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A METHOD OF OPERATING A DATA RECORDING DEVICE

FIELD OF THE INVENTION
The invention relates to a method of operating a data recording device and a data recording

device implementing such a method.

A particular application of the invention relates to an optical data recording device using a

laser for both reading and writing of data on an optical disk.

BACKGROUND OF THE INVENTION

The patent document WO2005008641 describes a method and device for recording
information on a record carrier via a beam of radiation at a writing power. The device has a
detection unit for detecting an actual reflection and a radiation control unit for, during
recording the information controlling the writing power to be at least equal to a minimum
value in dependence of an optimal writing power, and controlling the writing power in
dependence of the actual reflection for increasing the writing power in the event that the
actual reflection is reduced with respect to a reference reflection. The device has a control
unit for executing, before recording the information, a power control step for determining
the optimal writing power, and, during recording the information, setting the reference
reflection in dependence, on an average reflection detected in a neighbouring part of the

track.

The optical drive system according to the prior art are calibrated to get a maximum system
margins (i.c. handling disturbances like offset without reading/writing errors), a maximum
data transfer rate or a short access time. Operating the optical drive system with the
maximum system margins generally results in an increase of the power consumption of the

optical drive system and, thus, of the power dissipation into the optical drive system.

OBJECT AND SUMMARY OF THE INVENTION
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It is an object of the invention to propose a method of operating a data recording device
that overcomes at least one of the drawbacks of the prior art, in particular that enables

minimizing the power dissipation in the data recording device.

According to an aspect of the invention, the method of operating a data recording device
comprises the steps of:

- varying at least one reading/writing head operating parameter until said operating
parameter reaches a determined value,

- determining at least one error associated to the reading/writing head operating parameter,
and

- regulating the reading/writing head operating parameter so as to maintain the error lower

than an error threshold.

The variation step may consist in modifying the parameter so as to decrease the jitter value

associated to the parameter.

The error determination step may consist in determining an actual jitter value, an actual
error rate value and an actual error rate variation value associated to a reading/writing

operation on the data record carrier.

The regulation step may consist in modifying the reading/writing head operating parameter
when the actual jitter value, the actual error rate value and the actual error rate variation
value are below an jitter threshold, an error rate threshold and an error rate variation

threshold, respectively.

The reading/writing head operating parameter modification may consist in calculating a
reading/writing head operating parameter variation and subtracting said variation to the

reading/writing head operating parameter.

The reading/writing head operating parameter variation may be calculated according to a

binary search method.
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Advantageously, the determined value reached by the reading/writing head operating

parameter is set at zero.

Optionally, the error associated to the reading/writing head operating parameter is

calculated according to a determined frequency.

The reading/writing head operating parameter may be the radial tilt and/or the focus offset

and/or the tangential tilt and/or the collimation.

According to a further aspect, the invention relates to a computer program product for a
data recording device, the computer program product comprising a set of instructions that,
when loaded into the data recording device, causes the data recording device to carry out

the method according to the invention.

According to still a further aspect, the invention relates to a data recording device
comprising a reading/writing head for reading/writing data on a data record carrier
insertable into the data recording device and an electronic arrangement coupled to the
reading/writing head. The electronic arrangement operates the reading/writing head

according to the steps of the method according to the invention.

Advantageously, the electronic arrangement may comprise a processing module coupled to
a driver module, the driver module generating the control signal defining the
reading/writing head operating parameter, and providing the control signal to the

reading/writing head.

The data record carrier may be an optical disk comprising a spiral track of data and the
reading/writing head comprises a laser source emitting a laser beam towards the optical

disk.

The adaptive method of the invention enables an optimum power dissipation calibration of
a recording device, in particular reducing the power dissipation. This results in a
minimization of the power dissipation/consumption during the reading and writing

operations.
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These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example and not limited to the

accompanying figures, in which like references indicate similar elements:

Fig.1 is a block diagram schematically and partially illustrating a data recording device

comprising an electronic arrangement performing the method according to the invention;

Fig.2 shows a curve illustrating the jitter as a function of the radial tilt of the

reading/writing head;

Fig.3 shows a curve illustrating the jitter as a function of the focus offset of the

reading/writing head;

Fig.4 is a block diagram illustrating the various steps of a first embodiment of the method

of the invention;

Fig.5 is a block diagram illustrating the various steps of a second embodiment of the

method of the invention;

Fig.6 is a block diagram illustrating a first application example of the method of the

invention; and

Fig.7 is a block diagram illustrating a second application example of the method of the

invention.

