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OPTICAL DISK DRIVE THAT SUPPORTS A 
PLURALITY OF RECORDING SPEEDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 
2001-174425, ?led Jun. 8, 2001, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical disk drive for 
recording data on an optical disk. More speci?cally, the 
present invention relates to recording speed control in this 
optical disk drive, and measures to be taken upon generation 
of recording interrupt factors. 

2. Description of the Related Art 
In general, an optical disk device supports one or a 

plurality of recording speeds (double (><2)-speed, quadruple 
(><4)-speed, octuple (x8)-speed, and the like), and can record 
data at the supported recording speeds. 

The optical disk device assumes various recording inter 
rupt factors upon design, and can interrupt recording opera 
tion in correspondence With individual recording interrupt 
factors. 

The number of types of recording speeds that the optical 
disk device can support is limited. In order to support more 
recording speeds, the cost of the optical disk device 
increases unWantedly. LikeWise, in order to support more 
recording interrupt factors, control becomes complicated, 
resulting in high cost of the optical disk device. 

The present invention has been made in consideration of 
the above situation, and has as its object to provide an optical 
disk device that can offer various supports Without an 
increase in cost. 

BRIEF SUMMARY OF THE INVENTION 

In order to solve the above problems and to achieve the 
above object, an optical disk drive, recording speed control 
method, and recording control method of the present inven 
tion have the folloWing arrangements. 

(1) An optical disk drive of the present invention com 
prises rotation drive means for rotating an optical disk at a 
predetermined rotating speed, recording means for recording 
data at a predetermined recording speed on the optical disk 
rotated at the predetermined rotating speed, a buffer for 
buffering data to be recorded, monitor means for monitoring 
a siZe of data buffered on the buffer, buffer underrun 
generation means for generating a buffer underrun When the 
monitor means detects that the siZe of data buffered on the 
buffer becomes smaller than a predetermined siZe, recording 
interrupt control means for interrupting recording operation 
by the recording means in correspondence With generation 
of the buffer underrun, buffer underrun cancel generation 
means for generating a buffer underrun cancel When the 
monitor means detects that the siZe of data buffered on the 
buffer recovers to be not less than the predetermined siZe 
While the recording interrupt control means interrupts the 
recording operation, recording restart control means for 
restarting the interrupted the recording operation in corre 
spondence With generation of the buffer underrun cancel so 
as to record data to be recorded after the buffer underrun 
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2 
cancel to be continuous With data recorded before generation 
of the buffer underrun, and recording control means for 
changing the apparent recording speed by alternately gen 
erating the buffer underrun and the buffer underrun cancel at 
predetermined timings. 

(2) A recording speed control method of the present 
invention is a method of an optical disk drive that comprises 
rotation drive means for rotating an optical disk at a prede 
termined rotating speed, and recording means for recording 
data at a predetermined recording speed on the optical disk 
rotated at the predetermined rotating speed, comprising the 
steps of, 

generating a buffer underrun When it is detected that the 
siZe of data buffered on a buffer becomes smaller than a 
predetermined siZe, interrupting recording operation by the 
recording means in correspondence With generation of the 
buffer underrun, generating a buffer underrun cancel When it 
is detected that the siZe of data buffered on the buffer 
recovers to be not less than the predetermined siZe While the 
recording operation is interrupted in the interrupting step, 
restarting the interrupted the recording operation in corre 
spondence With generation of the buffer underrun cancel so 
as to record data to be recorded after the buffer underrun 
cancel to be continuous With data recorded before generation 
of the buffer underrun, and the changing step of changing the 
apparent recording speed by alternately generating the buffer 
underrun and the buffer underrun cancel at predetermined 
timings. 

