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(57) ABSTRACT

A methodfor estimating maximum available write power of
an optical storage drive includes generating a beam oflaser
light having a powerlevel, measuringa first parameter of the
laser light source and a second parameterofthe beam oflaser
light, and using the measured parameters to estimate the
maximum available write power.
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ESTIMATION OF MAXIMUM AVAILABLE
WRITE POWEROF AN OPTICAL STORAGE

DRIVE

The present invention relates to a method of estimating
maximum available write power of an optical storage drive.

The present invention further relates to a system for esti-
mating maximum available write powerofan optical storage
drive.

The presentinvention further relates to use ofthe method of
estimating maximum available write power during start up of
the optical storage drive.

The presentinvention further relates to use ofthe method of
estimating maximum available write power during manufac-
turing ofan optical storage drive.

The present invention further relates to an optical storage
drive comprising the system for estimating the maximum
available write power.

Whennew optical record medium types that allow higher
recording speeds becomeavailable in the market, the optical
storage drive manufacturers aim at bringing new optical stor-
age drivesinto the market with a higherlaserpower to support
those new optical record medium types. Mostofthese optical
storage drives aim at supportingall the typesofoptical record
medium available in the market. In principle, all optical stor-
age drives should be able to support all optical record medium
types andalso the worst case types of optical record medium
i.e., the optical record mediumsthat require the highest laser
power. Althoughthe optical storage drive design aimsat full
support of compliant optical record medium types, it is
known that at the highest recording speed not all optical
record medium types are supported by the optical storage
drives, in case such support requires more laser power than
available from the optical storage drive. But, such optical
record medium typesare still supported at lower recording
speeds.

USS. Pat. No. 5,392,273 discloses an embodiment of a
control methodfor an optical storage drive whereby optimum
write conditions can be set even if there is a variation in

performance amongoptical storage drives. The optical stor-
age drive controller has a non-volatile memory that stores a
write drive value that provides optimum write performance.
This write drive value is measured by writing information to
the optical storage medium with a write drive value for the
laser light source being varied, and obtaining an optimum
write performance value. A control circuit reads out the cali-
bration write powervalue from the non volatile memory at the
timeofstarting the opticalstorage drive and controls the drive
of said laser light source with the obtained calibration write
powervalue. The procedure only finds out the optimum write
power conditions of an optical storage drive making it pos-
sible to record data with write power which is mostsuitable
for each individual optical storage drive. The laser poweris
chosen suchthat even at the largest emission angles and at the
worst-case electrical parameters, the resulting write powerin
the spot is sufficiently large to support the desired highest
recording speed. This means that all optical storage drives
have a certain guaranteed maximum powercorresponding to
the largest emission angles and worst case electrical param-
eters. But, it is important to note that many optical storage
drives could produce more ifneeded, becausetheyare not the
worst case. That is, in this method the extra powerthat is
available from lasers that are not worst case is wasted.

It is an object of the invention to identify optical storage
drives with lasers that have favourable parameters to operate
the optical storage drive on various optical record media.It is
a further object of the invention to maximize the number of
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optical record medium/optical storage drive pairs that can
operate at the highest recording speed. This object is achieved
by providing a method of estimating maximum available
write powerofan optical storage drive comprising the steps of

generating a beam oflaser light from a laser light source
having a powerlevel (P),

measuringa first parameterof the laser light source,
measuring a second parameterofthe beam ofthelaserlight

that is generated,
using the measured first parameter and the measured sec-

ond parameter to estimate the maximum available write
powerofthe optical storage drive.

Ina first embodimentofthe method according to the inven-
tion, the method comprises measuringthelaser current of the
laserlight source asthe first parameter. This has the advantage
that the presently available laser driver integrated circuits
(IC’s) can be used to carry out the measurementofthe laser
current.

In a second embodiment of the method according to the
invention, the method comprises measuring the electrical
powerofthelaserlight sourceas the first parameter. This has
the advantage that the total dissipation in the laser is mea-
sured, which provides an accurate measure for the thermal
load onthe laser.

In a third embodiment of the method according to the
invention, the method comprises measuring the temperature
of the laser light source as the first parameter. This has the
advantage that ageing of the laser and heat dissipation of the
laser light source are taken into account while estimating the
maximum available write power.

In a further embodiment of the method according to the
invention, the method comprises measuring the powerlevel
(P) of the beam of laser light as the second parameter. This
directly yields the so-called coupling efficiency of the laser
into the lightpath.

In a fourth embodiment of the method according to the
invention, the estimation of the maximum available write
poweris carried out by retracting the objective lens before
generating the beam oflaserlight. This has the advantage that
damageto the optical record medium is prevented.

In a further embodiment of the method according to the
invention, the method comprises storing the estimated maxi-
mum available write power in storage means. This has the
advantagethat the stored estimated maximum available write
powercan be usedto operate the optical storagedrive up toits
maximum estimated available write power value. This
enablesthe optical storage drive to handle a higher numberof
optical record media that require power up to the stored
maximum available write powervalue.

