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DATA RECORDING APPARATUS, DATA 
RECORDING METHOD, AND OPTICAL 
RECORDING MEDIUM INCLUDING 

PSEUDO-ERASING FEATURES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of application 
Ser. No. 09/819,849, ?led on Mar. 29, 2001, the entire 
contents of Which being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a data recording 
apparatus and a data recording method for data recording on 
a packet basis onto a track of an optical recording medium 
as Well as to an optical recording medium having a track on 
Which data is recorded on a packet basis. 

[0004] 2. Description of the Related Art 

[0005] In an optical disc such as a compact disc (CD), data 
recording is performed through small holes, called pits, 
formed on a recording surface of the disc. Data is repro 
duced by reading presence/absence of the pit and its length. 
As the disc of such CD-speci?cation, there are also a 
CD-Recordable (CD-R) disc in Which additional data can be 
Written and a CD-ReWritable (CD-RW) disc in Which data 
can be reWritten. 

[0006] Data recording to the CD-R and the CD-RW is 
usually performed as data recording on a logical track basis 
de?ned by the CD speci?cation. HoWever, since the maXi 
mum number of Write tracks to be Written is limited to 99, 
there is a problem that it is impossible to suf?ciently utiliZe 
the storage capacity of the optical disc. 

[0007] More speci?cally, such a recordable optical disc 
has: a program area for recording up to 99 data items on a 
logic track base of an arbitrary siZe; a TOC (table of 
contents) for recording contents information of the tracks 
recorded in this program area; and a PMA (program memory 
area) for temporarily recording information required for 
recording data on the program area. 

[0008] When a data item is recorded on a logical track, the 
logical track number containing this data and the informa 
tion on the recording start and end positions on the logical 
track are recorded in the PMA. Moreover, When a neW data 
item is recorded starting at the end position of the logical 
track, the track position information recorded in the PMA is 
read out, so that a neW data item is recorded starting at the 
end position of the logical track and this logical track 
position information is recorded on the PMA. 

[0009] HoWever, in this optical disc, When the program 
area contains 99 logical tracks recorded, a neW data item 
cannot be recorded even When an area available for record 

ing is remaining in this program area. Thus, the optical disc 
has a problem that it is impossible to use the storage capacity 
sufficiently. 
[0010] To solve this problem, a so-called packet Write has 
been suggested as the recording method. This packet Write 
method is based on the CD speci?cation but data recording 
is performed in a further smaller packet basis than the 
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conventional track. For a single logical track, it is possible 
to constitute a plurality of packets. That is, in this optical 
disc, by recording data on packet basis on the logical track, 
it becomes possible to record data eXceeding 99 logical 
tracks. Thus, even in an optical disc based on the CD 
speci?cation, it is possible to fully utiliZe its recording 
capacity. 

[0011] In the optical disc, information indicating the logi 
cal track position is recorded in the PMA but no information 
indicating the packet position is recorded. When Writing an 
additional data by the packet Write, it is necessary to retrieve 
the logical track from the head to the trail so as to ?nd a 
packet end position of the packet containing logical track 
data, i.e., an NWA (neXt Writable address) Where a neW data 
of the logical track can be recorded. 

[0012] Conventionally, to ?nd this NWA, as has been 
described above, the logical track is successively retrieved 
from the head to the end or the recording state of the 
intermediate position of the logical track is repeatedly 
retrieved to de?ne the range. 

[0013] HoWever, in the optical disc, as the recording area 
of the logical track to be retrieved is increased, the time 
required for ?nding this logical track NWA is also increased. 
For this, in the optical disc, When recording data on a packet 
basis on the logical track, the recording speed is loWered. 

[0014] By the Way, in the optical recording apparatus for 
recording/reproducing a reWritable optical disc has a so 
called blank function for erasing data over the entire optical 
disc surface and a so-called minimally blank function for 
erasing only the contents information of the track having the 
optical disc data recorded, so that data is pseudo-erased. 

[0015] According to this minimally blank function, it is 
possible to pseudo-erase data recorded in the program area 
by erasing the data recorded in the PMA as the contents 
information, the data recorded in the read-in area and the 
read-out area, and the data recorded in the track pre-gap. 
Thus, it is possible to erase data recorded on an optical disc 
With a minimum time. 

[0016] HoWever, in the optical disc having the aforemen 
tioned logical track on Which data has been recorded on 
packet basis, if an additional data is recorded by the packet 
Write after a pseudo-erase of data With respect to the logical 
track, in the area Where the logical track data has been 
pseudo-erased, data existing prior to the pseudo-erase is 
actually recorded. Accordingly, there is often a case that a 
data is Written at an erroneous position, considering that the 
pseudo-erased data is an actual data. That is, in this optical 
disc, the contents information of the logical track containing 
data is erased but the actual data still remains and no 
information indicating the packet position is recorded. 
Accordingly, When retrieving the aforementioned NWA, 
data may be recorded starting at an erroneous position by 
considering that the pseudo-erase data is an actual data. 