(3) An optical disk drive of the present invention com 
prises a buffer for buffering data to be recorded, recording 
means for recording data buffered on the buffer on an optical 
disk, monitor means for monitoring a siZe of data buffered 
on the buffer, buffer underrun generation means for gener 
ating a buffer underrun When the monitor means detects that 
the siZe of data buffered on the buffer becomes smaller than 
a predetermined siZe, recording interrupt control means for 
interrupting recording operation by the recording means in 
correspondence With generation of the buffer underrun, 
buffer underrun cancel generation means for generating a 
buffer underrun cancel When the monitor means detects that 
the siZe of data buffered on the buffer recovers to be not less 
than the predetermined siZe While the recording interrupt 
control means interrupts the recording operation, recording 
restart control means for restarting the interrupted recording 
in correspondence With generation of the buffer underrun 
cancel so as to record data to be recorded after the buffer 
underrun cancel to be continuous With data recorded before 
generation of the buffer underrun, detection means for 
detecting generation and cancel of any recording interrupt 
factor, and substitution means for interrupting data transfer 
to the buffer When the detection means detects generation of 
any recording interrupt factor, and controlling the buffer 
underrun generation means to generate the buffer underrun 
so as to substitute generation of the recording interrupt 
factor for generation of the buffer underrun, and for restart 
ing data transfer to the buffer When the detection means 
detects cancel of any recording interrupt factor, and con 
trolling the buffer underrun cancel generation means to 
generate the buffer underrun cancel so as to substitute cancel 
of the recording interrupt factor for the buffer underrun 
cancel. 

(4) A recording control method of the present invention is 
a method of an optical disk drive that comprises a buffer for 
buffering data to be recorded, recording means for recording 
data buffered on the buffer on an optical disk, monitor means 
for monitoring a siZe of data buffered on the buffer, buffer 
underrun generation means for generating a buffer underrun 
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When the monitor means detects that the size of data buffered 
on the buffer becomes smaller than a predetermined siZe, 
recording interrupt control means for interrupting recording 
operation by the recording means in correspondence With 
generation of the buffer underrun, buffer underrun cancel 
generation means for generating a buffer underrun cancel 
When the monitor means detects that the siZe of data buffered 
on the buffer recovers to be not less than the predetermined 
siZe While the recording interrupt control means interrupts 
the recording operation, and recording restart control means 
for restarting the interrupted recording in correspondence 
With generation of the buffer underrun cancel so as to record 
data to be recorded after the buffer underrun cancel to be 
continuous With data recorded before generation of the 
buffer underrun, comprising the steps of, 

detecting generation and cancel of any recording interrupt 
factor, and interrupting data transfer to the buffer and 
controlling the buffer underrun generation means to generate 
the buffer underrun so as to substitute generation of the 
recording interrupt factor by generation of the buffer 
underrun, When generation of any recording interrupt factor 
is detected in the detecting step, and of restarting data 
transfer to the buffer and controlling the buffer underrun 
cancel generation means to generate the buffer underrun 
cancel so as to substitute cancel of the recording interrupt 
factor by the buffer underrun cancel, When cancel of any 
recording interrupt factor is detected in the detecting step. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to explain the principles of 
the invention. 

FIG. 1 is a schematic block diagram of an optical disk 
device according to an embodiment of the present invention; 

FIG. 2 is a graph shoWing an example of the relationship 
betWeen an actual recording speed and apparent recording 
speed; 

FIG. 3 is a ?oW chart for explaining a recording speed 
control method according to an embodiment of the present 
invention; 

FIG. 4 is a ?oW chart for explaining a process for making 
a host computer intentionally generate a buffer underrun to 
take a measure against generation of a recording interrupt 
factor; 

FIG. 5 is a ?oW chart for explaining a process for making 
a drive intentionally generate a buffer underrun to take a 
measure against generation of a recording interrupt factor; 
and 

FIG. 6 is a ?oW chart that summariZes a recording control 
method that can take measures against generation of record 
ing interrupt factors. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An embodiment of the present invention Will be described 
hereinafter With reference to the accompanying drawings. 
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4 
FIG. 1 is a schematic diagram of an optical disk device 

according to an embodiment of the present invention. This 
optical disk device records data on an optical disk 1 and 
reproduces data recorded thereon. As shoWn in FIG. 1, the 
optical disk device comprises a disk motor 2, pickup 3, 
address decoder 4, data encoder/decoder 5, servo control 
circuit 6, data buffer 7, buffer manager 8, host I/F 9, system 
controller (CPU) 10, temperature detector 12, poWer supply 
voltage detector 13, battery remaining capacity detector 14, 
tilt detector 15, and humidity detector 16. 
The disk motor 2 rotates the optical disk 1 at a predeter 