Ina fifth embodimentofthe method accordingto the inven-
tion, the method comprises storing the estimated maximum
available write power in an Electrically Erasable Program-
mable Read Only Memory (EEPROM). Since EEPROMis a
non-volatile memory, it can retain data even whenit is not
receiving power and hencethe estimated maximum available
write power can be reused for subsequent operation.

In a sixth embodiment of the method according to the
invention, the method comprises storing the estimated maxi-
mum available write powerin a flash memory. Flash memory
has the advantagesthat read and write times are almost instan-
taneous. It is less noisy and much smaller than traditional
memories. Flash memories are highly portable with a much
faster access time. Flash memory canerase its data in entire
blocks, making it preferable for frequent updating of large
amountsofdata.

In a seventh embodiment of the method according to the
invention, the method comprises storing the estimated maxi-
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mum available write powerin a bar codesticker. The advan-
tage of a bar codesticker is that no EEPROM is required, so
that the cost of the optical pick up unit (OPU)is reduced.

In a eighth embodiment of the method according to the
invention, the method comprises using the stored estimated
maximum available write power to operate the optical storage
drive up to the stored estimated maximum available write
power. This has the advantage that the maximum available
write powerofthe optical storage drive becomeslarger than
in the case where no estimation is done.

The object of the invention is further achieved by using the
method of estimating the maximum available write power
during start up of the optical storage drive. This has the
advantage that ageing of the laser and the influence ofdrive
temperature are taken into account while estimating the maxi-
mum available write power.

The object of the invention is further achieved by using the
method of estimating the maximum available write power
during manufacturing of the optical storage drive. This has
the advantagethat it does not need the system for estimating
maximum available write power to be part of the optical
storage drive. The system for carrying out the estimation of
maximum powercanbe a separate unit, which can be used for
estimating maximum available powerofall the optical stor-
age drive that is being manufactured.

The object ofthe inventionis further achieved by providing
a system for estimating maximum available maximum avail-
able write powerof an optical storage drive, the system com-
prising

a first measurement means arranged to measureafirst
parameterof the laser light source,

a second measurement means arranged to measure a sec-
ond parameter of the beam oflaser light,

an estimation meansarranged to estimate maximum avail-
able write powerof the optical storage drive using the mea-
suredfirst parameter and the measured second parameter.

In asecond embodimentofthe system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a measurement means arranged to measure
laser current ofthe laser light source as the first parameter.

In a third embodimentof the system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a measurement means arranged to measure
the electrical powerofthe laser light sourceasthefirst param-
eter.

In a fourth embodimentofthe system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a measurement means arranged to measure
the temperature ofthe laser light source asthefirst parameter.

In a fifth embodimentof the system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a measurement means arranged to measure
the powerlevel (P) of the beam oflaser light as the second
parameter.

In a sixth embodimentof the system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a means arranged to retract the objective
lens before generating the beam oflaserlight.

Ina further embodimentofthe system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a storage meansarrangedto store theesti-
mated maximum available write power.

In a seventh embodiment of the system for estimating
maximum available write power of an optical storage drive,
the system comprises an Electrically Erasable Programmable
Read Only Memory forstoring the estimated maximum avail-
able write power.
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In a eighth embodimentofthe system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a flash memory for storing the estimated
maximum available write power.

In a ninth embodimentof the system for estimating maxi-
mum available write power of an optical storage drive, the
system comprises a bar codesticker for storing the estimated
maximum available write power.

The object ofthe invention is further achieved by providing
the optical storage drive with a system for estimating maxi-
mum available write power. A Compact disc (CD) drive, a
DVD (Digital versatile disc) drive and a Blu Raydrive are a
few examples of such optical storage drives that can be pro-
vided with a system for estimating maximum available write
power.

It is to be noted that the object of the invention is achieved
by providing a method and a system for estimating the maxi-
mum available write power wherein the system has the same
advantages as the methods.

These and other aspects of the invention will be apparent
from the embodiments described in the following description
and with reference to the accompanying drawings in which,

FIG. 1 showsa first embodiment ofthe system for estimat-
ing the maximum available write powerof an optical storage
drive according to the invention,

FIG. 2 shows a simplified flowchart illustrating the method
of estimating the maximum available write power according
to the invention,

FIG. 3 showa first embodimentofthe method according to
the invention, the method comprising measuring laser current
ofthe laser light source as the first parameterthat is needed to
producea certain optical powerlevel ofthe beam oflaserlight
as the second parameter,

FIG. 4 show a second embodimentof the method accord-

ing to the invention, the method comprising measuring the
electrical powerofthe laser light source asthefirst parameter
that is needed to producea certain optical powerlevel of the
beam ofthe laser light source as the second parameter,

FIG. 5 show a third embodiment of the method according
to the invention, the method comprising measuring the tem-
perature of the laser light source as the first parameter that
occurs at a certain optical powerlevel of the beam ofthe laser
light as the second parameter,

FIG. 6 shows a fourth embodiment of the method and

second embodimentofthe system according to the invention,
wherein the method comprises retracting the objective lens
before generating the beam oflaser light,

FIG. 7 showsa fifth embodiment of the method andthird

embodiment of the system according to the invention, the
method comprising storing the estimated maximum available
write power in an Electrically Erasable Programmable Read
Only Memory,

FIG. 8 shows a sixth embodiment of the method and a

fourth embodimentof the system according to the invention,
the method comprising storing the estimated maximum avail-
able write powerin a flash memory,

FIG. 9 shows a seventh embodiment of the method and a

fifth embodimentofthe system accordingto the invention,the
method comprising storing the estimated maximum available
write powerin a bar codesticker,

FIG. 10 illustrates how the present invention allows more
optical storage drive/optical record medium pairs to operate
at the highest recording speed.

