A nethod of controlling a diode device for use in
optical storage systens The present invention rel ates
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nore specifically to the positioning and shapi ng of an
out put optical signal in an optical storage system A
sem conduct or | aser, or 'diode |aser device' generally
consists of an optically active |ayer, sandw ched

bet ween p- type and n- type dopéld sem conduct or
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of these so-called hetero-junction devices where they
can reconbine to emt a photon. A typical diode |aser
device 1 fornmed on a sem conductor substrate 3 is
shown in Fig. 1. An active layer 5 (forned from GAs,
for exanple) is sandwi ched between a p-|ayer 7 (p-
GaAl As for exanple) and an n-layer 9 (n-GaAl As for
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before fabrication for verification and experimental purposes.
One of the characteristics of diode laser devices which is a very important
factor to be considered when such devices are used for applications in which a prompt lasing

response to an input current is required, is the so-called ‘turn-on delay’. If the diode laser



spont aneous em ssion of photons occurs, and no | aser
operation is observed. Sone photons may escape from
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reconbi nati on of electrons and hol es, but the anount
of light produced by the device in this case will be
negligi ble conpared to the situation in which the
| aser is operating via stimulated em ssion. In
addition the |ight emargi ng & a result of
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1 Qélad BARVInd@FentctBsel ARE ErrdlEMAy08ad 1O B fairk b @acﬁ@é’ﬁp‘ﬁ&il medlum
signal which serves to injtiate an output opti
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I tO alter some characteristic of the storag
msdl um 107 Theeptica) storage system 100 may operate by applying the optical signal 105

to the optical storage medium 107 for a specified length of time whenever a clock signal of
the system occurs, in order to alter some characteristic of the storage medium 107 such as
reflectivity, for example. The controller 101 may therefore provide the laser device 103 with
a control signal whenever a clock signal is received. If, however, the laser device 103 does

not produce an output optical signal for a time <o, after the clock signal then the altered



reflectivity, for exanple. The controller 101 may
therefore provide the |aser device 103 with a control

waegsabisshenever a cl ock signal is received. |PCT/IB2004/050996
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however, the | aser device 103 does not produce an
out put optical signal for a tine ton after the clock
signal then the alteredcharacteristic will not occur
at the expected position on the storage nedium This
can result in the problens medti oned above. Fig. 3

ows the effects of, turn rel ation
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0SCi relaxati ons
osbmwm®MEbns) at the start of an optical signal as
sol ved by the present invention and as descri bed
bel ow. There is therefore a need for a nmethod and
syst em whi dherg is thepsfoue ¢ peegd &rrﬁg)ﬁglaq gnd system which is able to compensate

for the effects of relaxation oscillations and turn-on delays of diode laser devices, especially
when such diode laser devices are used in optical storage systems in which such effects are
highly undesirable for the reasons outlined above.

In particular, a method and system is required in which the profile of the

output power of an optical signal and the position of an optical pulse associated with the
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for the effects of relaxation oscillations and turn-on
del ays of diode | aser devices, especially when such

st or aPET/1B2004/050996
systens in which such effects are highly undesirable
for the reasons outlined above. In particular, a

nmet hod and systemis required in which the profile of
t he out put power of an optical signal and the position
of an optical pulse associated-mﬂth theoptical si gna

be.tuned, ha tical
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first aspect of the present invention there is
provided a nethod of controlling a diode |aser device
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S|gnal determning a required output power profile of
t eticglsigpak optical signal. According to a second as

aspect Of hb&rdaﬁgets & Rdcorldny @sﬁb&dt Bﬂhé lb}esregt iv@nth@ékedeptodded a
r evj ce

ro i ode |
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detidde gevite @@mttlroﬂérj \el’ferenwheta&r tiodchievikeais eperabiectd eecelevd watrdl
operghl e to rec trol from
c (%F%P?E} g:lO{n e cgﬁtao ]ter ah C{ougﬂup 4 op 6caf51guafwhen the cPItlt\rI&f 51%na% %xceeds a
commeHvdu@ﬂamm@wdaEMEmmgthreshold value t he net hod
c i ' i -on time,

%g&yo% 39 ot @Js T d@\g Cf & ﬁieﬁzaﬁrofj%&qgmh Qtsaed}edgél\ﬁ £ tétR-on ti
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di ode | aser evi ce, as the control and
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R A e b8 BRL e e
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third aspect of e present In entlon there
proptiatisystem woropyisingal syst em conpri si ng,
a controller operable to output a control signal; and
a laser diode device operable to receive a control signal from the controller, and to output an
optical signal when the control signal exceeds a threshold value, wherein the controller is
operable to output to the laser diode device, as the control signal and at a predetermined turn-
on time, a bias signal having a value which exceeds the threshold value to the laser diode

device,



a controller operable to output a control signal; and
a | aser diode device operable to receive a control
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si gnal when the control signal exceeds a threshold
val ue, wherein the controller is operable to output to
the | aser diode device, as the control signal and at a
predeterm ned turnon time, a bias signal having a
val ue whi ch exceeds the thresﬁbld value to the | aser

di ode devi.ce, character.ised jn tha
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sem conduc evi ce
schéemt i c representation of a previ ousl y consi dered
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relation teigl 9 'a”set Gﬂ%%ﬁﬁ)hs slﬁd)wﬁng Kow Sutpt M&Eﬂﬁtch@wr density of
representation. o ptical stor stem i
R B A b o ol 65 e VRS T RBLGHTS PR Fon,

