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1 Optical scanning device FIELD OF THE INVENTION The present
invention relates to an optical scanning device for scanning optical record
carriers having information layers at different information layer depths. 5
BACKGROUND OF THE INVENTION The field of data storage using optical
record carriers is currently an intensively researched area of technology.
OrRiisplsigapnbistiedisecord carrier formats exist including compact discs (CD),
conventional digital versatile discs (DVD) and Blu-ray discs (BD). These
formats are available in different types including read-only versions
(CD-ROM/ 10 DVD-ROM/ BD-ROM), recordable versions (CD-R/ DVD-R/
BD-R), re-writeable versions (CD-RW/ DVD-R)V/ BD-RE) and audio versions
(CD-A). For scanning the different formats of optical record carrier it is
necessary to use a radiation beam having a different wavelength. This

alkdnpthHE d¥MENTHakEly 780nm for scanning a CD, approximately 650nm

for scanningra}ydeatchaRREPXENEE Y 498pIICLS6ARG MYideBH stdning optical
Different formats of .optical _dis%are caﬁﬁble of sé)?rinﬁ?%ﬁferent aximum

HEARHTRE S BRI RIS MBHAMENEq ALHHHG Ot D AI8hgth of the

radiation beam which is necessary to scan the disc and a numerical aperture

W@WBEWEQNV%WBNQ can include reading and/or writing of
a

ta on the disc. The data on an optical disc is stored on an information
layer. The inforpiégiB T dasipesT YHELIPHEGS! SREREEFaE 185 5 C8UERUNYr which

s wIodelaIRine drtaiskpesss IBiexnty Laemapsiali ARiFaLAISS HaVRA exist

different thickness of the cover Ia%er, for exam the cover I?/er thickness
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eam passes througdh the cover ayer of the disc a sphetical aberration Is

(BRI BEAREbINBaen YesiamrolGR oY) - ihaiogareindsihaifterent formats
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of the radiation_beam. Prior to_reaching the cover layer e disc the
U RS 1 DO S ARREX B L 4B Fb I SN IRE A ST RRERILEIRLNE A2HTBA Qlich
toatriimgarDhiDatmrappithxithatedp hesinalfaberatiog arB@duced by the cover

layer, the ra%@&&?%&ﬁ%\f gﬁigglra‘?s%t%ezcapable of storing different maximum
quantities of data. This maximum quantity is related to the wavelength of the radiation beam
which is necessary to scan the disc and a numerical aperture (NA) of the objective lens.
Scanning can include reading and/or writing of data on the disc.

The data on an optical disc is stored on an information layer. The information
layer of the disc is protected by a cover layer which has a predetermined thickness. Different
formats of optical disc have a different thickness of the cover layer, for example the cover
layer thickness of CD is approximately 1.2mm, DVD is approximately 0.6mm and BD is
approximately 0.1mm. When scanning an optical disc of a certain format, the radiation beam
is focused to a point on the information layer. As the radiation beam passes through the cover
layer of the disc a spherical aberration is introduced into the radiation beam. An amount of
introduced spherical aberration depends on the thickness of the cover layer and the
wavelength of the radiation beam. Prior to reaching the cover layer of the disc the radiation
beam needs to already possess a certain spherical aberration such that in combination with

the spherical aberration introduced by the cover layer, the radiation beam may be correctly
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focused on the information layer of the disc. For scanning different discs with
different cover layer thicknesses, the radiation beam needs to possess a
different spherical aberration prior to reaghing the cover layer. This ensures
correct focusing of the radiation beam on the information layer 5 It is
desirable to have one oPtlcaI device which is capable of scanning many

ERfesshRTRAiaferaTaHiit I @iﬂ?ﬂﬁ!écc@r oo a6 diBesers giss ouiaif &ﬁeé“ cover
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i;tfannatlgrdlayﬁres often include an assembly of many different optical 10

clements whiet ace gy SRSsIE e, 9ABRioc.pLAR Y A0 ARGy

disc. This often makes suc atlvely complex and consequentl
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[i‘?é‘ﬁa A" R PRI AdA AL B P B A A8 AT A ¢ el%‘iﬁgﬁyéﬁtsu"h
maltqdkertgsh farmatdeamnoéng devicesestemiotljectarealserstiip vihg aaddifect e ptéodl
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beams into a positive first order. 20 International patent application WO

gtsadaoHRLG B i RcPXRLTiNGE AR BPLal Al SHTRFSHYA%0n
layieco b ey abrekfifenin piitalioe beschs.af st sadsitio), beespbativeblatisagen and a
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0MmBtises Wnefaamp@ﬁg@mb ’éhﬁ/dtféﬁ@nteawétrpbﬂtﬂﬁt@fwéddﬁthﬁéuch that

FRAIRHRNREAMSsHEREsPREF A8 THCIH QT m&%‘%ﬁf{%@%c{%t%‘@# and
has a non-periodic stepped profile. United States patent US 6687037

SSRGS AN IR g VARG o R A HRSH S RAERT HEAGIRE K3k PEsuRTHne
A pFRIbeRbS s M@gﬂpﬁgmtwvg\@t@ngths The device comprises an

objective len diffra |ve eI ofile w
apbroximate T AL GH SRR s e s Blfdbsgagring
devmfdmmnm_mg au)lof@reratmnttagera@ﬁmr@g d;ﬁamnb@mheatmm@btawmelmmh,
%He%ﬁlﬁeﬁ?tﬁré@%‘iﬁé%ﬁ FQ&i%@ﬂQ%sr%‘a@“ﬁﬂimeam has a polarisation and a

different wavelength. The device comprises an objective lens and a phase structure for
compensating a wavefront aberration of one or two of the radiation beams. The phase
structure comprises birefringent material and has a non-periodic stepped profile.

United States patent US 6687037 describes an optical scanning device for
scanning optical record carriers with radiation beams of two different wavelengths. The
device comprises an objective lens and a diffractive element having a stepped profile which
approximates a blazed diffraction grating. The diffractive element selects a zeroth diffraction
order for the radiation beam of the shortest wavelength, and selects a first order for the other
radiation beam.

International patent application WO 02/41307 describes a lens system for use
in an optical scanning device. In this system, a radiation beam is used to scan an information

layer of an optical record carrier. A lens of the system has both a diffractive grating and a
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International patent application WO 02/41307 describes a lens system for
use in an optical scanning device. In this system, a radiation beam is used to
scan an information layer of an optical regord carrier. A lens of the system
has both a diffractive grating and a 3 phase structure having a non-periodic
stepped profile. This lens reduces a sensitivity of the lens systemto

Pl iRethRvina velermpariedithdcnnsrbpiohilBe it 414 feruegsaivansidyity of the
RAYiIspAEe abiRRettHenwavelhdMORNe QiididR BN M ikimaNopbject

of the present invention to provide an efficient optical scanning device for
%@é‘ﬁ?ﬁﬁlﬁ% HERIRRASIS carriers having at least three different information
layer depths, with radiation beams of different wavelengths. In accordance

%mwwa@n@\%ﬁﬁ%}\jnvention, there is provided an 10 optical

scanning device for scanning optical record carriers having information layers
at different itfférARRRIPFI Q) Ehedr PR JONRIN QRSOTURYETE BRe bisiR IRt stgcanning

gavtr't_@lrfﬁ)m@a?ﬁiﬁ?@tfé%?rtr&t%ﬁi@@hm&@nﬁhﬁ%gkﬁ?_é@}/iﬁ@@gﬂ@f@ﬁmaﬁméwﬁna@ka
rst Information jayer de , ad Seco opucal recora carrier having an
dﬂ@%?ﬂf%&r ' Pﬁ/tgﬁaﬁg fn‘ﬁ%ﬁfg?%}’é]\el depth d2 and a third optical
record carrietrhereordaaceinitroratizapdetyetiad préberd imfemtivatitrerdaisgrolAded an
o - d2<dl ) ce includi T
o SR et e e e R R A O B A
diffaiemh i Euroatias | aves dinpte i thif dheeasrigc iviepticaldspretpasliprecigiige
et BrioiResipRrHAVFY ER IRFEPRHGHNA NS aSLARRGhANFANEHA 1aghFi@Epd,, a

wavefront modifications into at least part of the first, second and third,
PACRARGRYSD rﬁsawfg?rféegﬁ@w%w, PR AL RYAT A SRIPI DL AHRA g derth
Opardtetiatdsepeicte cechfidaatiden badersarmidfompztinBlaier tha first, iséooratianidyer

ird radjati ams, Jespectively, characterised in that the diffraction
g%ﬁu%t‘%’fe@%%ﬁ%’ge 2su(ii:]l‘n that the following relation holds: 25

1<(/m3-m2)(§B-eE2nRing Gpgiceinglydngd yashadiearg wirer suaiem o misgreng orst,
seHshtrshonave R HDe SHieRLIe) e aHE a%liast, second and third record carriers,
respectively, the device including a diffraction structure introducing first, second and third,
different, wavefront modifications into at least part of the first, second and third, radiation
beams, respectively,

the diffraction structure being arranged to operate at selected diffraction orders
m1, my, mg, for the first, second and third radiation beams, respectively,
characterised in that the diffraction structure is arranged such that the following relation
holds:

and said diffraction component of said first wavefront modification is a diffraction
component of a positive order and said diffraction component of said third wavefront
modification is a diffraction component of a negative order.

By arranging the diffraction structure in accordance with the above relation, an

optical scanning device is provided which is capable of efficiently scanning the information
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component of a positive order and said diffraction component of said third
wavefront 30 modification is a diffraction component of a negative order. By
arranging the diffraction structure in accopdance with the above relation, an
optical scanning device is provided which is capable of efficiently scanning
the information 4 layer of the first, second and third optical record carriers
{ouer eidhnatibstoeaens @T%ﬁ'ﬂﬂé‘i‘éﬁﬁf'%&f\?@q’é‘i‘@%ﬁ@rwﬂmﬁﬁ'ﬁ'ﬂﬂ 8pABaPEEHIRG
davigasydithe prior art for scannrng three different optical disc formats, the
diffraction structure of the T1 ent mve(;ggon need not be 5 Tmanufactured
Fht y

from a birefriHb%chrﬁ?a{gr‘? §E}9P6W 'FERR es'?rrrlr?)rl*?ﬂ ﬁﬁaﬁnr%tﬁ{/eeqy
kb ffecays topfi cabulisd ot omasfahd g ogdicsl Soatunngf dmmesemherensanmmnbfdne

g@ﬁ &%ﬁé&r‘?&ﬁh&ﬂ?& Gﬁ%ﬂe rg@?filtorﬁ RRBLS el \?&Eﬁém rElively

e simplicity an atlvely ow cost of manu ure Further,

Wlﬁhcﬂﬁéftﬁmwg@élfﬁdeMBéah&WLﬂrﬂ%'%ﬁalarlsatlon of the radiation
beams to scamdheislibitteresopR i hSRCON the padiafionRRIBHSRIIRN O Higdefined

iation beams be utilised in a djfferent re of the optical scannin
o e Lo SR Gt ARV P, RSk TP AT
dattyrene o;ﬁtdmtgr;mﬁegdiemcd?rﬁfmbbndwmtmﬂe&brso&ﬁmr@d&umbeemnmrwmthe

ARAPLRHeN R Erlon%bﬂatt?owyé}ﬂ%eremt e non i ?r%eaﬁitﬂ%t@o“%

comp onent Into each ra eam action
aﬁa&arrmt@mbmam'@bwmw%@ﬂJ@gtqpamy&@arﬂﬁrr@r@mée shesisere

ahskEREANHPIE iEb AN gRIGR EsARATRGERVice has an optical axis and
comprises a _non gberlodrt(:b%hase structure arranged to introduce a

non-periodic PRSP BOTHYHIERL SAEBWALAC SE CHBR SEAN afARGLeA Yhygture
ammgmhtodrmphmstmu{ﬂﬁfmtmm ptisestiampdanadidyient rardlahmmm beam,

g{@%ﬁ.‘e‘%\/.t AEA A0S 5‘5’ b%%h?ié'% gJHX‘QHe% E'&ﬁ})%nsate

i the non-perio |c p ase tructure being arrange
sRBenonl-aberidiine. phase component into each radiation beam, rather than into

only certain ¢fthaasRciRtignibaRRRN NG HORORS BN RRLIGRISERNRIRPERYIge

is further simplified. In accordance with another aspect of the present

PRI GRBASS §twf&rraeera@§%waﬁrﬁ%%r@m%rqﬂra&aaﬁarﬁpgpegéwﬂaach
aniibtiondedifferdotsivsaidfronperadiitqataenstrintorat deasispast i falily steaid

9&%&%@@9E%%%&B?C%Wfaggﬁ%%&%&l%al axis and having a non-periodic profile.