FIG. 1 showsa first embodimentofthe system 100 used for
estimating the maximum available write powerof an optical
storage drive 180. The optical storage drive 180 has an optical
head 182 for writing data on the tracks of the optical record
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medium 184. The optical head 182 has a laser light source
186. This laser light source 186 irradiates the optical record
medium 184 with a beam oflaserlight 188 for recording data.
This laser light source 186 may be for example an infrared
laser diode having a wavelength of 780 nm and an optical
power of 5 mW.A laser light source power controller 172
controls the power intensity of the beam oflaser light 188
originating from thelaser light source 186. The beam oflaser
light 188 passes through an optical system comprising optical
elements such as collimator lens 190 for collimating the beam
of laser light 188 and an objective lens 192 for focussing the
beam oflaser light 188 onto a laser spot 194 onthetrack ofthe
optical record medium 184. The system 100 for estimating
the maximum available write power of the optical storage
drive 180 comprises a measurement means 102 to measure a
first parameterofthe laser light source 186. The system 100
comprises a measurement means 104 to measure a second
parameter of the beam oflaser light 188. The system 100
further comprises an estimation means 106 arrangedtoesti-
mate maximum available write powerof the optical storage
drive 180 using the measuredfirst parameter and the mea-
sured second parameter. The system 100 used for estimating
the maximum available write powerof optical storage drive
180 can be a part of the optical storage drive 180 itself or the
system 100 could be a separate unit which can be used for
carrying out the estimation of the maximumavailable write
powerof the optical storage drive 180. Further, system 100
comprises a storage means 140 arranged to store the esti-
mated maximum available write power. Further, the optical
storage drive will have a spindle motor, a spindle processing
unit and actuator control to rotate the optical record medium
and allow the reading of the tracks of the optical record
medium which is implicit and hence not shown in FIG.1.

FIG. 2 shows a simplified flowchart illustrating the method
of estimating the maximum available write power of the
optical storage drive 180 (see FIG. 1) accordingto the inven-
tion. The estimation method comprises generating a beam of
laser light 188 (see FIG.1) from the laser light source 186 (see
FIG. 1) having a certain powerlevel P in step 200. In step 202,
a first parameter ofthe laser light source 186 (see FIG. 1) is
measured using the measurement means 102 of the system
100 (see FIG.1). In step 204, a second parameter ofthe beam
oflaser light 188 (see FIG. 1) is measured using the measure-
ment means 104 of the system 100 (see FIG.1). In step 206,
the maximum available write power of the optical storage
drive 180 is estimated using the estimation means 106 (see
FIG. 1) of the system 100. The estimation means 106 makes
use of the measuredfirst parameter and the measured second
parameter to estimate the maximum available write power of
the optical storage drive 180.

FIG. 3 showa first embodiment ofthe method according to
the invention, the method comprising measuring laser current
of the laser light source 186 as the first parameter that is
neededto produce a certain optical powerlevel P ofthe beam
of laser light 188 as the second parameter. In this embodi-
ment, the measurement means 102 (see FIG. 1) measures the
laser current of the laser light source 186 as the first param-
eter. The measurement means 104 (see FIG. 1) measures the
optical power level P of the beam of laser light 188. The
estimation means 106 (see FIG. 1) estimates the maximum
available write powerof the optical storage drive 180 using
the measured laser current that is needed to produce the
optical powerlevel P of the beam oflaser light 188. FIG. 3
represents the relationship of the laser current of the laser
light source 186 1,,,nreasurea that is measured at a certain
optical powerlevel Py.measured Of the beam ofthelaserlight
188 using the system 100. The operating currentvalue [,,, of
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the laser light source 186 increases froma point I,,,jnin to a
point 1...ax along the axis 308. The axis 312 gives an indi-
cation of the optical power output of the beam oflaser light
188, which varies, from Poymin tO Popemax: Lhe operating
laser current 1,measured 18 Measuredthat is needed to produce
acertain optical power Po)measure Of the beam oflaserlight
188. The optical power Po.measure Can be any value thatis
generated during initial start up of the optical storage drive
180. The laser current],measured 18 measured using the mea-
surement means 102 of the system 100 that is required to
producethis optical powerlevel Pon.measured Of the beam of
laser light 188. This optical power level P,,,measured 18 Mea-
sured using the measurement means 104 of the system 100 as
shownin FIG.3. Thelaser light source 186 has specifications
in which the maximum operating laser current ofthe laser
light source 186is available in a laser diode specification data
sheet made available by the laser diode manufacturer. For
each laser light source this operating laser current value varies
from a minimum operating value to a maximum operating
value. Most of the laser light source specifications, specify a
typical operating current value I,4,,:ca7 Which 1s within the
range of minimum and maximum operating value at which
the laser light source is guaranteed to give the specified opti-
cal output power Py,ppicai Of the beam oflaser light 188.
Most ofthe optical storage drives use this Po.nici a8 the
power. Now, having measured the current I,measured that
results inan optical power ofPonymeasured 01the beam oflaser
light 188, the maximum available write powerof the optical
storage drive 180 is estimated by taking the maximum oper-
ating current],ax that the laser light source 186 can with-
stand that is available in the laser diode specification data
sheet. This estimation carried out by the estimation means
106 of the system 100is as illustrated below:

