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(57) ABSTRACT

An optical recording medium has a plurality of test areas on

cach of which test signals are written, and a plurality of
power sitting information recording areas on each of which
an optimum laser power obtained by reading the recorded

test signal written 1n one of the test areas 1s written. An
identification information of a recording system by which
the test signal 1s written 1s also written on the power setting
information recording area.
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OPTICAL RECORDING MEDIUM AND
METHOD FOR SETTING POWER OF L ASER
BEAM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to an optical recording
medium of write once type and a method for setting power
of a laser beam for writing information in the recording
medium.

As a write once type optical recording medium, a CD-R
(write once type CD) 1s known. In the CD-R, a laser beam
1s focused on a recording surface to convert luminous energy
to thermal energy to change the physical nature of the
recording surface. Thus, the information is recorded n the

CD-R.

Although the recording mediums of the same type are
made by the same material, the individual recording medium
has not always the same characteristic. Accordingly, if a
laser beam 1s set to a fixed power, information can not be
recorded 1n an optimum condition. Therefore, 1n such a
recording medium, before recording information, the laser
power is adjusted by an optimum power control (OPC) to be
set to an optimum value for a disc to be recorded.

A conventional OPC method employed in the CD-R will
be describe with reference to FIG. 6. The CD-R has a power
calibration area (PCA) as a test area, read-in area, informa-
tion recording area, and read-out area. The PCA 1s provided
on the 1nside of the read-in area. A test writing 1s performed
in the test area before recording information so as to obtain

an optimum laser power for writing information on the
CD-R.

In the write once type CD such as the CD-R, an area in
which mformation has been written once 1s not used for
further writing immformation again. A recorder for writing
information 1s provided for controlling laser power by the
test writing on the PCA, and for recording information on
the information recording area thereafter with the controlled
laser power.

As shown 1n FIG. 6, the CPA 1s divided into a hundred
partitions. Since one writing test uses one partition, it 1s
possible to perform a hundred times of the OPC.

However, the test writing over a hundred times can not be
done. Therefore, even if a writable area (vacant space)
remains 1n the mformation recording area, information can
not be recorded thereon.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide an optical
recording medium of a write once type and a method for
setting power of laser beam for writing information in the
recording medium 1n which the number of writing tests 1s
increased as many as possible.

According to the present invention, there 1s provided an
optical recording medium on which information 1s recorded
in an 1nformation recording arca by changing a physical
quality thereof, comprising a plurality test areas on each of
which test signals are written for obtaining an optimum laser
power for writing information on the information recording,
area, a plurality of power setting information recording areas
on each of which an optimum laser power obtained by
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2

reading the recorded test signal written 1n one of the test
arcas, and an 1dentification information of a recording sys-
tem by which the test signal 1s written are written.

A method of the present invention comprising steps of
writing test signals on test areas, obtaining an optimum laser
power for writing information on an information recording
arca, writing an optimum laser power obtained by reading
the recorded test signal written 1n one of the test areas, and
an 1dentification information of a recording system by which
the test signal 1s written on a power setting information
recording area, reading out an own 1denfification mforma-
fion of the recording system recorded on the power setting
information recording areca, reading out an optimum laser
power written 1n the power setting information recording
area 1n which the own i1dentification information 1s written,
setting power of laser beam for recording information to the
read out optimum laser power.

These and other objects and features of the present
invention will become more apparent from the following
detailed description with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1a 1s a schematic diagram showing an optical
recording medium having a signal recording area according
to the present 1nvention;

FIG. 1b 1s a schematic diagram showing another modi-
fication of the optical recording medium of the present
mvention;

FIG. 2 1s a schematic diagram showing mformation data
for setting optimum power of a laser beam;

FIG. 3 1s a block diagram showing a recording/
reproducing system of the present invention;

FIG. 4 1s a flowchart showing an operation for controlling,
the laser power;

FIG. 5 1s a diagram showing a test signal for a writing test;
and

FIG. 6 1s a schematic diagram showing a signal recording
arca of a conventional optical recording medium.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1la, an optical recording medium
(heremafter called disc) 1 of the present invention has a
signal recording area comprising a power calibration arca
(PCA), read-in area, information recording area, and read-
outl area.