With the non-periodic phase structure being arranged to introduce the non-
periodic phase component into each radiation beam, rather than into only certain of the
radiation beams, the design of the optical scanning device is further simplified.

In accordance with another aspect of the present invention, there is provided
an optical system for introducing first, second and third, different, wavefront modifications
into at least part of first, second and third, radiation beams, respectively,

each said radiation beam having a different predetermined wavelength, the
wavelength of said third radiation beam being shorter than the wavelength of both said first
and said second radiation beam,
wherein said optical system comprises a diffraction structure having a profile which varies in
steps which are arranged to provide selected diffraction components in said wavefront
modifications, the selected diffraction component of said first wavefront modification being a
diffraction component of a non-zero order,

characterised in that:
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each said radiation beam having a different predetermined wavelength, the
wavelength of said third radiation beam being shorter than the wavelength of
both said first and said second radiation §eam, 30 wherein said optical
system comprises a diffraction structure having a profile which varies in
steps which are arranged to provide selected diffraction components in said

Wavefront mbBIHEEASHR THECKERISERIARRBRIGINBO M SHETieHLHRFHRSL

verviedrent snedifigatipnlefraemedifiesienice MFRReDh @b tPRnESFR ABAE/ero
Eciaracterlsed in that: 5 i) the diffraction structure is arranged such that the

Pé‘ Etion component of said third wavefront modification is a
dWractlon cothrqaﬂe;mﬁfdhamoimlezefmeoidﬁfa,camdsmmmls)rdefmra;ﬁgmstoﬁmtreduce

fil
T TS SISO R
M%nwwgmldnwmwhmmwmﬁ phase change. iii) and said diffraction

gamponent of said fIEHYAYSGTTIMIBRATIGRLAN fFsPuw/albiRsGHORBRERRMGEROT a

positive order and said diffraction component of said third wavefront
Hﬁﬁmﬁ%%{iusmg%%méémﬁ%\éﬁﬁ&b‘ﬁéﬂ &34 HERHHPE eraweneat ebFad it ond
ocliefiion bﬁamcamrawagﬂmﬁea@hmt\zﬁlwaemmm can be

determined a fthe hase changes acros | ste
o i motich S A AN e AT e B0 o AR IR
amebagietﬂlnaaeddhaagieg\aalaeerage@ﬂthetmqaﬁshmjmmabysmmeﬂissiﬁdwd be

Hﬂﬂ%ﬁb%os‘?rg'% frePEe PJXceeﬁeﬁlR/eg%ffe%}%ﬁgﬁﬁs'ééféﬁé%ﬂ %%éé@;%gg 91% mchange

more prefer y the difference is les n 15 va ore
pebferaion thdiffsrdaieatisl g gerendirs ol erindecaioae thattarsfaativeacthe

difRGHaN SHUGHEE0S BHARARILEURD AL S A HRGHAR SIS han 0.1(2m) in

substantially “invisible™ to the second radiatiori beam. Typically in known

uptieandysianosesiaistebl Yohadiforprcero igpienee &s(Sf) diffatent DiNerexeis
b Hﬁ'ﬁ&:ﬁoﬂ'éﬁﬁ%@@%ﬂ#%é@ brvingamiarrediBrafigede i9Rtcahng Ay

system is designed to be optimised for the beam of the shortest wavelength
a't’?&@ﬁ@n tR&hGserandradiffioRtefture is substantially "invisible" to the beam
of the shortesi/piaamalangHovainpeici iy steiii adaprealfngide Wit Matiirediesans of

uo * ereelﬂ \(/_:‘vgvaePe'%lgth's_| t%\/N u%\llr%ralg #}acp B%Ss rrl}tc Ur\é%a%?ng a stepped profile, the optical
system is designed to be optimised for the beam of the shortest wavelength and such that the
diffraction structure is substantially “invisible” to the beam of the shortest wavelength, since
it is at this wavelength that the strictest tolerances apply. However, in the present invention
this is not the case, and yet in embodiments of the invention, an effective diffraction
structure, which is of a relatively simple design is therefore relatively easy to manufacture, is
still provided. This provides for a relatively efficient, yet relatively low cost optical scanning
device.

In accordance with another aspect of the present invention, there is provided
an optical system for introducing first, second and third, different, wavefront modifications
into at least part of first, second and third, radiation beams, respectively,

each said radiation beam having a different predetermined wavelength, the
wavelength of said third radiation beam being shorter than the wavelength of both said first
and said second radiation beam,
wherein said optical system comprises a diffraction structure having a profile which varies in

steps which are arranged to provide selected diffraction components in said wavefront
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this is not the case, and yet in embodiments of the invention, an effective
diffraction structure, which is of a relatively simple design is therefore
relatively easy to manufacture, is 25 still grovided. This provides for a
relatively efficient, yet relatively low cost optical scanning device. In
accordance with another aspect of the present invention, there is %ovided

BRYPaRAIRSy SheseiRsiantitiachag sreYessAbisald itrinarfrere MOdi/AcAIRBAEINg a

aaetifiGatiennpbnanedfieashparb efdist, second and third, radiation beams,
r?g\%ctiveﬁa 3% each said radiation beam having a different predetermined
W 9

@Héﬁ at\:Navelength of said third radiation beam being shorter than
ihe wavelengtie difrathosaitiutiste &atraagddsaobribat dioiat Ratéxbdiffirastierein

\%gjrx‘li’gBRéiﬁQJf%ﬂ%m&M\}%ﬁ%ﬂFrﬁ‘oggi@ﬁﬂﬂ’i‘s_gtﬁi*ﬂ%{éﬁo*ﬁac‘@@?o%e?{to&i"ﬁ MRS

s in steps which are arranged to provide selected diffraction
eBleper M said wavefront 6 modifications, the selected diffraction

ﬁ?mponent Qﬁ@%fébﬁEﬂﬁtﬂ@ﬁ?ﬁﬁ%&*ﬂ@ﬂfﬁu@%ﬁ&ﬁgﬁ?u@%&U@fé"i‘ﬁﬂ@té’(ﬂ%ﬁhﬁﬁmﬁé
O a non-zero oraer, cnaracteris N at: | e airrraction strtucture I1s
S At S 0 i SR B e T B e g e et

eevednent ohaddicatider.is a diffraction component of a non-zero order; and in

?ﬂ?t i) the stgps é%ggli][pﬁf?éafi%‘ﬁ oh e Aifaegn J?F&H%Ue‘?r@ﬁ? rﬁféﬁ%ﬁ&%é&c&‘

that the selecte action component of said second wavefront
AbtAFdeRiePMBAARITTRIr@ ROSEHIM PESIGE ARG s FHastRarcaroPen ek T said third

dilracdamreneanss afdreieddtic wﬁm&ﬂtwﬁéﬁﬁﬁv@ﬂr&@ diffraction
component of afositi_\/e order and said diffraction component of said third

wavefront mJdRICARG MK QBRI DEGTH BRIEDIoL \ReJA R O WiiRle beams of
Mffrcall yavdaoyths oplisalgsy ditfractiad apted fo hadagveitie ppattiplefibe am oatical

S Py 8 ST TS O  l
dibaetianstveleisdsrsstrdintly (havistdedife raieanrtal doardestetivereaiengly. and
tavisdrehiethRheach bR R Uestwa vriRNathsaner thesrbata thaldength,

diffraction component of a zero order is used for the shortest wavelength,
SRS S QLN R AYRICRIEHGA BrRttiree S REE s BPRNC EL WBI. hi BR UeE

iheeptiesainit is not the case, and yet in embodiments of the invention, an effective
diffraction structure, which is of a relatively simple design is therefore relatively easy to
manufacture, is still provided. This provides for a relatively efficient, yet relatively low cost
optical scanning device.

Further features and advantages of the invention will become apparent from
the following description of preferred embodiments of the invention, given by way of

example only, which is made with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows schematically an optical scanning device in accordance with
an embodiment of the present invention;

Figure 2 shows schematically an optical system of the optical scanning device
in accordance with an embodiment of the present invention;

Figure 3 shows schematically an adaptation structure in accordance with an

embodiment of the present invention;



10

15

20

25

30

invention this is not the case, and yet in embodiments of the invention, an
effective 20 diffraction structure, which is of a relatively simple design is
therefore relatively easy to manufacture,is still provided. This provides for a
relatively efficient, yet relatively low cost optical scanning device. Further
features and advantages of the invention will become apparent from the

following dedciaptchsBPyyrerdl@aticatly RO STHE IwFed AREFOEARSH Wi a8y
einBeomampfereeseriighdstimade with reference to the accompanying
drawings. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 shows
schematicall? 'QHV%%t?B8YV§€a‘?Iﬂh?g ad%Eﬁ?:Pe Hﬁ‘%!:%%ﬁﬁéﬁff o0 Euthent
e¢dbrdgniceseitt amvemibiatinBot Bighegp2sshoivgesthematically an optical system

of the opticals, &%@Eﬂo%‘égﬁgﬁﬁtsﬁggg; r@;&%@ Eﬁélﬁg I?Fb\%?ela%?}‘ﬂﬂ%%ﬂfa%%n

present invention; Figure 3 S tically an adaptation structure in
SEeeHIR i RIPRITAEIAINN HPARI i1 RERR Greesami i AREHTIBRH i ment §fi Fe A RS

sehafwmtically a diffraction structure in accordance with an embodiment of
the present invention; Figure 5 shows a plot of a phase function of the
diffraction strIBHIFS in AB0CHBRERCLON ARVENHbEHT G0 thera5aerent
navatibohpénigovie @l dycwscecheofdtcatiiical phsisa dedagoptandeledtioyrihe
gmig&ﬁw&t EWE%WF&@R{ iq%ﬁf%ﬂt radiation beams in accordance with an
embodiment of t ’

e present Invention; Figures 7, 8 and 9 each show a

wavefront abeieiiRdid fbPyaRCBraatfmehProfitn aion wtamlisroidedrpgombined
AGHABRSHR DR PRESASRYSLREN R RSFRIARNGRNUHR AR A RPN BdcRE the

resent invention; Figure 10 shows schematically a profile of an adaptation
YSBH9RE combined with a non-periodic phase structure in accordance with
an embodimeéiguné tHeslpesactienmataatipn; drodile @ fltheshtaptat echematicatyndined
Qi 'lﬁeqo%]-ge?@ﬂf%@ﬂ%’%?ﬁ%‘fﬁ%?cS%RWitl}gm%&n%@%@&@%#%&ﬁ%e
structure, combined with a ditiraction structure in accordance with an
B et R pdTao hisserissapt M eRtieN;

Figures 12, 13 and 14 each show a wavefront aberration for part of a different
radiation beam provided by structures of the optical system in accordance with an
embodiment of the present invention;

Figures 15, 16 and 17 each show a wavefront aberration of a different
radiation beam provided by elements of the optical system in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows schematically an optical scanning device for scanning a first,
second and third optical record carrier with a first, second and third, different, radiation
beam, respectively. The first optical record carrier 3’ is illustrated and has a first information
layer 2” which is scanned by means of the first radiation beam 4°. The first optical record
carrier 3’ includes a cover layer 5” on one side of which the first information layer 2’ is
arranged. The side of the information layer facing away from the cover layer 5’ is protected
from environmental influences by a protective layer 6’. The cover layer 5’ acts as a substrate
for the first optical record carrier 3’ by providing mechanical support for the first information
layer 2°. Alternatively, the cover layer 5 may have the sole function of protecting the first

information layer 2°, while the mechanical support is provided by a layer on the other side of



10

15

20

25

30

Figures 12, 13 and 14 each show a wavefront aberration for part of a different
radiation beam provided by structures of the optical system in accordance
with an embodiment of the present invergion; 20 Figures 15, 16 and 17 each
show a wavefront aberration of a different radiation beam provided by
elements of the optical system in accordance with an embodiment of the

IR G IDFVERIION IDETAI (B SEGT IPe RN kE Ty A VLI rOdtiona
second.an I ICal record carrier wi a Jirst, secona an Ird, erent,
o e P R L A 7 colF PR s GRS of
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by oermmio sy erarét cfirtan
AU TG [ QUER 62 o (L BEEIIg, UBBRAE Y e Bk o
AR GRVER FAMECH 1S Thikin BEeRVE L ehepHERICRsaYR PN IR R otectadespesively.
¢ﬂgm§@mﬁiﬁ&ﬁ?@e§t¢%@9§q§§ﬂv® lm%%éb&ina hﬁcﬁ%ﬁbﬂﬂxﬁér@e@ﬁ*w@m
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corresponds to the thickness of the cg%ghéaé%r 5', The second and third
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record carrier 3'. Similarly the second and third information 10 layers 2", 2™
APd RETRENCHCHBY 1RdNECHt R AR T ENSHRSN FRG FISL QPHIERL rgeors) Cagijt;S” Is a
sonfpae dist{@D3 aidl eaesti onis fwenktiorelaggp atptod) ésfaplovsdchdiylytie2spot ek a

[ati igh path opti - | :
P g o SV g secona

\nfieraatisielenendepértlcienprios AFelti B Mgt satibeptical record carrier 3" is

a blu-ray™ disc (BD) and the third information layer depth d3 is approximately 0.1mm.

