1 06 JUN 2005 An Optical System This invention relates to an optical system
and .particularly, but not exclusively, to an optical systemand nethod to
.actively conpensate dynam c skews of an 5 optical element in an optical
system In optical data storage systens, a light source in the formof a

| aser beamis wused to detect (read) or create (wite) iniﬂcﬁdﬂlim pits on
an optical recording mnmediumsuch as an optical disc. The positioning and
focusing of the laser beamto on tA}e YtidatBystérmc i S critical to ensure the
accuracy of the read or wite operation ana’to maxi m se the storage
capacity. This is particularly inportant for recording formats that are of
hi gher areal density such as Digital Video Disc (DVD). 15 A typical

optical pic i ncludes an qbjective |lens noupted on a | ens , hol der/ bobbi n.
The | ans holl BB IVENih falgsd 8 QLA HLHETopRgY: Bt SXRlsvely,
flexibility of the suspension frame, dynam c skews of the objective |lens
during a retalanoplicaksystgeend vathesdioaativelymampensate dyeamia skews ohan | aser
beam resulting in read/wite errors. Qther factors that contribute to

posi ti on§ ngopticairelem@nbin drhepficed eysteeam i ncl ude def ornation of the opti cal
di sc, disturbances and dinensional tolerances of the different conponents
that nake up the optical pick-up. *@00002* 06 JUN 2005 2

In optical data storage systems, a light source in the form of a laser beam is
used to detect (read) or create (write) information pits on an optical recording
medium such as an optical disc. The positioning and focusing of the laser beam
10 on the optical disc is critical to ensure the accuracy of the read or write
operation and to maximise the storage capacity. This is particularly important for
recording formats that are of higher areal density such as Digital Video Disc

(DVD).

15 A typical optical pickup includes an objective lens mounted on a lens
holder/bobbin. The lens holder is mounted on a suspension frame. Due to the
high flexibility of the suspension frame, dynamic skews of the objective lens
during a read or write operation can cause positioning errors of the laser beam
resulting in read/write errors. Other factors that contribute to positioning errors

20 of the laser beam include deformation of the optical disc, disturbances and
dimensional tolerances of the different components that make up the optical

pick-up.
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To overcone these problens, it has been proposed that adjustnment of the
objective'lens in relation to the optical systemis perfornmed during
production or at the initial period when the optical discpigsjin 12606 | oaded
into the optical system 5 However, such adjustnent takes into
consideration positioning errors only at2the tinme the adjustnent is nmade
and does not consider the dynam c skew of the objective |ens caused by the

drive mechaToveresme nigese prdierns, inhas beenpraposed thal adjuefmest dfithe sol ution
has the di sadvantage that 1t does not conpensate errors occurring in real

tinme during,g ]nercﬁ?éi (ﬂ‘fs :Eﬂ'rbfa%oﬁﬁ@rtﬁé beﬁ‘cdall%(}sﬂe% ARGy &Pﬂgﬁ?roﬁ%ﬂéh@?é the

accuracy of 't eam s I nproVe generating a beam o

oy oct irvfe°féﬁ@sel)'ﬁ‘?@?Psﬁ%@ﬂ%‘a&éélc’@ﬁﬁﬁ%@r 1 st P IS SRBFARE, DRt

beam of shorter wavelength. In this way, a higher 15 recording capacity is
achi eved. However, a snaller focus size results in a reduction in the skew
tol erance of the objective lens in relation to the optical disc. In

addi tionj abloweyedegch agjustownd takes intoveonsidgration positioningl errerstandy stjher e of
the NNA., this will result in a reduced 20 depth of focus for the |ight

beam The deielthefadjustient i wadparid dodsamoti copsidentioe dymsmidskevhoftheess of
the clear substrate on the optical disc is non-uniform Therefore, with a

reduced depphiepfivd RiHéScarR@dDSHR!drive rﬁeér%@mé%urhb@re%@l WA opastibme
di sadvant age that there is greater difficulty in réading and witing of the
| nformat i onTRLABIe thisolution has the disadvantage that it does not compensate errors
occurring in real time during a read or write operation.
10
In another proposed solution, the accuracy of the light beam is improved by
generating a light beam of a smaller focus size on the optical disc. This is
accomplished by having an objective lens of a larger numerical aperture (NA)

and generating a light beam of shorter wavelength. In this way, a higher

15 recording capacity is achieved.

However, a smaller focus size results in a reduction in the skew tolerance of the
objective lens in relation to the optical disc. In addition, as the depth of focus is
inversely proportional to the square of the N.A., this will result in a reduced

20 depth of focus for the light beam. The depth of focus is of particular importance
as the thickness of the clear substrate on the optical disc is non-uniform.
Therefore, with a reduced depth of focus and a smaller focus size, this solution
has the disadvantage that there is greater difficulty in reading and writing of the
information signal.