DETAILED DESCRIPTION OF THE INVENTION
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Fig.1 is a block diagram schematically and partially illustrating a data recording device

DRD.

The data recording device DRD carries out operations that relates to both reading and
writing of information on a data record carrier OM. The data recording device comprises a
reading/writing head OH, a turntable motor TM (also called a spindle motor), a sled motor

SM and an electronic arrangement EA.

A data record carrier OM is shown inserted in the recording device. The data record carrier
OM may be an optical disk. The surface of the optical disk may comprise a single spiral
circling from the inside of the disk to the outside of the disk. The binary information
recorded on the track is represented by optically detectable portions, namely marks and
spaces. The marks and spaces are detectable due to their different optical properties, e.g.

variation in reflection of a laser beam.

The reading/writing head OH comprises radiation source, ¢.g. a laser diode, generating a
radiation beam, e.g. a laser beam. By controlling the power of the laser beam, it is possible
to read or write information on the data record carrier OM. The reading/writing head OH
also comprises various optical elements for guiding and focusing the laser beam on the
track of the data record carrier OM. The reading/writing head OH further comprises a
detector, e.g. a four-quadrant diode, for detecting and measuring the laser beam reflected

by the optically detectable portions on the data record carrier track.

The turntable motor TM rotates the data record carrier OM according to an angular speed
proportional to a rotating frequency. The rotating frequency determines the

reading/writing mode and speed associated with the data recording device DRD.

The sled motor SM controls the radius R, namely the position of the reading/writing head
OH with respect to the track. The position R designates the distance between the central
axis AX of the data record carrier OM and the focusing spot FS of the laser beam emitted

towards the track of the data record carrier.
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The data recording device DRD may further comprise a loading unit (not shown) for

inserting or removing the data record carrier.

The electronic arrangement EA comprises a processing module PRO and a driving module

DRV.

The processing module PRO may comprise a data encoding module, a control module, and
a laser power control module that are connected together through a bus (these elements
have been omitted in the figure, for clarity reasons). The data encoding module function is
to encode and decode data according to predefined recording format. The data encoding
module provides signals used to write marks on the optical record carrier OM, and also
timing signals. The processing module PRO may receive commands from a consumer
electronic device (audio device, video device, computer, television, etc...). The laser
power control module provides a laser power control signal to the reading/writing head OH
in order to set the reading/writing power of the laser source. Generally, a laser power
control module operates in dependence of three input signals in order to control the laser
power. The input signals are known as the delta signal, the threshold signal and the alpha
signal. The processing module PRO may also be connected to an interface module (not
shown). The interface module allows connecting the data recording device DRD with other
electronic circuits which are generally comprised in the consumer electronic device. The

operation of the processing module requires a clock frequency clk and a core current Ic.

The driving module DRV is coupled to the processing module PRO. The driving module
DRV controls the turntable TM and sled SM motors, and the elements of the
reading/writing head OH of the data recording device DRD. More precisely, the driving
module DRV provides a first motor signal Sty to the turntable motor TM for controlling
the rotating frequency of the optical disk OM. The driving module DRV provides a second
motor signal Sgy to the sled motor SM for controlling the position of the reading/writing
head OH and thus the scanning of the track of the optical disk OM. The driving module
DRYV provides a plurality of reading/writing head signals to the reading/writing head OH
for controlling the tilting, focusing and collimating parameters of the reading/writing head
OH. For example, the reading/writing head signals Son may comprise a radial tilt signal

Srr, a focus offset signal Sgp, a tangential tilt signal Str and a collimation signal S,.
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Fig.2 shows a curve illustrating the jitter as a function of the radial tilt RT of the
reading/writing head OH. The curve represents an inverse parabola. The curve comprises
two particular points, namely an optimum radial tilt RTo and a zero radial tilt RTz. The
optimum radial tilt RTo corresponds to an optical head operating into a mode according to
which a margin of the recording device is the highest. The zero radial tilt RT; corresponds
to an optical head operating into another mode according to which the power consumption
and thus the power dissipation are minimized. In the example shown in Fig.2, the radial tilt
RT is modified from the optimum radial tilt RTo to the zero radial tilt RTz. As a
consequence, on the one hand, the performance of the recording device is deteriorated due
to the jitter,  increase, and on the other hand, the power consumption/dissipation is
decreased. As an example, when the radial tilt RT is varied from 6000 to 0, the jitter
increases by around 1%, which corresponds to an acceptable degradation of the recording
device performance and a minimum power consumption/dissipation. In Fig.2, the unit for
the radial tilt is 10~ rad and is scaled namely 2.107 rad per 5000 units. The jitter is also
scaled by a factor 10.