SUMMARY OF THE INVENTION 

[0017] It is therefore an object of the present invention to 
provide a data recording apparatus and a data recording 
method for an optical recording medium on Which data is 
recorded on packet basis With respect to the track, enabling 
to detect accurately and in a short period of time a recordable 
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position of a neW data after pseudo-erasing a data as Well as 
an optical recording medium for recording such data. 

[0018] The data recording apparatus according to the 
present invention includes: data recording means for record 
ing data on packet basis onto a track of an optical recording 
medium; data pseudo-erasing means for erasing contents 
information of the track containing the data, thereby pseudo 
erasing the data; and packet position recording means for 
recording on an optical recording medium an information 
indicating the end position of the packet containing the data, 
Wherein the data recording means records a neW data onto a 
track Where the data has been pseudo-erased, in accordance 
With the information indicating the end position of the 
packet. 
[0019] In this data recording apparatus, the packet position 
recording means records on the optical recording medium an 
information indicating the end position of the packet con 
taining the data and in accordance With the information 
indicating the end position of the packet, the data recording 
means records a neW data onto the track Where the data has 
been pseudo-erased. Accordingly, it is possible to accurately 
detect a neW data recordable position Within a short period 
of time and properly record a neW data onto the track Where 
the data has been pseudo-erased. 

[0020] Moreover, the data recording method according to 
the present invention includes: a step of recording data on 
packet basis onto a track of an optical recording medium and 
erasing contents information of the track containing the data, 
thereby pseudo-erasing the data; a step of recording on an 
optical recording medium an information indicating the end 
position of the packet containing the data; and a step of 
records a neW data onto a track Where the data has been 
pseudo-erased, in accordance With the information indicat 
ing the end position of the packet. 

[0021] In this data recording method, it is possible to 
accurately detect a neW data recordable position Within a 
short period of time and properly record a neW data onto the 
track Where the data has been pseudo-erased. 

[0022] The optical recording medium according to the 
present invention has a track on Which data is recorded on 
packet basis, the data being pseudo-erased by erasing only 
the contents information of the track having the data and has 
information recorded to indicate the end position of the 
packet containing the data. 

[0023] In this optical recording medium, information indi 
cating the end position of the packet containing data and 
accordingly, it is possible to accurately detect a neW data 
recordable position Within a short period of time and prop 
erly record a neW data onto the track Where the data has been 
pseudo-erased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a cross sectional vieW of an essential 
portion of an optical disc according to the present invention. 

[0025] FIG. 2 is a perspective vieW of an essential portion 
of a disc substrate of the optical disc. 

[0026] FIG. 3 is a plan vieW of an essential portion of the 
disc substrate of the optical disc. 

[0027] FIG. 4 explains the ATIP signal. 
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[0028] 
disc. 

[0029] FIG. 6 explains the data con?guration of the opti 
cal disc: 6A explains the program area con?guration; 6B 
explains the logical track con?guration; and 6C explains the 
packet con?guration. 
[0030] FIG. 7 brie?y shoWs a con?guration example of an 
optical disc apparatus according to the present invention. 

[0031] FIG. 8 is a ?oWchart explaining a data recording 
method according to the present invention. 

FIG. 5 explains a data con?guration of the optical 

[0032] FIG. 9 is a ?oWchart explaining another data 
recording method according to the present invention. 

[0033] FIG. 10 shoWs a user data ?eld of TDB. 

[0034] FIG. 11 shoWs a TDB format. 

[0035] FIG. 12 is a block diagram of a system according 
to the present invention. 

[0036] FIG. 13 is another block diagram of a system 
according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0037] Description Will noW be directed to embodiments 
of the present invention With reference to the attached 
draWings. 
[0038] Firstly, explanation Will be given on an optical disc 
according to the present invention. 

[0039] As shoWn in FIG. 1, the optical disc 1 includes a 
disc substrate 2 made from a resin material such as polym 
ethyl methacrylate (PMMA) and polycarbonate (PC) formed 
into a disc shape having an outer diameter of 120 mm and 
thickness of 1.2 mm; a signal recording layer 3 in Which 
recording marks are formed in accordance With the record 
ing data; a re?ection layer 4 made from gold (Au), silver 
(Ag), and the like; and a protection layer 5 formed by 
spin-coating ultraviolet ray hardening resin. These layers are 
successively formed. 

[0040] When the optical disc 1 is a Writable CD-R for 
example, the signal recording layer 3 is a thin ?lm formed 
from an organic pigment-based material. In this case, in the 
optical disc 1, a laser beam is applied to the signal recording 
layer 3 With a recording poWer, and a recording mark is 
formed to that position Where the laser beam is applied, 
thereby Writing data. On the other hand, a laser beam of 
reproducing poWer is applied to the signal recording layer 3 
Where the recording mark has been formed and a re?ectance 
change of return light is detected in accordance With pres 
ence/absence of the recording mark, thereby reading out 
data. It should be noted that the CD-R is an optical disc 
Where recording can be performed only once and its format 
is normaliZed by the Orange Book Part 2. 