As shown in Figure 1, the optical scanning device 1 has an optical axis OA and
includes a radiation source system 7, a collimator lens 18, a beam splitter 9, an optical system
8 and a detection system 10. Furthermore, the optical scanning device 1 includes a servo
circuit 11, a focus actuator 12, a radial actuator 13, and an information processing unit 14 for
error correction.

The radiation source system 7 is arranged for consecutively or simultaneously
producing the first radiation beam 4’, the second radiation beam 4’ and/or the third,
different, radiation beam 4°”” (not shown in Figure 1). For example, the radiation source 7
may comprise either a tunable semiconductor laser for consecutively supplying the radiation
beams 4°, 4”, 4**” or three semiconductor lasers for simultaneously or consecutively
supplying these radiation beams. The first radiation beam 4’ has a first predetermined

wavelength A, the second radiation beam 4” has a second, different, predetermined
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different from the surroundings. In the case where the first optical record
carrier 3' has the 15 shape of a disc, the following is defined with respect to a
given track: the "radial direction" is the digection of a reference axis, the
X-axis, between the track and the centre of the disc and the "tangential
direction” is the direction of another axis, the Y-axis, that is tangential to the

waerloaslt frerpeiitiobied fetitox et 41 s wiibbdiffreent predwstOpaal
RRRIEhERIYISIA RsenioumaRct diseifeRl-abkl st irpationdaysssfgpth

d1 is approximately 1.2mm, the 20 second optical record carrier 3" is a

EGHOERGDa BYER-IBISHRNEIEgH (DNt e Sechimd warekmaion layéis
SRBH TR 4 A RIGXBaIRAA A AR AR, ORUSBLIRSRI IRl rEhge

lu-rayTM disc (BD) and the third information layer depth d3is approximately

ofiARTOABIRbW AricrdgRirenToie. $3HdaIcSeaRTipy deAlR oY BRETHIRoltARd

'Fe%yadb‘ér&%@&? ?85%91?6%M@Wﬁ?ﬁbﬁeeﬁ\fé@“'T'I@é‘?friﬁ%c%ﬁd @nd third
eam sputter 9, an optical system 25 8 and a detection srczstem 10.

FGEHeRREES iy b firgIescah RGN PhiARRTre gy e Gk and 2.8
foqustaelyator 12, a radial actuator 13, and an information processing unit 14
for error correction,. The radiation source system 7.is arra fo .
consecutivery RO TIER SahGE A BERROR totkanstopming the
Sesiopdiatinlieam Hekita 4 fiesh svbstantatyreplBonaiFecreain, 20d Sl s dhiransforms

tROLRBANE il YERIdt off BESXIDIL; Uidtd RUIRBAR SR Ridl 1y 08N FREBPHSSN 207

either a tunable semiconductor laser for consecutively supplylng the radiation
Bk bind sybstantigtyceldmatetl Asadh A Sor (AL FBASHDIES KB dSly or
consecutivelyrhsteptysptitthess sadijianope@amsitiing tfieiadicaionn deahird’

has a first predetermined , wayvelength a.i second radiatipn beam 4" has a

SR i R O e TR S R

bditer 8'isHagradhitith differemanrbelgtiatertitet ds tltrdeldthgiinaadle howhils respect to the
imeat.the thi length &,3 is shorter than the second wavelength

g@?ﬁiﬂdg?g?c%ﬁﬁd\{ggg%%\ghaag%s'shorter than the first wavelength ~'1. In

this embodirheheptieafipystese ondreandeathiadfoas dheifigjeh se¢oadang Bird collimated

FEHREGH BRAMISYYIthr the: repae esRERRREPHIMAEMHEAR{0 SLOhBEhIhRd Bl
to 680nm for a,2, 400 to 420nm for ~'3 and preferably approximately 785nm

BEOhTEHE %5 Am, FespRhehrs I Yr A 8eirssired ol otk Al e Htasteskandh dhird
heavati anresnes ivedl, aperroe’ (B Ajiak appsoxinatelyGdn fitpspoc 62856, 167,

rgg@g\?é‘?{l‘%ﬁ&%ﬁﬁli%ast;?&'&Q%s?&r‘%sat%%“p%%.‘?i8n“otr§‘ﬁné’ﬁ1‘¥8?n'q%%%% W, 2
2’ of the apgropriate optical record carrier. Each scanning spot is preferably substantially
diffraction limited and has a wave front aberration which is less than 70mA.

During scanning, the first optical record carrier 3’ rotates on a spindle (not
illustrated in Figure 1) and the first information layer 2’ is then scanned through the cover layer
5°. The focused first radiation beam 20’ reflects on the first information layer 2’, thereby
forming a reflected first radiation beam which returns on the optical path of the forward
converging focused first radiation beam provided by the optical system 8. The optical system
8 transforms the reflected first radiation beam to a reflected collimated first radiation beam
22’. The beam splitter 9 separates the forward first radiation beam 20’ from the reflected first
radiation beam 22’ by transmitting at least a part of the reflected first radiation beam 22’

towards the detection system 10.
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10 first radiation beam 4' into a first substantially collimated beam 20'.
Similarly, it transforms the second and third radiation beams 4", 4™ into a
second substantially collimated beam 207{pand a third substantially collimated
beam 20™ (not illustrated in Figure 1). The beam sputter 9 is arranged for
transmitting the first, second and third collimated radiation beams 20', 20",

20" toward tRBeRiesios,SeRmg. CHRshudanh cameIsenhlens 2% ita auaiant eiestor
mt?lfﬂ?hl mggﬁ Qé'?;hm @Q}?tmab@amtﬁﬁw;lfﬁh@'ﬁeﬂ[aﬁﬁ@ & Mttiﬂacﬁgﬁ&@ gbdm ti% and
optical. ax|s and, prerera Q= . e optica stem, o IS arrange
U8 IE PG TS e S 206 OF R S R S o g Sl
thesiedick fafosh pbirgporsaite thesi) feeneatichanah et drofhigdaformatiod tymier's Big3",
hipbirepomalte eskioeoerinacahthior et Bre3
%@@%ﬂ&ggﬁﬁ%%'s %é%%gd |Bs)‘;a?rl ﬁﬁgt%éé%%ﬁd%aﬁé%%% d scanil rﬁ%gg?s}%)%tgoﬁie <’:t|-on.
iverisiunaledEpB e EReTtARISYSIAM Ay SHECHE AEIBIRT to-a B8R Hagdng

vaeraagﬂéwma@ty%aéilgﬁm gﬁ;upfegl%agpﬁm&éa%e&?é@a#égfﬁg%m%drgﬁg- theé§tical axis
scanning spot Js prerera supsiantl ITfractuon lnmite n as a wave
PR PTB A TC L YR SRl PO PESUIRRG SER Mg RGP S -

Reeferdbbyntiér ymelt it ésrondebg phedistigrobSniktsiditedioh Bigooed framdither alia,
irst.ing ti 2% NS o) e :
B e el U ot i
HsiIBY” ARy &y&me Etdeerit9Bra iR b 83 r-iAfich R tlfyisedarteieaptieal
RahRkitne QOMARY to Y BSEIBGNPRIaRA i AbT ARIRHAM PERTaBID idashE v iae

optical system 8. The optical system_ 8 transforms the reflected first radiation

BRh e FRERS A ESIRRAE ARG T RIAH b L S B AN IBXEh S KRS
tepiiratesrthiedopatalél finst trediatienobearacR( therimfibrenadtiedigel firsd be followed

D
elueiEsrdishivsngentiens pGealis dhphaolehi BeRauhais wih Hre

arranged for eapturRaBalH PaTt afihgetefiecierbdistia@ationdeRM, 2Rty .,
converting it to one or more electrical signals. One of the signals is a

. n_ .
RIRY A% SH G GRA Ri stanalhksowal IS GPWRIUAY L5 B n e O 8 ARd fiaradial
sciaatedH rethectivielyribiiofoday actdatdriie Somttormbdiposgigmaf Kiansof the optical

S ey o g TR o sl oo
PRARaICH tatiHgovgislessiyhsipmiadl KiyiAtoelaser ebissBistd ifsreatian dasferéndene
iadgight AN e RNIgR! RXi8on of the lens of the optical system 8 along the X-axis,
thereby controlling the radial position of the first scanning spot 16° such that it coincides
substantially with the centre line of the track to be followed in the first information layer 2.

Figure 2 shows schematically the optical system 8 of the optical scanning
device. The optical system 8, in accordance with an embodiment of the present invention, is
arranged to introduce a first, second and third, different, wavefront modification WM3, WM,
WM3, into at least part of the first, second and third radiation beams 20°, 20*’, 20°"’,
respectively. Each of the wavefront modifications WM;, WM,, WMj3, comprises a diffraction
component and wavefront modification components of at least one of a non-diffraction
adaptation component, a non-periodic phase component and a second non-periodic phase
component.

