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W@ e@0pITgs devi ce for scanning opti cal

OPTI CAL RECORD CARRI ER SCANNI NG DEVI CE FI ELD OF THE

I NVENTI ON The present invention relates to an opti cal
record CRPCT/IB2065/050918
having information | ayers at different information

| ayer depths. BACKGROUND OF THE | NVENTI ON The field of
data storage using optical record carriers is
currently an intensively reseqrched area of

technol ogy. Many such optical record carrier formats
exi st including conpact discs (CD), conventional
digital versat d - s (BD).
These formats daIJF gcgﬂ'\/zzl‘%?oéﬂt)gg%%& %%éﬁ€%ﬁ 39;%!5:

i ncluding read-only versions (CD-ROM DVD ROM

BD-ROM), recordable versions (CD-R DVD-R BD-R),
re-witeable versions (CDORW DVD-RW BD RE) and audio
versions (CD-A). For scanning the different formats of

qpEi.6 aF THEaSVENGROKi er it is necessary to use a
radi ati on beam havi n? a different wavel ength. This

wavel engt Hhe %reﬁﬁtp‘flﬁ% ?ParF]é‘ieilto‘PB Opferksrnnieg Q?YHﬁe ﬁ?j s%?“@ﬁﬁ optical

apgprdoatrisathatiye mdn afich Mdyes aadifierld irdorRMdnan@r depths.

approxi mately 405nm for scanning a BD. Different

formats of optical disc are capable of storing

BACKEROUNPOE THEANNENEIONI es of data. This nmaxi mnum
uantit tion

ge am Whly c Hﬁ? écﬁ{i] gif:cgiggssgo%;g lilﬁnéé‘@a‘ﬁ@él ?&%gxtdgarg) grs gsl?:grré’nﬂg b

Aupsively agseaphed aige ef teqlnglogyf Mamjesugibpnsieal iragerd |cerpier, formats exist

%wamgrasmﬁﬁndlgag @@yﬂ BorivE&REhdN Bigh4l Qé@arme/mcg i) Qhd ﬂﬁtra, cﬁges
t he djsc. The on an_optical disc is stor

ed
i(RPy M HEe f%“ﬁatF é&‘ié?’a‘laﬁ*ﬁé‘ 411?%? Raes iprudingyread-ogly VPIH]@HS&PQCROM/
IIZWIp}ROX\/E(BD%‘HOny récogdayle WeIJSIaI)SQCDlem RABDR), re-writeable versions

| s gﬁﬁav\gb al?{%61 i E%]? g I{ed PP ??{%f%rgg QfA)t Lgr:‘% gcac?%?s)légr&? %&%@g Brmas

fobpptealaenotdeatriveit Govessalyay ese atridigion besn lofinChdiffsrent wavelength
r |
et e e s S o S
Gfanging @ PVE aad ﬁmfwamatelv HeSnefar seeining afd8am i s focused to

a poi nt omifdd&t Fhas pBdptien dlgﬁ&@éapaﬁotts{bﬁné @Fﬂn@ﬁt nfdimum
asses t hrough the cover disc a

§H%‘P$§ éf‘a%éﬁ%}rw ﬁ‘?nﬁ‘tﬁtsrr%}%f%édh‘i "t‘ﬁVE}e’tgH’é)f fhydpdiptippppam
rehiumis ms@a@mmangﬁe tﬁtaﬁ@dﬂlﬁﬁﬂﬂlcﬁ abwmrecmlh) atry Jb@i:dh\fégens.

e e thic ess ayer and the
\%éépnn "8 5Gt 1H°1u4; Tefipe ALY P tlgﬁ t‘g arﬂnq%?r r %/o reachi ng
t he cover Thadagr ongin optml discgg storhdonr adn@tmation byarihe édomation
1 ARAY (A0SR0 SR IS MRATEL L fidkerARALS AN SR

In COo nat i
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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wo b@siovd7es mat i on | ayer of the disc.

t he spherical aberration introduced by the cover
| ayer, the radiati on beam may be correctl yfocused on

different discs with different cover |ayer

t hi cknesses, the radi ati on beam needs to possess a

di fferent spherical aberration prior to reaching the
cover layer. This ensures cokrect focusing of the

radi ati on beamon the information layer It is

lesed altheinfoondtiav y@néthe disd. Ear scabging diferetti dises wih diffpalicever

lgg(er ﬁﬁ%ﬁ&%ﬁgheg%%}{mg géa%éeg%tto Ec% cfg\?ﬁ cgtgés}gné %:!ehlgxcf(%al Ibglrratlon prior to

lle@qhaxg |th¢ecpg¢r @i e Thésugnsurgs st iogising THG raﬁ@thnrbem pr the
herause 1ef ferent cover layer thicknesses require a

di fferent spherical aberration of the appropriate

radi at i orltipassiEzblstp hrverone PRigH HpiE WhiFS icgRable of sspaping mgdh

AEb bt PorBiatel bEdscf foF dkahpls CRNDVDGInABWI Siek dafctene bftalddreBn

E TP el Y e Bt LS el el SIEDLe, Whlich H Cer

s{pmrlcalealberdin&mf thEhpgroiateandistink dsansprivhtodewhicgete cakabier & ueh

FATE S PR PSR EIAPOL P 0, RSy i

elengaptsi m aanndy\pduaﬂbaflipeg@af@nthn graniang of enlf ore aptjeah disp dhia paften
IInQIeQ Elﬂﬁhévgzgs xjeﬁtY\%fy cgfnpfe!? Eﬁ%ogéeﬁlfeﬁﬁﬁﬁkygm éxﬁ@lswE ecord

carriers using, resp ectlvexJY hree different
radi at i orfnFazieRal PataE RPHigRlion Y Q A3/RA8EH dsasibes an optical scanning

&oica Fdr §@hﬂ1@hn%ﬁ§¥nﬁ?&i 1E>fe|e bahke Wx@ﬂt%ﬁtﬂhﬂecoﬂ'@{rﬁﬁ\ﬂsﬁg
r|se a ecli.ve en ra |Lve
SRR eB s Do et Bs B e ap B o A P fonB e

@H‘érbnt d\laf/eﬂerngthl' Fhe tibvdcercatipiddes arobipetissens ha:ztngtahl&fradtlhepdueﬂnﬁch

grlses I:t]nre h %rrltt e?’erlal\/\?ﬁ/ (Lgpgt ?Pﬂﬁf fﬁ%as {h %&iﬁﬁgmﬂaaﬁﬁat

of “su zero
mh baatre&th thﬁve’teetngivtiengﬂfﬁes ah Ihfrocmoadlph@e pange midbforZaof s at
I s??fhttlalgmgroqgr tﬁﬂan hgrﬁegtg\l;alvgln fﬁgl&?@ﬁ?ag}g‘éﬁ c@gf%lctg ﬁtﬁ% dnb ¥®the
By 08Bg9Rbedusiviciapestivefirgprdetal  scanni ng device for

scanni ng @Bnkha E)Sf@ﬂt 'aﬁmlcz!ltﬁ}tf &0 @f/OdO@’ZQ@scgbésfaﬁ B?ﬁﬁl scanning
op tical record carriers usl ng,.  resp ectivel hr ee

‘%ﬁVF’F £y aqspninecRiiermgtonyashet ﬂ“E%né‘ﬁerF'ﬁ&P%ﬂaﬁ BT h @R HE S a
RYPeavel§ AhreOdiffatd ralitlod bame Machvadiglog lB@atxrhhas 1 bsariiendneed a

bj.ect l. d t Ly f
o N T e
¢oh$emsamhgatwamfrotueamnoﬁ bfeonp bigwe ofthe tadibtimdemonPlrd phess

erﬂuagie cw&%@b@%@n{ R NRSa Rl O%aygegl Gorfid. EPPEC

t at es pat ent scri bes an
opt i cal dédehbtaies rateDd %%6686@3@@%?95 Agorbistliseaaning dayise &r

&Qt{nng%ﬁcaWectopd Jaﬁ’@ksav{u{hqulgﬁﬁ BB lof mlfﬁ:‘récnf ﬁﬁﬁﬁﬁg‘chs The
wayv el engt s. The devi ce conmp rises an ob eCtlve | ens

deriige SOmRATIES Plaetw%e léIPSéiﬁ%ﬁélf%wer?&msntéle@aqaaeﬁepﬁ?dowﬁl%whlch

Apio&ihates 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

For scanni PQI/IB2005/050918
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approxi mates a bl azed diffraction grating. The
diffractive el enent selects a zeroth diffracti on order

wo 2005098335 adi ati on beam of the shortest wavel ePgt/IB20ev$0918

selects a first order for the other radiation beam
I nternational patent application WO 02/41307 descri bes
a lens systemfor use in an optical scanning device.
In this system a radiation geamis used to scan an
information [ ayer of an opti record carrier. A lens
plfasd‘ dﬁﬁct&fy‘ Sivedy Nps-phaddle sepsbid pfofigC Thiy Rngledictsngemiitlity of the