Fig.3 shows a curve illustrating the jitter ~ as a function of the focus offset FO of the
reading/writing head OH. The curve represents an inverse parabola. The curve comprises
two particular points, namely an optimum focus offset FOp and a zero focus offset FOz.
The optimum focus offset FOp corresponds to an optical head operating into a mode
according to which a margin of the recording device is the highest. The zero focus offset
FOz corresponds to an optical head operating into another mode according to which the
power consumption and thus the power dissipation are minimized. In the example shown
in Fig.3, the focus offset FO is modified from the optimum focus offset FOg to the zero
focus offset FOz. As a consequence, on the one hand, the performance of the recording
device is deteriorated due to the jitter increase, and on the other hand, the power
consumption/dissipation is decreased. As an example, when the focus offset FO is varied
from 1600 to 0, the jitter ~ increases by around 1%, which corresponds to an acceptable

degradation of the recording device performance and a minimum power
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consumption/dissipation. In Fig.3, the unit for the focus offset is 10° m and is scaled

namely 100.10” m per 500 units. The jitter is also scaled by a factor 10.

Other parameters like the tangential tilt TT and/or the collimation CO behave in an

analogous manner and will not be further described.

The adaptive method of the invention will now be described. It enables making a
compromise between the recording device margin and associated performance, and the
recording device power consumption/dissipation. The goal of the adaptive method of the
invention is to determine the best compromise between the maximum recording device
margin and associated performance, and the minimum recording device power

consumption/dissipation.

Fig.4 is a block diagram illustrating the various steps of a first embodiment OPDC of the

method of the invention.

After the method is started BGN, various jitter values  associated to various values of a
reading/writing head operating parameter PM are measured (MES ~ =f(PM)) according to
a first step 1. The jitter  is determined as a function of the reading/writing head operating
parameter PM. The reading/writing head operating parameter PM may be the radial tilt RT

or the focus offset FO or the tangential tilt TT or the collimation.

In a second step 2, a zero operating parameter PMz (DET PMyz) and an optimum operating
parameter PMo (DET PMg) are determined based on the measurement of the jitter  as a
function of the reading/writing head operating parameter PM. The zero operating
parameter PMy corresponds to an optical head operating into a mode according to which
the power consumption/dissipation is minimum. This may, for example, correspond to a
reading/writing head operating parameter set to zero. The optimum operating parameter
PMg corresponds to an optical head operating into a mode according to which a margin of

the recording device is the highest.
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In a third step 3, a reading/writing head operating parameter difference PM between the
zero operating parameter PMz and optimum operating parameter PMo is calculated (CALC

PM=PM-PM).

In a fourth step 4, an actual value of the reading/writing head operating parameter PM, is
calculated (CALC PMs=PMp- PM). The actual value of the operating parameter PMa
corresponds to the difference between the optimum operating parameter PMg and the
operating parameter difference PM. At this stage, it means that the actual value of the
operating parameter PM, is set to the zero operating parameter PMz. Setting the operating
parameter PM4 to zero may means varying the reading/writing head operating parameter

until it reaches such a determined value.

In a fifth step 5, an error PME associated to the actual value of the reading/writing head

operating parameter is determined (DET PME).

The error PME may correspond to a byte error read/written from/to the data record carrier.
A byte error occurs when one or more bits in a byte have a wrong value, as compared to
their original recorded value. For example, as mentioned in Digital Versatile Disk DVD
standards, a row of an ECC data block that has at least one byte in error constitutes a PI
error. During playback after an initial recording, the errors as detected by an error
correction system shall meet the following requirement: in any 8 consecutive ECC data

blocks, the total number of PI error before any correction is made shall not exceed 280.

In a sixth step 6, a comparison between the error PME and an error threshold PMEqy is
performed (IF PME<PMEy). In case the error PME is not below the error threshold
PMEry (branch N), than the reading/writing head operating parameter is regulated (REG

PM) according to a seventh step 7. In case the error PME is below to the error threshold
PMEry (branch Y), than the reading/writing head operating parameter is set to the actual
value of the operating parameter PMa (SET PM,) according to step 8.

In the seventh step 7, a new value of the reading/writing head operating parameter

difference  PM is calculated and provided to the fourth step 4 in order to calculate a new
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actual value of the operating parameter PMa. Then, the fourth 4, fifth 5, sixth 6 and
seventh 7 steps are repeated till the error PME is not below the error threshold PMEqy.

After the fifth step 8, the method is finished (END).

Fig.5 is a block diagram illustrating the various steps of a second embodiment OPDC' of

the method of the invention.