25



06 JUN 2005 3 In accordance with a first aspect of the present invention,
there is provided an optical system conprising an optical el ement having
.an optical axis, a nounting device on which the optical elenmg Jug 2005
nount ed, and an actuator |ocated between the optical elenent and the
nmounting device and arranged to receive a 5 control signal, the actuator
conprising a deformable material which deforns in response to the control

signal ; actneacomndarice With acirsbassedtey tipidaenPRibhtion thbre fsfodibblic axi s
relative to the nounting device. In accordance with a second aspect of this

i nvention, bheiafsisteRl edﬂwﬁﬁgilng d@dﬁfﬁfab@%n?ént!ﬁr%vg%ﬁ %?)Flﬁ%l%ﬁ%,?%@%hpﬁ@g

optical axis of anh optica ment” nounted i

nmet hod co Lh§i0g: ' | t. transm.tti a feedback, sjgnal ;

ot ccti ng. (ReeEHnubHieh B8 bifta) RGHE laﬁﬁﬁ%nfiﬁdd%gﬂgpac?kqaiﬂaﬁyerng an out pur
fromthe optical tect.or, for one qr, nore of a tracking error signal, a
focus err o%%t?”&ﬁgﬂﬁﬁr%’ 'galﬁeaeﬁﬂapgélé‘i m@ngrdetvvf@ i rranged & mogive a
signal; generating a control signal in response to the result of thg

anal ysi & a#RNtrah§iangl.ithe asbiateororspesing a defasnablesnateriat whithodeforaatired
between the optical elenment and the nmounting device to nove the optical

el ement wi trespesseeta theccatrd signat) actiatprdsfithe actuatoprevirietheqsdsiticnoff  t he
optical axis with respect to the nounting device. An advantage of the

i nvention ithetdpticak s velativd tatheadbualiy dbgieat ed between the

In accordance with a second aspect of this invention, there is provided a
10 method of moving the position of an optical axis of an optical element mounted
in @ mounting device, the method comprising:
the optical element transmitting a feedback signal:
detecting the feedback signal with an optical detector;
analysing an output from the optical detector for one or more of a
15 tracking error signal, a focus error signal and a RF signal detected in the optical
feedback sign'al;
generating a control signal in response to the result of the analysis; and
using the control signal to actuate an actuator mounted between the optical
element and the mounting device to move the optical element with respect to

20  the mounting device to move the position of the optical axis with respect to the

mounting device.

An advantage of the invention is that the use of an actuator located between the

mounting device and the optical element to control the position of the optical



nmounting device and the optical elenent to control the position of the
opti.cal 06 JUN 2005 4 axis of the optical el enent enabl es real tine
.cconpensation for dynanmi c skew of the optical elenent. Typi call6y JUN 19805
optical element is a lens such as an objective lens. However, s
alternatively, the optical elenent may bé a mirror. Preferably, the
actuator is located adjacent the periphery of the opglcal el enent .

Typi cal |y, 8K8 chfhe eaticalplersanhenaklespedldimeacompbasatisn fortdyanaric skew of
facilitate 10 novenent of the optical axis in a nunber of different

pl anes. Pr ethergitica) elenserdct uat ors are positioned adjacent to the periphery
of the optical elenment, typically spaced apart fromeach other, and npst
preferably, spaced equidistantly around the periphery. 15 Preferably, the
position of the optical axis with respect to the nounting device is noved

[ ; 1 1S Typlcal he, actuator |s actuated by a
ggn? r (r)IOt 2itlgn Ie%/\%’@ﬁe ﬁgﬁyéﬂglerﬁébﬁseax%ﬁ%%@,ché?@§ijpf|¥:edfen§-r b—fqme,veé magnet i ¢
signal aor a cal signal . 20 As noted above, the actuator may conprise a
de?or mab{e %&qqﬁéﬁl\éq?yw{ﬁpg}p%cale? BMADtMAY RRBIRE® 0 the applied signal. For
exanpl e, the actuator may conprise a piezoelectric material, a shape
menory alloy or a nageto-strictive mnaterial. Were a piezoelectric

material is used, the piezoelectric material may 25 be, for exanple, |ead
zi rconat e tPreferably, (b agiuatatriy 0RjatédPad)acent the periphery of the optical element.

Typically, the optical system may comprise a number of actuators to facilitate

10 movement of the optical axis in a number of different planes. Preferably, the
actuators are positioned adjacent to the periphery of the optical element,
typically spaced apart from each other, and most preferably, spaced

equidistantly around the periphery.