PSR X T £ BVAR B IREBE o3t PR

gy§bemntabtempgrataei ons i n t he wavel engt h of t he
radi ation beam and to variations of environnental
erature. SUVWARY OF THE INVENTION It is an object
YPEJERINVENEWN on to provide an efficient

opt ical sgaRp bB]«Q:t Qﬁt{é &sseltt%eﬁgﬁwrwde%terfﬁﬁht IpE&PLcHhning
carriers having | east three different informtion

fexire .ford@ﬁle%optw feﬁorfi Seiriet P%Yﬁlg@élﬁﬁ% thigge dfferepidpfapypation layer
Sepibe] veithghdigion béama GLAffela G@velnkths. oge aspect of It he
present invention rovi ded an. I Ca .
Ccanni ng TIEUPHERT i BRI 5 =ta ™ b tdap Pl dien
bpaival ncaniing davive far sqandisgyaptisal edcord icirfies ating 1mf6m1aﬁtmtlh)@fs at
%g%{rr@{;t eu?fgrg'l}aﬁ% l}i%?‘ E‘éé)ﬁxs mﬁm gll%rc%‘mt@J Ehg %E't?cggxg%ogfc%}rle}’s ?nc?udmg a
firshvaptiepl zpqor nfirtwrrlitawlmm lmfaly@tloraltayea atfq frrgtmfpmlﬁ@nﬁmn dmth di,a
4B RIpAGRE Pl arrier Ravitg &R BiorRRidnGer £8SQ0AN iFBflaki&] layer depth

having. an information [ayer at a second I nformtion

23943 %Etﬁald“?rdefﬁ‘fﬂ‘e‘éhat"ﬁg Aringspation lavpret oitgd @frmatiop layer

ot Hoviarin Hkorart i on layer at a third information

| ayer dep <d2<di the scann evi

o s ARG e aga g or i S R Re B

fetondtand thizd cddti@rbdamd) for sbanreuth satdifon, sbﬁmtrand thigirre@adartersy
eg{lvfef tﬁé ?evﬁg thlﬂgl %leféagﬁgnds r[lcglgrg En(?rogl.g ?s¥ §e%cond and third,
spec device

@ff¢r91@it wefrthmp@ﬂmprﬁgm@ ptrlespt pagy ef:tbﬂ tirsta mortdhnct dlird, radiation
slaht espltiverpyavef ront nodifications into at |east part

f the first, second and third, radiation beans,

respect i Vi itfragtion sigjciurg beingiaaneed fopperae at Sﬁléﬁt‘?ﬁ]gilfﬁﬁqﬂaﬁ gisers
ihpm@pﬁ%[ﬁf e fifst, SRORIGhE thirdl tlifafi@Clebias) r@pdBVesy, M , m 2,

FaepsBer bdry b aRutT I e Frrehan (RERGbI AP ErOy

Igidsuct ure is arranged such that the followng relation
hol ds:

(77’13 —mz)_ (d3 _dz)

1<
(mz _ml) (dz _dl)

<1

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
layer of the first, second and third optical record carriers with radiation beams of different
wavelengths.

In contrast to optical scanning devices of the prior art for scanning three

different optical disc formats, the diffraction structure of the present invention need not be
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| By arranging the diffraction structure in accordance
Wi th the above relation, an optical scanning device is

w@e@siogssas whi ch i s capabl e of efficiently scanPChB206r050918

information [ayer of the first, second and third
optical record carriers with radi ati on beans of

di fferent wavel engths. In contrast to optical scanning-
devices of the prior art for ,scanning three different
optical disc formats, the di ffraction structure of the

mm&ﬁaatmtediffﬂ)\tﬁiﬁlﬂeﬁmgmmdtemtﬂﬁlﬁimﬁ Rtiv efpliclipiNda relatively
|refr Thi s ovi des rel ati ve

SRt e %"‘u?munagg\rtﬁee?pgfefl S%“PW?%\X) Cost of manufacture

for the o}?itereosarllo eedfononegr thexeiof the rafigoncbepss tobaveagekdtfored
P58 lon 30l 0O A B8 BERER oY Pl Py,
Hitlithe prticplsranning é¢vee peiieg g pelﬁrlaa*mmwﬁ the ragfation ireams heqcan the

Wikt Bnt loPGeaPiRldrE @kricsC FAIR A n e Mk G120 behE by Berhghsed ina
pol ari sation of t he radiati on beans to scan

@fffrfré Rafre @fplhs psal sarbieieviss- dpeensical s@nupg @aw @ﬂle@forﬁ he

praduealtw]mranmaﬁﬂﬁalmagre&)@fduilgd fre@eh.i n a di ffer ent feature
of the opf | device. The.o scanni ng

& aIFI canni C g
devi ce is tHE %?}]8 PRI Sg%nﬂqégewetcﬂmgrﬁe ?Htaé‘ﬁ’éf‘tru&t@@r ee
afanghd 0 gtrocfupemlmrmffrﬁlmeﬁ edaplatigh dolm@oreptinte adch sairion Hibgm

' r ed t
b B SRS A R b LR e BN o s
wheisalrahertaion.on beam wherein t he non-di ffracti on
adapt at i QReENPHRSMHcal Barlnk ARGEFad £ o ?ﬂcal &?s%d E@JpglLex a

conpensat e spherical aberration. Preferab

prededic RigsevRye treappeddo triredusha eppriet edic p&&worawem into each -
Q&B@ihgﬁzﬁxs, vﬂleﬂéﬁh@alﬂ Q- @-ﬁiﬂoalc pﬁa@@ﬁru&welés&pﬂs@s Aflirangedadif

i ntroduc

a er.i odi e. copponent into. eac

03t e c e e e G oS CRA AU e AP BHaGEhone.
st r uct ur eVilothgninsiesodic pHastr sahictry beifig arradgea Ito in¢URE: the non-
%&15&9 ge c%%ﬁg Httlrlﬂo ggclhlréldia% 19 I?ileam Ra?\bhgr tg mt onl?/] cé Xr{am o?gnd

aving a non-perirodiC pro
iafiatipa beanpsyihe desienlobibe gptmlrsaamg@gi devire |19rftnlﬂ@d$lmehﬁehe
nonper i odj g.cpRRLE v ARARERbeck E‘tttﬁla ﬁ@&’ﬁ n{v@rg oRLthddis B%@md
rather than into o%ﬁy certain of the radiation beans,

FHRRtiebyRign ferrintodueingfistessrond authinh ditlgesys wavefrentmedifipasions
iatorapleast paAChe fitsh) sebohDdnd AQEralibidh bAIMRY xlagfectﬂslpect of the
pr esent oeg%entl on,. the [ cal system

r
Do Tht - S e et R e m R pRecaRt. e
waviefigtioofisaidtididfradiaibn baas: e shogter thanabd wavaledgtiodf bbth [sa:‘icﬂ first

glggaqgmgecmqa&glog gea radi ati on beans, respectively,

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:

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
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each said radi ati on beam having a different
predet erm ned wavel ength, the wavel ength of said third

w0 awsmei7ah beam bei ng shorter than the wavel enptiB005/050918

both said first and said second radiati on beam
wherein said optical systemconprises a diffraction
structure having a profile which varies in steps which
are arranged to provide selected diffraction
conmponents in said wavefront” nodifications, the

isel ect edhakitdph bxtd profile odiP differntionafruchat ake faﬂrarngéd vaiviedduent

di ff t
m{r']rgs?]ld feclgn& rai? %é)lp gnﬁpal}%%{e ({h%r}g]g ac h OIP?S?C %n%)%nrgsm{u ()%é’t %emg
sublstérftinicdqiad o eqth athdr phage ttmnger r anged such that t he
ket T SRR Tty A
capbel detgrmanad by takibdhat dverpgd df eheghasp shaofes tresspl etbpslcef thd  t he

diﬁ'fafctg{ %ﬁﬁdt&@ Asdif é}gl{cy bétwBh&ad, E%Q gt?aq danf tﬂe qgerrzgggﬁ;ﬁﬁﬁe' C%I%e

sal d second r a iation eam ase Ch anges,
vaiysameriilo Jmpid ghbsta@tially zdyeilndjoddibsunderstocl thap, pecferalil vt @cle ach

. r. i Aat.i .
oL 000G 3008 o SRR AL ) a0 oA
valietaed yat mek ppaferstdkihe glff‘awncaﬁehaglan 005@hein phias & thangesr,

th@ﬁ?t?ﬁﬁonas I‘llCt Ie %Ql?r eé S&CE ﬁlaﬂthg élfﬁ% ¥ol119@uc%£ H%LL b Stial

erence etme eac ase ¢ an e and the average
“Iphake t@ﬁuﬁ@end/raﬂlet@nbn@@ul 02p, is subst antially zero.

It shoulgpkanun Qﬁ{v@lt 9&1 %@@&s adabted Bf l?s@ Wth m@RES1e beams of

dlfference is | ess ) in value, nore
diffpraft eyexgigngth PpeuS&gfafdé“fréﬂleé Str%tureélg%m& naiepred profipy the qptical
sy¥idh iedeaiprekd Yehe dﬁﬂhﬁe@ﬁ)ﬁﬂm@ﬁé&m of thie Bigbrtekt vaaﬁdlfl%tﬁ @n dSudh@Bd the
| man r, e .
oo R byt tatlly H5righiE: b e Tate B ptit vygenath, since

it @iaf thisaevé¢longthshat the stictest itdersneirsippln. tHoaIet/qr, inithapiesiehd isvention -
thl:syseno%%g Qzﬂg aﬁc?}delt 91t d191§fﬁ£‘8f tﬂé’lR\Leﬁ n %’ éf%ctK/n QWQI@Q[R)BI cal

tens adapted for use wt
stryptfufeewlelt is Wé@vrella@wgt sirplpgesign FSrtl@er%forel reﬂafhrvgly: tdsnie rEpuiesture, és