Fig. 5is BlgSéEf@ a6dhethiid rgf@attsios btmiopiiralsuage uisp in p@emlance
and.carri a typical InGAsP infrared

dr“B’iS‘émFSQg"szt i Sgléty\llvg?tlogs in relation to input current
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carrier density of a typical InGaAsP infrared diode laser device varies in relation to input
current according to an aspect of the present invention; and

Fig. 8 is a set of two graphs showing how output power and carrier density of
a typical InGaAsP infrared diode laser device varies in relation to input current according to

an aspect of the present invention.

Fig. 4 is a schematic representation of an optical storage system 200 in
accordance with one aspect of the present invention.
A controller 201 is operable to manage operation of a diode laser device 203.

Specifically, the controller 201 provides the laser device 203 with a control signal which



Fig. 8 is a set of two graphs show ng how out put power
and carrier density of a typical InGAsP infrared
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according to an aspect of the present invention. Fig.

4 is a schematic representation of an optical storage
system 200 i n accordance with one aspect of the

present invention. A controller 201 is operable to
manage operation of a di ode Ia%er devi ce 203.
Specifically, control l vi d the | aser
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reduced the turn-on delay. By modifying the amplitude of the pre-biasing signal, the power

profile of the output optical signal can be tuned. The amplitude modification affects the
interplay between the generation and emission of photons and the recombination of charge
carriers such that the emitted optical signal has a significantly squarer power profile.
Therefore, by adjusting the value (i.e. magnitude and/or duration) of the pre-
bias signal, the output power profile of the optical signal may be finely tuned to the desired



value in order to achieve a lasing condition. As shown
in Fig. 5 the input current is stepped up to an
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current value required for lasing to occur. In

conparison with the case shown in Fig. 3, it is clear

that this pre-biasing of the input current has

significantly reduced the turn-on delay. By nodifying

the anplitude of the pre biasthg signal, the power
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Optl cal recordi ng systens
advantageous for optical recordmg systems as explained above.

It will, however, be appreciated by those skilled in the art, that the exact nature
(i.e. duration and/or magnitude) of the pre-bias pulse (or pulses) may be adjusted as
necessary in order to obtain the required output power profile of the output optical signal, and
that the examples given herein are presented merely as an aid in order to explain the

inventive concept embodied by the present invention.



means that there is less variation in the output power
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uni form fashion onto an optical storage nedi um such as
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normally dominated by relaxation oscillations, can be tuned very accurately such that the

ringing disappears completely. This optical signal shaping requires additional write levels in

phase-change write strategies that can be accurately controlled in time domain (sub-nanosec).



optical pulses is at the sane position for both
situations (there is no such thing as "turn-off

waledoapd1sig his i nplies that the exact nature of P€TIEB2004/050996

power profile of optical signal depends on the bias
conditions. This is of crucial inportance in high

speed phase change recordi ng, where the physica

l ength of the witten nmarks on an optical recording
mediumi s directly related to Qhe optical pul se
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O Uh@hded A therdforeshedétadiilydRRq PR iRgapy. at el y tuned as shown
in Fig. 8 Specifically, an inproved square shape of
the out put optical signal power profile is obtained
with virtually no ringing (relaxation oscillations).
Again, the turn-on delay has been effectively reduced
to zero. Although the present invention has been
described with reference to optical storage systens,

it wll be appreciated by those skilled in the art
that the present invention is applicable to al
situations in which a pronpt, well tuned | asing
response to an input current is required. In
particul ar for exanple, the present invention may
advant ageously be applied to nedical |aser uses in
which it is desirable to have a pronpt, highly tuned
out put optical signa