15 Preferably, the position of the optical axis with respect to the mounting device is

moved by a rotation of the optical axis.

Typically, the actuator is actuated by a control signal which may be, for
example, an electrical signal, a magnetic signal or an optical signal.

20
As noted above, the actuator may comprise a deformable material which
deforms in response to the applied signal. For example, the actuator may
comprise a piezoelectric material, a shape memory alloy or a mageto-strictive
material. Where a piezoelectric material is used, the piezoelectric material may

25 be, for example, lead zirconate titanate (Pb(Ti, Zr)Os) (PZT).



06 JUN 2005 5 Typically, the actuator nmay conprise a bulk deformable

mat erial or aI'tglronativgly, a nunber of |ayers of defornmable maﬂ@rdll.m 2005
Whi ch could be bonded or |aminated together. 5 Preferably, the optical
system conprises an optical pick-up. For exanple, an optical pick-up for
an optical data storage device reader and/or witer, such as a CD player
and/or witer, a CD-ROM reader and/or witer, or a DVD reader and/or .
witer. For exanple, in the second aspect of the invention, the feedback io
optical signal may be a reflected signal froman optical data storage

devi ce. Pretgsishily thé BciuiforsmayR8niRE bak dé?@rrﬁéﬁﬂ@'?ﬁit%ﬂaﬁoli él{érﬁétli\ée%ue 'S

derived from the RF signal and anal ysed with the tracking error s | to

enerate th | the. contr evice conpares the
el yeed si gnaier i lay¥ERF et il WGHRA e SBAHER gt ch
s used to ate the control signal. Exanples of an optical systemin
accordance %%Eﬁ{e[ he invention will now be described with reference to the
acconpanyi ng drawi ngs, in which: 20 Figure 1 is an exanple of a
pi ezoel ectric actuator; Figure 2 shows an optical |ens nmounted on two
actuators; Figure 3 shows an effect of applying voltage to the actuators of
Figure 2; B ly4 ¢l optical systeemebmprideagnaptichl pickap. | Eal exginglelan
including a first

optical pick-up for an optical data storage device reader and/or writer, such as a

CD player and/or writer, a CD-ROM reader and/or writer, or a DVD reader

and/or writer. For example, in the second aspect of the invention, the feedback

10  optical signal may be a reflected signal from an optical data storage device.

Preferably, in the second aspect of the invention a jitter value is derived from
the RF signal and analysed with the tracking error signal to generate the control
signal. Preferably, the control device compares the analysed signal with a

15 reference value to derive an error signal which is used to generate the control

signal.

Examples of an optical system in accordance with the invention will now be
described with reference to the accompanying drawings, in which:
20
Figure 1 is an example of a piezoelectric actuator:
Figure 2 shows an optical lens mounted on two actuators:
Figure 3 shows an effect of applying voltage to the actuators of Figure 2;

Figure 4(a) is a schematic diagram of an optical pick-up including a first

25 example of a lens assembly;



25 exanple of a |l ens assenbly; 06 JUN 2005 6 Figure 4(b) is an enl arged
cross-sectional view of the optical pick-up in region Ain Fi@gre 4£a§;
Figure 4(c) is a plan view of the first exanple of the |ens as nf{HNy,m
Figure 5 shows a feedback control systemfor the optical systemshown 5 in
Figures 4(a) to 4(c); Figure 6(a) is a cross-sectional view of the |ens
assenbly with an objective lens in a zero skew position; Figure 6(b) is a

cross-sectional W f. . the . | ectiyV kewed
by 50, 1 degr ees FIteaie) BarSORRREGERySeklioh Y gf e Gt plek
cross-sectional view of the |lens assenbly with the objective | ens skewed by
-0.1 degrees frofediae Arrfgodtesfi@yosition: Figure 7 is a graph illustrating
cal culation of an error signal; Figure 8 shows another exanple of the

i nvention with aFipreddc)ksanpler view ohthectirst exampls of the tensassemblyement
objective lens; and is Figure 9 is a plan view of a third exanple of a |ens

assenbl y. Fi gur eFigurs 5ashcwaamésdiickacopitior spdtest for theagptic eystbnt Badwh 'S
formed frombulk PZT (lead zirconate titanate) material using ceranmc

fabricatjon technpi:@gyes4 €9 4fc)vol tage is applied to the ceram c materi al
formng the actuator 1, a 20 deformati on occurs and the magni tude of the

e LN PERARE H(BG Pk 88py 3050 e RRE sl bin sk

objective lens in a zero skew position;
Figure 6(b) is a cross-sectional view of the lens assembly with the
objective lens skewed by +0.1 degrees from the zero skew position;