For the measured optical power Poy,measurea Of the beam
of laser light 188, the laser current that is required is
1,measuretherefore, for the available maximumlaser cur-
rent value of 1,,, 14, Which is knownforthelaser light source
186 fromthe specification data sheet, the maximum available
optical write power of the optical storage drive 180
will be, Maximum available optical write power P.
(P

opt_m.ax

opt_measuredlop_measured)*lop_max
Hence, from the measuredlaser current 1,reasurea Of the

laser light source 186 that is needed to produce the optical
powervalue Pymeasurea Of the beam oflaser light 188, the
maximum available write power P of the optical stor-
age drive 180 is estimated.

Therefore, it can be observed that the optical power of the
beam of laser light 188 available from the optical storage
drive 180 considered in this embodimentis P,.pypicar Which
is the powerat whichthe optical storage drive 180 can operate
on any optical record medium ata particular recording speed.
This optical power P.,,ypicar 18 the guaranteed maximum
power, which correspondsto the typical laser current of the
laserlight source 186 specified in the laser diode specification
data sheet. But, it is clear from this embodiment that it is

possible to produce more power than P..pica if needed
becauseit is not the worst case. The worst case hererefers to

the guaranteed optical power, whicha laser light source can
produce at extreme electrical parameters. Here, in case no
estimation of the write poweris carried out, the extra power
301 that is (Pontmax7Popt_npicat) WOuld have been wasted
and the optical storage drive 180 may not have been used for
certain type ofoptical record mediumsthat required powerin
the range of (Poormax~Popr_npicai)- It is clear from the illus-
tration shown in FIG. 3 that the extra power 301 that is
available from the laser light source 186 is identified. This
extra power 301 can be made use of for recording optical

opt_max
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record media that require this power and henceis not wasted.
Further, because of this power estimation, the maximum
available write power of the optical storage drive 180
becomes larger than in case if no such estimation is done.
Here dueto the estimation, the maximum poweravailable is
Pope_max tather than P,,,pict In the case where no estima-
tionis done,the optical storage drive 180 would be used on all
optical record media that need a power ofPo»picar: Lf some
optical record media needed more power than Poo,ppicat
withoutthis estimation methodthis optical storage drive 180
may not have been used. After performing this estimation,
since now it is knownthat the same optical storage drive 180
can support recording of the optical record media at a power
level greater than P,,,»pican the same optical storage drive
180 can be used for handling such optical record media that
require higher power than P,.,jnicar Hence, the optical
record media that could not be handled earlier because they
needed more power can now be handled by the sameoptical
storage drive 180 after carrying out the estimation. Addition-
ally, the optical storage drive 180 that has favourable laser
parameters to support recording of such optical record media
at higher powerlevels has been identified.

FIG. 4 show a second embodimentof the method accord-

ing to the invention, the method comprising measuring the
electrical power of the laser light source 186 as thefirst
parameter that is needed to produce a certain optical power
level P ofthe beam of laserlight 188 as the second parameter.
In this embodiment, the measurement means 102 (see FIG. 1)
measuresthe electrical powerofthe laser light source 186 as
the first parameter. The measurement means 104 (see FIG. 1)
measuresthe optical powerlevel P of the beam oflaserlight
188. The estimation means 106 (see FIG. 1) estimates the
maximum available write powerof the optical storage drive
180 using the measured electrical power of the laser light
source 186 that is needed to produce the powerlevel P of the
beam oflaser light 188. FIG. 4 represents the relationship of
the electrical powerofthe laser light source 186 P,..,,_,easured
that is measuredat a certain optical powerlevel Popt_measured
of the beam ofthe laser light 188 using the system 100. The
electrical power P,,,. of the laser light source 186 increases
from a point P,.,_pin to. a point P,.,,max along the axis 408.
The axis 412 gives an indication ofthe optical power output of
the beam of laser light 188, which varies from P,.,jin to
P The electrical power of the laser light source 186