The method of the invention according to the second embodiment differs from the first
embodiment in that new fifth 15, sixth 16 and seventh 17 steps are introduced in the place
of the previously described fifth 5, sixth 6 and seventh 7 steps, respectively.

According to the new fifth step 15, a plurality of error associated to the reading/writing
operations on the data record carrier is determined. An actual jitter value (DET ), an
actual error rate value (DET ER,), and an error rate variation value (DET  ER) may be

determined.

According to the new sixth step 16, a plurality of comparison is performed. A first
comparison is performed between the actual jitter value 4 and a jitter threshold 1y (IF
A< ). A second comparison is performed between the actual error rate value ERA and

an error threshold ER 1y (IF ERA< ERp).

Generally, the curve representing the error rate as a function of the parameter comprises a
low error rate portion corresponding to an optimum parameter range and high error rate
portions outside this range. The error rate has a very steep slope at both edges of the
optimum parameter range. Thus, a third comparison may be performed between the error

rate variation ER and an error rate variation threshold ERpy (IF  ER< ERtpg).

These thresholds are determined in such a way that the reading and writing of data from/to

the data record carrier can be satisfactorily performed with fewer margins.

In case the actual jitter value, the actual error rate value and the error rate variation are not

below to their respective threshold (branch N), than the reading/writing head operating
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parameter is regulated (BISEC  PM) according to a new seventh step 17. In case the
actual jitter value, the actual error rate value and the error rate variation are below o their
respective threshold (branch Y), than the reading/writing head operating parameter is set to

the actual value of the operating parameter PMa (SET PM,) according to step 8.

A regulation step consisting in modifying the reading/writing head operating parameter is
performed when the actual jitter value, the actual error rate value and the actual error rate
variation value are below the jitter threshold, the error rate threshold and the error rate

variation threshold, respectively.

According to the new seventh step 17, a new value of the reading/writing head operating
parameter variation is calculated, for example, according to a binary search method
optimizing the power consumption/dissipation (e.g. a bisection search). Then, the steps

starting from the fourth step 4 are repeated.

Optionally, the plurality of error associated to the reading/writing head operating parameter
may be calculated from time to time. For example, the plurality of error may be calculated

periodically according to a determined frequency.

The adaptive method of the invention enables regulating the different reading/writing head
operating parameters such that a minimum power consumption/dissipation is achieved
(regulating the different parameters to a zero value) while data are read from and write to
the data recording carrier by the data recording device such that a satisfactorily

performance is maintained (jitter and error rate are maintained below a acceptable limit).

The adaptive method of the invention OPDC may be included in the data recording device
algorithms where calibrations are executed. As examples, such calibration may be
executed during data record carrier recognition (after insertion of an optical disk in the
optical recording device), during optimum power calibration (determination of the power
of the laser source) or dynamic calibration during read/write operations of the data record

carrier.
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Fig.6 is a block diagram illustrating a first application example of the method of the

invention.

The adaptive method of the invention may be executed during an execution of a data

record carrier recognition algorithm DRA.

After a data record carrier recognition algorithm is started (BGN), a first step 20 consists in
calibrating the reading/writing head operating parameter based on the jitter. For example,
the radial tilt RT is calibrated (RT CAL) and the focus offset is calibrated (FO CAL). In a
second step 21, the method of the invention according to ecither the first or the second
embodiment is performed (OPDC). After the second step 21, the data record carrier
recognition algorithm DRA is finished (END).

Fig.7 is a block diagram illustrating a second application example of the method of the

invention.

The adaptive method of the invention may be executed during an execution of an optimum

power calibration algorithm OPCA.

After an optimum power calibration algorithm is started (BGN), a first step 30 consists in
performing a known optimum power calibration. Such an OPCA is well-known in the art
and typically involves conducting a test tracks writing in a designated area, generally
known as a power calibration area, while the actual writing power level of the laser source
is adjusted in steps. The optimum power calibration requires that some operating
parameters of the data recording device are set to optimum value. A loop enables setting
the reading/writing head operating parameters according to the adaptive method of the

invention. The loop comprises a second 31, a third 32 and a fourth 33 steps.

In the second step 31, a plurality of tracks is written (WT).
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In the third step 32, the reading/writing head operating parameter based on the jitter are
calibrated. For example, the radial tilt RT is calibrated (RT CAL) and the focus offset FO
is calibrated (FO CAL).

In the fourth step 33, the method of the invention according to either the first or the second
embodiment is performed (OPDC).
The reading/writing head operating parameters are set to their respective actual values and

the optimum power calibration is repeated until optimum parameters are set.