mined speed. Driving of the disk motor 2 is controlled by the 
servo control circuit 6. The pickup 3 irradiates the optical 
disk 1 With a recording light beam to record objective data 
on the optical disk 1. Furthermore, the pickup 3 irradiates the 
optical disk 1 With a reproduction light beam, and detects 
re?ected light of this light beam. The light beam re?ected by 
the optical disk 1 re?ects data recorded on the optical disk 
1, and data re?ected in this re?ected light, i.e., data recorded 
on the optical disk 1, can be reproduced on the basis of the 
detection result of the re?ected light of the light beam. The 
address decoder 4 decodes address data contained in a signal 
reproduced from the optical disk. The decoded result is input 
to the data encoder/decoder 5. The data encoder/decoder 5 
encodes data to be recorded on the optical disk, and decodes 
data reproduced from the optical disk. The servo control 
circuit 6 controls to drive the disk motor 2, as described 
above. Also, the servo control circuit 6 executes tracking 
control and focus control of the pickup 3. The data buffer 7 
temporarily buffers data to be recorded sent from a host 
computer 11 via the host I/F 9. The buffer manager 8 
manages the data buffer 7. For example, the buffer manager 
8 monitors the siZe of data buffered on the data buffer 7. The 
host I/F 9 is used to exchange data betWeen the optical disk 
device and host computer 11. The system controller 10 
controls the entire optical disk device. The temperature 
detector 12 detects the temperature in the optical disk 
device. The poWer supply voltage detector 13 detects a 
voltage value of the poWer supply. The battery remaining 
capacity detector 14 detects the remaining capacity of a 
battery (not shoWn). The tilt detector 15 detects any tilt of 
the optical disk device. The humidity detector 16 detects the 
humidity in the optical disk device. 

Abuffer underrun free recording function provided to the 
aforementioned optical disk device Will be explained beloW. 
This optical disk device buffers data to be recorded on the 
buffer 7, and sequentially records data buffered on the buffer 
7. When the buffer that buffers data becomes empty during 
recording data on an optical disk such as a CD-R or the like 
(generation of a buffer underrun error), data cannot be 
additionally Written on the optical disk, thus causing a 
recording error. The buffer underrun free recording function 
is provided to prevent such recording error. 

In order to implement the buffer underrun free recording 
function, the buffer manager 8 alWays monitors the siZe of 
data buffered on the buffer 7. If it is detected that the siZe of 
data buffered on the buffer 7 has become smaller than a 
predetermined siZe, the buffer manager 8 generates a buffer 
underrun. Upon receiving the generated buffer underrun, the 
system controller 10 interrupts recording operation. When 
the buffer manager 8 detects that the siZe of data buffered on 
the buffer 7 has recovered to be equal to or larger than the 
predetermined siZe While recording operation is interrupted, 
the buffer underrun cancel is generated. Upon receiving the 
generated buffer underrun cancel, the system controller 10 
restarts the interrupted recording operation so that data to be 
recorded after the buffer underrun is canceled continues to 
data recorded before generation of the buffer underrun. 
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An example of the operation for recording data so that 
data to be recorded after the buffer underrun is canceled 
continues to data recorded before generation of the buffer 
underrun Will be described below. 

Data to be recorded is processed in units of blocks in 
accordance With a predetermined recording format. The 
respective blocks are assigned addresses in turn. The blocks 
With the addresses are inserted betWeen neighboring sync 
signals to generate a recording data signal. The generated 
recording data signal is recorded on an optical disk. When a 
buffer underrun is generated during recording of the record 
ing data signal, recording operation is interrupted. When a 
buffer underrun cancel is generated While recording opera 
tion is interrupted, the end of the already recorded portion is 
detected. The address value of a block located at that end 
position is read out. The pickup is moved to the recorded 
position of a subtracted address value obtained by subtract 
ing a predetermined value from the readout address value, 
i.e., the last address value. Reproduction starts from the 
moved position. With this reproduction, the already recorded 
block is reproduced. From each block, a sync signal (former 
half), address, data to be recorded, and sync signal (latter 
half) are reproduced in turn. When the address value 
obtained by reproduction matches the last address value, 
reproducting operation is sWitched to recording operation 
While the sync signal (latter half) is reproduced from the 
block Which contains that address value. After sWitching, 
recording of the recording data signal restarts. In this Way, 
data are recorded so that data recorded after the buffer 
underrun is canceled continues to data recorded before 
generation of the buffer underrun. 