sor_measured 1S Measured that is needed to produce a certain
optical power Po.measured Ofthe beam oflaserlight 188. The
optical power Pomeasured Can be any value that is generated
during initial start up of the optical storage drive 180. The
electrical powerP,,,.,easurea 18 Measured using the measure-
ment means 102 of the system 100. The optical powerlevel
Popr_measurea 18 Measured using the measurement means 104
of the system 100. The laser light source 186 has ratings in
which the maximum operating powerofthelaser light source
186is availablein a laser diode specification data sheet made
available by the laser diode manufacturer. For eachlaserlight
source this operating power of the laser light source varies
froma minimum value P,,,y7, toamaximum valuePmax:
Most of the laser light source specifications will specify a
typical operating powervalue P,.,.ypicay Which is within the
range of minimum P,.,.i. and maximum P,,,,,max Value at
which the laser light source 186 gives the specified typical
optical power Po.ppica7 Of the beam of laser light 188. Most
of the optical storage drives usethis Pppicaz a8 the power.
This P,..»picar depends on two parameters namely the oper-
ating current and the operating voltage of the laser light
source 186. By varying the operating current and the operat-
ing voltage value, it is possible to vary the electrical power

opt_max*
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P,,,, of the laser light source 186. Now, having measured the
power P...measured that results in an optical power of
Popt_measurea Of the beam of laser light 188, the maximum
available write powerof the optical storage drive 180is esti-
mated by taking the maximum operating electrical power of
the laserlight source P,,.,._max that the laser light source 186
can withstandandis available in the laser diode specification
data sheet. This estimation carried out by the estimation
means 106 of the system 100is as illustrated below:

For the measured optical power Poy,measurea Of the beam
of laserlight 188, the electrical powerofthe laserlight source
186that is needed is P,,,measured: therefore, for the available
maximum powervalue ofthelaser light source 186 P,..,.max
which is knownforthe laser light source 186 from the data
sheet, the maximum available write power of the optical
storage drive 180 will be,

Maximum available optical write power Po.max=
(P. )xP.opt_measured!|P.sor_measured. sor_max

Hence, from the measured powerP,,,,..neasurea Of the laser
light source 186 that is needed to producethe optical power
value Po.measured Of the beam oflaser light 188, the maxi-
mum available write power P. of the optical storage
drive 180 is estimated.

Therefore, it can be observed that the optical power of the
beamof laser light 188 available from the optical storage
drive 180 considered in this embodimentis Po,ppicay Which
is the powerat whichthe optical storage drive 180 can operate
on any optical record medium at a particular recording speed.
This optical power P.oynpicat 18 the guaranteed maximum
power, which corresponds to the typical electrical power of
the laser light source 186 specified in laser diode specification
data sheet. But, it is clear from this embodiment that is it

possible to produce more power than P.,»yicar if needed
because this is not the worst case. The worst case here refers

to the guaranteed optical power, whicha laser light source can
produce at extreme electrical parameters. Here, in case no
estimation of write poweris carried out, the extra power 401
that is Popemax~Popt_npicar) Would have been wastedand the
optical storage drive 180 may not have been usedfor certain
type of optical record media that required powerin the range
Of Pontmax7Popt_npicai)- It is clear from the illustration
shown in FIG.4 that the extra power 401that is available from
the laser light source 186 is identified. This extra power 401
can be made use of for recording optical record media that
require more powerandhenceis not wasted. Further, because
ofthis powerestimation, the maximum available write power
of the optical storage drive 180 becomeslarger than in case if
no such estimation is done. Here dueto the estimation, the

maximum poweravailableis P,,_j.ax father than Pon,ppicat:
In the case where no estimation is done, the optical storage
drive 180 would be used on all optical record media that
needed a power of Pon.npicar- If some optical record media
needed more powerthan Po),ppicar Without this estimation
method, this optical storage drive 180 may not have been
used. After performingthis estimation, since now it is known
that the sameoptical storage drive 180 can support recording
of the optical record media that require higher power than
Popt_mpicar the sameoptical storage drive 180 can be used for
handling such optical record media that require higher power
than Pompicat: Hence, the optical record media that could
not be handled earlier because they needed more power can
now be handled by the same optical storage drive 180 after
carrying out the estimation. Additionally, the optical storage
drive 180 that has favourable laser parameters to support
recording of such optical record media at higher powerlevels
has been identified.