MvdvRd ani HRRREGMPE Ridil &y ofrlitie, yeRtherly 15V S4se8plic
Stldg)snvgned ttg be ogtl mas1 %y%olrl th ygﬂ%eamyof tﬁeg%ﬁor%cglg%mg

deXig¢el engt h an<l such that the diffraction structure is
subst antrh adcbianck Rith ShdileLaspécDoftiiprded Mvertioh hﬁer&h@;frbﬁaetd

t .Si [ tt t hat
oYL SR8 Rrgfish Sty ahd i Seen et PR bicifons
inforay least papirof fikst, Sedosd andtthitdhediedmbeananaspeatveiyn enbodi ment s

of the 'eQéﬁfesQltd'ré%i no;?i;‘eaﬁqlf tfa?‘ﬁéééﬁﬁf rgﬂg Dl Fe@G Q8 %%fé%@ e

which is are gn I's there
wavslepgtih qf@png t}g@ggduttlgn h@nma]gts]mﬂer thqnghe Wavelength of both said first

and said second radiation beam,

wherein said optical system comprises a diffraction structure having a profile wwhich varies in
steps which are arranged to provide selected diffraction components in said wavefront
modifications, the selected diffraction component of said first wavefront modi fication 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
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still provided. This provides for a relatively
efficient, yet relatively |low cost optical scanning

wa@leasoe3733 N accordance with anot her aspect of PEEIB2005/050918

present invention, there is provided an optical system
for introducing first, second and third, different,
wavefront nodifications into at |east part of first,
second and third, radiation anns respectively, each
said radiation bean1haV|ng a different predeterm ned
vmav el engt e stégsef thaprefile ragihla diffkacBat sthudtine ad afr&@bcaidcﬂfhat the

t.h d
]se?ec{.n {i Q%%r%fgon coglrpgn%ﬁt of aa%] sea?na vYagtafe Q[r)lle mgc}Hh 1ca on %F HH%Q%I

sai d Secon eam
otriogat osymstoendeconpr i ses a di ffract| on st ructure

having a 'PJ fafl}l fﬁ%\m C(% 1¥a@£>’s t%{l BPRs WHnGhut eebeams of

arranged t prOVI ec e ractlon conp nents
differgntveayelenedns by Redd afdiéragtion ﬁtsuctwwvglé b elerned pigfifef thamtlp'ctb n

%@ﬁﬁqg@égfgnéafto §Adptmiskd Bt th\é\@ééﬁf Jmtshma@twalvaa{gtmd beh BY: Re
ffraction conponent of a non-zero

giffpeuQn SEPs I i Srﬂ?ftaw?éh/ ‘inyisiblefyto thy fepip é?E‘tﬁlF Siorteyt Maralqieth an

alelreﬂnged aslifaietibh@inpbitat &alze6 beldr el fa ¢hel sﬁdsrtegma@aa@m
raction

Shseaan et el ReOB RS Eh i nebin bt e

siverpisn s ig e the cot,iahdyad in dribedichiefitt pltbd incantist, ameffeuﬂi\e are

& ﬁa@p&%ﬂuélﬂg hvd{l@@st f%l?(ﬁatﬁzglkog\{‘pfeddeg rﬁ {s El%lcetfdrg fi é}f’ ?{i}’ c%gﬁtm

sal second wavefront |on 1S a
@emﬁasﬂ%ts stil prgvigesy Bhipprgeides fageletielyyetficienk sigwiatiyply ilavedost

315{§£1%E§1m§g§€mc@d for use with nultiple beans of
i fferent_wavel engt hs by u&&g a diffraction structure

havi ng a Brbgdedrseet ‘i‘dl"%m‘-agf’h Reppyeatign V&) Secappe prparent from
the sdugwe@ dbsammn GmrefBﬂréﬂ%d]bf)diﬁ]eﬁthﬁﬂbﬂMhﬁfn giben syha best

\A’g\ﬁe}t hlr t thtdlffractlo? structure is
SRS hY1 4 ‘iav “’f‘ r§“°e S AEOBRINPSH Y HES shor t est
wavel engt h, and ther efore that a diffracti on conponent

ﬁhﬁﬁ&r&lﬁlgﬁ%ﬁﬁ{é‘ﬁﬁﬂﬁlﬁ&sthe shortest wavel ength,

since it wavel ength that the strictest
tol er ance@}glﬁi)bﬁly’ws wawléfrﬂy ap pptichlescaniag deviceiimacsprelinonwith

Bﬂn%oﬂlﬁlewthte@%se%@i%%nu@ﬁd yet in enmbodiments of the .
invention, an_ effective diffraction structure, which

is of a riigut? shersschmasicaly g eptsAl sygem pidhegngeal scanning device

mekatdare! Mthaasmbddﬁndmaauﬁm&suﬁtenvemﬁ)nst i1l provided.
Thi s prov%ldes f.or a,rel at

rel ativel yglire wh(?g%?Ch%attxlc% g g%agﬁa&?lhsgmggr\? Iub%cordance with an

embodiment of the present invention;

Figure 4 shows schematically a diffraction structure in accordance with an
embodiment of the present invention;

Figure 5 shows a plot of a phase function of the diffraction structure in
accordance with an embodiment of the present invention;

Figure 6 shows schematically a phase delay provided by the diffraction
structure for different radiation beams in accordance with an embodiment of the present
invention;

Figures 7, 8 and 9 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;
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w@e@smeey7exl enbodi ments of the invention,

Further features and advantages of the invention will
becone apparent fromthe foll ow ng description of

of exanple only, which is made with reference to the

acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 shows schematically an opti cal

scanni ng devi ce in accordan wi th an enbodi nent of

the present invention; Figure 2 shows schematically an

opti cal Byst éhshofvs !;cﬂ’lenabip:tl]y(aanlrofﬂ;ec:cﬁ"ram bdagtati@etrG@urk Ntombined
nt

R i ARG Wk SR R Bl o e PR S e on

ingentignst ure in accordance with an enbodl ment of the

present pRWENf h8Rs schbRMtfly% Frots \gﬁt@% %IE@B% %&lglﬁ%o%lm%]ﬁg

diffraction structure in ac ce wt
wHl the pen-prriadie Altass sikyeiie rbingy ith edifragtirmsguciurp Inge corflange

wih aséntotifeht of the @fesdnbRvéhkibd;r act i on structure in
e w h an odi nent of the prese

accorda
i nvent i &ﬁgunﬁl gupea“%?gb??ﬁ\}\gmg’ém{qn@é’@wm%f%ﬁ%@ Yeiffgyent
rapiatponi e ployidediey sducftlflrﬁsaﬁthe@ml&t dysterh i Rcdr@ncwiktd & ent

i n.accordance with an enbodi nent of
el{l%q*ﬂheeogglﬁ ?e%en mV rltl8Irlf Figures 7, 8 and 9 each show a

wav ef ro rﬁlgla(belﬁr laﬁtamd) 7 ¢agln slpezratwa@éfroat aberfrdtion efd diffaehiat i on
ra AN b@gnewodﬁgd tt:g,yele%ewg %hgé Giticsl sys% QP&M&%' Wi ghemin

accordance wth an enb resent
e’PW'@ﬁ?ﬁoéi‘f‘ePFe@W@VT@w%homs scherratl caI I y a profile of
an adaptation structure conbined with a non-periodic

i n accordance with an enmbodi nent of
DB@EP%#@%@Q% biE H‘E{WIQNH shows schematically a
profile Ri)guret hehoasl améraattiicmy afi bptléalistdn@ing amiﬂerf@dcemliﬂg 418,

hase stru.
<R 5l POBRR ST G 8 COTBNE, ML R tor e
beath, redpectiyelp. sﬂéln tfirst pptiead récond carfergis dbisti®d adBhaa a drslid feaation
lay'selfl QVVvl@chW ?rfngtpw mégﬁg{t%tfts? &dfaﬁ’c{n b@eﬁ'ﬁ Ii ?lge ﬁr?héicfalfr%nr:&"@ t

radi ati on beam’pr ovi tructures of .
cagr{ped dipides oL #awﬁc an smetsﬁe aﬁwhleum‘@pmfmma@ﬁn lla}’\?e 2’ is

arRhQR8.EMNk sidOYRRd infimation 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 otlher side of
the first information layer 2’, for instance by the protective layer 6° or by an additi onal
information layer and cover layer connected to the uppermost information layer. Thae first
information layer 2’ has a first information layer depth d; that corresponds to the thickness of
the cover layer 5°. The second and third optical record carriers 3’*, 3°>” have a second and a
third, different, information layer depth d, ds, respectively, corresponding to the thickness of
the cover layer 5°*, 5°** of the second and third optical record carriers 3°*, 3°*’, respectively.
The third information layer depth d; is less than the second information layer deptk d; which
is less than the first information layer depth 4, i.e. d3<d2<dI. The first information layer 2°
is a surface of the first optical record carrier 3. Similarly the second and third information

layers 2°*, 2°°* are surfaces of the second and third optical record carriers 3”°, 3°”’. That

gi venP@I/IB2a85/050918
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Fi gures 15, 16 and 17 each show a wavefront aberration
of a different radiati on beam provi ded by el enents of

wo b@somstal systemin accordance with an enboRPCTEB2050918

the present invention. DETAILED DESCRI PTI ON OF THE

I NVENTI ON Fi gure 1 shows schematically an opti cal
scanni ng device for scanning a first, second and third
optical record carrier with first, second and third,
different, radiation beam respectively. The first
oplccohtainggdrast coatrack gle. a3path t6 bé follluxsetdrbatﬂ&dpamﬁa Rassedradiation
I)l* \r‘/ﬁiﬁh f)a?]‘r %gl?ﬁ&aegﬁabkaﬁ%aﬁ{ éeaar%raage% tal.xlh%reslgtralg rmatl 1¥ Tgemarﬁs may
bea & i thederm of pitsyr aegsotitidegfleetion @oeéﬁmelnagreldlre's”uormf npigi@tisation
Sikrel8nt FomWY GRoUWIG fIh Q&tcaée Q\fh% MR thfcﬁ%%{)rd%ar{lell # has the

arranged The si he I nfornmation acl ng
%i\?x%ﬁf’ffard@i;n“%@rfé”%%gé? dqﬁavbwﬂsvespp@ g @r@@ta@@ the 'igfipl dirction” i