The PCA comprises a plurality of test arecas TEST1 to
TESTn, and a plurality of power setting information record-
ing areas PREC1 to PRECn provided corresponding to the
respective test areas TEST1 to TESTn. Both of the test areas
and the power setting information recording areas are alter-
nately disposed in the PCA.

FIG. 1b shows another modification of the PCA 1n which
a group of a plurality of test areas TEST1 to TESTn, and a

ogroup of a plurality of power setting information recording
arcas PREC1 to PRECn are separately provided 1n the PCA.

Referring to FIG. 2, in each power setting information
recording areca PREC, following data are written. Namely,
identification (ID) information of a recording system by
which the test writing has been done, and a predetermined
optimum power setting parameter such as optimum record-
ing power obtained based on the test writing, an area number
of the test arca where the test writing has been done, date and
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time of the test, and optimum recording strategy for
indicating, for example an optimum recording signal wave-
form.

FIG. 3 shows a recording/reproducing system of the
present invention. The recording/reproducing system com-
prises an optical pickup 2, a laser power controller 3, a
recording encoder 4, a reproducing head amplifier §, a
reproducing decoder 6, an address detector 7, an optimum
recording power detector 8, a servo circuit 9, a microcom-
puter 10, and an ID memory in which an identification (ID)
of the system 1s stored.

The operation for controlling the laser power will be
described with reference to the flowchart of FIG. 4.

When the disc 1 1s loaded on the system for recording
information, a recording mode 1s set. The microcomputer 10
operates the laser power controller 3 for controlling lumi-
nous intensity of a laser beam emitted from the pickup head
2 and 1rradiated on the disc 1 to a small value for reproduc-
tion. The servo circuit 9 1s operated for controlling the
reproducing head amplifier 5 and the reproducing decoder 6
so as to reproduce a recording signal of the disc 1.

The information recorded 1n the power setting informa-
tion recording areas PREC1 to PRECn 1n the PCA 1s read out
in order, with reference to address information detected by

the address detector 7. The read-out data are stored in a
RAM (not shown) (steps S1 to S4).

At a step S5, the own ID information stored in the ID
memory 11 of the system 1s compared with the ID informa-
tion of each of the power setting information recording areas
PREC1 to PRECn and 1t 1s determined whether the ID
information which is the same as the own ID 1nformation of
the system exists or not. If yes, it means that the system has
been used for recording information on the disc 1 before.

The program goes to a step S6 where data such as the
optimum recording power stored 1n the RAM as shown 1n
FIG. 2 at the corresponding ID information are read out. The
laser power controller 3 1s controlled so that the recording
power of the laser emitted from the pickup 2 1s set to an
optimum value.

At a step S7, the recording encoder 4 1s controlled by the
microcomputer 10 to apply recording information fed
through an input terminal to the disc 1, controlled by the
laser power controller 3. Thus, the information is written 1n
a vacant space of the information recording area of the disc

1.

On the other hand, at the step S§, if the same ID
information does not exist, it means that the system has
never been used for recording mformation on the disc 1
before.

The program goes to a step S8 where a writable vacant
power setting information recording areca PRECm 1s
scarched. At a step S9, a test area TESTm corresponding to
the writable vacant power setting information recording arca
PRECm 1s searched. At a step S10, the laser power controller
3 operates to control the power of the laser beam radiated
from the pickup 2 step by step as shown 1n FIG. 5. Thus,
writing test signals are written in the test area TESTm of the

disc 1.

At a step S11, the test signals written 1n the test arca
TESTm are reproduced, and the optimum recording power
detector 8 detects the amplitude level and waveform of each
of the reproduced signals to obtain an optimum power
setting parameter.

At a step S12, the laser power controller 3 1s controlled so
that the power of the laser radiated from the pickup 2 1s set
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to an optimum value for recording information on the disc
1. At a step S13, the ID information of the system and the
optimum power setting parameter are recorded on the power
setting information recording areca PRECm corresponding to
the test area TESTm. The program goes to the step S7 where
information fed through the input terminal 1s written 1n a

vacant space of the information recording area of the disc 1.