opt_max
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FIG. 5 show a third embodimentof the method according
to the invention, the method comprising measuring the tem-
perature ofthelaser light source 186 as the first parameterthat
occurs at a certain powerlevel P of the beam ofthelaserlight
188 as the second parameter. In this embodiment, the mea-
surement means 102 (see FIG. 1) measures the temperature of
the laser light source 186as the first parameter. The measure-
ment means 104 (see FIG. 1) measures the powerlevel P of
the beam of laser light 188. The estimation means 106 (see
FIG.1) estimates the maximum available write powerof the
optical storage drive 180 using the measured temperature of
the laser light source 186 that occurs at a certain powerlevel
P of the beam oflaser light 188. FIG. 5 represents the rela-
tionship ofthe temperatureofthe laser light source 186 that is
measured at a certain optical powerlevel Po,measured Of the
beam ofthe laser light 188 using the system 100. The oper-
ating temperature ofthelaser light source 186 increases from
a point T,,,,,, to a point T,,,,. along the axis 508. The axis 512
gives an indication of the optical output power P.,., of the
beam of laser light 188, which varies, from P,,,min to
Popt_max: The operating temperatureofthe laser light source
186 T,,-asieg 1S Measured that is needed to produce a certain
optical power Po.measured Ofthe beam oflaserlight 188. The
optical power Pomeasured Can be any value that is generated
during initial start up of the optical storage drive 180. The
maximum write power available from the laser light source
186 is limited by the temperature ofthe laser. This meansthat
if for a given optical output the heat dissipation in the laser
light source varies, the maximum available laser light power
will also vary. Specifically, spread on the electrical character-
istics of the laser light source, like the threshold current, the
differential efficiency and the bias voltage will cause maxi-
mum available powerto vary. The sameapplies to the envi-
ronmental temperature. The temperature T,,,.,s,.e¢ 18 mea-
sured using the measurement means 102 of the system 100
that occursat an optical powerlevel Poo,measured Of the beam
of laser light 188. The optical power level Po.measured 18
measured using the measurement means 104 of the system
100. The laser light source 186 has ratings in which the
maximum operating temperatureofthelaser light source 186
is available in a laser diode specification data sheet made
available by the laser diode manufacturer. For eachlaserlight
source this operating temperature ofthe laser light source 186
varies from a minimum valueT,,,,,, toa maximum value T
Mostofthe laser light source 186 specifications will specify
a typical operating temperaturevalue T,,,,;..7 which is within
the range ofminimum and maximum valueat whichthe laser
light source 186 gives the specified output optical power
Popt_ppicai Of the beam oflaser light 188. Mostof the optical
storage drives use this Ployppicar a8 the power. Now, having
measured the temperature T,,,,casnreq that results in an optical
power of Poemeasured Of the beam of laser light 188, the
maximum available write power is estimated by taking the
maximum operating temperature T,,,, that the laser light
source 186 can withstand, and that is available in the data
sheet. This estimation carried out by the estimation means
106 of the system 100 is as illustrated below:

For the measuredoptical power P,measurea Of the beam
oflaserlight 188, the temperatureofthelaserlight source 186
that is neededis T,,, ..sureq: therefore, for the available maxi-
mum temperature value of T,,,,,. of the laser light source 186
which is knownfor the laser light source 186 from the data
sheet, the maximum available optical write power of the
optical storage drive 180 will be,

max?

Maximum available optical write power P.
P. Tmeasured)* Emaxopt_measured

opt_max
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Hence, from the measured temperature T,,.asureq Of the
laser light source 186, that is needed to produce the optical
powervalue P,,measurea Of the beam oflaser light 188, the
maximum available write power P of the optical stor-
age drive 180 is estimated.

Therefore, it can be observed that the optical power of the
beam of laser light 188 available from the optical storage
drive 180 consideredin this embodimentis P.,,spica2 Which
is the powerat whichthe optical storage drive 180 can operate
on any optical record medium at a particular recording speed.
This optical power P.,,nyicaz 18 the guaranteed maximum
power, which corresponds, to the typical operating tempera-
ture Ty,icar Of the laser light source 186 specified in a laser
diode specification data sheet. But, it is clear from this
embodimentthat it is possible to produce more powerthan
Popt_tpicat If needed becausethis is not the worst case. The
worst case here refers to the guaranteed optical power, which
a laserlight source can produceat extremeelectrical param-
eters. Here, in case no estimation ofthe write poweris carried
out, the extra power 501 that is (Poo.max—Pope_npicai) WOuld
have been wasted and the optical storage drive 180 may not
have been used for certain type of optical record media that
required power in the range of (Poy.max~Popt_npicat): It 1s
clear from theillustration shown in FIG. 5 thatthe extra power
501 that is available from thelaser light source 186is identi-
fied. This extra power 501 can be madeuse of for recording
optical record media that require more powerand henceis not
wasted. Further, because of this power estimation, the maxi-
mum available write power of the optical storage drive 180
becomes larger than in case if no such estimation is done.
Here, due to the estimation the maximum available poweris
Pope_max Father than Py.ppicar Incase where no estimationis
done,the optical storage drive 180 would be usedinall optical
record media that need a power ofP,,,ppicar- If some optical
record media needed more power than Po,ppicar Without
this estimation method, this optical storage drive 180 may not
have been used. After performingthis estimation, since now it
is knownthat the sameoptical storage drive 180 can support
recording of the optical record media at a powerlevel greater
than P,..»picas the same optical storage drive 180 can be
used for handling such optical record media that require
higher power than P,.ppicar’ Hence, the optical record
media that could not be handled earlier because they needed
more powercan now be handledby the sameoptical storage
drive 180 after carrying out the estimation. Additionally, the
optical storage drive 180 that has favourable laser parameters
to support recording of such optical record media at higher
powerlevels has been identified.

FIG. 6 shows a fourth embodiment of the method and a

second embodimentofthe system that is used to estimate the
maximum available write powerof the optical storage drive
180. Elements that have the same function or construction as

in FIG. 1 are designated by the same reference numerals and
are not further described in detail. The system 100 has a
retracting means 120 arranged to retract the objective lens
192 before generating the beam oflaser light 188. In all the
embodiments described in the invention, the estimation of
maximum available write poweris carried out by retracting
the objective lens 192 using the retracting means 120 of the
system 100. Retracting the objective lens 192 and generating
the beam oflaser light 188 prevents the damage that may
happen to the optical record medium 184.