[0041] Moreover, When the optical disc 1 is a reWritable 
CD-RW for example, the signal recording layer 3 is a thin 
?lm formed from a phase change material having a crystal 
line state changing When heated by a laser beam. In this case, 
When a laser beam of recording poWer is applied to the 
signal recording layer 3 of the optical disc 1, a recording 
mark is formed at the position Where the laser beam is 
applied, thereby Writing data. On the other hand, a laser 
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beam of reproducing power is applied to the signal recording 
layer 3 Where the recording mark Was formed and a re?ec 
tance change of return light in accordance With presence/ 
absence of the recording mark is detected, thereby reading 
out data. It should be noted that the CD-RW is a reWritable 
optical disc and its format is normaliZed by the Orange Book 
Part 3. Moreover, the CD-RW has physical characteristics 
such as the re?ectance of 0.2 as compared to 0.7 or above in 
the CD and the CD-R. Accordingly, it is preferable that 
reproducing be performed in an optical disc apparatus 30 
having the AGC (auto gain control) function for amplifying 
a Weak signal. 

[0042] The disc substrate 2 has a center hole at its center 
portion. When recording/reproducing of the optical disc 1 is 
performed by an optical disc apparatus, the vicinity of this 
center hole is supported and ?xed by a rotation drive 
mechanism of the optical disc apparatus so as to be driven 
to be rotated at a predetermined velocity. Moreover, the disc 
substrate 2 has a light transmission characteristic and a laser 
beam is incident from this disc substrate 2 so as to perform 
a data recording/reproducing to/from the signal recording 
layer 3. 

[0043] Moreover, as shoWn in FIG. 1 and FIG. 2, pre 
groove 6 as a guide is formed in a spiral shape at a data 
recording region on the disc substrate 2. In the signal 
recording layer 3, a portion corresponding to the pregroove 
6 serves as a recording track. On this recording track, user 
data Which has been subjected to the error correction encod 
ing and the EFM modulation is recorded. 

[0044] In this optical disc 1, as shoWn in FIG. 1 to FIG. 
3, a land 7 is de?ned betWeen adjacent pregrooves 6 and the 
interval of the track centers in the pregrooves is called a 
track pitch. Moreover, the pregroove 6 is formed so as to 
Wobble in a sinusoidal Wave shape. With this Wobbling, 
position information Which has been FM-modulated, i.e., the 
time aXis information indicating an absolute position on the 
recording track is recorded as the AT IP (absolute time in 
pregroove) signal. In case of the CD-ROM (read only 
memory), it is possible to utiliZe the absolute time informa 
tion encoded in the subcode Q. HoWever, in case of the 
Writable optical disc 1, this information cannot be utiliZed in 
the disc before recording (blank disc) and the ATIP signal by 
Wobbling is used as the absolute time information. 

[0045] As shoWn in FIG. 4, this ATIP signal is a Wobble 
signal detected by push-pull and subjected to the bi-phase 
modulation and FM modulation. More speci?cally, the ATIP 
signal is used to control and rotate the spindle motor for 
driving/rotating the optical disc 1 and accordingly, 1 alter 
nates With 0 With a predetermined cycle and bi-phase 
modulated so that the average number of 1 and 0 is 1:1 and 
FM-modulated so that the average frequency is 22.05 kHZ. 

[0046] When this ATIP signal controls rotation of the 
spindle motor, so that the center frequency is 22.05 kHZ for 
eXample When the optical disc 1 is rotated at the standard 
velocity, then the optical disc 1 is rotated at a linear velocity 
of about 1.2 m/s to 1.4 m/s de?ned by Read Book. 

[0047] Moreover, one sector of the ATIP signal corre 
sponds to one data sector (2352 bytes) of the user data. 
When Writing a user data, Writing is performed While 
synchroniZing the data sector of the user data With the ATIP 
signal sector. 
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[0048] Moreover, in the AT IP signal, laser beam recording 
poWer values recommended by the manufacturer is 
recorded. It should be noted that the optimal value of the 
recording poWer is actually changed depending on various 
conditions and there is a step for determining an optimal 
recording poWer prior to recording Which is called OPC 
(optimum poWer control). Moreover, the ATIP signal has an 
application code recorded to indicate the disc purpose: 

[0049] Restricted use Which is further classi?ed into the 
General purpose and Special purpose such as photo CD and 
Karaoke CD, and Unrestricted use. 

[0050] It should be noted that for eXample, in the optical 
disc 1, the track pitch is 1.6 micrometers, the Wobbling cycle 
is 54 micrometers to 63 micrometers, and the Wobbling 
meander amount is in a range plus and minus 0.03 microme 
ters. 