The optical system 8 includes a compatibility plate 30, in this example formed

preferably of COC which is a cyclic olefin copolymer, and a lens 32 which are both arranged
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OA between the first scanning spot 16' and the position of the first information
layer 2'. Preferably, this signal is formed by the astigmatic method" which is
known from, inter alia, 10 the book by G.jBouwhuis, J. Braat, A. Huij sex et

al, entitled "Principles of Optical Disc Systems," pp.75-80 (Adam Hilger

1985) (ISBN 0-85274-785-3). A device for creating an astigmatism according
5 thsoRsab iy Mrethitrdl $ntt ifla3 QRIS VT Has aBrhas aIasRy eteal faggMaing In a
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etw n the cannin and the center of a tr Inte
RS R e DR Qe U 1 (R b LA S Jo e e o focus a
Etrnﬂeeaédyadiasm@aahlaamn@epbfmﬂmy tbdthirpuﬂwameﬂgtmbmié wimehidsl
n f ter alia, the b G. . Bouwhui 0-7 0 circu
ST TRAY &8 R 09 N P B P Rad B R yer
§ewﬂbdc@ﬁﬂmﬂrgkgﬁatslkﬁﬁmmTdﬁ@rﬂnltﬂlﬂﬁgnmegfmsl@tctuator 12 and the
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of a lens of the optical 20 system e optical’axis OA, thereb
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bachatresliat edintities tbu bstmatlam @Rhwthiehceratiresiinelive henpaek rmlbl?/
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optical system 8 of the optical scanni g device. The optical system
P

QEE%HB%\F\'@@%% ek BEiMAING 4R &' RISERL R iHETs %Pﬁr?@@ﬂst@ side to

mérp:iugaef@élrﬁetcuagwadjmﬁdhlﬁd)n@lff@r@mcwaxafmbWMfmmwwm record
%fil. rto the first s cond thir, r%\dlatlor] beams
bR R el

Eﬂ““{o%\f‘/z@fh respe Sl DTS uc 10, 4L ar\m%an 42

e wavetront mo
WpBween st e Mﬁfmmhssecammbhéﬁtaad@wav@frahe ptlaplifidenistnucture 40

RUIRCRRDN RIAEEAR IR d%fﬂi?&wfjl‘é%%ﬂﬂe @%B&ﬂﬂﬂﬁfﬂﬁ?&?@ﬁ%lﬁtuon to

non- perlodlc phase component and a second non- perlo ICP hase

HSrApaHETHEAS phE 4IRSy SRy BEMERIHES aneamﬂa%awm%ﬁér@@dﬁmen
etx@mmémm@rawhl efevably @f@@ﬁd@d@fﬂb’em frohalpkafinccaiptymoarstareig 40

2W |ch4§re b th arra the o tical XIS

e
S T s PR R SR A e e TR el o
optickicescoro-didfrietiom adajdaisoBd Zos)dontisieirdheflest foeooad afd Hladsvamatront

@gﬁﬁ%W@WWW“%&H&%%@H&'%M@E%%@Qodﬁn&%ﬂ?@%%ﬂged to at
least partly compensate spherical aberration introduced into each radiation beam by the

respective cover layers. The adaptation structure 40 is arranged such that a collimated
radiation beam having approximately the second wavelength A, and the second NA 36 is
focused through a cover layer having the second information layer depth d, of approximately
0.6mm to a substantially optimized second scanning spot 16°” by the adaptation structure 40
and the lens 32.

Figure 4 shows schematically a diffraction structure of the optical scanning
device. The diffraction structure is a diffraction grating 48 which has a NA of the first NA
34. The diffraction grating 48 comprises a plurality of annular protrusions 50 arranged
concentrically about the optical axis OA. A boundary 51 lies between each annular protrusion
50. Each annular protrusion 50 has a stepped profile and includes a plurality of steps having
different heights h. Each protrusion 50 has a first step 52 having a first step height hy, a
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collimated radiation beam having approximately the third wavelength a,3 and
a numerical 5 aperture (NA) of approximately 0.85 through a cover layer
having the third information layer depth @3 of approximately 0.Imm to the
third scanning spot 16™. Figure 3 shows schematically the compatibility plate
30 which has a first NA 34, a second NA 36 and a third, different, NA 38.
JeeNEHSerset HAG erRIsasRedNIAPa L it NagndhadhilssteRipRARM PO Bthi Geerrigioht

R.8Phd enRnaeip/sy iR eepoachia thethA akpwssfinate Hrisacargnansdhticd
irst, second and third NA 34, 36, 38 each

radiation beams 4', 4", 4. The first,

B et 550 S TGP AN i e S AHgRR o focuce
dtfﬁmtiimateiuaqmem_Bimumthla.ﬁmmddmmnhitd'mmnpmbbiﬁlgaﬂmevwlhwl\az,
WQ&F%C&%H&]'%%B%%SEEHH 2 Eﬁﬁr%l?f?&ﬁ?ﬂﬁ g%ﬁa"ﬂéﬁgﬁ 08I ORIGR
record carrier. On an opposite side to the planar face, facing in a direction ~
ahasgyftmetoptida)l WRREaTAs anatus diitie Gptieedfrésotdias tieirgeatingds taken in a
gRERaN BB ARG AADEASH-QR BreRtAlioNSIRICHES 40 ABRRUAEegion
42 lies between the third NA 38 and the second NA 36 and is planar."The
ddEpeHABArst T AN alyeRAY thersbuurpialkI38oand lies at a different level of
the compatibility plate 30 in relation to the annular region 42. At a boundary
between the apnular regjon 42 and the adaptation structure 40 i5.a wall 44.
Within a regi(?rqrzjég:ﬁbg rbyﬁﬁ wall 44 the adaptation structure'40 20
provides a face 46 which is substantially aspherical. A curvature of the face

46 is arranggd {ee HBH\?’éjﬁéQﬁi@nﬂﬂﬁs@iﬁé@ﬁi@éhﬁQP@f@&%erﬂ@Bﬁﬂﬁﬁi\}é‘%ﬁ%nent,
first, second and third wavefront modifications WMi, WM2, WM
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obmgln_mamiarﬂpbeitteﬂlabmrmtdmmfnhg)dimmmtmemqnmadmmlyeamdbyeﬁbéon
i ﬁ%ﬂ)’age g@r\’r?err '.@%?fﬁe'eﬂﬁeo?gﬂ%fﬁ&!—od?aﬂ e f‘%&%ﬁ&#‘&%ﬂé&i a@ﬁ%a
collimate radiation l)eam havihg appro |matealyt e second wavelengt

sompenehdrsbineodirasishsseabicemisdugh H baver ke ofavrigyahly 40.000, -
sepand igenAtaN Yt AeRIBIRL | PRPFIXIMAAEAMEb IR BF RRHAKN

optimized second scanning spot 16" by the adaptation structure 40 and the
KON MBETR e GRRRLVE R4 PRIt ralkidit SRTTERIFRR furfa Sy nave
amaimgala@sdmv@qeaﬁﬂnet dirﬁﬁraotymmtam pélatmisigm i&ﬁaaémne@raﬁe@d@ Wl_aich
E&ﬁe?s'ﬂf*o‘f the.f rﬁ%h%‘%a&ﬁber‘ﬂ%%%%"é} tH?grﬁ‘ig ﬁ%ﬂ?&’sr %&&PJH&'&Y of
nnular protrusions arrangea concentrically abou the optical axis R

BEURAAR oM HeTIAsE? BRIEH hARRERIMOLANSIOI NBDO B BaTIalaberrations.
ﬁ*Ff%%Hﬁé%%@d&ﬁ?&@#%%ﬂﬁ%ﬁMﬂ!ﬁ]ﬁ{éﬁ By SRk AR G Steps having

different heights ach protrusion 50 has a first step 52 having a first step
height hl, a
#(r) = Ar> +Gr* (2)

Figure 5 shows a plot of the phase function ¢(r) of the diffraction grating 48.
The phase function ¢(r) is shown by a plot line 57 which is plotted as a function of a phase ¢
in units of radians on a first axis 58 against the radius r in units of mm on a second axis 60
which is perpendicular the first axis 58. The phase function ¢(r) is a non-linear function.
Referring to Figures 4 and 5, and applying the phase function ¢(r) to the diffraction grating
48 as schematically illustrated in Figure 4, each main boundary 51 between the protrusions
50 lies at a radius r which corresponds to a point of the phase function ¢(r) where the phase ¢
has changed by approximately 2 since the previous main boundary. A boundary between

the first step 52 and the second step 54 lies at a radius r which corresponds to a point of the
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12 second step 54 having a second step height h2 and a third step 56
having a third step height h3. The first step 52, the second step 54 and the
third step 56, have a first, second and thifd width wl, w2, w3. The first,
second and third step heights hl, hz, h3 are arranged to introduce a
diffraction component into the first, second and third wavefront modifications
WHME MM AN IR erERR- B aCH RS CRERREN %‘%@U&QM‘&%‘P&P& Ang iRCHRious
grating 48 is described by a phase function O(r) where r iS &8 radius in units
ffracyi ' [ irecti r i -
R e e
regliigs Givech gariespgh inaiapiilatitls: phese(netivn 2(F) @herethernbase. ¢(13sin
the above relation, A is a coefficient of a focus of the diffractive component,
chase b ARIEriBialy pherdateibe ey omaie ktmdetvel chhsiopitinnaatithese
His a coefficient of a higher order spherical aberration of the diffractive
semporeatieT Hetesotnedheifr ve regomrd BB hiiydimdiitrevfurthetcoefficients of a

higher order $pbgfat@RrEERtRGH (e MY PRI ECRTBRRAGN b th¥ist, second
embodiment the coefficients A, G, H have a value of preferably 40.000, -

ang Ahird gwef s MadiUERTON WHeriMea Mt raheniy 0rsigYaying refation:
embodiments of the present invention, where the objective lens 32 may be
different, the coefficients A, G, H may have different values. In equation 1,
the polynomidl (Blatih ¢rof an even value because the 20 powef) of 2,4,6...
to which the radius 27 raised are even. This ensures that the diffraction

grating 48 compensates focus, spherical aberration, and higher order

herical ab i T . j i
eloming o By SR B SR BB AR Ao
fudctiisrihe Wil engtiiiffrinetiofiajicnihepa8 TR A phAstiofT(difEastiown
P BIRhIIRG: %%éf\ﬁmémdsg H%‘i%ﬂo"i‘ﬁoﬂaf%%lmgﬁé‘ Hhasea O i s Qidadians

on a first axis 58 against the radius r in units of mm on a second axis 60
FETERNEh A SRR PYHBEHIEY QRICEI eqHE A3 fuMENdie BigY rrdigtion beam 20”
P@Mﬁﬂé&ic{ﬂ@féﬁ?}i@-%Mﬁ@%d@@@%@ﬁﬂi@ﬁ@eﬁc@dﬁﬁﬁﬁ%@&imdfmﬁrnﬁk’?lﬂehen
unction O(r) to the diffraction grating,,48.as schematically .illustrated in Figure
AR ot e S S e e oA e e
wmtaatmge@mm&ismmgpgmmbnwmssécmmtimm Wﬁm@immmease.NVhen
DR ARG AREHi RY RRPLPABRI S el BSING i f R LR BRRHSH RN A

boundary between
diffraction grating 48 is arranged to operate at a third selected diffraction order ms. The

diffraction grating 48 is arranged such that the following relation holds:

_ <(m3_m2)_(d3_d2)<
. (mZ_ml) (d2_d1) . (4)

More preferably the diffraction grating 48 is arranged such that the following
relation holds:

_l<(m3_m2)_(d3_d2)<% (5)
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the first step 52 and the second step 54 lies at a radius r which corresponds
to a point of the 13 phase function O(r) where the phase 0 has changed by
approximately 3 rc since the previous main boundary 51, and a boundary
between the second step 54 and the third step 56 lies at a radius r which
corresponds to a point of the phase function O(r) where the phase 0 has
changed by &YproRftearEa (R \sihe difffacirogainet isisoanerd-yush thahene
ENRStensrehtpsefistep boundaries determine the first, second and third
widths wl, w2, w3. The diffraction component, having a diffraction order in, of
the first, second and third wavefront modification WMI, WM2, WM3 is given
by the following re(atgonmw (d5s22,9(M(3) 10 In the above rele@n W is the
amount of phage" ofnihe glf)‘ra@]lon d:grﬁppnent and A is the wavelength of the
radiation beam. The amount of phase of the diffraction component at a given
radius r is proportional to a selected order m of the diffraction component.

When scanning the first optical record carrier 3" with th@nflrs];n?dlatlon beam

20' 15 the difffdBicelagieipirasivesrardged fobp e depclegidatio
diffraction order m1. When scanning the second optic I 'fecotd carrier 3" with
thezesantiffedirntof theasona atahilifiselstien gretingoAdrcearrangrchia a

operate at a second selected diffraction order mz. When scanning t thc[05
oiffizahceobriot dastiend3seotiib dklectbirdiffratationieanm 204, the: @ifra H
e

grating 48 is arranged to operate at a third selected diffraction order

?é%&HH@EH%tWe%H%”f?ef@r@é@ﬂ@@@e%lﬂﬁ@&iﬁ@%ﬁ#&f JﬁHﬂ%‘élﬁ&]fﬁkﬁéﬂ #J?I‘PJ%S ds, and
-1<(ms-m2)(ds-d2)<1 (4) (m2 -m1l) (d2 -d1) More preferably the ditfraction

gdiffaeses [ e dgadsRns TArBHABIAYR) 99Btheeidn hdsdyst and second ratios
dre(phetonably(alspebimbteR) edudnan-ordor (elat tHd hratiry iEvgrismoseipietRkaathe

ﬁ;?ﬁ;a%%%f)g%gr%a '93%% R e oAt D O Y R SRHR RIS b hich
the optical system is otherwise not substantially optimised. A difference between the first
ratio and the second ratio is, according to equation 4, of a value greater than -1 and less than
+1. More preferably, according to equation 5 this difference is of a value greater than -%2 and
less than +%2 and yet more preferably according to equation 6, this difference is of a value
greater than -¥ and less than +%.