10 Figure 6(c) is a cross-sectional view of the lens assembly with the
objective lens skewed by -0.1 degrees from the zero skew position;
Figure 7 is a graph illustrating calculation of an error signal;
Figure 8 shows another example of the invention with a second example

of a lens assembly with a two-element objective lens; and

15 Figure 9 is a plan view of a third example of a lens assembly.

Figure 1 is an example of a piezoelectric actuator 1 that is formed from bulk
PZT (lead zirconate titanate) material using ceramic fabrication technology.
When a voltage is applied to the ceramic material forming the actuator 1, a

20 deformation occurs and the magnitude of the deformation is proportional to the
applied voltage. With its simple structure, such an actuator 1 has the ease of
miniaturisation and with its quick response, it can be embloyed to control an
optical element. Alternatively, the actuator 1 can be formed by MEMS
techniques with the use of silicon, diamond-like carbon (DLC) and ceramic

25 materials. As a further alternative, the actuator may be a commercially



mniaturisation and with its quick response, it can be enployed to control
an optical el'enent. Alternatively, the actuator 1 can be fornmed by MEMS
techniques with the use of silicon, dianond-1ike carbon (DLCy ¢agoncagssan c
25 materials. As a further alternative, the actuator may be a commercially
06 JUN 2005 7 avail able actuator, such a a nulti-layer PZT actuator with
a high piezoelectric constant. Figure 2 shows an optical elenent 2, having

an optical g¥hifabléaefist @ncﬁias% rﬁnhﬂmﬁyér BzInttsatopAitherhigh gigkbeedtkat or s
1. Figure 3 shows the effect of applying a voltage to the actuators 1 to

change t he EBEét‘éﬁ axis thereby changing the position of the optical

el emrent 2. one’i nstance, when the voltage is applied to the actuators
1, expansion and contraction of the actuators 1 changes the orientation of
the optical axis such that the inclination of the to optical elenent 2
changes. In_this way, skew adjustnent of the optical element 2 can be

achi eved. | higwie2howsanppticaligiemenbankaing an@rtisat dstmeuntedyorntdeat e a
vertical novenment of the optical elenent but maintain the orientation of

t he optical flewire.3 abd soppdiitad g ywo adiuatorsehtFigiiret hehdws tise rffectosfi t i on of
the optical elenent can be achieved. Figure 3 shows how a vol tage applied

to the act Ua?ﬁllyﬁng]a veltagd oy thetdtustorsiate@ chande Ganoplical agis theredgner at e
novenent of e optical elenment to nove the 20 position of the optical axis
by rotati ngcfh%iREtHE Bbsifidh df tHe opfiddl elinéMPRN K WneliRstdnce, when the

voltage is applied to the actuators 1, expansion and contraction of the actuators

1 changes the orientation of the optical axis such that the inclination of the

10  optical element 2 changes. In this way, skew adjustment of the optical element

2 can be achieved.

In another example, the expansion and contraction may create a vertical
movement of the optical element but maintain the orientation of the optical axis.
15 In this way, adjustment of the focusing position of the optical element can be

achieved.

Figure 3 shows how a voltage applied to the actuators 1 to deform the actuators
1 can be used to generate movement of the optical element to move the

20  position of the optical axis by rotating the optical axis. It will be apparentto a
skilled man in the art that this movement may also be accomplished with a
single actuator. It will also be apparent to the skilled man that a plurality of

actuators may be used to actuate the optical element in other directions.



skilled man in the art that this novenent nmay al so be acconplished with a

single actuator. It will also be apparent to the skilled man t@h W
plurality of actuators nmay be used to actuate the optical elle {‘ ot her

directions. 06 JUN 2005 8 Figure 4(a) shows an optical pickup 10 being
used to read fromor wite to an opticalB disc 11. The optical pick-up 10
I ncl udes a lens assenbly 12 and a | aser source/light sensor 13. The | ens

assenbl y 12Fjgyraayayt stbvear epaeApickuy 1@BBMg Uded tol retl §rakh Bl weitets aan
enl arged view of region A of Figure 4(a), which shows 5 in nore detail the

conmponent s 8&%&%?4&% ﬂféegﬁ‘@yaif gﬂ%ﬁ%‘% 76 iﬁ&ﬂ&eé‘@%@rﬁ%ﬁ’séﬁblyg%%d 8 faset!