[0051] By the Way, in the Writable optical disc 1 such as 
the CD-R and CD-RW, as shoWn in FIG. 5, as the data 
recording region 10 for data Writing to the signal recording 
layer 3, a read-in area 11, a program area 12, and a read-out 
area 13 are provided. More speci?cally, in this optical disc 
1, the diameter is 120 mm Which is used as folloWs. The 
read-in area 11 is arranged over the area of 46 mm to 50 mm, 
the program area 12 is arranged over the area 50 mm to 116 
mm, and the read-out area 13 is arranged over the area of 116 
mm to 118 mm. 

[0052] Moreover, this optical disc 1 includes, at a position 
inner of the read-in area 11, a PCA (poWer calibration area) 
14 for Writing to optimiZe the laser beam recording poWer 
and a PMA (program memory area) 15 for temporarily 
storing contents information required When performing 
additional Writing. Moreover, the PCA 14 has a test area for 
performing actual Writing and a count area for recording the 
use state of this test area. 

[0053] That is, this optical disc 1, as shoWn in FIG. 5, 
includes the PCA 14, the PMA 15, and the data storage area 
10 consisting of the read-in area 11, the program area 12, and 
the read-out area 13. 

[0054] It should be noted that the optical disc 1 may have 
a so-called multi-session con?guration, i.e., may include a 
plurality of sessions, each consisting of the read-in area 11, 
the program area 12, and the read-out area 13 as the data 
recording region 10. 

[0055] In the data recording region 10, the read-in area 11 
is used for reading out data Which has been Written into the 
program area 12 such as TOC (table of contents) informa 
tion. During reproducing, the TOC information is read from 
this read-in area 11, so that the optical pickup of the optical 
disc apparatus can instantaneously access a desired logical 
track. 

[0056] On the other hand, the read-out area 13 is used for 
recording various information associated With the optical 
disc. Moreover, the read-out area 13 also has a function as 
a buffer region for preventing overrun of the optical pickup 
of the optical disc apparatus. 

[0057] As shoWn in FIG. 6A, the program area 12 is a 
region Where user data is actually Written and has a plurality 
of logical tracks corresponding to the number of data items 
recorded. Moreover, each of the logical tracks 16 has a 
pre-gap 17 Where information associated With the logical 
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tracks 16 is recorded and a user data region 18 Where actual 
user data is recorded on packet basis. 

[0058] As shown in FIG. 6B, in this user data region 18, 
a ?xed-length packet Write method is used. That is, When 
recording user data on packet basis, for example, one packet 
19 has length ?xed to a predetermined data block. More 
speci?cally, this ?xed-length packet Write method forms a 
plurality of logical tracks 16 in the program area 12 of a 
Writable optical disc 1 and the user data region 18 of each of 
the logical tracks 16 is divided into a plurality of packets 19. 
The number of user data blocks (block length) of each of the 
packets 19 in one logical track 16 is ?xed to the same 
number and data is recorded all at once for each of the 
packets 19. Accordingly, in the ?xed-length packet Write 
method, packets 19 have an identical packet length in one 
logical track 16. In other Words, in the ?xed-length packet 
Write method, the packets 19 contain identical number of 
user data blocks. 

[0059] Moreover, in the optical disc 1, When the data 
recording region 10 is formatted, the ?xed-length packet is 
buried over the entire region of the logical track 16. 

[0060] It should be noted that the present embodiment 
may also employ a variable-length packet method in Which 
length of one packet can be varied. 

[0061] As shoWn in FIG. 6C, the packet 19 consists of a 
plurality of data blocks 20 as an access unit When accessing 
user data from the optical disc apparatus and normally 
contains 2352-byte user data. 

[0062] Moreover, the packet 19 has a linking block 21 
required for Writing over tWo adjacent packets 19. The 
linking block 21 is arranged in accordance With a predeter 
mined linking rule as a guard region for preventing failure 
of a user data at the Write linking position When the user data 
is interleaved. That is, the linking block 21 consists of a link 
block 22 added at the head of the packet 19, four run-in 
blocks 23 arranged continuous to this link block 22, and tWo 
run-out blocks 24 arranged at the end of the packet 19. 

[0063] Accordingly, the data block 20 of the preceding 
packet 19 and the data block 20 of the folloWing packet 19 
are Written continuously via the linking block 21 consisting 
of the run-out block 24 added to the end of the preceding 
packet 19 and the link block 22 and the run-in block 23 
added to the head of the folloWing packet 19. 

[0064] Next, explanation Will be given on an example of 
an optical disc apparatus according to the present invention 
With reference to FIG. 7. 