Ina fifth embodimentof the methodofthe invention and a

third embodiment of the system as shown in FIG. 7, the
estimated maximum available write poweris stored in a stor-
age means 702. The storage meansusedto store the estimated
maximum available write power is an Electrically Erasable

opt_max
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Programmable Read Only Memory 702. The laser power
controller 172 makes use ofthis stored maximum write power
value for operating the optical storage drive 180 up to the
estimated maximum available write power. Further, since
EEPROMis a non volatile memory, the estimated maximum
available write power can be retained even when the poweris
switched offand hence can be used for subsequent operation.

In a sixth embodiment ofthe methodofthe invention and a

fourth embodiment of the system as shown in FIG. 8, the
estimated maximum available write poweris stored in a stor-
age means 802. The storage means 802 used to store the
estimated maximum available write poweris a flash memory.
Thelaser power controller 172 makesuse ofthis stored maxi-
mum write powervaluefor operating the optical storage drive
180 up to the estimated maximum available write power.
Flash memory has the advantages that read and write times
are almost instantaneous.It is less noisy and much smaller
than traditional memories. Flash memories are highly por-
table with a muchfaster access time. Flash memory can erase
its data in entire blocks, making it preferable for frequent
updating of large amountsof data.

In a seventh embodiment of the method of the invention

and a fifth embodimentof the system as shownin FIG.9, the
estimated maximum available write poweris stored in a stor-
age means 902. The storage means 902 used to store the
estimated maximumavailable write power is a bar code
sticker. The laser power controller 172 makes use of this
stored maximum write power value for operating the optical
storage drive up to the estimated maximum available write
power. The advantage of a bar code sticker is that no
EEPROMis required, so that the cost of the optical pick up
unit (OPU)is reduced.

Tt should be noted that the storage means 702, 802 and 902
used to store the estimated maximum available write power
can be arranged within the system 100 for estimating the
maximum available write powerofthe optical storage drive.
Alternatively these storage means 702, 802 and 902 can be
arranged within the optical storage drive 180 itself.

In a further object of the invention, the method of estimat-
ing maximum available write power described in the embodi-
ments is used during start up of the optical storage drive.
Duringinitialstart up ofthe opticalstorage drive 180, thefirst
parameter and the second parameter are measured that is
requiredto producea certain optical powerlevel Ponymeasured
of the beam oflaser light 188 as illustrated in the embodi-
ments using the measurement means 102 and 104 of the
system 100. From the measurements made, the maximum
available write poweris estimated using the estimation means
106 ofthe system 100 asillustrated in FIG. 3, FIG. 4, and FIG.
5. The estimated maximum available write power value is
stored ina storage means. Thelaser light power controller 172
makes use of this stored maximum available write power
value for operating the optical storage drive 180 up to the
estimated maximum available write power. This embodiment
has an advantage that ageing ofthelaserlight source 186 and
the influence of the laser drive temperature is taken into
account while estimating the maximum available write
power. Further, the electrical characteristics of a laser may
changeordeteriorate with time. This embodimenttakes such
factors also into account during the estimation.

The object of the invention is further achieved by using the
method of estimating maximum available write power
described in the embodiments during manufacturing of the
optical storage drive. During manufacturing of the optical
storage drive 180, the system 100 is used for measuring the
first parameter and the second parameterthat is required to
produce a certain optical power level Po,measurea Of the
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beam oflaser light 188. The first parameter and the second
parameter are measured using the measurement means 102
and 104 of the system 100 respectively. From the measure-
ments, the maximum available write poweris estimated using
the estimation means 106 of the system 100 as described in
the embodiments. This estimated maximum available write

poweris stored in a storage means within the optical storage
drive 180. The laser light source power controller 172 makes
use of this stored maximum available write power value for
operating the optical storage drive up to the estimated maxi-
mum available write power. This embodimenthas the advan-
tage that the system 100 for estimating maximum available
write powerofthe optical storage drive 180 need not be part
ofthe optical storage drive 180. It can be a separate unit which
can be used for estimating the maximum available write
powerofoptical storage drives that are manufactured and the
same system 100 can be used for subsequent estimations ona
numberof optical storage drives.

From the embodiments andtheillustrations, it is clear that
the present invention allows many moreoptical storage drive/
optical record medium pairsto operate at the highest record-
ing speed. This is illustrated in FIG. 10. In FIG. 10 the upper
line represents the range of powers 902 needed byall the
optical record media on the market, for a certain recording
speed. The lower line represents the range of write powers
904 available from the optical storage drives of a specific
type. These optical storage drives have laser light source that
has write power that varies from minimum to maximum
based on several parameters. The maximum available write
power could be a maximum write powerthatis available at the
worst case parameters. Without the estimation of the maxi-
mum available write power as claimed in the present inven-
tion, only fraction A ofall the optical record media can be
handled by optical storage drives, because only the worst case
maximum poweris known and hence available. Using the
claimed method of estimating the maximum available write
powerofoptical storage drives, the muchlargerfraction B can
be handled by a subset ofthe optical storage drives. It depends
on the distributions of the powers on the two lines what the
actualincrease in optical storage drive/optical record medium
pairs will be for the claimed method.