In this embodiment, the first selected diffraction order m; of the diffraction
component is a non-zero positive order, +1. The second selected diffraction order m, of the
diffraction component is of a zeroth order, since the optical system is, in this embodiment,
substantially optimised for the second wavelength A, without need for a diffraction
component. The third selected diffraction order ms of the diffraction component is a non-zero
negative order, which is preferably of equal magnitude to the first selected diffraction order,
in this example -1.

Substituting the values according to this embodiment of the first, second and
third diffraction orders m;, mp, ms and the values of the first, second and third information

layer depths d;, d,, d3 into the central term of the relation of equations (4), (5) and (6) gives:

(ms — mz)_ (ds _dz) (_1_0) (0-1_0-6)

(m,—m) (d,-d,) " (-1 (©06-12) %
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4 (m2 d,) 4 5 In the relation of equations 4, 5 and 6, the term: (m3 - m2) is a
first ratio (m2 -m,) between a difference of the second and third selected
diffraction orders mz, m3, and a differengg of the first and second selected
diffraction orders mz, m1. The term: (d, - d3) is a (d3 -d,) second ratio
between a difference of the second and third information layer depths d2, d3,
and 10 a diffEte AEESTENCARRUISH! b caFHVIRTSTrABLDAdHIFaH PP degl tbflthe

Emﬁa&ﬂv‘etir@?ﬂtﬁgmﬁdla&f!%? a(rjlmr@fsf Gh’hﬂ@ﬁ)ﬂﬁﬂ Irﬁﬁbaﬁ’éﬁiur@@tbl 3, h@ﬁ%ﬂ?éd&ﬂi and
rati of introduc spherical aberration compensati
R e S R
mathbandskircetost diffialyiopdinrsed, e differepedesane e thermeherstiffatiton
@H%g@ Uﬁi;\ll igfiar,ﬁ%p&ﬂ g Oﬁ%qéxé}gn4 of a value greater than -1

ess

n 15 +1. More pretferably, according to equation 5 this difference

is of a value drelardoglaw shopvaihg apgetheateeighhnhispel afdhe firefepasngd and
BREPSENBGHRONMAHOM S ehtis difeiapeeanismeirivgtR faseatebhaand/ haddidgss

than +'/a. In this embaodiment, the first selected diffraction order m1 of the

BBtz Bim{GAISHIAE L TAbIE RSO HHWRNAeBATL A2 1n acF RIS M dhseliayving

ehféteetion order mz of the 20 diffraction component is of a zeroth order,

since the optical system is, in this embodiment, substantially optimised for the
second wavelength a,2 without need for a diffraction component. The third
selected diffrgctionord Arder m3 of the diffraction component is a nqfyzero
negative order, wiichis preferably of equal magnitude to the first selected
diffraction order, in this example -1. 25 Substituting the values according to
this embodiment of the first, second and third diffraction orders m1, mz, m3

and the valud® BF #9108 ARATIRGRT bR IRS SRV B EstEs fof the,
s dntnibR RGNl ioTmehiheriglatior @ffﬁauﬁim’é (49 462 iRtk (X BIVRCOC.
% 3 M2) édS ngqg‘ Yf 0.1-o0. 6 -0167 (m3-m,) -d@ﬁ(o-l (0.6-_1.% 30 15

PR HPRE o ETHERBHEBT LRSI A ARG RS AR B e
second and third wavefront modifications WM;, WM,, WMj; can be represented by first,
second and third phase changes ¢, ¢, ¢s. The first and third phase change ¢,, ¢; provided
for the first and third wavelengths A, A3, respectively, by the step heights h, including the
first, second and third step heights hy, h,, hs is calculated in accordance with the following
relation:

h(n, -1)
¢ =27 ;k

(8)

In the above relation, k has a value of 1 or 3 for the first or third wavelength
A1, A3, respectively, and ny is the refractive index of the material of the diffraction grating 48,
in this example COC, for the first or the third wavelength 4, 4s.

Table 1 gives the approximate value of the first, second and third phase

changes ¢, ¢, ¢, modulo 27 divided by 2=, provided by the first, second and third step
heights hl, hz, h3.

Table 1
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diffraction grating 48 includes a plurality of different diffraction orders. The
first, second and third step heights hl, hz, h3, are selected so that the
diffraction grating 48 selects the first, seggnd and third selected diffraction
order m1, mz, m3, in preference to the other diffraction 5 orders of the
plurality of different diffraction orders. Table 1 below shows the approximate
height of each pPifie firsthsecond &dd third stép heighteéthl, hz, h3. Each
step height h, inglighag thedyst, S%Q&Q@nd third $tep hsigigs hl, h2, h3, is
calculated for the second wavelength 112 injaccordance with the|following
relation: 10 h=2 2 (7) n2 -1 In the %BH% relatféw2Z is 1ﬁﬁH?éfger and nz is the
refractive inde%, for-the-rsecont-wave "‘i".guu Az-of the |a| of the
diffraction grating'48, in ﬂq:igngarr §1e OC. g Phase (91anges 0 provided by
each of the stephb,of the |diffigxction @&slng 48 in the firstp8deond and third
wavefront modifications VAV WA ”, "\/MS can be represented by first,
second and thncri)hase C gz’lg q 3.|The first arq(? ird phase change
01, 03 provided for the first and third wavelengths /11, R3, respectively, by

the step hei luding the first, second and third ste hl, hz

13 s calcua bl NS LB At SV S0 Rialon 0 ST e
BhReiRahey e deibiaiekpe myalberf 4 a3 iﬁﬁﬁté?écl'r\%leé thifsecond phase
wavelength 25 /11, R3, resgectlvely, and nk is the refractive index of the

ﬁ'i‘_aﬂ@ﬁeﬂzdﬁ e efraEiB A Yratidg 489 thethisRase BRI @; ®or the first or the
th|rd wavel th /1:?553 ﬁ‘gls%c%r%ilp thgggipﬁ? %Fu é}; value] of the {llgsétf

Cont an |rd p aseé changes dIVI ed

au@étmqltg/yzela@ fitel sc@paMARCHINEE L0Rs Hewm%b%nmg’@emﬂﬁom@

Step h (01 ¥02 (03 height [pm] modulo modulo modulo
subtractlon of (n,,)x2r where n,, is an integer. A maximum efficiency of the diffraction

grating 48 at transmitting the first, second and third radiation beams 20’, 20*’, 20°"" is
approximately at least 60%, preferably approximately 65% and more preferably
approximately 68%. The stepped profile of each protrusion 50 is arranged to approximate a
protrusion of a “blazed” type of diffraction grating.

Figure 6 shows schematically a first, second and a third phase delay, modulo
2m, profile 62, 64, 66 of the diffraction component provided by the diffraction grating 48 for
the first, second and third wavefront modifications WM;, WM., WM3, respectively. A first,
second and third reference arrow 68, 70, 72 indicate a length of a 2= phase for the first,
second and third wavelength A, A, A3, respectively, in relation to the first, second and third
phase delay profile 62, 64, 66, respectively. The first, second and third step 52, 54, 56 of the
diffraction grating 48 provide for the first radiation beam 20’ a first, second and third phase
step 74, 76, 78, respectively, for the first phase delay profile 62. A first blaze angle line 80
indicates an angle of a blaze of each protrusion of a “blazed” type of diffraction grating
which is approximated by each protrusion 50 of the diffraction grating 48 of the present
invention for the first radiation beam 20°. This approximated angle by the steps of each
protrusion enables the diffraction grating 48 to select the first diffraction order m; for the first
radiation beam 20°.

The first, second and third step 52, 54, 56 of the diffraction grating 48 provide
for the second radiation beam 20’ a first, second and third phase step 82, 84, 86,
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tin)/tin tin)/tin 2n)/2n hl 0.000 1.000 0 0.000 hz 2.487 0.660 0 0.349 h3
4.973 0.321 0 0.699 The first phase change 01 is approximately (1- a + n;,,) X
IT where a is a real number having a valiue between 0.0 and 1.0 and na,1
has an integer value. The second phase change 02 is approximately (n, 2) x

2,r and the third phase change 03 is 5 apprOX|mater (@a+n;,3)x2;T. The
é@@éﬁd’ﬂha@é BrapeRIGPhastodliy Prefteta U ulésbfs%e%?dﬂﬂﬁlfﬂ si8Rdefg{Es h,

ﬁ?qg@ﬁaamﬁe GiRRaRPghaspusalie baubstabh@lFRIGofPHRIMING for the second

i)tracg?n of (n, 2) x 2ir where n;,2 is an integer. A maximum efficiency of
QIR DEABH rating 48 at transmitting the first, second and third radiation
beams 20, 2Z0Hg 2i05t, isccapp eoxi thatedtea bk &4t 506 (i ditiratiiypragrptiogidgtedyide

BRI MR RSRRIARYOLO ARRICHTBALEN LR ﬁ%%%ﬁgg%g%?;%ﬁ'%% i?%ly

protrusion 50 is arranged to approximate a protrus type o

EnFreartiiFs ghasm e irvgRiedile 6hcvaiBerratiareangls finst 94 dedinriears aneeraf @

DlaaseriaNATIALI ofd DI St uiibeURAHATIC R ARIORRated by
ovide e ra ratin or IrsSt, second an Ir elr
BB CORE SO ot )3 O ISR OEIDE AT QLD el Areh i dpciation

betene0ce. aovapp8yxidatéd andledietbelsiaptivfofaaiir@rphiaserfalylth ehfirdiffraction

é?a‘fﬂﬁq@fbdsghéEgtWeat\ﬁ%J& %Fs&bnapfu% 571 éSP@%‘EH‘fS%d‘ﬁt@a&é?@ the first,

econd and third phase ela respectiv irst,

second and tﬁhﬁjdsftféﬁﬁgw 5@“5643‘3‘ heorahifeEHan %ﬁ@ﬁj’@g%rﬁmw%ﬁ‘@hﬁigwe

fﬁ@ﬂdﬂﬁé’@ﬁ%ﬂ e AN A el SRerNdPoSIdNIRE BhasedistRA Béant 9077 Bwhich is
for the first phase delay profile 62. A first blaze angle line 80 20

ctively
T e R R e R
ddrfmamm gitimthe\insc NAS B prexdimatel Imneaabetrmtralmnatbﬁ o6 tifehe third

%Effa%ﬁh%%aitﬁ’g d@ipﬂ%ﬁé?ﬁgﬂ{ﬁﬁ?&%i@‘@?‘éé%@i?& EMPLIRIGIAA %’?e%m 20"

IS apprOX|mate I e step_s 0 e C protru5|0n enables
aparticnayrterfijstexio %I Zbe fivatfvds afinsicries roenticrl maihwidfeience of the

Rdistign ReantidR indRal efifisheSREBRNT AR Hif AR 8RS raa ks PG ii€of mm

diffraction grating 48 provide for the second radiation beam 20" a first

LKEB Y BHERSHRE RARLWISHEY 8 aphicalefs/Ofs SHERRANT Réﬁhtﬂ'éf%@BB%QPD in
plissenhelayipdefitedds d tiéférsicesrkondeanekthinchptiepl peiybfsindy of the radiation

beam entering the pupil of the optical system at a radius r of 0 and the optical path of a ray of
the radiation bema entering the pupil at a radius r with a value which is not 0. A maximum
optical path difference of the first resultant wavefront aberration 96 of the third radiation
beam 20’ is approximately -55mA.

Figure 8 shows a first resultant wavefront aberration 104 of the second
radiation beam 20°* which is formed from the diffraction component combined with the non-
diffraction adaptation component within the first NA 34. The first resultant wavefront
aberration 104 of the second radiation beam 20’ is plotted on the first axis 98 against the
second axis 100. A maximum optical path difference of the first resultant wavefront
aberration 104 of the second radiation beam 20’ is approximately +138ma.