[0065] In this optical disc apparatus 30, an optical disc 1 
is driven to rotate by a spindle motor 31 having a rotation 
speed controlled by a spindle motor drive circuit 32. An 
optical pickup 33 applies a laser beam to the optical disc 1 
and detects intensity of the return beam re?ected from this 
optical disc 1 (re?ectance change). the output signal detected 
is fed to an RF ampli?er 34. The RF ampli?er 34 performs 
a signal processing such as signal ampli?cation to the output 
signal, thereby generating an RF signal (RF), a focus error 
signal (FE), and a tracking error signal The RF signal 
(RF) is supplied to a signal processor 35 While the focus 
error signal and the tracking error signal (TE) are 
supplied to a servo controller 36. 
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[0066] In the signal processor 35, from the RF signal (RF) 
subjected to EFM modulation and error correction, subcode 
information and ATIP information are extracted. These 
information items are used by a MPU 37 to perform various 
controls. Moreover, a memory 38 is used by the signal 
processor 35 to perform the EFM modulation and error 
correction. Moreover, the memory 38 is used as a cache for 
temporarily storing data transmitted from a host interface 39 
and transferring data to a host computer (PC). 

[0067] Moreover, data recorded on the optical disc 1 is 
transmitted from the host computer (PC) via the host inter 
face 39 to the memory 38 and temporarily stored there or 
transmitted directly via the host interface 39 to the EFM 
modulator 40. The recorded data transmitted to the EFM 
modulator 40 is modulated by a laser modulation circuit 41 
and the output signal of this recorded data is fed to the 
optical pickup 33. According to the output signal transmitted 
from the laser modulation circuit 41, the optical pickup 33 
is driven by a slide drive block 42 While applying a laser 
beam to the optical disc 1 so as to Write data. 

[0068] The slide drive block 42 is controlled and driven by 
the slide drive circuit 43. That is, the slide drive circuit 43 
controls drive of the slide drive block 42 in accordance With 
a control signal transmitted from the servo controller 36 and 
the MPU 37. The servo controller 36 converts the focus error 
signal and the tracking error signal (TE) transmitted 
from the RF ampli?er 34 and a disc rotation signal from the 
signal processor 35 into control signals for performing 
various servo controls. That is, the focus error signal is 
converted into FAO signal for driving/controlling an objec 
tive lens so as to be focused With respect to the signal 
recording plane of the optical disc 1 by the servo controller 
36 and the signal is transmitted to a focus drive circuit 44. 
Moreover, the tracking error signal is converted into 
TA0 signal for positioning the laser beam onto the track 
center of the optical disc 1 by the servo controller 36 and the 
signal is transmitted to the tracking drive circuit 44. More 
over, the disc rotation signal is converted into a motor drive 
signal for driving/controlling the spindle motor 31 by the 
servo controller 36 and the signal is transmitted to the 
spindle motor drive circuit 32. 

[0069] The focus drive circuit and the tracking drive 
circuit 44 performs servo control of the optical pickup 33 in 
accordance With the signals FAO and TAO supplied from the 
servo controller 36. Moreover, the spindle motor drive 
circuit 32 drives/controls the spindle motor 31 in accordance 
With the motor drive signal supplied from the servo con 
troller 36. 

[0070] In this optical disc apparatus 30, during a record 
ing, a laser beam of recording poWer is applied to the signal 
recording layer 3 of the optical disc 1, thereby forming a 
recording mark at the position Where the laser beam Was 
applied. Thus, a data Write is performed onto the optical disc 
1. On the other hand, during a reproducing, a laser beam of 
reproducing poWer is applied to the signal recording layer 3 
Where the recording mark has been formed and a re?ectance 
change of the return light depending on presence/absence of 
the recording mark is detected. Thus, a data read is per 
formed from the optical disc 1. 

[0071] Moreover, this optical disc apparatus 30 has a 
so-called blank function for erasing data over the entire 
surface of the optical disc 1 and a so-called minimally blank 
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function for pseudo-erasing data by erasing only the con 
tents information of the logical track 16 having data of the 
optical disc 1 recorded. That is, by using this minimally 
blank function, it is possible to pseudo-erase all the data 
recorded in the program area 12 by erasing the data as the 
contents information recorded in the PMA 15, the data 
recorded in the read-in area 11 and the read-out area 13, and 
the data recorded in the pre-gap 17 of the logical track 16. 
Accordingly, it is possible to erase the data recorded on the 
optical disc With a minimum time. 

[0072] Next, explanation Will be given on the data record 
ing method according to the present invention With reference 
to the ?oWchart shoWn in FIG. 8. 

[0073] Firstly, in step S1, a data erase is requested for the 
optical disc 1. In step S2, if a data pseudo-erasing is 
requested for pseudo-erasing the data recorded in the pro 
gram area 12, then in step S3, the optical disc apparatus 30 
erases the data recorded in the PMA 15, the data recorded in 
the read-in area 11 and the read-out area 13 of the data 
recording region 10, and the data recorded in the pre-gap 17 
of the logical track 16 on the optical disc 1. 