®e Hlkd‘c@dh@ﬁl?e@érenb@zfxisuﬁ@}l%m ¥tReth O L8 bridige Jeﬁﬁéeﬁ‘ th@ disc ahl Bhe
gover as a substrate for the

fi
&ﬂgf‘r&l&{ da %%188 rla th8 gllrerc 1c§1rof gnotlﬁglax&, @9 dalxﬁgtheﬁésctﬂgﬁqlt@h’qo the track
suppoertdichiar tottipeX-fulis. &1 this ehbsdadn: he ﬁ%s&Mﬁbal Zecord carrier 3’ is a

| h |
OURSEIEL 59 % o 8 FRNSEh BV PN Fain
sgbnd @pmqarbremmm gals asurppmmglldgxtpln@matdeﬁscmw@) Iaawteer se@id
ﬁxfbﬁn@fog %er%'eﬁﬁ d. goig pg)l:bgﬂnﬁdté\’f(s ?xlmﬂf 4 gﬁtﬂlu%rbg i&Y I%Eorg cdrrier gf, 7

I nst anc (\é tectl ayer
ARYeFi6 Dp sk theethirbiforaagien lagerdlertb deip anpaymat@bﬁhlemt ed

to the Up%%ﬁ(ﬁmﬁh Figﬁ%qrtm;ﬂ@eﬂ séaﬁﬂi@é dev1I¥ | ﬁasfah Bﬁtfcal axis OA and
as a first infornmation aer

rmat.) on 2'
‘BQB‘EO R? Eﬁdla’e%aiPU% ?“‘é% BSrialimaigr lepsd 8¢ aepp srliter Sppn gl system §
a0 W @etedtiery 33’5“315 10. Fﬂﬂerrﬁ@é; ﬂﬁd)pﬁdidscﬁrhhirigde@&t ll 1ﬁ<ﬂlllde§ @&%GHc:ult
a_thi rent,

ﬁgé fom?sr ?tugof 12.a radlelﬂ &ctu t‘ﬁ 13 a(rJ;S an mg %%tep 'p(%cfs?hg umt 14?or error

or ma
Q@quf@spondl ng to t he thi ckness of the cover |ayer 5"

' Of ., t e ﬁ@ﬁ@&fjsotﬂ@éjsy‘étbﬂﬁ r7qis %BL%G 51%9091{19&: O)F(%rs{mu%aneously

3" , respectivel form
Rﬂ%‘ﬁ‘ﬁg i 55 S GRnbet L nthe FreoRoGHin briof oo the Itfalyle r

cﬁiﬂeﬂ&d’ﬂ, rﬁiﬁatl‘dﬂ b&hh 4’8 (oBgSwh hﬁﬂgdré"@ fdr Edinpleth OB I Qblirce 7
d3<d2<dl . "The first information

a
aailf@?‘l’rfe th§r %mgﬁleﬁ%{@é ongyotqr F?éerff?rrceltse%lﬁmbt%lpplrlé&61@ gdiation
teans 4’4, 8> .or &ramsémdnyuadms&eﬁﬁ ﬁmumdodsiylof €bnbdafi@seryat | ON

ar e ces of ,the, sec and third
BT Se raafuion B THE £8GTRaGh ot SECORT R et e
veavelemggtshy, tboecdnd aatliagion beem 4ahqﬂsaitshcohd1 difeerehg bleoanathiday t he
c tion,,
Rk 1 s B Rl 0 B0l B0k B E 0 Pt
Vi/amélcrrgtta?tal lonhis éﬂﬂa@dmntkbe th'i&ywzb,e],en@h & is sHofterttig tﬁeQécﬂSh@f
ci ent

IR NN T G N
esnbbdlmgm dierfgs, sedoﬂd ﬁrﬁ@hlﬁﬁﬁ@elﬂlﬂ%ﬁf R, sz\%‘ résbd'cﬁ{?elyo letW1€hﬂJ the range
r.ecor car er ' S e S e o a di s

oFrourRey T RERHEa br ) F BOBBCE e g0l e frpage
pidfgably agioximaibly E86#ih,@30nnh Snd 405nm, respectively. The first, second and third
radiation beams have a numerical aperture (NA) of approximately 0.5, 0.65 and 0.85

respectively.
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the direction of a reference axis, the X-axis, between
the track and the centre of the disc and the
w0 r@ngeatss al direction” is the direction of aneCTEs2005/050918
axis, the Y-axis, that is tangential to the track and
perpendicular to the X-axis. In this enbodi nent the
first optical record carrier 3' is a conpact disc (CD
and the first information | ayer depth d is
approxi mately 1.2mm the second optical record carrier
I s a Tenvidnbioola 18di giahgdd ov efeDptidal #isddStor (tﬁ\c{@brnﬂr[gdhe
ﬁ%pxgdﬁt?o%%nagn LG BRLL g% NELofER SIS o0 i RBRI D! (TRL eI,
thg Ismncha,n(i thigl rafliation Y<BD}y 4é,r1’d” iritrea sehind dutisihtgilyradlilioratdd dyen 20~
arcaeﬁtllta Hdiaii ANROMGLAR b&Y200: auﬂp}]luﬁ?ﬁtegfnl re'l Figure 1,

t he Optl cal sScanni ng devi ce as an@#) axi s OA
and |nc|Hﬁ@galwpk%ﬁdPa%qrremge@mrr@@mmtt rst, seqqnel@mtﬂ thirdt or

cdl@fgedk&iatidn E&I%M(SPJOP g! i(ﬁ P tSward@ihe @ﬂtchlcs%teé ¥ St B1y 246 p&im
etection s teml thernore, the optical scanni tg
G fogned it pice vl Tise G B I Wit 20 QhHEE nS T EPUR EORe

oﬂtﬁaﬂ afis DAGh&lprediviaber 4523, and an information
processing unit 14 for error correction. The radiation

sour ce sVECRIRRIAYSiem & isagapged tor fgpus dhsAisecsaiond and thigd collimated

rafliatian He@Me0y S0, 20T O U Clkdn@d tdog pfnlnf &ithdﬁdﬂ @Edn@ &naelaml dhtieal
second,,radj ati o rd
S RERERT > B Bt SvediR deis Ao Poch it P Fisgeeang i
raﬂ'@nordxamoe 207,120t adifiat, |se:fon<smimﬁei si’anﬂﬁg SOOI 16¢ 1677,
eror ser cutl,v Ly
RGBTSR SR Do lod SEotgBagLLYS
2’8 éﬁﬁ@ EPRIRRSTEIS Ppticalsieqosd gagyier. Sagh Acarminaopes lisyprefgrably substantially

dl%@t‘@&l%ﬂlt’ed/ ?rld)ﬁasséj\pQJeWoHtgabémgﬁwﬁl@igfs Elgsé 1A Jfbﬁf’kms The

first radi ation beam 4' has a first predeterm ned
wavel end?¥sing pcaniingathe diesh priica! sgtpritchmiar 1 eetrssan ahspéndge (not

inseeRa th rigid f)erens ﬁrsﬁﬁi@%h@rf l@epeqs Wﬁgﬁwﬁﬁué the@&@r layer
,Bgthlr%rrajatlon beam 4' has a third different
> pHEdasd laflonhs PR AY tTRlqcts on i Tirsh informatinn YA AL thersly

fotrhing alreflevied | fiedn gidhatibrBbebid vahitDhdt@hs drhﬂenopftlbzﬁ pﬁﬁ&&f}fé forward
The second el.engt orter

cof U EREL 8 R P RGP SRV U R B e

8 frgnsiorms therefaetdd ﬁﬁdraﬁlhﬁlmemw&i refigptell collimMedfirst radiation beam

22r e[shg @&H s\ﬂﬁljtey 95 §raﬁ% @Q EJE?%H @ggﬁﬁg onoofegél BR L{r%ﬁnl t%B%t %gtec? 17 rst

nm f or I
ra‘#latron |bsama3f¥d byfransraiftiag piyeasisman of theeBecied fighiptiopsigam23hd

toafé)@@ﬂﬁkd&&ﬁ@ﬁgzgtéﬂ@(by The first, second and th| rd
have a.numeri cal aperture (NA

radi ati
appr oxi 2[3? E tif“?P gystery 16 BIClydcs agomisreprideyis &3 ang élciﬂadfa%twor
230wdidhi anepdn@nigell &fﬂﬁaphﬁmg Sauapzfrtaﬂ gRdeMRBted Ht Iﬁﬁiﬂoﬁ @Jea@m San@A

cog\%‘tm% Et nSf or mre eq?clttrlcel S (%nzflf. :ng %glllekajsgg Gn 1n¥n gpaﬁ:ilqn&i,gny datpoy
the vahugof whlnlgreplesents the information scanned on the information lay~er 2°. The
information signal Igata is processed by the information processing unit 14 for error correction.
Other signals from the detection system 10 are a focus error signal Iz, and a radial tracking
error signal [radiat. The signal Ioeys represents the axial difference in height along the optical axis
OA between the first scanning spot 16> and the position of the first informati on layer 2°.
Preferably, this signal is formed by the “astigmatic method” which is known from, inter alia,

the book by G. Bouwhuis, J. Braat, A. Huijser et al, entitled “Principles of Optical Disc
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the second and third radiation beans 4", 4'" into a
second substantially coLlinated beam 20" and a third

wasoeatss al |y col | i mated beam 20" " (not il | usPCHIEA05/050918

Figure 1). The beamsplitter 9 is arranged for
transmtting the first, secon d and third collinated
radi ati on beans 20', 20" " toward the optical
system 8. Preferably, t he b(ﬁ?m splitter 9 is forned
with a plane parallel plate'that is tilted with an
Swtegls & pa73A80t (A dane Hpee 1 985p(IS B ompm‘naaﬂ 3)aX idsvidRoradBating an

a&ﬂ%ﬁ{tﬁﬁl%pc:o%iﬁlg?? this (?cuss;gggo i gcti 13 G 1]%Lh1¥a§ eﬂ%%zﬁ airg?rg f 1%? gror
signabli-at YPI@Pﬁe@%@ﬁ@ﬁ@@b in tROXY- pZ@lb of thefirst igfesnatiedlaf-ecilbetween
the® Qfsf‘;ca@ﬁhgts&ﬁ 18 lah {he et oRdy i Erﬂh{ 1%09%1:108 %ger he ch E)? folloTved