The PCA provided on the inside of the read-in area may
be disposed 1n any place in the disc 1 if search can be
performed. Furthermore, although the test arecas TEST1 to
TESTn, and the power setting information recording arecas
PREC1 to PRECn are integrally disposed, these areas can be
separately provided.

The embodiment of the present invention can be variously
modified.

In accordance with the present invention, the results of the
writing tests tested 1n the test areas are stored in the power
setting information recording areas provided corresponding
to the respective test areas. Preliminary to writing
information, the information recorded on the power setting
information recording area 1s detected to determine whether
the recording system has been used before or not.

If the recording system has been used before, the optimum
power of the laser beam for writing information 1s set in
accordance with the optimum power parameter stored in the
power setting mformation recording area. If the system 1s
not used, the test writing 1s performed 1n the test area.

Consequently, repetition of useless test writing 1s
prevented, so that the test areas are not wasted. On the other
hand, the number of times for the write once record can be
increased to 1improve an eflective recording operation.

Since the power information 1s recorded on the disc, 1t 1s
not necessary to provide a memory having a large capacity
in the recording/reproducing system. Thus, the cost of the
system 1s reduced.

Furthermore, the number of times for the writing test 1s
extremely reduced, so that capacity of the areas for the test
and for recording the power setting information can be
reduced.

While the invention has been described 1n conjunction
with preferred specific embodiment thereot, it will be under-
stood that this description 1s intended to illustrate and not
limit the scope of the mvention, which 1s defined by the
following claims.

What 1s claimed 1s:

1. An optical recording medium on which information 1s
recorded 1n an information recording arca by changing a
physical quality thereof, said medium comprising:

a plurality of test arecas 1n each of which test signals are
written for obtaining an optimum laser power for
writing information on the information recording area;
and

a plurality of power setting information recording areas,

cach of the test areas being coupled with one of the power
setting information recording areas, and each couple of
areas being located at predetermined relative positions
which can be relatively detected,

wherein an 1dentification information of a recording sys-
tem by which each test signal 1s written and an opti-
mum laser power, obtained by reading a recorded test
signal 1n a corresponding test area, are written to a
power setting information recording area correspond-
ing to each test area of said plurality of test areas.
2. An optical recording medium on which information is
recorded 1n an information recording arca by changing a
physical quality thereof, said medium comprising:
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a plurality of test areas 1 each of which test signals are
written for obtaining an optimum laser power for
writing information on the information recording area;
and

a plurality of power setting information recording areas
disposed between each of said plurality of test areas,

wherein an 1dentification information of a recording sys-
tem by which each test signal 1s written and an opti-
mum laser power, obtained by reading a recorded test
signal 1n an adjacent test area, 1s written to a power
setting 1nformation recording area corresponding to
cach test area of said plurality of test areas.

3. An optical recording medium on which information 1s
recorded 1n an information recording area by changing a
physical quality thereof, said medium comprising;:

a plurality of test areas 1 each of which test signals are
written for obtaining an optimum laser power for
writing information on the information recording area;
and

a plurality of power setting information recording areas
disposed after said plurality of test areas,

wherein an 1dentification mnformation of a recording sys-
tem by which each test signal 1s written and an opti-
mum laser power, obtained by reading a recorded test
signal 1n a test area, 1s written to a power setting
information recording area corresponding to each test
arca of said plurality of test arcas.

4. A method for setting a power of a laser beam for an
optical disc having a plurality of test areas and a plurality of
power setting information recording areas, said method
comprising the steps of:

writing test signals on [test arcas] a fest area of the
plurality of test areas;

obtaining an optimum laser power for writing information
in an information recording arca by reading a recorded
test signal;

writing an optimum laser power and an idenfification
information of a recording system by which each test
signal 1s written 1n one of the plurality of power setting
information recording areas, wherein said power set-
ting information recording areas are disposed between
ecach of said test areas;

reading out an identification information of a recording
system from the one power setting information record-
Ing area;

reading out an optimum laser power written 1n the one

power setting information recording area in which the
1dentification information 1s written;

setting the power of the laser beam to said optimum laser

power, for recording information.