[0074] Thus, in step S4, the pseudo-erasing of the data is 
complete. Here, on the optical disc 1, the logical track 16 
Where the data has been pseudo-erased actually contains the 
data prior to the minimal blanking. That is, on this optical 
disc 1, only the contents information of the logical track 16 
containing data recorded is erased While the actual data 
remains recorded on the logical track 16. 

[0075] Next, if a data Write by packet Write is requested in 
step S5, then in step S6, the pre-gap 17 of the logical track 
16 is referenced to retrieve a neW data Writable position 
(NWA). In step S7, in the logical track 16 Where the data has 
been pseudo-erased (minimally blanked), a neW data is 
recorded on packet basis. It should be noted that since this 
is a ?rst data Write request after the data minimal blanking, 
no information is recorded at the pre-gap 17 of the logical 
track 16 to indicate the end position of the packet 19 Where 
the data is recorded, and it is determined that no data is 
recorded so that a neW data is additionally Written starting at 
the head of this logical track 16. 

[0076] Next, in step S8, information is recorded at the 
pre-gap 17 of the logical track 16 to indicate the end position 
of the packet 19 Where the data is recorded. 

[0077] It should be noted that When a plurality of logical 
tracks 16 are present, information indicating the end position 
of the packet 19 is recorded in the pre-gap 17 of the ?rst 
logical track 16. Moreover, in the optical disc 1, When a 
plurality of sessions are present, contents information of the 
logical track 16 is recorded in the read-in area 11 and the 
read-out area 13 of the ?rst session. In the case of this optical 
disc 1, if a data minimal blanking is requested in step S2, 
then in step S3, the optical disc apparatus 30 erases the data 
recorded in PMA 15, the data recorded in the read-in area 11 
and the read-out area 13 of the ?rst session, and the data 
recorded in the pre-gap 17 of the ?rst logical track 16 of the 
optical disc 1. 

[0078] Thus, in step S9, the additional data Write by the 
packet Write is complete. 

[0079] By the Way, conventionally, When an additional 
data Write is performed by packet Write after a minimal 
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blanking of data is performed on the logical track, in the area 
Where the data of the logical track has been pseudo-erased, 
actually a data prior to the minimal blanking is recorded. 
Accordingly, this pseudo-erased data may be considered to 
be an actual data and an additional data Write may be started 
at an incorrect position. 

[0080] As compared to this, according to the present 
invention, in step S8, information indicating the end position 
of the packet 19 having data recorded is recorded in the 
pre-gap 17 of the logical track 16. 

[0081] After the information indicating the end position of 
the packet 19 is recorded in the pre-gap 17 of the logical 
track 16 Where data has been recorded in step S8, if a neW 
data Write by packet Write is requested in step S5, then in 
step S6, the information indicating the end position of the 
packet 19 recorded in the pre-gap 17 of the logical track 16 
is referenced to retrieve a neW data recordable position 
(NWA). That is, the position folloWing the end position of 
this packet 19 is the recordable position (NWA) and in step 
S7, after that end position of the packet having the data 
recorded, a neW data is additionally Written on packet basis. 
Then, in step S8, the information indicating the end position 
of the packet 19 having the neW data recorded is recorded in 
the pre-gap 17 of the logical track 16. This updates the 
information indicating the end position of the packet 19 
having a neW data recorded. 

[0082] Thus, in the technique of the present invention, 
information indicating the end position of the packet 19 
having data recorded is recorded in the pre-gap 17 of the 
logical track 16. Accordingly, When an additional data Write 
is performed by packet Write after minimal blanking of data, 
it is possible to record a neW data on the logical track 16 
Where data has been pseudo-erased. 

[0083] This enables to accurately detect a neW data record 
able position NWA and to properly record a neW data on the 
logical track 16 Where data has been pseudo-erased. 

[0084] Moreover, conventionally, a neW data recordable 
position NWA in the logical track should be found While 
retrieving from the head to the end of the logical track. As 
compared to this, according to the present invention, infor 
mation indicating the end position of the packet 19 having 
data recorded is recorded in the pre-gap 17 of the logical 
track 16 and it is possible to signi?cantly reduce the time 
required for retrieving a neW data recordable position NWA. 
Accordingly, it is possible to signi?cantly increase the data 
recording speed on the optical disc 1. 

[0085] Next, explanation Will be given on another 
example of the data recording method according to the 
present invention With reference to a ?oWchart shoWn in 
FIG. 9. 

[0086] Firstly, if in step S10, a data erase is requested for 
the optical disc 1 and in step S11 a minimal blanking, i.e., 
pseudo-erase of data recorded in the program area 12 is 
requested, then in step S12, the optical disc apparatus 30 
erases data recorded in the PMA 15, the data recorded in the 
read-in area 11 and the read-out area 13 of the data recording 
region 10, and the data recorded in the pre-gap 17 of the 
logical track 16 of the optical disc 1. 