objective | e suppor ort ring noun e | ens

hol der 14 with t ctuat g | ocat ed b n the pport ring 53 and the
ens. hoi der SqurcoliBpfSENSrclE The 4858 afSombly T B metnBH AedanbriBa s un | n
Figure 4(b). The output fromthe |ight sensor 13 is fed to a control unit
50. 10 The &#3nfigiredib} shews ananataed yiew péregion A of Fowred(ag whichishows 5
shows a bl ock diagram of the control unit 50. The control unit 50 is used
to control inhmopwdetaildhe companentspef thallerscassarhblyHie. obpe tansvasseantdy 2 i n
real time. The control unit 50 includes a controller 4 and a driver 5,

whi ch out pugsmpfisés ah objentizbsersslo2 supperted by acsupiont Bnd 53 Bnd raensied drd
detects reflected signals froman optical data storage device 11 and

out puts an (i |BHE haldHrAl4 with tWo ackisiord!1 RicafeRFSeti@etthé slippodtingEPHhd Of
the signal processing unit 7 is coupled to a conparator 8. The “controller

4 control s fh%el_eﬂg %B?Ae!r 1§l¥sﬁi8mebf@?}/si 8 Bfana\'f'ig\A/rTa')fhg ferft géjs%\ﬁ%g/iﬁnsq‘lown in

Figure 4(b). The output from the light sensor 13 is fed to a control unit 50.

10
The control unit 50 is shown in more detail in Figure 5. Figure 5 shows a block
diagram of the control unit 50. The control unit 50 is used to control the position
of the optical axis of the objective lens 62 in real time. The control unit 50
includes a controller 4 and a driver 5, which outputs control signals 51 to the

15 actuators 1. The sensor 13 detects reflected signals from an optical data
storage device 11 and outputs an output signal 52 to a signal processing unit 7.
An output of the signal processing unit 7 is coupled to a comparator 8. The
controller 4 controls the overall system behaviour and may be a conventional
PID (Positional-Integral-Derivative) controller implemented using ASIC design

20 or a suitable off-the-shelf commercially available controller.

For the control unit 50 to function, it is necessary to obtain a reference value r.
Therefore, a system calibration of the optical pick-up 10 is required, prior to any
read/write operation. In this example, the calibration will be based on the

25  electrical parameter jitter of a RF output in a read operation.



PID (Positional-Integral-Derivative) controller inplenented using ASIC
design 20 or a suitable off-the-shelf commercially available controller.
For the:control unit 50 to function, it is necessary to obtaigg gufehg ence
value r. Therefore, a systemcalibration of the optical pick-up 10 1s
required, prior to any read/wite operaion. In this exanple, the
calibration will be based on the 25 electrical paraneter jitter of a RF
output in a read operation. 06 JUN 2005 9 Wien the optical disc 11 is
initially | oaded, prior to any read/wite operation, a systemcalibration

i's performed/idh el Gitikal BRcHalighSINSR, lobHbE! priaH t@%nr!- redBBvrite OplerMdrEra 4
initialises the actuators 1 so that the actuators are not energised 5 so

t hat the obj |V 2 1.Scl : i tiO in Figure
5(a).  The BRPEFEIbARRrbR Astdrhel BIHRal ¥ rER s eriBaE L e ]
pre-determned track .of the optical disc, 11 for the calibration operation.
e %t he. samsContlel 4 initlises heranSRind S AL FrAGHS T S B EBPIESd ans 2
to inpinge on the optical disc_ 11 as a focused | aser spot._ The optical

di sc 11 §s sethatdhe gbjactiveiensdl is/inl dzeroskevopositian.cas slipwn deFigsieb67). (not
shown). It should be noted that calibration may be conducted at a plurality
of | ocati on$hewiptibalrpickuep 40 esoves rad@llgits the sigde| ait foya pre-deecminkchiyaclor nat s
of higher densities, such as at the inner and/or outer region of the
optical di sef the sptitandisctifefor theacalibration opertationcat iherstiretintéad fasefhe | aser

beam 16 is reflected off fromthe optical disc 11 and passes back through
the obj ectiNgahmefBtrERsAted throlfjrehesshjdotiveN8ns 238 impRidEDn the optitiaf Bisc

11 as a focused laser spot. The optical disc 11 is rotated at a constant velocity

10 by a spindle servomotor (not shown).

It should be noted that calibration may be conducted at a plurality of locations
within the area of the disc, especially for recording formats of higher densities,
such as at the inner and/or outer region of the optical disc to enhance the

15 accuracy of the calibration data.

The laser beam 16 is reflected off from the optical disc 11 and passes back
through the objective lens 62 and is detected by the light sensor 13, which
typically consists of a plurality of photo detectors. From the output signal 52 an
20 electrical RF signal is obtained and processed by the signal processing unit to
generate the jitter value 17 (see Figure 6(d)) in this orientation of the objective

lens.