Since the optical disk device of the present invention 
comprises the buffer underrun free recording function, as 
described above, it can change an apparent recording speed 
by alternately generating a buffer underrun and buffer under 
run cancel at predetermined operation timings. That is, by 
alternately executing recording operation and recording 
interrupting operation (idle state) at predetermined timings, 
an apparent recording speed can be changed. 

The optical disk device normally supports one or a 
plurality of different recording speeds. In order to support 
more recording speeds in the optical disk device, the cost 
increases. Such increase in cost is caused since, for example, 
many pieces of information such as servo parameters and the 
like are required, a disk motor that supports a broad rota 
tional speed range is expensive, servo control is 
complicated, and so forth. Hence, the optical disk device 
basically supports one or several different recording speeds, 
and effectively supports more recording speeds by changing 
the apparent recording speed, as described above. Exploiting 
a change in apparent recording speed, more recording speeds 
can be selected Without requiring neW hardWare. 

Let S1 be the apparent recording speed, S2 be the actual 
recording speed, TW be the actual recording time, and Ti be 
the idle time (recording interrupted time). Then, S1 is given 
by: 

FIG. 2 shoWs an example of the relationship betWeen the 
actual recording speed and apparent recording speed. For 
example, assume that the actual recording speed is an 
octuple-speed (1200 bytes/sec). If the ratio of the actual 
recording time to the idle time is set at 1:1, the apparent 
recording speed S1 at that time is given by: 
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6 
If the ratio of the actual recording time to the idle time is 

set at 1:3, the apparent recording speed S1 at that time is 
given by: 

In this Way, even When the optical disk device supports 
only the octuple recording speed, it can apparently record 
data using a plurality of recording speeds. 
On the other hand, recorded data may be veri?ed While 

recording operation is interrupted. That is, the pickup 3 may 
reproduce recorded data While recording operation is 
interrupted, and the data encoder/decoder 5 may con?rm if 
data is normally recorded. This veri?cation is done under the 
control of the system controller 10. In this Way, the reliabil 
ity of data to be recorded can be improved by using the 
recording operation interrupted time. 

Apparent recording speed control Will be summariZed 
beloW With reference to the How chart shoWn in FIG. 3. 
Assume that the optical disk device supports an n-fold 
recording speed. The system controller 10 in this optical disk 
device requests an apparent m-fold recording speed (ST10). 
Upon receiving this request, the buffer manager 8 stops 
buffering on the data buffer 7 at a predetermined timing on 
the basis of the relationship betWeen the actual recording 
speed and apparent recording speed (ST12). If the siZe of 
data buffered on the data buffer 7 becomes smaller than a 
predetermined siZe upon stopping buffering (ST14, YES), a 
buffer underrun is generated (ST16). Upon generation of the 
buffer underrun, recording operation is interrupted (ST18). 
The buffer manager 8 restarts buffering on the data buffer 7 
at a predetermined timing on the basis of the relationship 
between the actual recording speed and apparent recording 
speed (ST20). If the siZe of data buffered on the data buffer 
7 becomes equal to or larger than the predetermined siZe 
upon restarting buffering (ST22, YES), a buffer underrun 
cancel is generated (ST24). Upon generation of the buffer 
underrun cancel, recording operation restarts (ST26). If data 
to be recorded still remain (ST28, NO), the aforementioned 
processes in steps ST10 to ST26 are repeated. If no data to 
be recorded remains (ST28, YES), the processing ends. 

The predetermined timings Will be complementarily 
explained beloW. The apparent recording speed is controlled 
by stopping and restarting buffering at predetermined 
timings, as described above. In this case, recording of very 
small data and interruption equivalent to that recording time 
are not alternately repeated, but recording of data for 100 
blocks and interruption equivalent to that recording time are 
alternately repeated. The buffering stop and restart timings 
to repeat such recording and interruption are the predeter 
mined timings. Note that one block is comprised of, e.g., 16 
sectors, and one sector contains user data of, e.g., 2048 
bytes. 