[0087] Next, in step S13, minimal blanking information 
indicating that data has been pseudo-erased and packet 
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position information indicating the end position of the 
packet 19 having data recorded are recorded in the pre-gap 
17 of the logical track 16. It should be noted that this packet 
position information is information (LPA) indicating the end 
position of the packet 19 having the previous data recorded 
before the minimal blanking of the logical track 16. Thus, 
the data minimal blanking is complete in step S14. 

[0088] Next, if in step S15 a neW data Write by packet 
Write is requested, then in step S16 the pre-gap 17 of the 
logical track 16 is referenced to determine Whether a mini 
mal blanking indicating that data has been pseudo-erased is 
present. If the pre-gap 17 of the logical track 16 contains a 
minimal blanking information, control is passed to step S17. 

[0089] In step S17, the LPA recorded in the pre-gap 17 of 
the logical track 16 is compared to the RPA, i.e., information 
indicating the end position of the packet Where a neW data 
of the logical track 16 is recorded. That is, it is determined 
Whether a neW data is completely overWritten (updated) up 
to the end position of the packet Where data has been 
pseudo-erased in this logical track 16. 

[0090] If in step S17 LPA>RPA is determined, i.e., a neW 
data cannot be completely overWritten to the packet end 
position Where data has been pseudo-erased, control is 
passed to step S18. 

[0091] In step S18, a neW data is recorded starting at the 
head of the logical track 16. In step S19, the data is erased 
prior to the minimal blanking. Thus, in the logical track 16, 
no data recorded prior to the minimal blanking remains and 
a neW data is additionally Written. 

[0092] Next, in step S20, the minimal blanking informa 
tion recorded in the pre-gap 17 of the logical track 16 is 
erased and control is passed to step S21. 

[0093] On the other hand, in step S17, if LPA<RPA is 
determined, i.e., if it is determined that a neW data can be 
completely overWritten for the end position of the packet 
having data pseudo-erased, control is passed to step S22. 

[0094] In step S22, a neW data is recorded starting at the 
head of the logical track 16. 

[0095] Thus, in the logical track 16, a neW data is addi 
tionally Written Without leaving the data recorded prior to 
the minimal blanking and control is passed to the aforemen 
tioned step S20. 

[0096] On the other hand, in step S16, if the pre-gap 17 of 
the logical track 16 has no minimal blinking information, 
control is passed to step S23. 

[0097] In step S23, the packet position information 
recorded in the pre-gap 17 of the logical track 16 is refer 
enced to retrieve a neW data recordable position In 
step S24, a neW data is additionally Written starting at the 
end position of the packet containing the data recorded and 
then control is passed to step S21. 

[0098] Ins step S21, information indicating the end posi 
tion of the packet containing the neW data recorded is 
recorded in the pre-gap 17 of the logical track 16. Thus, in 
step S24, the data Write by the packet Write is complete. 

[0099] Thus, according to the technique of the present 
invention, When additionally Writing data by packet Write 
after a minimal blanking of data, a neW data can properly be 
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Written for the logical track 16 Where data has been pseudo 
erased. Moreover, it is possible to prevent remaining of the 
data recorded prior to the minimal blanking, in the logical 
track 16. Moreover, it is possible to correctly detect a neW 
data recordable position NWA in a short period of time, 
thereby enabling to signi?cantly increase the data recording 
speed on the optical disc 1. 

[0100] It should be noted that in this technique, in steps 
S18 and S19, it is also possible to erase the data recorded 
prior to a minimal blanking before recording a neW data 
starting at the head of the logical track 16. 

[0101] Moreover, in this technique, When a ?rst data is 
recorded on the logical track 16, it is also possible to record 
the information indicating the end position of the packet 19 
containing this ?rst data, in the pre-gap 17 of the logical 
track 16. 

[0102] Moreover, When data recorded prior to a minimal 
blanking remains over a plurality of logical tracks 16, the 
aforementioned method is applied to each of the logical 
tracks 16. That is, in this technique, the aforementioned 
minimal blanking information and the packet position infor 
mation are recorded for each of the logical tracks 16. This 
enables to properly record a neW data for each of the logical 
tracks 16. 

[0103] By the Way, the aforementioned minimal blanking 
information and the packet position information are 
recorded by extending a reserved region of the TDB (track 
descriptor block) in the pre-gap 17 of the logical track 16. 

[0104] This region is originally considered to be insigni? 
cant in the conventional optical disc (such as CD-R and 
CD-RW) and accordingly, an excellent af?nity can be 
obtained With these conventional optical discs. Accordingly, 
the present invention has an advantage that compatibility 
With such a conventional optical disc and an optical disc 
apparatus can easily be obtained. 

[0105] Here, explanation Will be given on a method for 
extending a reserved region of the TDB (track descriptor 
Block) in the pre-gap 17. 