Figure 6 (b) shows the next step in the calibration process. In this step the

25 controller 4 actuates the actuator 1 to incline the objective lens 2 in the radial



typically consists of a plurality of photo detectors. Fromthe out put
signal 52 an 20 electrical RF signal is obtained and processed by the
signal processing unit to generate the jitter value 17 (see Fp@uyuN @8))
in this orientation of the objective lens. Figure 6 (b) shows the next
step in the calibration process. In thisi&tep the 25 controller 4 actuates
the actuator 1 to incline the objective lens 2 in the radial 0 6 JUN 2005

10 directi ditestiort $@thdthie optitalaxisBs of ffe RhstERes I+ fo@mithe Ferd skewm t he
zero skew position. The jitter value 18 at this angle of inclination is

obt ai ned. §Hgﬁeﬁuﬁﬂéyuer@aauiéhevmuhia_aﬁgwmn@ﬁﬁaﬂoﬁiagwaﬁéa.ol'er 4 actuates

the actuato to nove the lens 62 in“the opposite rection so that the

el v 10" ToUBRnTerde hs bl B YR MERORING LR BS hE Rl

could be carried,out wiith. djfferent inpclinatiqns of the objective |ens to
hor ease t h mava the e 82 i tne GRrose diaetion sndhaiBe sndkalatis Sousror €4 out
in the radial direction of io the disc. In addition, calibration data may
be takens i nfronetheazage skew pasitianciol ehtain tharittec vakiel 49.i f the optical pick-up
10 conprises the function to actuate the optical objective lens 62 in the

tangential direction. Figure 6 (d) shows the three jitter values (17, 18,
19) being fitted to forman is inmaginary curve to derive the best jitter

| ocation. Titg didahckithé BEcrasy bf e edibraficH) thoremebsiifiatits sken bes t hat
which generates a mnimumjitter value. In this exanple of Figure 6 (d),
the lowest pihtbaronMitteditérdnt indinbtioh 8f thebbjB&ive! IBRs to increase the data
points. In this example, the measurement is carried out in the radial direction of
10 the disc. In addition, calibration data may be taken in the tangential direction,

particularly if the optical pick-up 10 comprises the function to actuate the optical

objective lens 62 in the tangential direction.

Figure 6 (d) shows the three jitter values (17, 18, 19) being fitted to form an

15 imaginary curve to derive the best jitter location. The best jitter position as a
function of radial skew is that which generates a minimum jitter value. In this
example of Figure 6 (d), the lowest jitter value 17 is that obtained when the
objective lens is in the zero skew position. Therefore, the jitter value 17 is the
reference jitter value r.

20
After calibration, the reference jitter value r can be used during a read or write
operation to move the optical axis of the objective lens 62 to compensate for
dynamic skews during the read or write operation. During a read operation, the
optical pick-up 10 moves to a desired track to read the information signal on the

25 optical disc 11. The light sensor 13 detects the reflected laser beam 16 to



objective lens is in the zero skew position. Therefore, the jitter value 17
is the reference jitter value r. 20 After calibration, the r@6euangmgs
Jitter 'value r can be used during a read or wite operation to nove the
optical axis of the objective lens 62 to conpensate for dynam c skews
during the read or wite operation. Durihg a read operation, the optical

pi ck-up 10 noves to a desired track to read the information signal on the
25 optical deseratdtheTbetpui gighabe2dbe didpulesigralH2 isproeddsedt mdthleasignalbeam 16
to 06 JUN 2005 11 generate the output signal 52 The output signal 52 is

processed byrddegskigditil 7 tdHeReRté e mebbured jRtcdSBRIAES i thes PBSIHYR Sfitrid tter
value 54 in this position of the read operation. The neasured jitter val ue

54 is then popp AT ISR d | npar at or 8.
5 The differ encgﬁ%%tlze%'rmée aesp\ié;e(ga the'%géﬁégﬁ %é?%a\}li’@gﬂﬁez and

ref erence 'iftter val ue (udi?o&e?s t he mgFg,rgjt ude and direction of adjustnent
required t o' STRIRESY refﬁ Y U @rdpare) bj ective lens 62 to conpensate
for the positioning errors. Figure 7 is a graphical representation show ng
the err e between the io neasured jitter value 54 and reference jitter
value r. The error signal e is then passed to the controller 4 for

conput at i onThe diféarenee or Rerod edietweer i meaisdracjifteroalise bbandirgferenss to
conpensate for the positioning errors to obtain an optinumread-back RF

si gnal . Thejittartusie pdenoi@sahe dagritude and direction of adjustment required to

move the optical axis of the objective lens 62 to compensate for the positioning
errors. Figure 7 is a graphical representation showing the error e between the

10 measured jitter value 54 and reference jitter value r.