Figure 9 shows a first resultant wavefront aberration 106 of the first radiation
beam 20’ which is formed from the diffraction component combined with the non-diffraction
adaptation component within the first NA 34. The first resultant wavefront aberration 106 of

the first radiation beam 20’ is plotted on the first axis 98 against the second axis 100. A
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hz, h3 enable the diffraction grating 48 to select the second diffraction order
mz for the second radiation beam 20". The first, second and third step 52,
54, 56 of the diffraction grating 48 provideg 5 for the third radiation beam 20™
a first, second and third phase step 88, 90, 92, respectively, for the third
phase delay profile 66. A different blaze angle line 94 indicates an an%Ie of a

BIRsE BNt RetFLLEPresTea obiag S5 fppd BRidMmMEERh G RAANG IR RTighe first

m%rﬁ@éﬁpbbﬁs%ﬁbi?ﬁﬂ%@%%m the diffraction grating 48 of the
present invention for the third radiation beam 20™. This approximated angle

by the steps 6@85&96@%%}‘?@%@6%@8|ﬁﬂé’3tf2fr¥h%d§i’éﬁﬂ?§ &%“fé“é%ﬁé’ct
WII@tftlwhdlffé&WiﬂﬂaQTdeéﬁBcfmrpi’%etbﬂmtnadI@dt@l’d b@amtla@ émbbe Mlnfﬁtamemon

rati 4& is combined W|th th taton St ctur 410[] r
er 0rHe%s asr?ts\t/\r/lé%/% %% r<';1t|on%D rlcatL 86 radiatio eaI%rﬁc‘ Q%E}‘ Wholr&ﬁ1 IS

f@nﬁﬂemsdmoth@amﬁt@ﬁfmm@ﬁmmh dopatiertionliahttiedavsih-aiitrdgliohne first
%Q@%MNA@W%@%WWW&%J Vﬁu&ﬂ&%t@&ﬁ i 5§§b'$§ad9<§§’@&(%@irﬁﬁlcated

aberration 96 of the third 15 radiation beam 20" is plotted on a first axis 9
é{bF'i%‘é’Pé%&@rf&‘%BH§>i®éWW@FF%E%%H&FEUF&HW&%WSW”WW@“Od'C
piseftrindicoins hio mpmithdmﬁi@rmqa@ﬁmemmfﬂmmcat@@th@tr@m U8 r in
waves and the secopd axis 100 in |c tes a radius r in. ynit

R SR P SRR e R SRR
iMesl eddhnfphe, a@ﬂ@fln@dta@tard#fémemde:mdefmetweeeﬂadmmasalsgaﬂmm lags a

KX 6f theriapighian 20 beam entering the pupil of the optical system at a
radius r of 0 and the optical path of a ray of the radiation bema entering the

pupil at a radl1§ PROMREHOFIPEARMSEN GRISAOMPAISERRINAHDOtd I Zeres which
differengedabotiterfirshngsidantheapeted aklawratmrp%anfﬁbe reldiiegl Fachiatiiudes a

|sa OX|mateI m2 F ure8 Lrstr It t wayefront
A 2 Y P e L AR I B T AL R e
umaendmdUmMaonemune@tmmm@i riagtialdi6ine 6 iesckd ateaddus r of

SRReRERIVIBIMiRe /&ﬂ%d}lé‘@o eT\K)S‘eﬁrtﬁE RERARMRYSIENG %P&fﬁ@temru#%m

of the second radiation beam is plotted on the first axis 98 against t

SRR Ak AOAIAPT ARRFYSHALEAY Btk Biffelan é%C@?C{H%dfﬁ's%%Hﬁaﬂft the non-

p@mf@ma@tswauw%&%r@%&m §m<nmmqoram@tmmgem &0is isoAsHprasiieiehe
+13 PE]Z 30 F %Eﬁe 9 shows a first resB/ tant wavefront aberration 106 of the

APLCALAXEE Smm&&’%%%@ frof e diffraction component
combined WlﬁhmMarrddfonasmsmmmMnrmwwnbwmla diféeferstrigid

E“hoTJ" (,e ﬁr%te “c%%%mﬁ%%ﬁ@ lﬁ’i’sqbs%ﬁ%ehtﬁoﬁ& 91§r8 (Navefront modifications WMy,
WM, WM. The non-periodic phase component is arranged to subtract a phase ¢ from each
radiation beam. For the first radiation beam 20°, this phase ¢ modulo 2x, divided by 2r has a
value of approximately 0.93. For the second radiation beam 20°’, this phase ¢ modulo 2,
divided by 2= has a value of approximately 0.12. For the third radiation beam 20°*’, this
phase ¢ modulo 2r, divided by 2= has a value of approximately 0.88.

The diffraction grating 48 is combined with the non-periodic phase structure.
Figure 11 shows schematically a profile 128 of the adaptation structure 40 when combined
with both the non-periodic phase structure and the diffraction grating 48. The profile 128 is
plotted on the fourth axis 110 against the fifth axis 112. The first, second and third NA 34,
36, 38 having different radial extents from the optical axis OA are indicated. The first, second

and third radial zones 114, 116, 118 of the non-periodic phase structure are indicated.
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the first radiation beam 20' is plotted on the first axis 98 against the second
axis 100. A 18 maximum optical path difference of the first resultant
wavefront aberration 106 of the first radiggion beam 20' is approximately
-55m2 . Figure 10 shows schematically a profile 107 of the adaptation

structure 40 when combined with a non-periodic phase structure according
FamrnspbBaimdRciiPRETMERT 48pBcHRPISHABSIBIELIER AR 38hiaRgR-aasi9ditarhase

m?rfgeaé ;:ﬂ@%ét&i Fhﬂg%dt@fﬂlf ugurrfgqﬁeabﬁrb@mfg@éﬂsefmémnst a fifth

axlIs Wi pen Icular t ourth axis e first econ

e 54 36 HEITE Co A et e e AR A o S g thr
hadiai;ixtedbeaml%@’u‘rwﬂ(ﬁh Thieroedtfrexithd didfiactioatesrp@egtitouitsediwithmboth the

%‘ﬁé@?ﬁ atﬂaa H‘Bgtﬁ Ah Et{H&HﬁWéﬁHQJQS% m%@ﬁﬁ&&{%me (lﬁQflrst

axis 11 catest e ra ius r in 10 units e co

h%%e?%%@ﬁéé@%%%tﬂﬁéegﬁﬂtwf@%@I&%ﬁt&ﬁ%ﬁféfmﬂtl!?’ef agtiptigheedraIPYL &
israd BRTREANSE S BB RHhis dndisaing aI bedmon Resioklisaase avetere has
%NA of the first NA 34. he non erio Etase struc ‘i‘ﬁ c;gmgﬁnsesg -
PROFERHS r@&.%ﬁ%ﬂé%sm@ﬁ”%t’ plie 5 a'erteertti % R0 BBt
wapgXinthelypBmality of radial zones includes a 15 first radial zone 114, a

second radial zone % and a thi rg radG?aq one boul[nd etyveen thg

S a second resu wave grration he secon
first radial zongLﬂZ} 8 e Secon zone |es at aradiusr of

egolintonirheael 2@ e@hmmsmmﬂawtbew@@awemnmaarabmdevm@oth the
Al b dbvih %qtﬂéu%ﬂ%nta&&msaﬁt e IS OH RIS BBRHEMhQFit MM the first

The second radial zone 116 of the non- p erlodlc&hase structure comprises

M intiRersarend BB OvRsEATSA B WtHNh e e b rdaliaiisaneands
PRt %agt@ffaammm@l@tnsﬂtm@etﬂne paniperiadinphesesaliaetinegdiont

algran edt troducde fferent er| cnp omponent not flrs
aberra reu ntwa ron ber I\ﬂeﬁﬁtﬁ%nﬁ Ia |on eam
secon and ird ' wavefron |cat|ons

iwpmemmtelpl‘%smcomponent is arranged to subtract a phase 0 from each

radiation be hfa Sizg;‘ %rs%‘é %%SBEMQ{ ﬁé&l@ﬁ?ﬁﬁéﬁ’gﬂgﬁ’i‘g%m

divided by 2 alue o apprOX|mate

radindiporbersa R 2omighis tsna@d Uqﬁﬁaamfmct@n/m@@p@@eztr@mer@wub lsfth the

ﬁ@rﬁlﬁ?m@hé@aét&lgﬂédﬁﬁémm éﬁ&jtﬁé'%rp&émd aﬂ’é@oﬁh’@@ﬁ&t%ﬁmﬂ% first
tin, divided b%‘l‘J%TC has a value of approximately 0.88, The diffraction atlng

NIRRT iU R S & Bﬁ%%@ﬁ&&‘ﬂ?ef Irgt5dkaien R
pihemhatidalfirst prifivs dgBnef tesewbap tatio dostraciredkamdoen canvefinad

aberration of the second resultant wavefront aberration 126 of the first radiation beam 20’ is

approximately 13 ma.

Referring to Figure 11, a region of the adaptation structure 40 lying between a
boundary of the first NA 34 and the second NA 36, and a boundary of the second NA 36 and
the third NA 38, comprises a second, different non-periodic phase structure which is
combined with the adaptation structure 40. A profile 129 of this second non-periodic phase
structure is shown in Figure 11. The second non-periodic phase structure comprises a fourth,
fifth and sixth radial zone which are arranged concentrically about the optical axis OA. A
boundary between the third radial zone 118 and the fourth radial zone lies at a radius r of
approximately 1.18mm. A boundary between the fourth radial zone and the fifth radial zone
lies at a radius r of approximately 1.425mm. A boundary between the fifth radial zone and

the sixth radial zone lies at a radius r of approximately 1.478mm.
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The profile 128 is plotted on the fourth axis 110 against the fifth axis 112. The
first, second and third NA 34, 36, 38 havipg different radial extents from the
optical axis OA are indicated. The first, second and third radial zones 114,
116, 118 of the non-periodic phase structure are indicated. 19 Elements of
the diffractior] fr aeRfIUBORREriRMp PRGEhSHYEITare 2RBgRY {AdnHOAUSRAGRRENd

RORPErilit phaR asmipodicained Ihddessivl hhdbingitaeapEropl At fRiaienoem,,
numerals. Figure 12 shows a second resultant wavefront aberration 122 of

& it e PEERAH SRHRRYOPNARIEAMBIBTE TS L dffRTLEBA R T1ant ¢

paonhinedonithrdathrthedatimrbeiffragtrorpadaptation component and the
non-periodic phase ¢o nent within the first NA 34. The second resultant
ripsbouraiticnig i b R R e e
fireichiss OB enfrmuittibesentinaticaia OA0mdMan taspeetive ot tiv Aiferanst sixth
AbgHiaHIOR, of theisieoqiickEaRk Kapowmairent eheHaUmi4RE HdhR KHESk change

c? g
radi

ation beam 20™ is approximately 37m2 . 10 Figure 13 shows a second

rssTRARIOGEFBYIERE Bhémraieyides Py e seeisiohiadratisHEbisrBgonriam is
fermethb @l th et ERELURRHCQEPRRARRS KO MOMest itk RPKrIEBhange ¢, , modulo

non-diffraction adaptation component and the non-periodic phase component
witAIMIdRe < Rexina 2 YRRl haldalel harfr iy dRtotecambrratibinmzseBidhe
second radiation beam 20" is plotted on the first axis 98 against the second
axis 100. A root mean square wavefront 15 aberration of the second resultant
wavefront aberration 124 of the secg “radiation beam 20" is approximately
25 m2 . Figure 14 shastepa sedond resultant wavefgent aberration 126 of the
first radiation beam Zﬁ)e'i%ich @rﬁ rme:ir;‘]ro 7 éhe %gaﬂfgion component
combined with both the non-difiraction acf’ap atign component and the
non-periodic phase ¢component within th2rjitat 20 R#)/34. The second
resultant wavefront gherration 11%" of-the firstra i:at‘"g beam 20' is plotted on
the first axis 98 against the second axis 900. A root mean sguare wavefront
aberration of the secomd resultan8ivavefoont aberfasiéh 126/ of the first
radiation beam 20’ is—approx r“%“ﬁdy 13-m2-—Referring-to-Figure 11, a region
of the adaptation striicture 40 Ityj/'lng between a 25000undary of the first NA 34
and the second NA 36, and a boundary of the second NA 36 and the third

NA 38, compeigis 38R0 HITFIEhARNRELRIC BIASARUOF S BIER 'S

radiation beam 20°*” which is formed from the diffraction component combined with the

non-diffraction adaptation component, the non-periodic phase component, the second non-
periodic phase component and a wavefront modification component introduced by the planar
annular region 42 within the third NA 38. The third resultant wavefront aberration 130 of the
third radiation beam 20"’ is plotted on the first axis 98 against the second axis 100. A root
mean square wavefront aberration of the third resultant wavefront aberration 130 of the third
radiation beam 20" is approximately 15 mA.