[0106] It should be noted that FIG. 10 shoWs a TDB user 
data ?eld and FIG. 11 shoWs a TDB format. 

[0107] When a data Write is performed by the track-at 
once method or session-at-once method, the TDB contains 
user data ?eld information about the attribute of the respec 
tive logical tracks 16 and serves as a region Where data 
indicating the attribute of the logical track 16 is recorded. 

[0108] As shoWn in FIG. 10, in this TDB, in accordance 
With the orange book speci?cation, byte 13 to byte 23, byte 
29 to byte 39, byte 45 to byte 55, and byte 61 to byte 71 are 
reserved regions. In this example, the aforementioned mini 
mal blanking information and the packet position informa 
tion are recorded in these reserved regions. It should be 
noted that the layout may be arbitrary. For example, in this 
example, as shoWn in FIG. 11, the minimal blanking infor 
mation is recorded in byte 14 and the packet position 
information is recorded in byte 16 to byte 19. Thus, it is 
possible to assure af?nity With the conventional optical disc 
and the optical disc apparatus. 

[0109] FIG. 12 is a block diagram of one embodiment of 
the present invention. A data recording means 1201 records 
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data onto the optical recording media 1. A data pseudo 
erasing means 1202 cooperates With the data recording 
means 1201 for erasing contents information of a track 
containing the data so as to pseudo-erase the data. A packet 
positioning recording means 1203 cooperates With the data 
pseudo-erasing means 1202 and data recording means 1201 
to record information on the optical recording media 1 
indicating an end position of the packet containing the data. 
A data discriminating means 1204 cooperates With the 
packet positioning recording means 1203 for discriminating 
Whether neW data up to the end position of the packet is to 
be updated in accordance With the information indicating the 
end position of the packet. 

[0110] FIG. 13 is another block diagram of an embodi 
ment according to the present invention. FIG. 13 is like that 
of FIG. 12, eXpect for a data recording controller 1301 that 
cooperates With a data pseudo-erasing controller 1302 With 
a packet positioning recording controller 1303, in order to 
provide pseudo-erasing and packet positioning functions. 

[0111] As has been detailed above, according to the 
present invention, it is possible to accurately detect a neW 
data recordable position Within a short period of time and 
properly record a neW data to the track Where data has been 
pseudo-erased. 
What is claimed is: 

1. A data recording apparatus comprising: 

an optical head for irradiating light to an optical recording 
medium; 

a data recording controller for controlling the optical head 
so as to record data on a packet basis onto the optical 

recording medium; 
a data pseudo-erasing controller for controlling the optical 

head so as to erase contents information of a track 

having the data recorded and pseudo-erase the data, 
said contents information including data recorded in a 
read-in area and a read-out area; and 

a packet position recording controller for controlling the 
optical head so as to record on the optical recording 
medium information indicating an end position of the 
packet in Which the data has been recorded; 

Wherein the data recording controller, in accordance With 
the information indicating the end position of the 
packet, records neW data onto the track Where the data 
has been pseudo-erased. 
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2. The data recording apparatus as claimed in claim 1, 
Wherein the packet position recording controller records the 
information indicating the end position of the packet in a 
pre-gap arranged at a head of the track. 

3. The data recording apparatus as claimed in claim 2, 
Wherein the optical recording medium comprises a plurality 
of tracks and Wherein the packet position recording control 
ler records the information indicating the end position of the 
packet in the pre-gap of a ?rst track among the plurality of 
tracks. 

4. The data recording apparatus as claimed in claim 1, 
Wherein the optical head further erases the data Which has 
been pseudo-erased. 

5. The data recording apparatus as claimed in claim 4, 
Wherein the optical head erases the pseudo-erased data 
before control is performed to record the neW data by the 
data recording controller. 

6. The data recording apparatus as claimed in claim 4, 
further comprising data discriminating means for discrimi 
nating Whether the neW data up to the end position of the 
packet is to be updated in accordance With the information 
indicating the end position of the packet, Wherein 

When the data discriminating means discriminates that the 
neW data up to the end position of the packet is to be 
updated, the data recording means records the neW data 
onto the track Where the data has been pseudo-erased, 
and 

When the data discriminating means discriminates that the 
neW data up to the end position of the packet is not to 
be updated, the data recording means records the neW 
data onto the track Where the data has been pseudo 
erased and the optical head erases the remaining of the 
data Which has been pseudo-erased. 

7. The data recording apparatus as claimed in claim 1, 
Wherein the packet position recording controller records on 
the optical recording medium the information indicating the 
end position of the packet containing the neW data. 

8. The data recording apparatus as claimed in claim 1, 
further comprising pseudo-erased data recording means for 
recording on the optical recording medium the information 
indicating that the data has been pseudo-erased. 

9. The data recording apparatus as claimed in claim 1, 
Wherein the optical recording medium comprises at least one 
logical track capable of recording data and each of the 
logical tracks comprises a plurality of the packets. 