Recording interrupt control using the aforementioned 
buffer underrun free recording function Will be explained 
beloW. 
When a recording interrupt factor has been generated 

While the optical disk device records data on an optical disk, 
a recording error may occur. The recording interrupt factors 
include, e. g., an abnormal internal temperature of the optical 
disk device, an abnormal poWer supply voltage supplied to 
the optical disk device, an insuf?cient remaining capacity of 
a battery mounted in the optical disk device, an alloWable tilt 
angle error of the optical disk device, too high a humidity in 
the optical disk device, and the like. 

For example, When the optical disk device is built in a 
personal computer, the internal temperature of the personal 
computer rises as the personal computer is used. Under the 
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in?uence of the temperature rise, the internal temperature of 
the optical disk device often becomes abnormally high. 
When the internal temperature value has exceeded the limit 
value of the guaranteed operating temperature range, a 
recording error occurs. Recording operation must be inter 
rupted before such recording error occurs. When the internal 
temperature value that has exceeded the limit value of the 
guaranteed operating temperature range once falls Within the 
guaranteed operating temperature range, recording opera 
tion must be restarted. In addition, data recorded after 
recording operation restarts must continue to data recorded 
before recording operation Was interrupted. Various record 
ing interrupt factors are knoWn, as described above. Record 
ing operation must be interrupted and restarted in correspon 
dence With all these factors. 

To this end, the present invention exploits the aforemen 
tioned buffer underrun free recording function. That is, upon 
generation of a recording interrupt factor, transfer of data to 
be buffered on the data buffer is interrupted to intentionally 
generate a buffer underrun. That is, generation of a recording 
interrupt factor is substituted by that of a buffer underrun. 
Upon canceling the recording interrupt factor, transfer of 
data to be buffered on the data buffer restarts to intentionally 
generate a buffer underrun cancel. That is, cancel of a 
recording interrupt factor is substituted by that of a buffer 
underrun. This substitution is implemented by the system 
controller 10 and buffer manager 8 that detect generation and 
cancel of an interrupt factor. 

The system controller 10 monitors the temperature value 
inside the optical disk device output from the temperature 
detector 12 to detect both generation and cancel of an 
abnormal temperature. The system controller 10 also moni 
tors the poWer supply voltage value output from the poWer 
supply voltage detector 13 to detect both generation of an 
abnormal voltage value and return to a normal voltage value. 
Furthermore, the system controller 10 monitors the remain 
ing capacity of a battery output from the battery remaining 
capacity detector 14 to detect an insuf?cient remaining 
capacity of the battery, and recovery from the insuf?cient 
remaining capacity of the battery. Moreover, the system 
controller 10 monitors the tilt value of the optical disk device 
output from the tilt detector 15 to detect if the tilt angle 
exceeds the alloWable tilt angle range. In addition, the 
system controller 10 monitors the humidity value inside the 
optical disk device output from the humidity detector 16 to 
detect if the humidity value exceeds the alloWable humidity 
value range. 
As described above, means for detecting any recording 

interrupt factors may be provided to the drive side (optical 
disk device), or may be provided to the host computer side. 
When the host computer comprises means for detecting any 
recording interrupt factors, if an existing buffer underrun 
free drive is available, measures against generation of inter 
rupt factors can be taken by changing the program of the 
host computer. Especially, since a recent portable personal 
computer has a temperature sensor and battery remaining 
capacity sensor, hardWare need not be changed in some 
cases. When the drive comprises means for detecting any 
recording interrupt factors, measures against generation of 
interrupt factors can be taken Without changing the system 
LSI. That is, since generation of various recording interrupt 
factors is substituted by that of a buffer underrun, measures 
against generation of interrupt factors can be taken Without 
changing hardWare or by changing hardWare slightly. 
A process for making the host computer intentionally 