5. A method for setting a power of a laser beam for an
optical disc having a plurality of test areas and a plurality of
power setting information recording areas, said method
comprising the steps of:

writing test signals on [test arcas] a fest area of the
plurality of test areas;

obtaining an optimum laser power for writing information
in an 1information recording area by reading a recorded
test signal;

writing an optimum laser power and an idenfification
information of a recording system by which each test
signal 1s written 1n one of the plurality of power setting
information recording areas, wherein said power set-
ting 1nformation recording areas are disposed after said
test arcas;
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reading out an identification information of a recording
system from the one power setting information record-
Ing area;

reading out an optimum laser power written 1n the one

power setting information recording area in which the
1dentification information 1s written;

setting the power of the laser beam to said optimum laser
power, for recording information.

6. An optical recording medium on which information is
recorded tn an information recording area, said medium
COMPIISING.

a plurality of test areas, on at least one of which test
signals are written for obtaining an optimum laser
power for wriling information on the information
recording area; and

a plurality of power setting information recording areas,
on at least one of which the following information is
written. identification information of a recording sys-
tem by which the test signals have been wriiten in a test
area, and an opiimum power parameter COmprising an
optimum laser power obtained by reading a recorded
test signal in the test area and position information of
the test area where the test signals have been written.

7. The optical recording medium of claim 6, wherein said
power selting mformation recording areas are disposed
between each of said plurality of test areas respectively.

8. The optical recording medium of claim 6, wherein said
power selting mformation recording areas are disposed
after said plurality of test areas.

9. The optical recording medium of claim 6, wherein in at
least one of said power setting information recording areas,
the following information is written: the date and time of a
test, and data indicating an optimum recording strategy.

10. A method for seiting a power of a laser beam for an
optical disc having a plurality of test areas and a plurality
of power setting information recording areas, said method
comprising the steps of.

writing test signals on a test area of the plurality of test
areas;

obtaining an optimum laser power for writing informa-
lion in an information recording area of the optical disc
by reading the written test signals in the test area;

setting the obtained optimum laser power to the power of
the laser beam, for recording information on the optical
disc; and

writing the following information in one of the power
setting information recording areas: identification
information of a recording system by which the test
signals have been written in the test area, and an
optimum power parameter comprising obtained opii-
mum laser power and position tnformation of the test
area where test signals have been wriiten.

11. The method of clatm 10, further comprising the steps

of:

reading out said written identification information of a
recording system from the one power setting informa-
lion recording area;

determining whether said writien identification informa-
lion 1s the same as the identification information of a
recording system being utilized; and

sefting an optimum laser power using the parameter
written in the power setting information recording area
lo the power of the laser beam, if said written identi-
fication information 1s the same as the identification
information of a recording system being utilized.
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12. The method of claim 10, further comprising the steps
of:
reading out said written identification information of a
recording system from the one power setiing tnforma-

lion recording area; and

determining whether said written identification informa-
lion 1s the same as the identification information of a

recording system being utilized,

wherein said step of writing test signals is executed, if said
written identification information is different from the
identification information of the recording system being
uttlized.

13. The method of claim 10, wherein said power setfing
information recording areas are disposed between each of
said plurality of test areas.

14. The method of claim 10, wherein said power seiting
information recording areas are disposed after said plurality
of test areas.

15. The method of claim 10, wherein said optimum power
parameter further comprises the date and time of the test,
and data indicating an optimum recording strategy.

16. A recording system including a laser beam for record-
ing information onto an optical disc, the optical disc having
a plurality of test areas and a plurality of power setting
information recording areas, said recording system COmM-
PpriSing.

a first writing device for writing test signals on a test area

of the plurality of test areas;

an obtaining device for obtaining an optimum laser power
of said laser beam for wrifing informaiion in an infor-
mation recording area of the optical disc by reading the
written test signals in the test area;

a setting device for setting the obtained optimum laser
power to the power of the laser beam, for recording
information on the optical disc at an optimum laser
power; and

a second writing device for writing the following injor-
mation in one of the power setting information record-
ing areas. identification information of the recording
system by which the test signals have been wriiten in
the test area, and an optimum power parameter Com-
prising obtained optimum laser power and position
information of the test area where test signals have
been wriiten.