The error signal e is then passed to the controller 4 for computation to derive
the desired change in the actuation signal 55 to compensate for the positioning
errors to obtain an optimum read-back RF signal. The actuation signal 55 is.
15 then sent to the driver 5 and the driver 5 amplifies the abtuation signal 55
proportionately to the required voltage level and outputs fhis as the control
signal 51. The control signal 51 controls the actuator 1 to move the objective
lens 62 with respect to the mounting device to position the optical axis of the
objective lens 62 to minimise the error e and so provide active compensation.
20 |
When the control system is balanced (i.e. e=0), the controller 4 maintains the
actuation signal 55 constant and thus the optical axis remains in the same
position. However, whenever the control system is out of balance, a new error

signal e is generated and passed to the controller 4 to generate a change the



15 then sent to the driver 5 and the driver 5 anplifies the actuation
signal 55 proportionately to the required voltage |evel and gu@pﬂg@gt hi s
as the eontrol signal 51. The control signal 51 controls thg a rlto
nove the objective lens 62 with respect to the nounting device to position
the optical axis of the objective lens 8 to mnimse the error e and so
provi de active conpensation. 20 Wien the control systemis bal anced (i.e.
a=0), the caotuatibheignil 58itotadiengptitbenaintaiuthia balanceshabndifionohsthamt and t hus
the optical axis remains in the sanme position. However, whenever the

control syshfifne?, tivetorRsdrsation ifabsievedror signal e is generated and
passed to the controller 4 to generate a change the 06 JUN 2005 12

actuation signal 55 to attenpt to naintain the balanced condition. In this
manner, active conpensation is achieved. Hence, real tine

conpensatiop/adjust ment of the objective |lens, 62 i.s achieved . 5 usin

cot bt ors 3MeBoko e Bhe fmpdSsteldusiat BE e on Bofielens Bhis Asbiaved
element 2 to reduce or elimnate positioning errors of the |light beam 16.

I n addi ti onusingiactuataieehte santplithe PEsIONGi6e 9Ptical 2 eHBeAtsahaIeMSNtof
the optical recording nedium 11 and di sturbances of the drive nechani sm
1o Figure 82dboeduce seelimihatxpogitieniof esrdre of theskghtibleany 06. Mhadditors, thissenbl vy
70 has two lens 72, 73 nmounted in a holder 74. Two actuators 1 are nounted

bet ween t hejriveAtior 2limhthtederloed dee ta'the défermatiombdtre dptivat resording! | ed in
the sanme manner as described above for the optical pick-up 10 to control

the skew  mgdium 11 and disturbances of the drive mechanism.

10  Figure 8 shows a second example of a lens assembly 70. The lens assembly
70 has two lens 72, 73 mounted in a holder 74. Two actuators 1 are mounted
between the lens 72 and the holder 74. The actuators 1 are controlled in the
same manher as described above for the optical pick-up 10 to control the skew
of optical axis 75 relative to the optical disc 11.

15
Figure 9 shows a third example of a lens assembly 80, which uses three
actuators 1 spaced equidistantly around the lens 62, to control the orientation of
the lens 62 with respect to the holder 14. The advantage of the lens assembly
80 is that the use of three actuators 1 enables the three degrees of freedom for

20 movement of the optical axis of the lens 62.



of optical axis 75 relative to the optical disc 11. 15 Figure 9 shows a
third exanple of a lens assenbly 80, which uses three actuators |I spaced
equidistantly around the lens 62, to control the orientation ®6 JUNh205 ens
62 with respect to the holder 14. The advantage of the | ens assenbly 80 is
that the use of three actuators 1 enati®s the three degrees of freedom for
20 nmovenent of the optical axis of the lens 62. 06 JUN 2005 13 CLAIMS 1. An
optical system conprising an optical @&loAW8 having an optical axis, a 5
nmounti ng device on which the optical elenent is nounted, and an actuator

| ocat ed between the optical elenent and the nounting device and arranged to
receive a control signal, the actuator conprising a defornable nateri al
which deforms in response to the control signal; actuation of the actuator

novi ng the 4 posi k. : ' .axls relagtive tpo the nmountjng device.
10 2. An op‘{'i caIA@&E%'é%%%oﬁgbw{sﬂéipﬁﬁiaﬁ WF’QFWY'HQ aé‘p?ﬁt@éPa’QFe%nt
is alens. 3. An opti.cal s ﬁ't rpacc rqlﬁgg to, claiml1 or claim2, wherein
the act dat drovd mg_LgeY'B%zQPe‘é 'ﬁﬁj %%8980? Hent isHeeynted, and apmAGteator el ement .
4. An optical systemaccording to any of the preceding clains, wherein
actuati on dPC3tgd betwaear Hhe gelical slervent ard the meuntiag dpviseareharraigad
optical axis

receive a control signal, the actuator comprising a deformable material which

deforms in response to the control signal; actuation of the actuator moving the
position of the optical axis relative to the mounting device.