Figure 16 shows a third resultant wavefront aberration 132 of the second
radiation beam 20°” which is formed from the diffraction component combined with the non-
diffraction adaptation component, the non-periodic phase component and the second non-
periodic phase component within the second NA 36. The third resultant wavefront aberration

132 of the second radiation beam 20’ is plotted on the first axis 98 against the second axis
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combined with the adaptation structure 40. A profile 129 of this second
non-periodic phase structure is shown in Figure 11. The second non-periodic
phase structure comprises a fourth, fifth-and sixth radial zone which are
arranged concentrically about the optical axis OA. A 30 boundary between
the third radial zone 118 and the fourth radial zone lies at a radius r of

APproxrARRRIYMISAEHE Y e BRI TAARARNWEER tHETRSHIRRRYRIS ERE ARREaken 132

fifthéagdiahdonAaties b @d’“@ﬁ)ﬁﬁﬁnﬁ&@( @Fﬁ){y 1.425mm. A boundary
between the fifth radial zone and the sixth radial zone lies at a radius r of

approximate§UEBhTRAPSE td TS BN W THEH R MR E34 Pl 816 Y 56
ad 0o e ddanraooduriesh @smmmtmammtmmmmmimm the non-

a%?ragt?oﬁn a&etltohr{rgo\ﬁqvagr?grﬁpn H‘t%‘é"ﬁ'&?‘ tlce)H?\c/I\lltl‘,VI ecomé)o ent wﬁﬂmqhe fgst NA
non- erlo asec onén Is arranged to introduce ase change

ﬁﬂoTﬂmtfyettmsdlanUthrm@ p oAt afohe st raimerf@aafh 2fiftis ahvdied on

gixthrpdiad @5&%@@1‘8 SO SG AR rﬁéé‘rﬁ%{ﬁj% WHDIgR It RRERIBHIGE the
with the optical axis OA and has r;@pectwel y a fourth, fifth and sixth height

HWQ{BSLH@”*F‘HB@@@ FBEEROR IRl st Ansiatiparhear ﬁ@ldﬁ?@%[ﬁiﬂ”[‘??ée'y

phage change 03 modulo 2'n divided by tin, provided by these step heights

for the third raﬁla ion be m _ 20". The fourth, flftg and sixth step a'?égﬁts h4,
i a

h5, h6, prowa_ PR gﬁﬁ@b'ﬁ 6%‘?8‘11@ %‘9(’]‘ é'i&\fﬁ/eé
valergioh.Stbsterdmabiydrecotiarf the iseeotich e atiisadrgam 20". Table 2 Step h

(02 03 heighplugheageily BB THGR SIS 1343, 0.0 615 2 B8 e

00.349 h60 Figure 15s ows a third resultant wavefr erration
BtrasH RO tRtD 1954 AaNaRRS P BE ARt WAiEh FRITBInsEEP ROATRETRH IR BHiRAS

SRORPE e@f&mw 1oitReth@impanaiEasiomAlaRtAEem R RORERE therial

non perlodlc ec onent, the second non- perjodic phase compgnen
el R I T e S T
fegred #2miifferdhienthied MéAvBRh BHevitthel regsisita niesigry ef that&bactatnogratidg,

flethe, @if&?ﬂ%@ﬁﬂ’@ p&?&@éﬁ?c'ﬁfﬁg%tg%c%}é@ﬁc; %t hd A HIPINBHIL Bhase
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structure to be achieved. It is envisaged that the compatibility plate may alternatively be

formed from Diacryl. It is further envisaged that the lens or the compatibility plate may be
formed from a desired material using a replication process. In this process, the desired
material, in a curable form, is placed between a glass surface and a mould having a shape
which corresponds to a desired shape of the compatibility plate. The material, having adopted
the desired shape from the mould is then cured using, for example ultraviolet radiation.

In the described embodiment the diffraction grating is combined with the
adaptation structure, the non-periodic phase structure and the second non-periodic phase
structure as part of the compatibility plate. It is further envisaged that at least one of the
diffraction structure, the adaptation structure, the non-periodic phase structure and the second
non-periodic phase structure is alternatively combined with the lens. It is further envisaged
that the diffraction structure, the adaptation structure, the non-periodic phase structure and
the second non-periodic phase structure may all be combined with the lens such that the
optical system does not require a compatibility plate.

In this embodiment the diffraction grating is arranged such that the first
selected diffraction order m; is a non-zero positive order of +1, the second selected

diffraction order m; is a zeroth order and the third selected diffraction order ms is a non-zero
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20 mean square wavefront aberration of the third resultant wavefront
aberration 130 of the third radiation beam 20™ is approximately 15 m2 .
Figure 16 shows a third resultant wavefront aberration 132 of the second
radiation beam 20" which is formed from the diffraction component combined
with the non- diffraction adaptation component, the non-periodic phase
BevAhRERRTt thl SdEBRer ABYisagegdrRdie priEiactien sipbremeyRfRiranged to
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Figure 17 shows a third resultant wavefront aberration 134 of the first
radiation beam 20' which is formed from the diffraction component combined
WaHeBe non- 5 diffraction adaptation component, and the non-periodic phase
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combined-with-thediffractiongrating, the non-periodic phase structure and
the second non-periodic phase structure, is for example, formed usingan
injection moutithgyermbpgiigeet flestiitied oh e neses Darotionidhedifikagiion enating is

e SR RATNRGE A BHaRI NG R ARL RYACOBIRY 1S IBAEME P Eqdar B eaCH @fer,

different materials which allow the requisite design of the diffraction grating,
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comggt_ibilit late m%\éalternativtﬁ:% be formed from Diacryl. It is further
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the second non-periodic phase structure may have a different NA.

In the embodiment described the optical scanning device is arranged to scan
optical record carriers having different cover layer thicknesses. It is envisaged that the optical
scanning device may alternatively be arranged to scan different optical record carrier formats
having different cover layer thicknesses to those of the embodiment described, whilst
maintaining the relation of equation 4, 5 or 6.

In the embodiment described, the optical system comprises a second non-
periodic phase structure. In further envisaged embodiments the second non-periodic phase
structure may alternatively be a diffraction structure which is arranged to introduce a second
diffractive component into the second and the third wavefront modification WM,, WMs.

In the embodiment described, the optical system comprises a planar annular region 42. It is
further envisaged that this region may also include an adaptation structure, a diffraction
structure or a non-periodic phase structure.
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In the described embodiment the diffraction grating is combined with the 25
adaptation structure, the non-periodic phase structure and the second
non-periodic phase structure as part of thg compatibility plate. It is further
envisaged that at least one of the diffraction structure, the adaptation
structure, the non-periodic phase structure and the second non-periodic

phase structdifd'ie eateHRERvBINSHREBInEA I TRENRIARS Wi hiPHedecTRAdiHTS.
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embodiment selected orders +1 0 -1 Envisaged embodiment 1 Selecte
efdeasnvention, whighsiegisd rash BodmiesRMPaBYddcdpRders 0 +1 +2 Envisaged
embodiment 3 selected orders 0 +2 +4 In the embodiment described of the
present invention the diffraction grating is arranged to introduce phase
changes which are, modulo tin, substantially equal to each other, 10 into the
second radiation beam. It is envisaged that the diffraction structure could
alternatively be arranged to introduce similar phase changes which are,
modulo 2'n, substantially equal to each other, into the first or the third
radiation beam. The different radiation beams of the described embodiment
each have a predetermined wavelength and a certain NA. It is envisaged
that radiation beams may be 15 used having a different predetermined
wavelength or a different NA. It is further envisaged
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that the diffraction structure, the adaptation structure, the non-periodic phase
structure and/ or the second non-periodic phase structure may have a
different NA. In the embodiment described the optical scanning device is
arranged to scan optical record carriers having different cover layer
thicknesses. It is envisaged that the optical 20 scanning device may
Ské¥Hdfively be arranged to scan different optical record carrier formats
having different cover layer thicknesses to those of the embodiment
described, whilst maintaining the relation of equation 4, 5 or 6. In the
embodiment described, the optical system comprises a second non- periodic
phase structure. In further envisaged embodiments the second non-periodic
phase 25 structure may alternatively be a diffraction structure which is
arranged to inoptica @caeﬂo@dediﬁeaotiv&mﬂnmnmt igdordharsecomyiagd the
rd nféd Vefr'orérsr‘ia‘f’ (9 weraetr%?anmgtion M(I T de Eﬂ? \ﬁlrtnboﬁlment#le C“r_?) galtna%prd
tica sys comprises a planar annular region er ernvisage
ﬂaauetmwélgitm ArfdptalBbCH cReaE SArder(Btatiavingaciifesmatiifflayeior’) at a first
FHLHATR P 2§ QB RFGIOL I RIMASSH BERY FREERY Cadribi? d(fﬁ“?) desriRad FoReEsM R Er

certain dimensjons which include step heights, widths and rates of curvature

o kAo 'BFQHBaHRﬂé?é‘t%H%PB&’%@”‘%@S@%&R&?R&#%ENH@V {Re’) having an
nﬁaﬁpemdlwph@e)&truamr@|ﬁmmhmemwmmcgambdmmezamcture

are given. It furiner eavizaced ial any gl iess dinenyl et Fo Riiucing first
different in fuh hers nqbodlmen $'of the present mVention, Tt s) e g rst,
savdefstodthittaiadialide daaresdésdibdd Th fenacnming saiy s sepabo i dritd
re@aré)sarr%?gi(@loge @“p ré@re@rneﬂprhrvréremtmﬁg@a.ﬁe%@rah%ﬂuaﬂrb may

also be used in combination with one or more features of any other of the
EHRBaREHESL SrCahABd I S a3V Blingk @Pﬂﬂ@cé%’ﬁﬁml?ﬂéh@“ part of the
ftsttheconarencemiryatenig oarsbakos nepifteadpns not described above may also
be employed Wit epartin m the scape, of the i mven

defined in thehacglzﬁrrr@l%jaﬁy?rﬁldcgialmes!ngﬁrr?ﬂg%(ﬁ\fé)p ¥ enag% |ca?dsg3|ﬁr§cnlon orders
themiee Ifor foc drniingf, optiral aee drudordiasisrizeaing rashisatieglyn layers at
cifpraptdeiorTIRiaR MyREARRBRMIRIN heRaui SlctNRP IR RGRETRRISIRTS

including a first optical record carrier (3') having an information layer (2) at a

fipdgs:

and said diffraction component of said first wavefront modification is a diffraction
component of a positive order and said diffraction component of said third wavefront
modification is a diffraction component of a negative order.