Subsequently, the optimum power calibration algorithm OPCA is finished (END).

Though, both examples depicted in Figures 6 and 7 only described calibration operation
involving the radial tilt RT and the focus offset FO, it is apparent that other parameters
may further be calibrated, for example the tangential tilt TT and/or the collimation CO and/

or other parameters that may affect the operation of the reading/writing head OH.

Though, the hereinbefore description focused on an application of the method of the
invention to an optical data recording device using a laser, it will be apparent for a person
skilled in the art that the invention could also be used into a magnetic hard disk drive

application.

The drawings and their description hereinbefore illustrate rather than limit the invention.

Any reference sign in a claim should not be construed as limiting the claim. The word
“comprising” does not exclude the presence of other elements than those listed in a claim.
The word “a” or “an” preceding an element does not exclude the presence of a plurality of

such element.
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CLAIMS:

1. A method of operating a data recording device (DRD) comprising a reading/writing
head (OH) for reading/writing data on a data record carrier (OM) insertable into the data
recording device, wherein the method comprises the steps of:
- varying at least one reading/writing head operating parameter until said operating
parameter reaches a determined value,
- determining at least one error associated to the reading/writing head operating
parameter,
- regulating the reading/writing head operating parameter so as to maintain the error

lower than an error threshold.

2. A method of operating a data recording device according to claim 1, wherein the step of
varying consists in modifying the parameter (PM) so as to decrease the jitter value ()

associated to the parameter.

3. A method of operating a data recording device according to claim 1, wherein the step of
determining consists in determining an actual jitter value (DET ), an actual error rate
value (DET ER,A) and an actual error rate variation value (DET  ER) associated to a

reading/writing operation on the data record carrier.

4. A method of operating a data recording device according to claim 1, wherein the step of
regulating consists in modifying the reading/writing head operating parameter when the
actual jitter value, the actual error rate value and the actual error rate variation value are
below an jitter threshold (A< ), an error rate threshold (ERAa<ERty) and an error rate

variation threshold ( ER< ERqy), respectively.

5. A method of operating a data recording device according to claim 4, wherein the
reading/writing head operating parameter modification consists in calculating a
reading/writing head operating parameter variation ( PM) and subtracting said variation

to the reading/writing head operating parameter.



WO 2007/072437 PCT/IB2006/054967
15

6. A method of operating a data recording device according to claim 5, wherein the
reading/writing head operating parameter variation is calculated according to a binary

search method.

7. A method of operating a data recording device according to any one of the preceding
claims, wherein the error associated to the reading/writing head operating parameter is

calculated according to a determined frequency.

8. A method of operating a data recording device according to any one of the preceding
claims, wherein the determined value reached by the reading/writing head operating

parameter is set at zero (PMy).

9. A method of operating a data recording device according to any one of the preceding
claims, wherein the reading/writing head operating parameter is chosen among the group
of reading/writing head operating parameter comprising the radial tilt (RT), the focus

offset (FO), the tangential tilt (TT) and/or the collimation (CO).

10. A data recording device (DRD) comprising a reading/writing head (OH) for
reading/writing data on a data record carrier (OM) insertable into the data recording device
(DRD) and an electronic arrangement (EA) coupled to the reading/writing head (OH),
wherein the electronic arrangement (EA) comprises means for:
- varying at least one reading/writing head operating parameter until said operating
parameter reaches a determined value,
- determining at least one error associated to the reading/writing head operating
parameter,
- regulating the reading/writing head operating parameter so as to maintain the error

lower than an error threshold.

11. A data recording device according to claim 10, wherein the electronic arrangement (EA)
comprises a processing module (PRO) coupled to a driver module (DRV), the driver
module generating at least one control signal (Sop) defining the parameter of the
reading/writing head (OH), and providing the control signal (Son) to the reading/writing
head (OH).
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12. A data recording device according to claim 10 or 11, wherein the data record carrier
(OM) is an optical disk comprising a spiral track of data and the reading/writing head (OH)

comprises a laser source emitting a laser beam towards the optical disk.

13. A computer program product for a data recording device (DRD) comprising a
reading/writing head (OH) for reading/writing data on a data record carrier (OM) insertable
into the data recording device, the computer program product comprising a set of
instructions that, when loaded into the data recording device, causes the data recording
device to carry out the steps of:
- varying at least one reading/writing head operating parameter until said operating
parameter reaches a determined value,
- determining at least one error associated to the reading/writing head operating
parameter,
- regulating the reading/writing head operating parameter so as to maintain the error

lower than an error threshold.
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