10

2. An optical system according to claim 1, wherein the optical element is a
lens.
3. An optical system according to claim 1 or claim 2, wherein the actuator is

15 located adjacent the periphery of the optical element.

4. An optical system according to any of the preceding claims, wherein
actuation of the actuator generates a rotational displacement of the optical axis
with respect to the mounting device.

20
5. An optical system according to any of the preceding claims, further
comprising an optical radiation detector and a control device coupled to the
output from the optical radiation detector, the optical radiation detector detecting

optical radiation passing through the optical element and generating an ouput



with respect to the mounting device. 20 5. An optical systemaccording to
any .of the preceding clains, further conprising an optical radiation
detector and a control device coupled to the output fromthe Q)bftJUtNaEU%
radi ation detector, the optical radiation detector detecting optical

radi ati on passing through the optical el¥éhent and generating an ouput 06
JUN 2005 14 signal, the control device in response to the output signal
from the opsigeal, the sentsel daviekindesponsgtethet dutput signaldromdhe spoall t o
actuate the actuator. 6. An optical system according to any preceding

clai m wher midiatidredetactieigeneedting thetantel sigPaPI s@6aR REaZOABEL riCc
material. 7. An optical system according to any of the preceding clains,
wherein the optical systemconprises a number of actuators. 10 8. An
optical systemaccording to claim7, wherein the actuators facilitate

novenent ofgthe I-Gi It Spral [ (fferent planes. 9. An opti cal

sy\s/t em accoEr;'di ngR{;i ?p@?gll %émvdqbgragcﬂﬁg?tﬁgng%{%%e[aif% 8%"@’ wﬁg%@ thleo N
idistant]y. around the. periphery of the optical el enent. . An

gg?: c:aIS incﬁgfﬁﬂnégﬁdp?gqrﬁgCgﬁ‘%gﬁ#/@a‘?'eé‘?é?‘étﬁ?%%@ﬂa‘-ng to any of the

preceding clainms. 11. An optical data storage device reader and/or witer

conprising an optical 20 pick-up according to claim10.

7. An optical system according to any of the preceding claims, wherein the

optical system comprises a number of actuators.

10 8. An optical system according to claim 7, wherein the actuators facilitate

movement of the optical axis in a number of different planes.

9. An optical system according to claim 8, wherein the actuators are spaced
equidistantly around the periphery of the optical element.

15

10.  An optical pick-up comprising an optical system according to any of the

preceding claims.

11. An optical data storage device reader and/or writer comprising an optical

20  pick-up according to claim 10.

12. A method of moving the position of an optical axis of an optical element
mounted in a mounting device, the method comprising:
the optical element transmitting a feedback signal;

25 detecting the feedback signal with an optical detector;



12. A nmethod of noving the position of an optical axis of an optical

el emrent nounted in a nounting device, the nethod conprising: the optical
.elenment transmtting a feedback signal; 25 detecting the feedba%k si%@ﬁl
with an optical detector; 06 JUN 2005 15 anal ysing an out put 5oVt

optical detector for one or nore of a tracking error signal, a focus error
signal and a RF signal detected in the optical feedback signal; generating

a control signal analysing ReNG@pliPfrdMehb&ptichl d’éte&tfb?f@‘;t?dé’é} fhoréBfla S using

the control signal to actuate an actuator nounted ween the optical

el enent an L i i I w fLh respect
fo the mounta g Bt sRftal etoetie eira3idhl B3R B cRIEe bk ot
respect to fte? b np device. io 13. A nethod according to claim12,
wherein a ji 385855' h@’i s derived fromthe RF signal and analysed with the

tracking error signal to generate the control signal. 14. A nethod
according to cl ZgRerating agostiel signalinaeepenseats thegesult of thenanalygsaanrd ysi s
is conpared with a reference signal to generate the control signal.

5 using the control signal to actuate an actuator mounted between the

optical element and the mounting device to move the optical element with
respect to the mounting device to move the position of the optical axis with

respect to the mounting device.

10 13. A method according to claim 12, wherein a jitter value is derived from the
RF signal and analysed with the tracking error signal to generate the control

signal.

14. A method according to claim 12 or claim 13, wherein the result of the

15 analysis is compared with a reference signal to generate the control signal.