2. An optical scanning device according to claim 1, wherein the diffraction

structure (48) is arranged such that the following relation holds:
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information layer depth d1, a second optical record carrier (3") having an
information layer 5 (2") at a second information layer depth d2 and a third
optical record carrier (3") having an infopmation layer (2") at a third
information layer depth d3, wherein d3 < d2 < d1, the scanning device
including a radiation source system (7) for producing first, second and third
Padiation beaffisopited]'scanning fayish ARgy $amtA EriBccond whereHlkridopsral
§@a§rﬁ iﬁﬁo§ _Gﬁi)i%é' ;h§_é' 'hn}{_@iﬁ&%ﬁﬁ)(i@?K}?ﬂ%ﬁéﬁdﬁﬁmmﬁl}&?@mrb%ﬁ pAtESR

Introducing first, se and third, different, wavefront modifications
oAt B B oS kAP P kAR b o L Getvely,
the diffraction structure being arranged to operate at selected diffraction

grders mi, %ﬁﬁca@c&ﬁﬁiﬁéﬁ{eﬁ@ﬁgﬁf@aﬂ&EBiE?afﬁoﬂ?éiBPé?%@réin gach said

respectively, ¢ cterised inthat t ICtion structure is arranged such
Mt v TdRBIAYAERASH P10Si o RS ArRIMaRMADOE0E 2)nkuralify RiStepg daving

antbeattheliffiagtipmeamponent of said first wavefront modification is a
diffraction 20 component of a positive order and said diffraction component

of said third wavefront modification is a diffraction component of a negative
6rder. 2. An @ytigati st acemmggiiavioe awoodtigtptang|pieced]jnyleéieinvtherein said

O A o M ™
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aohietieal @4 dfda BnateRItdHirReaNBiHgIbRe (48) comprises a plurality
of annular protrusions (50) arranged concentrically about said optical axis. 5

4. An optical scanning device according to claim 1, 2 or 3, wherein each said
protrusion (58nhat@lsiepped peoiteacaatiny atrlsior|valadimg @Adddaptiyoof
%@ﬁ;Q}‘F&ﬁd&'ﬁ‘?&‘é&%ﬁ'\%mﬁm'su ta'ﬂﬁ%lié é@h%%@&ﬁ"_sca””'“g device
according to any preceding claim, wherein sal optical scanning device
comprises an adaptation structure (40) arranged to introduce a non-

7. An optical scanning device according to claim 5 or 6, wherein said diffraction

structure (48) is combined with said adaptation structure (40).

8. An optical scanning device according to any preceding claim, wherein said
optical scanning device has an optical axis (OA) and comprises a non-periodic phase
structure arranged to introduce a non-periodic phase component into each radiation beam,
wherein said non-periodic phase structure comprises a plurality of radial zones (114; 116;
118) arranged concentrically about said optical axis (OA) and having a non-periodic radial
profile (107).

9. An optical scanning device according to claim 8, wherein said non-periodic
phase structure is combined with said diffraction structure (48).

10. An optical scanning device according to any preceding claim, wherein the

selected diffraction order m, for the second radiation beam is a zeroth order.

11. An optical scanning device according to any preceding claim, wherein each

radiation beam has a predetermined wavelength (11; A»; A3), wherein the wavelength of said
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diffraction adaptation component into each radiation beam, wherein said
adaptation component is arranged to introduce spherical aberration. 6. An
optical scanning device according to claipg5, wherein said adaptation 15
structure provides a face (46) which is substantially aspherical. 7. An optical
scanning device according to claim 5 or 6, wherein said diffraction structure

thisy raciwinp pREE AN 9ERE tﬂ%}i\%W@HeﬁFle@ifémb)eCQOdg agitigpteam and the
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scanning device has an optical axis (OA) and comprises a non-periodic

phase structure arranged to introduce a non-periodic phase component into
éach radiatiohrbrmiml whrenemdsaicerocepinpiicipinadé, sthactursatbpngaitsessed
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optical axis (OA aving a non-periodic
BiﬂRfﬁﬂé%faﬁ?ﬁ?ﬁjtd@\ch according to claim 8, wherein said non-periodic
phase structure is combined with said diffraction structure (48). 30 10. An

tical scanning device accor to a receding claim, w erein the
Whectea citrAE G SEPTADISPUS CEbddOrhOH ECAY S A Db
ljﬂstﬁsacopdil aad;l Slaizoh imifog noletid o dagecdeptimyiio danys preemnimgmmm,mhelﬁaand 0.1
% @[m has a predetermined wavelength (a,i; a,2; a,3), wherein

Wave eng of said 26 third radiation beam is shorter than the
wavelength of said second radiation beam and the wavelength of said

sgcond fadiaﬂﬁ%&fé@f@ﬁéﬁ%ﬁhﬁ%ﬂoﬁ%ﬁlfkﬁsﬁé&ﬂiéﬂﬁ@ BrandifdaefNRRERBht
scanning device accordln to claim 11, wherein said redetermined 5
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r8pedi®lpnd 405 nanometres, respectively. 13. An optical scanning device

according to an cedl aim, hereln |d frst cond ndt
information Iayeﬁ%% 93% cl? Are a ppro%?ﬁ‘a?e?yefémﬁ‘ ‘ﬂefg%(h, A2;
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lation ams "), respectively, 15 each said radiation

psareimeathepticalmesten @G HEPAIANBHetIE £48) haging a profile which
varies in steps which are arranged to provide selected diffraction components in said
wavefront modifications, the selected diffraction component of said first wavefront
modification being a diffraction component of a non-zero order,

characterised in that:

i) the diffraction structure is arranged such that the selected diffraction
component of said third wavefront modification is a diffraction component of a non-zero
order; and in that

i) the steps of the profile of the diffraction structure are arranged to introduce
into said second radiation beam phase changes, each phase change, modulo 27, being
substantially equal to each other phase change.

iii) and said diffraction component of said first wavefront modification is a
diffraction component of a positive order and said diffraction component of said third

wavefront modification is a diffraction component of a negative order.
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a,3), the wavelength of said third radiation beam being shorter than the
wavelength of both said first and said second radiation beam, wherein said
optical system comprises a diffraction strpicture (48) having a profile which
varies in steps which are arranged to provide selected diffraction components
in said 20 wavefront modifications, the selected diffraction component of said
fibst wavefrorfin PSS SRR iRrelaiB A b AYRPBHEIN bR IBrDeA s a lens
psgeforaoaisiatpsRabfRdia 4, taeod Hfing iaristuiatioresaay angad: spich that

the selected diffraction component of said third wavefront modification is a
diffraction component of a non-zero 25 order; and in that ii) the steps of the
péofile of the Aliffvptiti systancheoerdiegdoralage d4oiiiGodbereinniidsgptcsbgcten

e _ I
B L SR (R o annuter
BEMBURR P} ErIIRS CONaTRifierDhIBef SRS IS a8 diffraction component

of a positive order and said diffraction component of said third wavefront
modification is a diffraction component of a negative arder. 27 15. An optical
Lstem aceolh RO T ACHPORG S S VT G F RS Y0
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rﬁf@r@ﬂ'f:ﬁel ¥Rtam ace .ding to claim 14 or 15, wherein said optical system 5
@as an op%ﬁca% Xis EOA and said diffraction structure (48) comprises a
plurality of annular protrusions (50) arranged concentrically about said

eptical axis. hf ANA@PHER SYRIQITHIAGIE P Srie it ihfm WIRISIA @Rk vadietont
rotrusion (50) has a stepped profile, each protrusion including a plurah['%/ of
il PN e e
sysiaiseaanacistgtion atrnyqurec@oingretaid toyirevdds sddhdamagdroctimponent,
ificagian i S -diffracti ' Q id optical
e R
adaptation component, 15 wherein said adaptation component is arranged to
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wherein said adaptation structure (40? provides a face (46) which is

g{%%{%ﬁﬁggﬁ.@ﬁ}:mhich is substantially aspherical.

20. An optical system according to claim 18 or 19, wherein said diffraction

structure (48) is combined with said adaptation structure (40).

21. An optical system according to any preceding claim, wherein each wavefront
modification includes a non-periodic phase component and said optical system comprises a
non-periodic phase structure arranged to provide said non-periodic phase component,
wherein said non-periodic phase structure comprises a plurality of radial zones (114; 116;
118) arranged concentrically about said optical axis (OA) and having a non-periodic radial
profile (107).

22. An optical system according to claim 21, wherein said non-periodic phase

structure is combined with said diffraction structure (48).

23. An optical system according to any preceding claim, wherein the wavelength

of said second radiation beam is shorter than the wavelength of said first radiation beam.
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20 20. An optical system according to claim 18 or 19, wherein said diffraction
structure (48) is combined with said adaptation structure (40). 21. An optical
system according to any preceding claimggvherein each wavefront
modification includes a non-periodic phase component and said optical
system comprises a 25 non-periodic phase structure arranged to provide
said non-periodic phase component, wherein said non-periodic phase

sigucture COMp SRR A Q}jté@\“%té}frﬁmbag %mm%éﬁ%p%hﬁéamlﬁé@ﬁm%@d
concentrically abgut said optical axjs a aving a non-periodic radia
BRHIETES ) 35 D et 2l ) A RORG ) TP T b s e 40
namvpetiex iegphetselstructure is combined with said diffraction structure (48).
23. An optical system according to any preceding claim, wherein the
wavelength of said second radiation beam is shorter than the wavelength of
daid first radidficRisahFRTENQdevAGE BtReANRMGtR Hir S crasriih gt ikied ndipfsrent,
YRR iR@AcRIgsgterined Wavelengthsedoraidnbr ilirg egiprRELRNFh 8N beam

radiatjon heam is approximately 785, 650 and 405 nanometres, respectively.
28 Aft optlERENANing device for scanning a first, second and third,
different, optiset! ratiatidrcegsiehe3ing's ffewithpeeticassrsimec mchaiehtioirgh,; 1,; 1s),
ifferen ra%ia ion beam (4 4" 4™), respectively, each radiation beam .
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firat endrsgith sof exddadipidorakiiation beam being shorter than the wavelength of

both said firghanghsaics J@%@f&emm@ﬁaaﬁa&&em@léﬁ%@rﬁe&wg? any

comprisinf? an optical system (8) according to any of claims 14 to 24. 15
afrkhmieaftdefning device according to claim 13, wherein the optical system
is arranged to focus said first, second and third radiation beams (4'; 4"; 4™) to

desired focal paint,on said first, second,and third optical record carriers (3';
e o e R SR B
Earehgaein teoh safdstiiel, 26chinst ase durdiradiatidrirceapsi¢4l, A Eotd s trdealesi(8Y

focat pbINEYR SH NI TRALAR Ay BiAd S}SEEa(B%gEﬁ]Bd‘E?Q chhyd dniosmatian, layGEly.

depths d1, d2, d3, of approximately 1.2,

27. An optical scanning device according to claim 26 or 27, wherein each of said
first, second and third optical record carriers (3’; 3°’; 3’”’) have an information layer at first,
second and third information layer depths d,, d,, d3, of approximately 1.2, 0.6 and 0.1

millimetres, respectively.

28. An optical system for introducing first, second and third, different, wavefront
modifications into at least part of first, second and third, radiation beams (4’; 4°°; 4°°),
respectively,

each said radiation beam having a different predetermined wavelength (A1; A2;
A3), the wavelength of said third radiation beam being shorter than the wavelength of both
said first and said second radiation beam,
wherein said optical system comprises a diffraction structure (48) having a profile which
varies in steps which are arranged to provide selected diffraction components in said
wavefront modifications, the selected diffraction component of said first wavefront
modification being a diffraction component of a non-zero order,

characterised in that:



millimetres, respectively. 28. An optical system for introducing first, second
and third, different, wavefront 25 modifications into at least part of first,
second and third, radiation beams (4'; 4"»4™), respectively, each said
radiation beam having a different predetermined wavelength (a,i; a,2; a,3),
the wavelength of said third radiation beam being shorter than the
Wavelength dhdeirasHRN SFICEHE IS ATREBRGIHShAARHSPHRGPH BbragHeRein
saifhomiiIr SRiem ¢ AARFSA Aodificaatinm ttiFHERI S rhsdrae afRradtezero
W@}Fcfh v(grie}s1 in steps which are arranged to provide selected diffraction

& pB'ﬁ RN said wavefront modifications, the selected diffraction
ddmponent ahsaiepfict thepefitntf the dification keingra di¢frachgedconhoaahe
S G U R T .
RO 37 QIFFSBtion component of a non-zero order; and in that ii) the
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elected diffraction component of said second wavefront modification js
et e e e s
sanckfrostt waddfcatiomiodidiciicionscampdfianttoda cegagpen@deof a positive order
and said diffraction component of said third wavefront modification is a
diffraction component of a negative order.