with no fluctuations in output power (e.g. ringing).
It will further be appreciated that the exact shape of
wao b@souspgit power profile of the output opti caPbCHIBME/050996
as described herein and as shown in the acconpanying
figures is not intended to be [imting. In particular,
it is intended that the shape of the output power
profile of the output optical signal is capable of
being tuned to suit a particul'@ application, and need
no& ] erefore, necessarily be square in shape. CLAI V5:
9é hod of controlling a diode | aser device (203)
mhlch is operable to receive a control signal (202)
and to output an optical signal (205) when the contro
signal (202) exceeds a threshold value, the nethod
conprising: supplying, to the diode | aser device as
the control signal (202) and at a predeterm ned
t ur.n- on t i Remethoduf asntrelligmadiodedasendgviae (203)wéhiohtin apbrable to
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the output optical signal to have the required power
profile. 3. A nethod as claimed in claim1, wherein
tHe pre- bi dsmehosiearlaimed i it Aowhsrejinihe pre-bigs signaheoppeises ageries
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predet erm tioe 1.s
C Betag of Bl QT e o AT GOrT N Ay PP e 19 i e
154-mmﬁmd@wnrphﬁhpredetern1ned turnon tinme is determ ned
by a required output power profile of the output
optical signal (205). 6. A nethod as clainmed in any of
cl&ims 1 t @\ Bsthadhwerleimad tnhdning ) wieredf the pre-bjas gigrlal iag stepped value.
signal is determ ned by a required output pomer
profile of the output optical signal (205). 7.
met hod of Aonethes) s Flaiged nginp efcldiras bio 3d@mr%the zl@ei)termwe%wm-
20 ORritidlis R¥RIRHa(RAOYgnat, Ne Syst em (200) including a
| aser di ode device (%13) a controller (201), wherein
the | aserdi ode device (203) is operable to receive a
control si gsnlaéthdd&@ Qhindedl GanY BECIAANT {00!, IvBdreif &Q%I)edeamhrk@mm
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25 6. A method as claimed in any of claims 1 to 5, wherein the value of the pre-bias

signal is determined by a required output power profile of the output optical signal (205).

7. A method of controlling a diode laser device (203) in an optical system (200),
the system (200) including a laser diode device (203) a controller (201), wherein the laser



met hod conprising: supplying, to the diode |aser
device as the control signal (202) and at a

w@e@deosisri ned turn-on tinme, a bias signal havPCIBR004/050996

val ue which exceeds the threshold val ue, characterised
by supplying to the diode | aser device (203), as the
control signal (202) and at a predefined tine before
the predetermned turn-on tine, a pre-bias signal,

whi ch has a nagnitude | ess thad the threshol d val ue

an(ij ocFe Exgcp C{§OB$] 5 operable to recQS“/g 5!1 gchtr?l:i%ggal Efo%gt?%%ﬁlg d(&%rgﬁ (201) and
d etp eutmtran pijical sizag moﬁ)sdhemmltepumrqb slgv@t (2p2) @kdebds adifreshbie value, the
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series of pywliIgaie theliage faser deridersg the eenvelsignglg202) and at a
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in_any of clains 7 to 11, wherein the val ue of
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opé} b1k oufput a control signal; and a |aser diode
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t hreshol d val ue, wherein the controller (201) is
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exceeds the threshold value to the | aser di ode device
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time, a pre-bias signal to the |aser diode device

(203), which pre-bias signal has a nmagnitude | ess than
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profile of the output optical signal (205).

13. An optical system (200) comprising,

a controller (201) operable to output a control signal; and

a laser diode device (203) operable to receive a control signal from the
controller (201), and to output an optical signal (205) when the control signal (202) exceeds a
threshold value, wherein the controller (201) is operable to output to the laser diode device
(203), as the control signal (202) and at a predetermined turn-on time, a bias signal having a
value which exceeds the threshold value to the laser diode device (203),



14. An optical system (200) as clained in claim13,
wherein the controller (201) is operable to supply a
wEe@sbdmss si gnal conprising a series of pre-biBGI/IB2004/050996
pul ses, having respective predefined tinmes, magnitudes
and extents, wherein the conbination of the plurality
of prebias pul ses causes the output optical signal to
have the required power profile. 15. An optical system
as clainmed in clain113 wherei’® the controller (201)
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defined by a cl ock signal the system
optical system as cl ai ned |n any of clainms 13 to 16,
whigrei n th GAnQ)@ﬁ]dar letbzﬁ I(ZOiO}SasQIiBIEeahﬁ &aiinQ 3 OM{eEHﬁi thé &)n&&%r (201) is
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the predetermned turn-o out
power profile of the output optlcal S|gnal (205). 18

Ansopt i cal %Eﬁc%@yﬁ&nﬁgﬁdlﬂwn'cﬁm@w of claims 13 to
17, wherein e controller is operable to output to

t Hdereipsths copirelsa(2Abs Qperable ta eply piicyplued Riprhies figabty thedager
befiqle gevidee2qay.edet ermi ned turn-on tine, a pre-bias

si gnal which has a value less than the threshold

val ue, wherein the controller is operable to determ ne
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predetermined turn-on time, a pre-bias signal, which has a value less than the threshold value,

15

and is defined by a clock signal of the system.

20
17. An optical system as claimed in any of claims 13 to 16, wherein the controller
is operable to output to the laser diode device as the control signal (202) and before the
predetermined turn-on time, a pre-bias signal which has a value less than the threshold value,
wherein the controller is operable to determine the predetermined turn-on time by a required

25  output power profile of the output optical signal (205).

18. An optical system as claimed in any of claims 13 to 17, wherein the controller

is operable to output to the laser diode device as the control signal (202) and before the

predetermined turn-on time, a pre-bias signal which has a value less than the threshold value,
30 wherein the controller is operable to determine the value of the pre-bias signal by a required

output power profile of the output optical signal (205).