Theorder in the described embodiments of the method for

estimating maximum available write powerofan optical stor-
age drive 180 is not mandatory, a person skilled in the art may
changethe order of steps without departing from the concept
as intended by the present invention. It should be noted that
the above-mentioned embodiments illustrate rather than limit

the invention, and that those skilled in the art will be able to
design many alternative embodiments without departing
from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be con-
strued as limiting the claim. The invention can be imple-
mented by means of hardware comprising several distinct
elements, and by meansofa suitably programmed computer.
In the system claims enumerating several means, several of
these means can be embodied by one and the same item of
computer readable software or hardware. The figures and
drawings are accordingly, to be regardedfor illustrative pur-
poses than being usedin therestrictive sense.

The invention claimed is:

1. A method for estimating maximum available write
powerof an optical storage drive comprising the actsof:

obtaining a maximum source parameterof the laser light
source that the laser light source can withstand;

generating a beam oflaser light from a laser light source
having a powerlevel;

measuring a source parameterofthelaser light source;



US 8,000,176 B2
13

measuring a beam parameterofthe beam ofthe laser light;
estimating the maximum available write powerofthe opti-

cal storage drive using the measured source parameter,
the measured beam parameter, and the maximum source
parameterofthelaser light source,

wherein the estimating act estimates the maximum avail-
able write powerofthe optical storage drive Popt_max
using the following:
Popt_max=(Popt_measured/Psor_measured)x

Psor_max,

where Popt_measured is the beam parameter, Psor_mea-
suredis the source parameter, and Psor_maxis the maxi-
mum source parameter.

2. The method of claim 1, wherein the source parameter
comprises a currentof the laser light source.

3. The method of claim 1, wherein the source parameter
comprises an electrical powerof the laser light source.

4. The method of claim 1, wherein the source parameter
comprises a temperature ofthe laser light source.

5. The method of claim 1, wherein the beam parameter
comprises the powerlevel of the beam of the laserlight.

6. The method of claim 1, further comprising the act of
retracting an objective lens before generating the beam of
laser light.

7. The method of claim 1, further comprising the act of
storing the estimated maximum available write powerin stor-
age device.

8. The method of claim 7, wherein the storage device
comprises an Electrically Erasable Programmable Read Only
Memory.

9. The method of claim 7, wherein the storage device
comprises a flash memory.

10. The method of claim 7, wherein the storage device
comprises a bar codesticker.

11. The method of claim 7, further comprising the act of
using the stored estimated maximum available write power to
operate the optical storage drive up to the estimated maxi-
mum available write power.

12. The method of claim 1, wherein the method is per-
formed during initial start up of the optical storage drive.

13. The method of claim 1, wherein the method is per-
formed during manufacturing of the optical storage drive.

14. A system for estimating maximum available write
powerof an optical storage drive comprising an optical head
having a laser light source for generating a beam oflaserlight,
the system comprising:

a first measurement device configured to measure a source
parameterofthelaser light source,
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a second measurement device configured to measure a
beam parameter of the beam oflaser light,

an estimation device configured to estimate the maximum
available write powerof the optical storage drive using
the measured source parameter, the measured beam
parameter and a maximum source parameterofthe laser
light source,

wherein the estimation device is configured to estimate the
maximum available write power of the optical storage
drive Popt_max using the following:

Popt_max=(Popt_measured/Psor_measured)x
Psor_max,

where Popt_measured is the beam parameter, Psor_mea-
sured is the source parameter, and Psor_maxis the maxi-
mum source parameter.

15. The system of claim 14, wherein the source parameter
comprises a currentof the laserlight source.

16. The system of claim 14, wherein the source parameter
comprises an electrical powerof the laserlight source.

17. The system of claim 14, wherein the source parameter
comprises a temperature ofthelaser light source.

18. The system of claim 14, wherein the beam parameter
comprises a powerlevel of the beam ofthelaser light.

19. The system ofclaim 14, further comprisinga retracting
device configured to retract an objective lens before generat-
ing the beam oflaserlight.

20. The system of claim 14, further comprising a storage
device configured to store the estimated maximum available
write power.

21. The system of claim 20, wherein the storage device
comprises an Erasable Programmable Read Only Memory.

22. The system of claim 20, wherein the storage device
comprises a flash memory.

23. The system of claim 20, wherein the storage device
comprises a barcodesticker.

24. An optical storage drive comprising a system foresti-
mating maximum available write poweras claimed in claim
14.

25. The method of claim 1, wherein the obtaining act
obtains the maximum source parameter of the laser light
source from a specification data sheetofthe laser light source
made available by a manufacturerofthe laser light source.

26. The system of claim 14, wherein the maximum source
parameterofthe laser light source is obtaining from a speci-
fication data sheetofthe laser light source made available by
a manufacturerofthe laser light source.
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