip'thé
type of optical disc discriminated by the disc signal
discxjiminator is determined by averaginq a plurality of signal
levels obtained in fhe type of optical disc discriminated by
said disc signal discriminator.

24. The optical disc discriminating method according
to claim 22, wherein the average value of signal levels in the
type of optical disc discriminated by the disc information
discriminator is dei_:ermined by averaging a_plurality of signal
levels obtained by the disc signal discriminator in the type.
of optical disc. discriminated by said disc informatipn .

discriminator.
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