generate a buffer underrun to take a measure against gen 
eration of a recording interrupt factor Will be explained 
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beloW With reference to the How chart shoWn in FIG. 4. If 
generation of any recording interrupt factor is not detected 
(ST30, NO), Write data is kept received (ST34) until 
required recording is completed (ST32, NO). If generation 
of any recording interrupt factor is detected (ST30, YES), 
Write data is no longer received, the siZe of data buffered on 
the buffer becomes smaller than the predetermined siZe 
(ST36, YES), and a buffer underrun process starts (ST38). 
A process for making the drive intentionally generate a 

buffer underrun to take a measure against generation of a 
recording interrupt factor Will be explained beloW With 
reference to the How chart shoWn in FIG. 5. If generation of 
any recording interrupt factor is not detected on the host 
computer side (ST40, NO), Write data transfer continues 
(ST44) until transfer of recording data is completed (ST42, 
NO). If generation of any recording interrupt factor is 
detected (ST40, YES), Write data is no longer transferred. 
On the drive side, if Write data is transferred from the host 

computer (ST45, YES), this Write data is received (ST46), 
and recording operation normally progresses. If transfer of 
Write data from the host computer is stopped (ST45, NO), 
the siZe of data buffered on the buffer becomes smaller than 
the predetermined siZe (ST47, YES), and a buffer underrun 
process starts (ST48). 

Aprocess for taking a measure against an interrupt factor 
Will be summariZed beloW With reference to the How chart 
shoWn in FIG. 6. If a recording interrupt factor is not 
generated (ST50, NO), normal recording operation contin 
ues until all data to be recorded are recorded (ST52, YES). 
If a recording interrupt factor is generated (ST50, YES), 
buffering on the data buffer 7 is stopped (ST54). If the siZe 
of data buffered on the data buffer 7 becomes smaller than 
the predetermined siZe upon stopping buffering (ST56, 
YES), a buffer underrun is generated (ST58). Upon genera 
tion of the buffer underrun, recording operation is inter 
rupted (ST60). 

If the recording interrupt factor is canceled (ST62, YES), 
buffering on the data buffer 7 restarts (ST64). If the siZe of 
data buffered on the data buffer 7 becomes equal to or larger 
than the predetermined siZe upon restarting buffering (ST66, 
YES), a buffer underrun cancel is generated (ST68). Upon 
generation of the buffer underrun cancel, recording opera 
tion restarts (ST70). 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. An optical disk drive comprising: 
rotation drive means for rotating an optical disk at a 

predetermined rotating speed; 
recording means for recording data at a predetermined 

recording speed on the optical disk rotated at the 
predetermined rotating speed; 

recording control means for changing an apparent record 
ing speed by controlling start and stop of recording 
operation by said recording means Without changing 
the predetermined recording speed; 

a buffer for buffering data to be recorded; 
monitor means for monitoring a siZe of data buffered on 

maid buffer; 
buffet underrun generation means for generating a buffer 

underrun When said monitor means detects that die siZe 
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of data buffered on said buffer becomes smaller than a 
predetermined siZe; 

recording interrupt control means for interrupting said 
recording operation by said recording means in corre 
spondence With generation of the buffer underrun; 

buffer underrun cancel generation means for generating a 
buffer underrun cancel When said monitor means 
detects that die siZe of data buffered on said buffer 
recovers to be not less than the predetermined siZe 
While said recording interrupt control means interrupts 
said recording operation; and 

recording restart control means for restarting the inter 
rupted said recording operation in correspondence With 
generation of the buffer underrun cancel so as to record 
data to be recorded after the buffer underrun cancel to 
be continuous With data recorded before generation of 
the buffer underrun, and 

Wherein said recording control means changes the appar 
ent recording speed to 1/(1+n) the predetermined 
recording speed by controlling a ratio of an actual data 
recording time and interrupting rime of said recording 
option to 1:n by alternately generating the buffer under 
run and the buffer underrun cancel at predetermined 
timings. 

2. An optical disk drive according to claim 1, further 
comprising: 

verify means for verifying recorded data While said 
recording interrupt control means interrupts said 
recording operation. 