carriliers , respec lve
byt st %C%ﬂmnﬂ ﬁré’t 14 r%rﬁferablgetblé pignah ﬁdortnhql frem ﬁfadraAtaI@nslmarrs

meBod” whith is kZlen frdnﬁ 1r'i‘teﬂC dlibSthe bodR 6POBANuiL, Bh HEL7gcanni ng
spot 16’ ‘", respectively. Each scanning spot

cor r espon@ §erY° CIrSUIbUS‘F i atSlﬁedoff;F tHesPPTE P?rthea%lgnals topugApg flradial,
pr@hdm@gervoZ;ontroDﬁgrtaheco,ﬂ@ ot Oqi)i'tlbﬁifhgthé) ﬂi:ilsc‘aaﬂuatbleﬁ%a tB@faliber -

bst ant.i
IR 1S KR, Tt Sl A2 B B PP e e e i
sygtkin Slalong thb essaltahla A7 ﬂm”eby urolting the:pmnnbm of thd frest bdansihg spot
16@ Qﬁch %Jc it 50%%%'&&@@%551?\{ ?h thé @&%t ﬁgt @fo‘?’r&%ﬁom %:%4 Q’Otl“he

illustrated 1 n
raﬂ%};ﬁéwatgv 13jcentyolsdlye p@@fm@ éhethmﬁ @ﬁj@qpptlwésyetgv é@IOhgyleerX{éXls,

thdrbs c&ﬂfblﬂﬁg the ?ddfaﬁﬁosﬁ@ﬁj bﬁﬁé ﬁr@t s@ﬁlﬁﬁk g&t 14 €hh @Gk & c%ﬂn&d@se

fopni ng

S“FS&’PP%‘L%“@@ the cp Cre%tfe lFlsaf e frosk t%%f‘afﬁ%lqior?fi EYine BEt ipiRamation Ipysr 2.
opti cal Fmtem shbwd dokenfaticaNg i opavVeEieth B @ hesptrad sd‘ahrnﬁg

o183 RSO 1O B SOl Brsten e
anrawpi a{ mtmluctpeaaf‘mt; seccad pef thied, id@ftrenn vhiefradt @tbdfficsitsén WM;, WM.,
Wﬁ/@qh@taf 1043 ;Qf‘t%mhgﬁrst séggl?d %ﬁ ﬂ@d%ﬁl&a‘n%ﬁ l?eam?% %a’r %be’s t he

forward first Il ation beam reflect’ed
reyppqtively (Eaeh A thearsvefeoaimnodificagnstWdn $¥¥it, Wi camprisseais tliffeaction

cofgdrentGhd Whe bR to8s Ezﬁ@nfcbxﬁgtlgﬁerﬁﬁg laALdsOdhe Q?Qﬁ@n%ffrgcgwr ds
t he. detection Qs}_yé/stem 10 detection system 10

ad?ﬂﬁaé’loﬁ EREPORNE BAYEPGAC Phashcompsneqiand 4 S?fﬁ%ﬂffoarﬁer@étc@éeser

co@Bonalni ch are arr anged for capturing said part of the
refl ect f|r a nhea nverting it
to one gge "r’% Syesfem mCl aeF ag?né‘ﬁ’gl} gty p@?g(golfl q“t‘%ee"aél? freed

prgfeyatanoff GG wiielt is @ nycdic gh’éxh cdpdigtoert artdladeny ab welclmfara/\ltutlchranged

I

on rtl%%?c%ﬁﬁﬁs%/{ Igﬁlﬁ 1[5]3 O%ﬁagrfﬁ% 60 t1§ecl%§ lqgcﬂiég%}n és l?ence? Otgicee;@cel%g 18 a

dirpqiian pwigydiomethe eptic Feserdsatriang Th,mlprts 32 i, indlis @qample, formed of

glde®) 'Tﬁ@l@x‘isl 30Nwheopt@diing | WH@J‘[ the c&%\‘sﬁlh@ pgi?et@ ga}‘l‘(j%% Y

?re a focus error Slg racklng
collimated radiation beam having approx1mate1y the third wavelength ?Lg and a numerical

aperture (NA) of approximately 0.85 through a cover layer having the third inormation layer
depth d; of approximately 0.1mm to the third scanning spot 16””".

Figure 3 shows schematically the compatibility plate 30 which Fnas a first NA
34, a second NA 36 and a third, different, NA 38. The first, second and third NIA 34, 36, 38
are approximately 0.5, 0.65 and 0.85, respectively, and correspond to the NA of the first,
second and third radiation beams 4°, 4>, 4°*°, The first, second and third NA 3 4, 36, 38 each
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error signal Iradiai The signal 1f0CUs represents the
axial difference in height along the optical axis OA

wheddeed13z he first scanning spot 16" and the pPSI/IB2065/050918

of the first information |ayer 2'. Preferably, this
signal is fornmed by the "astigmatic nethod" which is
known from inter alia, the book by G Bouwhuis, J.
Braat, A Huijser et al, entitled "Principles of
Optical DiscSystens," pp.75- é (Adam Hi | ger 1985)
hpSBIxRdir! B8ET from 85-Blical AXisd@A wbieh ﬁ@rreapeeﬂély,r‘@plﬁﬂmately

d
qslgﬁlﬂnpflhlﬁ %cﬁf df gorfx t1f>1m8/§>lafte%l‘h§1§é é‘lgnarn?ace ac1i1$2 Pglt

l'ustrat ed. tra erro
PET?F‘%‘S%‘H’E@GHHEC&& P@f’c % tavaydg the wetwﬁ(lyrﬁfpﬂr@wmfon dmepppdsitstide to

ltHépriﬁMcb Qikidgd¥ 8 biretion e@&fg\fﬁe%gtl@ahﬁﬂsf OX Sl }Sﬁ;(ﬁlpﬁla G;%m?lg&'brd

g the center of a trac he infornmatio ayer
Sehieg eo‘é)mrpe}rhﬂ&m&teﬁﬁ% inclidesn PApIadenaTHETHG 4@t anpgar region 42
Bésefeﬁreailhg/thlrﬂ NAS3 8sin@thakecorl NOBORA if p1aa. ﬁﬂ@adaﬁt@ﬁbn@{ructure 40

g e MR e

ihs amwiaamgleui 42 @yt 2 bpymdarg bgwe’mehetanmﬂeheeﬁangnahdﬁhb adap@tits
Qmétu{eu@% aff”\!v Iéplr ﬂﬁﬁill ?% 0%1%%91 e%oo I‘ O| aa{d%é&lt?)g%furgﬁ%}e 40

for controll g SeReE
Bevidesadace 8 Whlc ysulestanijedly ysphafhiel A@ernrstwacotf thatfave 4d.18 arranged to

ﬁl@@dlfc@!l Sonl d¥@raBR8 'agdpﬁﬁorpgomg&leﬁﬂl%o Ae ARk %IF‘E?[‘IH‘C?\;V&I frdit

the optical axis hereby contr I ng t
B8§ﬁ?af‘g‘ﬁ Wht"ﬁ}é’z:stt %%O&rﬁhﬁfrﬁﬁw% 515*9% @ comerwmtlh@rtanqu to at
et pﬁibd@ﬁlp&lshs E;ﬂl@intaaiﬂeIYatibh H‘ﬂro&d&&i RloRéh Bdiatlod Sednl BySthe

actuataor 13 cgontrols

t %Qtl{pvg%ct)vtexlo lré ers %E? ﬁdéptf‘tgﬁ gtrlgfurci 4‘?615 Wgeéiaspc}bti}glaéﬁq%ated
atligtigy\pednn Baviigagproximhtlg Itlebycoﬁd)ﬂivremhéth AQarkd e sl’a@ddlh Bh 36is

' of the first cannl 6' that it
RORE bl coh Dt feSine T SOM B e Erthek spmmrmanatcly
9-pram ko 2 ybgsantifliy dpmmdd $eportdlseanfiing sptot 167f lortheddagintioh atyiture 40
Sdtheédys e 2 shows schematically the optical system 8

of the optical scanning device. The optical system 8,
i n accor dageet shiPvhschrmadipily didifastionstrurtes of the optival scanning

deniéerhé dlffrac’duﬁl seldt@s Q;%dhf’frﬁbtlblm L @URSy I Hhd STA oPRE BRONA
ent, wavefront nodification W/

diffe
Bl Gighction Retneels Rishet b g PRYSTIEEIon BoesAnd
tohtenglicaligdbait the pthrabaxs (ﬁQdA t}oaﬁal;y_ 5121s E\)/?;)Ivdfeﬁ %z{\;:\%gﬁﬂuléﬁ btrusion
vef [ i Qns \ , .
%gﬁ%? .99;“8 S?pgro% c*%rSiggl a sg?)%ed %o ahw? mghlgesveéwgfl%ﬁftsteps having
¢RIt heights /o ﬁa@mncpmlnlemﬁ(lsha@ﬁ figst stdpesasmwmgmﬁxen‘ste@ height 4,, a
ﬁ&fﬁd QEJ §4rlﬁ91§x;’g QEEcgrg%&g"ﬁ& : on %8[&%@; %giﬁﬁred’ step%elght

hase conponent non-p

ot reter S2rthe swprd sl slgﬂstbfetmr@swm hmres figst, second and third
widlpati, b Theyrirt] Rt %Qi thllrd"stépme%h’@ % PWP bz ?aré %aﬂ?&i t 1ntr0duce a

ef erably of COC CIC fin copo
‘E{? ctign F%?fén%“él rsfaf»eéorﬁ&%thg Wawgeer f’éﬂﬁhftc?fémb lc‘é[Mz,
B SThEAIffraEtien do&ipSneBﬁnﬂreSiu@ﬂ b@bie QFric¥i6n frBiitE 48 M HeRABed) a
%Ssp I%Lle}lrétllo%acg(r) w%grg r flsaacracp 1% in umts of mm of the diffraction grating 48 taken in a

direction perpendicular the optical axis OA. The phase function ¢() introduced by the

diffraction grating 48 is given by the polynomial relation:

¢o(r)=Ar* +Gr* + Hr® +... 1)
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direction away fromthe optical record carrier. The

lens 32 is, in this exanple, fornmed of glass. The |ens
W@29050p8385 oper ati ng wi thout the conpatibility PCEIBREGNS0918

is arranged to focus a collimted radiati on beam

havi ng approxi mately the third wavel ength | 3 and

nunmeri cal aperture (NA) of approximtely 0.85 through

a cover layer having the thiyd information |ayer depth

d3 of approximately O0.1mmto the third scanni ng spot

16"". Figure 3 shows schematically the conpatibility

“plate 3OIn\MIH a@&‘vetrélzﬂﬁn 64 ki |a E:&Efﬁdwr\t oh fodhs 8%9&1@ra%e%@mﬁdﬁ
ren first, second and t

t hi
Orgyacosty Cleéfeof y eriga absrﬁ?i% Qf th%ii gfré\yﬁw cgmpgnepEndH s fvog“ﬁmem
off adﬁ@xeccbrdateﬂ)fyémcaaafbdrrﬂmh bEhpaiffthetive coMBordils. DhefpolyR@nihlirélsion

d t hi t b ' 4" T g
m?f 1%01?196: SeCeE) %0 hr c1e ts ﬂl ha%ﬂ ﬁ&d%re e,rxcag él?errg%dneogglﬁﬁgg%cg\ée
cangdne. hebhtsemboc}imumht: heefiqidnisalG, Biiase LBAlustol phfeable 40.000, -
2583 Pk 'reggécuvelﬁﬁm bRt v e;lenelgmia edem n?e'a% o¥th9ﬁmem

ate 30 as nar ace fac
méieI@Pli*’ é\élﬁlieéfw Oale@wg letlf'n%2 Bt e @ifferaak ﬂ@ copifi¢ienniad.ds Hhey have

dlﬂ%ht%iuesr ﬁ,ceqae@hoﬁ: AliHel p%rynmﬁzal BBt ARPOSHh leenSa € bdoflst €
in.a direction along the optica

anar, ,f,ace, cin
P&&f of o am}ayvth?&W 7 dFpisIAre SVE GG epsyfes fhatthe diffigetion
grﬁmimtcblhpdnhdtéj fd@hs’;’ltlﬂher&?l dbBedtienlesd Lﬂ‘rlghel’ildﬂlﬁlt %hén@&l aberra%ons
tructure annul ar r 0 i es. between the
Tl? NP RERY @r‘f’&y P?w%”pgoé%eg%gl& %%Hog"r‘f@ Pl anar . The
adaptation structure 40 has the second NA 36 and |ies
at a diffeyent: guel of the conpatibility pk te 30 in
relation to the annul ar region 42. At a boundary
between the annular region 42 and the adaptation
st ructu YB%MS indwaa M8 Jf tift phas¥Wiilnbridd o) bEEL A S@BGHHRERk.

y the wall 44 the adaptation structure 40 provides a
Tl?eé)ééseiwcm %R 15 shova ys AR Hipsd 7 Whighsip Rlstiedcag p funption of g phase @

inQhitd dT@adiaas eh Aistiasis 88 sARGREL h@ud Mh LABWE Binfon a second axis 60
gon di ffraction_adaptation copnponent into the first,

LS REPE RS BshARl 88 -r'YR Ph%%'mtioe 46 5 Agonypear fypgpion.

RNEBing tbazure Rl 4, Eﬁ@dﬁ)bllyﬂl@ tl@%&% Alnb @A 29 IRAN@MHactiod grating
arr partly conpensate spheri cal

ed
48858 %?ﬁw \i‘/ 1.“}*?&%?3&95&3“% ‘hF"&X EREPopRLRY Y P e HEBGRB S oA
5018 PeCrhdidke: viHehRbrrdspined 1B a pdiCofAgbaREsR trhrflonSd#® Wk kiR pidde ¢
is arranged such that a collimated radi ati on beam

hef SRAPERY OX R ST HEY &F Rdeile Ry BriRdowdaig frboysiany Refwedde

thé Be0ie MAnBie seSorkl 9Gp SLHestaY QMG WhiBO36SEspbiRl &Y a fHBY bitBe
the second information |ayer depth d2 of appr oxi mat el y

phaseQuattibiDg@ vedfastiegihdsk @lhbhy/chafkd By Zp@ﬁbxﬁlﬁﬁdlbﬂa mSERB fe PG vious
spot 16" by the adaptation structure 40 and the Iens

maAg bodntGY 5 E add SNy HeRRBRE %J)r{d)éte@ sildd tﬁ@ﬂ%ﬂd Q@p 56 lies at a
structure of the optical scanning device.

radfps # Whigh GopFSPeds tppnging of the phasg fwcflw(r)mﬁle@rﬂmhwg ohgs
whi ch has a NA gof the first NA

changed by approximately 575 since the previous main boundary 51. The positions of these

step boundaries determine the first, second and third widths w;, wa, ws.
The diffraction component, having a diffraction order m, of the first, second

and third wavefront modification WM;, WM>, WM is given by the following relation:
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34. The diffraction grating 48 conprises a plurality
of annul ar protrusions 50 arranged concentrically

each annul ar protrusion 50. Each annul ar 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 hi , a
second step 54 having a second step height h and a
third ste@vggzngwyfg a third step height h . The first
step 52, tﬁ second step 54 and the third sté& 56,
have a first, second and third wwdth W, M2, W. The
first, second and third step heights h , h2, /13 are
arranged Ingheiahoveadlatve, /& isdid ditoantof pifmsesMipI@adtioh Bénthohdne

af S: thir.d wavefront nodificati \\M

e B e bRt MR BB e A S LEEDP ¢ ne
elinfroncatatiagiveyradius niy prbBortisnatie siseleddeicbrdry maf fhh @B Raction

. e | e Ic erinw1n.£1 Ia'm(r)]f ’
A A g B0 TP a2
{he Figferstioncaisting 48 sarrensed waberai psn DR seldtial difffassion buderot;i When
§cbriningi th e QM S Ritalt¥cotd @} 4-F H ARG thb QR o B Bdikildd Eé"a%]_?OS’ i Ven

f(r) =Lr 2+é’ +Hr6 +. ..

€§,the Qlénon1al rel ation: - _
e pniefRing %5 arangpcip PRLe aisecord selseted diftagtinn asder pro. When
foamity tof thitcheptickl fdcoid Chrive'C R 8 @d,raditios bamc@ef &k ci ent

.spherical ab ti f the diffracti t
SR 1 BRERL AR hghlall L EC LT omponen

dfartioaterating 6F is pinangetl suflr tha the\felloodmpalantholddhe

pol ynom al relation may include further coefficients
of a higher order spherical aberration of the
diffractLyﬁ<@@nv©ﬁ§ﬁ£:%&h<{his enbodi ment thg
coefficients(A-4) K,hayp a val ue of prefera4Py

40. 000, - 2.941 , -1.925 respectively. It is noted
that in different envisaged enbodi nents of the present
i nvent i oMor¥pefefibly e dXith@ich b BNSarddeddBYchRI8: the followin
reaﬂ% rent, the coefficients A G H may have dlfferen%
vargesas n equation 1, the polynom al relation is of
an even val ue because the powers of 2, 4, b... to
which the yadius n i, g raised are even. This ensures

t hat the-d{&zﬁéaﬁﬁeiigﬂggkdg 48 conpensates ¢pcus,
spheri cal Lbdrrattilo d;afhd Wi gher order spherica
aberrations. The phase function f(r) may be
approximated by the following relation: f(r) Ar 2 +G
4 (2) Fi §usnenge gitipblydhesliffection sreties 48Hagmngedudhitontht (r )
folfowtinpaeldbidnfhormet i on grating 48. The phase function f(r)
is shown by a plot Iine 57 which is plotted as a
function of a phase f in units of radians on a first
axi s 58 agai (st-ae (#adi,ysy/ in units of nmon a
second ait§<gg_m@20qu§d gppendi cul ar the fiPst axis
58. The phase function F?r) is a non-linear function.

f

In the relation of equations 4, 5 and 6, the term: E’”;—m_z)) is a first ratio
m, —m,

between a difference of the second and third selected diffraction orders my, m3, and a

difference of the first and second selected diffraction orders m 5, my. The term: M isa