17. The recording system of claim 10, further comprising:

a reading device for reading out said written identifica-
lion nformation of a recording system from the one
power setting information recording area;

a determining device for determining whether said writ-
len identification information is the same as the iden-
lification information of a recording system being uli-
lized; and

a setting device for setting an optimum laser power using
the parameter wrilten in the one power setting infor-
mation recording area to the power of the laser beam,
if said written identification information is the same as
the identification information of a recording system
being utilized.

18. The recording system of claim 10, further comprising:

a reading device for reading out said written identifica-
lion information of a recording system from the one
power setting information recording area,; and

a determining device for determining whether said writ-
len identification information i1s the same as the iden-
lification information of a recording system being
utilized,
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wherein said first writing device for writing test signals
execultes the writing of the test signals, if said wriften
identification information is different from the identiifi-
cation information of the recording system being ufi-
lized.

19. The recording system of claim 10, wherein said power
setting information recording areas of the optical disc are
disposed between each of said plurality of test areas.

20. The recording system of claim 16, wherein said power
setting information recording areas of the optical disc are
disposed after said plurality of test areas.

21. The recording system of claim 16, wherein said
optimum power parameter further comprises the date and
lime of a test, and data indicating an optimum recording
sirategy.

22. An optical recording medium on which information is
recorded itn an information recording area, said medium
COMPrISING.

a plurality of test areas, on at least one of which test
signals are written for obtaining an optimum laser
power for writing nformation on the nformation
recording area; and

a plurality of power setting information recording areas,
on at least one of which the following information is
written. identification information of a recording sys-
tem by which the test signals have been wriiten in a test
area, and an oplimum power parameter COmprising at
least posttion information of the test area where the test
signals have been written.

23. The opiical recording medium of claim 22, wherein
said power setfing tnformation recording areas are disposed
between each of said plurality of test areas respectively.

24. The optical recording medium of claim 22, wherein
said power setting information recording areas are disposed
after said plurality of test areas.

25. The optical recording medium of claim 22, wherein in
at least one of said power setting information recording
areas, information of the date and time of a test is writien.

20. The optical recording medium of claim 22, wherein in
at least one of said power setting information recording
areas, information of data indicating an optimum recording
strategy is wrillen.

27. A method for setting a power of a laser beam for an
optical disc having a plurality of test areas and a plurality
of power setting information recording areas, said method
comprising the steps of:

writing test signals on a test area of the plurality of test
areas;

obtaining an optimum laser power for writing informa-
lion in an information recording area of the optical disc
by reading the written test signals in the test area;

setting the obtained optimum laser power to the power of
the laser beam, for recording information on the optical
disc; and

writing the following information in one of the power
setting information recording areas: identification
information of a recording system by which the test
signals have been written in the test area, and an
optimum power parameter comprising at least position
information of the test area where fest signals have
been written.

28. The method of claim 27, further comprising the steps

of:

reading out said written identification information of a
recording system from the one power setting tnforma-
lion recording area; and
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determining whether said written ideniification tnforma-
lion 1s the same as the identification information of a
recording system being utilized,

wherein said step of writing test signals is executed, if said
written identification information is different from the
identification information of the recording system being
uttlized.

29. The method of claim 27, wherein said power sefting
information recording areas are disposed between each of
said plurality of test areas.

30. The method of claim 27, wherein said power sefting
information recording areas are disposed after said plurality

of test areas.
31. The method of claim 27, wherein said optimum power

parameter further comprises the date and time of the test.

32. The method of claim 27, wherein said optimum power
parameter further comprises data ndicating an optimum
recording strategy.