3. A recording speed control method of an optical disk 
drive that comprises rotation drive means for rotating an 
optical disk at a predetermined rotating speed, and recording 
means for recording data at a predetermined recording speed 
on the optical disk rotated at the predetermined rotating 
speed, comprising the steps of: 

changing an apparent recording speed by controlling start 
and stop of recording operation by said recording 
means; 

generating a buffer underrun When it is detected that the 
siZe of data buffered on a buffer becomes smaller than 
a predetermined siZe; 

interrupting said recording operation by said recording 
means in correspondence With generation of the buffer 
underrun; 

generating a buffer underrun cancel When it is detected 
that the siZe of data buffered on the buffer recovers to 
be not less than the predetermined siZe While said 
recording operation is interrupted in the interrupting 
step; and 

restarting the interrupted said recording operation in cor 
respondence With generation of the buffer underrun 
cancel so as to record data to be recorded after the 
buffer underrun cancel to be continuous With data 
recorded before generation of the buffer underrun, and 

Wherein the changing step includes the step of changing 
the apparent recording speed to 1/(1+n) the predeter 
mined recording speed by controlling a ratio of an 
actual data recording time and interrupting time of said 
recording operation to 1:n by alternately generating the 
buffer underrun and the buffer underrun cancel at 
predetermined timings. 

4. Arecording speed control method according to claim 3, 
further comprising the verify step of verifying recorded data 
While said recording operation is interrupted in the inter 
rupting step. 
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5. An optical disk drive comprising: 
a buffer for buffering data to be recorded; 
recording means for recording data buffered on said buffer 

on an optical disk; 

detection means for detecting generation and cancel of 
any recording interrupt factor; and 

buffer underrun control means for interrupting data trans 
fer to said buffer to generate a buffer underrun When 
said detection means detects generation of any record 
ing interrupt factor, and for restarting data transfer to 
said buffer to cancel the buffer underrun When said 
detection means detects cancel of any recording inter 
rupt factor. 

6. An optical disk drive according to claim 5, Wherein said 
detection means includes abnormal temperature detection 
means for detecting any abnormal temperature. 

7. An optical disk drive according to claim 5, Wherein said 
detection means includes abnormal electric poWer detection 
means for detecting any abnormal drive electric poWer. 

8. An optical disk drive comprising: 
a buffer for buffering data to be recorded; 
recording means for recording data buffered on said buffer 

on an optical disk; 

monitor means for monitoring a siZe of data buffered on 

said buffer; 
buffer underrun generation means for generating a buffer 

underrun When said monitor means detects that the siZe 
of data buffered on said buffer becomes smaller than a 
predetermined siZe; 

recording interrupt control means for interrupting record 
ing operation by said recording means in correspon 
dence With generation of the buffer underrun; 

buffer underrun cancel generation means for generating a 
buffer underrun cancel When said monitor means 
detects that the siZe of data buffered on said buffer 
recovers to be not less than the predetermined siZe 
While said recording interrupt control means interrupts 
said recording operation; 

recording restart control means for restarting the inter 
rupted said recording operation in correspondence With 
generation of the buffer underrun cancel so as to record 
data to be recorded after the buffer underrun cancel to 
be continuous With data recorded before generation of 
the buffer underrun; 

detection means for detecting generation and cancel of 
any recording interrupt factor; and 

substitution means for interrupting data transfer to said 
buffer When said detection means detects generation of 
any recording interrupt factor, and controlling said 
buffer underrun generation means to generate the buffer 
underrun so as to substitute generation of the recording 
interrupt factor for generation of the buffer underrun, 
and for restarting data transfer to said buffer When said 
detection means detects cancel of any recording inter 
rupt factor, and controlling said buffer underrun cancel 
generation means to generate the buffer underrun can 
cel so as to substitute cancel of the recording interrupt 
factor for the buffer underrun cancel. 

9. A recording control method of an optical disk drive, 
said optical disk device comprising: 
a buffer for buffering data to be recorded; and 
recording means for recording data buffered on said buffer 

on an optical disk, 
said recording control method comprising the steps of: 
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detecting generation and cancel of any recording interrupt data transfer to said buffer to cancel the buffer underrun 
factor; and When cancel of any recording interrupt factor is 

interrupting data transfer to said buffer to generate a buffer detected in the detecting step. 
underrun When generation of any recording interrupt 

* * * * * factor is detected in the detecting step, and restarting 