(dz _dl)

axis- OA. A boundary 5 1 |i eRCBR20EA50918
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Referring to Figures 4 and 5, and applying the phase
function f(r) to the diffraction grating 48 as

waedvsnsd7sTal |y illustrated in Figure 4, each neCTIB2005/050918

boundary 5 1 between the protrusions 50 lies at a
radius r which corresponds to a point of the phase
function f(r) where the phase f has changed by
approxi mately 2p since the pEEV|ous mai n boundary. A
boundary between the first step 52 and the second step
Setoild ret$o &twean 4 diffkndascerof thbsecdhdaad thag Mdﬁ'dlﬁtldn(]a}&r @pthm t,, &4 and
El@fe%n% FaE ﬁrsltJ Qndtslec%g(ti {nforr}lat}/(\)'g ?alrygr cfeptﬁsn%hc? f’gh\;: ﬁ(r)sl’ﬂ gnd second ratios
W%mb}'y @mroxmtﬁlya@qb@um@réwhab‘érﬁ waEdng is h@a@eeﬁumbdmlw 54
%@néah@oeltrﬂbﬁ gor%eﬁﬂﬂ@colnb@@nﬁﬁto @ac‘ﬁ %ﬁi Fﬁvor raMioﬁ lBea s for which

corresponds pol nt hase uncti on
s epticat retem ﬁé%lervrlsewaésuhstelﬁakygeameyd a\gbﬁfwcw\e@g) theygirst
£t 16 61 th1@cdd @340 Qd) SccbRing tdRQHIBAE Yor 2 Valud H€ard @h 1 2916 ?es@ﬂchan

t e st ound ries determne the first, second
W e W%Fahg SRPOrI@ 10 SqigionTh s diRTSR PV r%ffa%ﬁ%n ang
tem/thmug'r‘/aandlyéﬁmcae pricfarabl ed:efdmg]to fuatidnes, thisrdsierenseic 6fdlvanad
%@an,m$a%% 8$th /Jflcatlon W, W2, WMB is given
¥ rélation:In the above relation, W
t h e anounin ﬂm‘» erpiwdment,)ﬂle fifsesettcted dlﬁmctlmrdmmpo)ﬁ"thﬁaadml
E&nﬂoﬂ&t }Q@\ﬁgﬁ %&%ngtigg ox{ié}e-i-lr @l%' s@éo!ng Qel&%@%ffrg@ign g 2tof %E:
phase of the diffraction conponent given ra
figfrasHenFompensAis ofarerthaies @me@thmme%l smteef lsilh ghis embodlment
Slivk ot bﬂﬁﬁxs‘é@fﬂ?ﬁx@%&%md WHEBn B ANRHEE nbdior d difftactRRL | Cal
record carrier 3 th the first radiation beam 20
fampopsnf-flihg third srlectsd étffrﬁaoru%dqr g1: af hadifegtionsopprienitiea pan-zgro

ﬁdgﬁﬁ:\fe ofcRt, OvhlcR b pildtérhBip6tel i magHkede tb Rk fir bR e QARAMBorder,

e second optical record carrier 3" wth the second
P Hfg?WBG "beam 20" the diffraction grating 48 is
arranged Substioginp dteevalats aacoemgan dalssee{bemtneﬁi od{hé fﬁrsaeécioﬁrnand
fglfar? rglffféﬁ'tlé\j, orémgm St Ev an Qm({}ﬁe va es E he € rlst0 5 c%n d %g& mfcinﬁatlon
Wy dr depdlestd.ob dgrrmthhganws tejrg 0611h¢ @iﬁgetdoftegua@p@r(al ©) aitd (@) gives:
third selected diffraction order 1113. The diffraction
grating 4 ?rrange ?uch that the foll ow ng
rel ation I‘d’sz {dhe@s) | (111‘%)1\/@[(% preferably
the diffrégt-imn @Laﬂihg (@81) s (@6+amged such that the
follow ng relation holds: Even nore preferably the
diffraction grating 48 is arranged such that the
f ol | ow ngrheedif@itctiomcdapbi@at of each wavefront modification provided by the

diffraction grating 48 includes a plurality of different diffraction orders. The first, second and

third step heights %,, A, /i3, are selected so that the diffraction grating 48 selects the first,
second and third selected diffraction order m,, my, ms, in preference to the other diffraction
orders of the plurality of different diffraction orders.

Table 1 below shows the approximate height of each of the first, second and
third step heights #,, 2, h;. Each step height 4, including the first, second and third step
heights £, h, hs, is calculated for the second wavelength A; in accordance with the following

relation:



1 (twd - /W) d3 ~d2) 1 (6) 4 (n2 - Tw 1) (d2 - dl )
4 In the relation of equations 4, 5 and 6, the term
WO 2008/093785t rati o between a difference of the BEDmB05/050918

and third selected diffraction orders , /W, and a

di fference of the first and second sel ected

diffraction orders 1112, TW. The term is asecond

rati o between a difference ?§ the second and third

information [ayer depths , d°, and a difference of the

first ang_sedgnd informati on | ayer depths d,2, dj. The

first and $écand ratios are preferably appr@Qinately

equal, in order that the grating is capabl e of

i ntroduci ng a spherical aberration conpensating

\C/:\A('Z: np g ne Etn thd‘ﬁb@ve&fl&fbn}ﬁ is Eﬁi@tekm?]d’ Bd{ B¢ te@hctibeRnaS, foPthe

[ the optical systemis_otherw se not .

SOy R @yof&f&*?%ﬁvr%ﬁ%ﬂlfm%ﬁ% PatiesSplathiapmpln £OC-
5  Phdsé &tapgeatpidrpama?d b &ueh SREOMDs bethé dlﬁﬂa%ﬁion%i&iﬁg ff i:ﬂ@hetmst,h

equati.qn 4, a val ue greater than - an ess than

sepd s P fmsiap pnehestiond R W WGk eSS et
sedord /a4 &fﬂrﬁ@heisg chafigefigy @l wﬁT@arfﬁatagcll thir gifthse %M?ge NG5 RS Red
than. + 1A a et re, preferably according to
b ds bt B St B GO oY 1R SPRPE g dbeie fan
first, $ddondhd 8 Step Heddhtsth;, 1A hs islcllclilbrb Sin@Bdeadhd¥®ith thettli®wing
10 erJSt selected diffraction order mj of the

di ffraction conponent is a non-zero positive order,
+1. The second selected diffraction order n i2 of the

diffracti on cgmpopent is of a zeroth order, since the
optical $yst® - in this enbodi ment, subst@ntially
opti mi sed for the second wavel ength wi thout need for a
di ffraction conponent. The third selected diffraction

order 1 BfihtdbveMidiioh,a0tat 9ValGCUTROPE R tHe FirR o IR $&ERneth
s ln gative order, which is preferabl f equal nagnitude
L4

. . S y. o al .
5 fqgRectyelys pnddrpis gheprefppctiverindey ot theymatgiia) ey the qiffrapfhion grating 48,

in@Kia BRkBle-doc, R Btk bl thdW@ird R8vekabiHas 2according to this
enbodi nent of the first, second and third diffraction

orders nf3ble 1 givep e approxiprte Yalhs of e fiesh seppnd and thindiphase
cHRBER B ¢ molilé Sk diiQIoyRY B6vidcdB§ he dRRsESndard thifiQtepd
i.nto the central termof the relation of equations
h?éhﬁh%@ﬂh%umi(6) gives: _ (-1-0) (0-1-0-6) _ Q 167 (O
20 - 1) (0.6 - 1.2) The diffraction conmponent of each
Tﬁ@yffront nodi fication provided by the diffraction
grating 48 includes a plurality of different
Theof i rst,

di ffracti oftepr deks. (gecongd(gand

25

number having a value between 0.0 and 1.0 and ny; has an integer value. The second phase

height

[nwm]

modulo

2m)/21

modulo

2n)2w

modulo

2m)/27

111

0.000

1.000

0

0.000

hy

2.487

0.660

0

0.349

/'23

4.973

0.321

0

0.699

The first phase change ¢; is approximately (1—a+#n,,)x27 where ais areal

change ¢ is approximately (n,,)x 27 and the third phase change ¢; is
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third step heights hi , ho, /zj, are selected so that
the diffraction grating 48 selects the first, second

waasnpi7szxl sel ected diffraction order mi , mPCT/IB2805/050918

in preference to the other diffraction orders of the
plurality of different diffraction orders. Table 1
bel ow shows t he approxi mate hei ght of each of the
first, second and third step Qelghts hi , h, hs.
Each step hei ght h , |nclud|ng the first, second and

tapprodmattle g ) 2irs The decand Phase Biingel 5, ntodllio uh,atae dvdi@rort he
second wavel ength | in accordance with the foll ow ng
peistantiady zoso- Tike gepyndrphase changengthiser valye 9esubsantitliyomro fallavang

@Ebtﬂa&%ﬁg?f 65&% 3‘*?%’%5%2’%2 t06 il rLegar gqﬁa&w &gﬁmoﬁhe §iBfction

secon mat er
@iafifg 4804t tra)’rSmgﬁ@tthdﬁ@sﬂﬁcorid fand fhir® ra@ixadiibeanQ0C.20 Pp@s eis

f h t
RO L B 5 R BB Ly 1
wervefimgely 63‘%(1]1“ he lStclafted pefle\0ktach YWRysWE 0 ¢scamratiged to approximate a

e i .and third phase changes
?) %{1&&?&%3%%% lf}l?%‘rﬁtsdlffréﬁggé}%@g phase change f , f

provi ded Figrre  Heovpisghematially & firisty spcand wed athisd blasogelay, x@lulo
hRSP&ENRL 6/ 64, %6 ofte &1%0%%%5@1%&%05@@(1 b}J tﬁ@ !:ilﬁgicﬂ% %Qﬁg 48 for

first, second and third step hei ght

&SIfETh Sé‘toé@jaqdﬁhléﬂchF%ﬁ@édlﬁﬁ#lﬁnSthf‘Wis Wn gespastivelyi Orfirst,

kdokdd BnQ Y&rerbRE aldvRss, 76 7D @RlicBte Y Rt 0P 2rdpHake 3 hofirst he
first or third wavel ength I , X3, respectively, and n

secordpad i paralgng A TePeqtifiely.rimelshieretp thsffirgtisecond and third

?ha‘sé 8 tpr&Hle @r act l661 gesf}&nvéw ﬂl@ﬁﬁt %m@thmep §064 BB6f the
st. or the t wavel e i, X3. Table gi ves

£t acHomh e &EP@V%M& the dypst faﬁ@mm fegp 20° @é“%ﬁacoaﬁ e thir ppase
shaBe 76, h&,ﬁ%&:ﬂflély, forﬁl?e, firftPhaseoeay ;@ofﬁ@@d AVirgl®thzdyngRPine 80

id d ird . el ght
PERULG o 8 SR Pt A e
apish sreppraxishiyd By ehch pratrusion |50 pikthe dlffrawfoergmtiag {#&ofaher reabnt
AHERER o A ol 46 B e el bl Qnélt? b B0Ger o3 AN

|nteger val ue. ﬁe second
Biopreen sRehles|the difffrggtion grzbn%ffdo popst tbmﬁrpfdilf@hq@e ogdmnifer thegfirst
g@@p@{%@t el y ( a+ 3 ) x 2p . The second phase change

, rmdulﬁgeé]o of substantially zero
s econd pha¥éd ffﬁ‘iﬁ’@% a‘fdéhlffja%epé 2% et e diffiprtion srefing 4IS)JP“’Vlde
e e sécohd @wihtivg bsub2(” aclistDsec@id afdih2) Mdsdstepses &, 84,2 i s
%spelctlJeglg%r the 'so‘econdx phase rg‘el%]; }];rlo{l;lle %ch“)ﬂe 9 Ist gelggn | II]’;hrlrg step }(i)elghts hy,
hy, hs enable the diffraction grating 48 to select the second diffraction order »i; for the second
radiation beam 20°’.