33. A recording system including a laser beam for record-
ing information onto an optical disc, the opitical disc having
a plurality of test areas and a plurality of power setting
information recording areas, said recording system com-
prising:

a first writing device for writing test signals on a test area

of the plurality of test areas;

an obtaining device for obtaining an optimum laser power
of said laser beam for writing information in an infor-
mation recording area of the optical disc by reading the
written test signals in the test area;

a setiing device for seiting the obtained optimum laser
power to the power of the laser beam, for recording
information on the optical disc at an optimum laser
power; and

a second writing device for writing the following injor-
mation in one of the power setting information record-
ing areas. identification information of the recording
system by which the test signals have been wrilten in
the test area, and an optimum power parameter Com-
prising at least position information of the test area
where test signals have been written.

34. The recording system of claim 33, further comprising:

a reading device for reading out said written identifica-
lion nformation of a recording system from the one
power setting information recording area; and

a determining device for determining whether said writ-
len identification information is the same as the iden-
lification information of a recording system being
uttlized,

wherein said first writing device for writing test signals
executes the writing of the test signals, if said written
identification information is different from the identifi-
cation information of the recording system being uli-
lized.

35. The recording system of claim 33, wherein said power
setting information recording areas are disposed between
each of said plurality of test areas.

36. The recording system of claim 33, wherein said power
setting information recording areas are disposed after said
plurality of test areas.

37. The recording system of claim 33, wherein said
optimum power parameter further comprises the date and
fime of a test.

38. The recording system of claim 33, wherein said
optimum power parameter further comprises data indicat-
Ing an opiimum recording strategy.

39. A system for reproducing information from an optical
recording medium, the information being recorded in an
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information recording area by changing a physical quality
thereof, said medium comprising:

a plurality of test areas in each of which test signals are
written for obtaining an optimum laser power for
writing information on the information recording area;
and

a plurality of power setting information recording areas,

each of the test areas being coupled with one of the power
setting information recording areas, and each couple of
areas being located at predetermined relative positions
which can be relatively detected,

wherein an identification information of a recording sys-
tem by which each test signal is written and an optimum
laser power, obtained by reading a recorded test signal
In a corresponding test area, are written o a power
setiing information recording area corresponding 1o
each test area of said plurality of test areas,

the apparatus comprising.

a pickup which emits a laser beam to be irradiated to
the optical recording medium;

a servo circuit; and

a reproducing decoder which reproduces the informa-
tion recorded on the optical recording medium.

40. The system according to claim 39, wherein the plu-
rality of power setting information recording areas are
disposed after said plurality of test areas.

41. A system for reproducing, from an opiical recording
medium having a information recording area, a plurality of
test areas and a plurality of power sefting information
recording areas, information recorded in accordance with a
method comprising the steps of:

writing test signals on a test area of the plurality of test
areas;

obtaining an optimum laser power for writing informa-
lion in an information recording area by reading a
recorded test signal;

writing an optimum laser power and an identification
information of a recording system by which each test
signal 1s written in one of the plurality of power setting
information recording areas, wherein said power set-
ling nformation recording areas are disposed after
said test areas,; and

recording the information on the information recording
area of the optical recording medium.
42. A system for reproducing information from an optical
recording medium on which the information is recorded in
an mformation recording area, said medium comprising:

a plurality of test areas, on at least one of which test
signals are written for obtaining an optimum laser
power for writing nformation on the nformation
recording area; and

a plurality of power setting information recording areas,
on at least one of which the following information is
written. identification information of a recording sys-
tem by which a test signal is wrilten and optimum
power parameter comprising at least posttion informa-
lion of a test area where the test signals have been
written,

the apparatus comprising.
a pickup which emits a laser beam to be irradiated to
the optical recording medium;
a servo circuit; and
a reproducing circuit which reproduces the information
recorded on the optical recording medium.
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43. A system for reproducing, from an opftical recording setting the obtained optimum laser power to the power of
medium having a information recording area, a plurality of the laser beam, for recording information on the optical
test areas and a plurality of power seiting information disc; and
recording areas, information recorded in accordance with a writing the following information in one of the power
method comprising the steps of: 5 setting information recording areas: identification

. _ information of a recording system by which a test signal
wriling lesl signals on at least one ftest area of the has been written in the test area, and an optimum
plurality of test areas; power parameter comprising at least position informa-
obtaining an optimum laser power for writing informa- tion of a test area where test signals have been written.

lion in the information recording area by reading the
written test signals in the test area; £ % % k%
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