The first, second and third step 52, 54, 56 of the diffraction grating 48 provide
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 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 third radiation
beam 20°"*. This approximated angle by the steps of each protrusion enables the diffraction

grating 48 to select the third diffraction order m; for the third radiation beam 20°”’,
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grating 48 at transmtting the First, second and third
radi ati on beans 20', 20", 20'" is approxi mately at

WO e@snIBed, preferably approxi mtely 65% and nRCEIB2005/050918

preferably approximtely 68% The stepped profile of
each protrusion 50 IS arranged to approxi mate a
protrusion of a "blazed" type of diffraction grating.
Figure 6 shows schenatlcallﬁ a first, second and a
third phase del ay, nodul o 2p, proflle 62, 64, 66 of

the diff rra&:mffﬁzﬁtlcmcgmagl efis c@ﬁlﬁﬁbﬂd\@tﬂ theyadbigiof bthfcfue@atm lqgure

7%519\%/4 anfgrgt?g;sulfta% ?roxIt I@%Ert ﬁ‘\ﬂ%g %P t?x %g g%d%a\r}gxg a}lf\l%\é Yylg{ll is

fernsd frdm dghredliffradtiod ccmaioeerne mr@md wointhe Bpn-Tifracéh adm;ﬂatmat e a

CIOI%B(Q‘%:B vﬁtfhﬁlqvezﬂsmﬁ§f éff‘lé)ﬁrsttrgﬁlternk &/E’Jefroxi%gé%&g?mofah@tﬁl%
engt respect

radigiiop pgagi 20”5 is plstter enrcfirstiakis 08 sshiase set@nfawqowefwhicé 62,

p@%emd@@lar the 8R4 osetne-first BEs 89 ih@lates 36 81%9'1 80%@%158?&11(:90@%6 P

. of the diffraction %ratln rovid
"faPii‘efmﬂ *ibgrtfa“f)&aﬁ WRVEOARA B srroptrxisd Uf jndisates %’@éléﬁrdm pigs of Ay d

tﬂdaﬁfhéa (ﬁl"e@ibn E&penﬂﬁulaﬂtﬁe oplhaﬁi @&ﬁ@Avﬂile)éptlcfaD;KatH chﬁTréﬂcE ®bPD, in
aze angle i

R Bal o SRR oo Sl oY g1 e gringon
bé:blh ane? the ypel dithedipfidat systbri et rgdiad A aflQ adihe Bpticsl path of a ray of
tl?aqgé 1;9?6{1 Hﬁ%e& ep}{%ﬁl@gl;bﬂ% 9 {aﬁxﬂ?;" \91“} ‘L_)\Qzllu%fwhticrllleli,| di Pf/{ af'%z | 0 0

gr resent inven
Op%ﬁﬂl @th differgneapd thofirst rqyyltant wipoirent eereiéah 9gredthe thind redipgion

bSdeRs af GhaRE,QE4 st on enabl es the diffraction
gratlngéﬁgatoasg lect the first diffraction order mfor

the firstigrgdishawsardirg eawniagiovavelitmeabeiration 104 effbrrgcand
rédibtibfbea 0’ Sdich 3fornRE fl@i‘n the@erddidoh E@}ﬂﬁo‘n&ﬁ c&ﬁlﬂﬁéd%tb% non-

ovi de for the second radjation beam 2 first
B R api PP g aG A B g R 155 R ROl .
abaratiéri®4 s£0e sedorahadion Béaﬁn)QOD lisflotle@ obthe fildnaxis 98 a‘?gﬁmst the

thi.rd ste
SRRSO Gl By B Biecire il efon
abirfafignal®t pithe seal@radidtian baam 20N és ppogindtelyadBshi.on beam

20" . The f 26 of
the di fff‘ﬁ?leb%%dws P pes‘ﬂ?% b B g ot e radblon

beagtiR0awhigh istferzned zcrn theahifraqﬂsn conmmn@bnéoﬁrdd thith the npirdiffaction
a@elp%ﬁox&%mpg&nt v%%‘nn ﬂh@ﬁl@ﬁq}x hyehy fnb{ Ruihf? %vatlemo gab@xb%ir? 106 of

profil A di fferent aze ang
ﬂ}erﬁaﬁt @étaté%n b&ﬁm éP. o @O‘Eﬁd Oa ths|fiass axip$8 agaiass tfg?rseqorl@@%woo% a
maliamesgtical yaedigtresbe bf tha Sl SRIENE FhicABntWBE ol F06 of the first
roxi mat ed by each prﬁ%ru5|on 50 of the diffraction
2@&5?1%@m2% %?ﬂ¥%@n%ﬂ%§% invention for the third
radi at i OFigire ammhd@s schenldticAly ARRIFXIONBE @6l act ?ﬁh&] sMcthirB 80

of . eac rotruysi.on enabl es the dj clion
w?xene orsnbmed w@h a ncEl-perlo&'I phase structure according to t&ns embodiment. The non-

periodic phase structure is arranged on the aspherical face 46. The profile is plotted on a
fourth axis 110 against a fifth axis 112 which is perpendicular the fourth axis 110. The first
and second NAs 34, 36 having different radial extents from the optical axis OA are indicated
in Figure 10. The fourth axis 110 indicates a sag in units of mm of the combined non-periodic
phase structure and the adaptation structure 40. The fifth axis 112 indicates the radius r in

units of mm of the combined non-periodic phase structure and the adaptation structure 40.
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grating 48 to select the third diffraction order mfor
the third radi ati on beam 20" ". The diffraction grating

wa00sm9asbi ned with the adaptati on structure BEOI/IB2005/050918

Figure 7 shows a first resultant wavefront aberration

96 of the third radiation beam 20"" which is forned

fromthe diffraction conponent conbined with the

non-di ffracti on adaptation cqgponent within the first

NA 34. The first resultant wavefront aberration 96 of

tThe whith 4 of t]neaadalﬁitioﬁ) sirdseem02indicdt&d. mlheﬁtoh@éhddlt phask ktfuture has a
t a second axis 100 which is

qﬁ%%@ﬁd?cu a?Pthe first axis 98. The first axis 98

I ndi cat es Thanoomeiiciid phpmstuctird fompeses e phifalityd radial ehesowitich

aat:kegnraegea Q&Cér@mmy@o%mmdo L&%ﬁ@@&pﬁle gi&éaﬁipéog%dgg%ngs%&&des a

aradius r 1n unit .
pBit fdiabirone | e 2 'éeﬁ@ddifjﬂql e 136ang actrid rachiad zestlil Gl boperdaty

Betwk @ 1BOGS rIED zodeN 15 MdShEXANB kRijal } ko%e def1ied % rﬁ’(ﬁusa of
dlffergtplgg_ gaken bet ween an optical path of
i6

RO Ah &P eivren e ecpnggidial 5@%@&1@5@ t@gﬂ radial
syist 1@ Brliatat aradiadi ofapprodfhelgn @3 nhhe TaPiccrlradikdhe f6 @tﬁeaq)bn-

iR B PR T P ebia 1 R B bt
@pmhbmsmb%mmﬂmiMngﬁmmbmnm&uluAmm mavefront aberration
?gsgf t EeTﬁehr{o é)erlch ic V@ase t]xucglret is a%ané?dttg I;ﬂtro fy!qu%%ltenlo
a?brewdrcawse nonlmertﬁ fntq meﬁrsfe sormd an@dhnratwamﬁromemhmmonmmmh
vouiS, WNTE 9 d AT &
t heI nondi ? f roa te{]%% Igl apt Qltnlgﬁ rgcaglg o éﬂﬁtra%%?%aél ¢hr°m eac !
fradiatipn pgam3Ppor thEHiest fadiation hears @0t dmtphwaxpafoﬂuin er, aibzated ay Rohes a
' ,S.. plott t.he
:Lglﬂe &fagé{&gmgtgl?%@g Fr E?ﬁqér%gzécg%n a)%} 250I 1‘61§p91§§ dﬂl r%n
dpide@b)r 21pizs b valid Cff@pmmneatdff 0fihof ihe hird raléatibd lrea 20”’ this
r e t. 04 of t Seco di ation beam
g@q\é% n%la[llo?gkﬂ{“ﬁ%td bP’ +af§ gA5 Opaﬁproﬁlfné‘ e@ ows a first
resultantTMHh@hamngmamensManwdﬁﬁhménmhmxmwtﬁmmemnmmm.

'F%q}eqti SR Qﬁ@ﬁl}ht?cgl r?/ érl\nft}btﬁp rrﬂ,.DSS‘of Ehgra%%ﬁg{ ﬁxmctm%o when combined

ffraction conp
hveath beth the m@tmr@ﬁlc a@amtraﬁtp@ anEGerpidirastian auting #h Thiprofilerl 2 is

Mﬁé’lﬂ)n tﬂ-en@m{}i axil116 %%MlstttMﬂhY@M qf4. QH@ fiRDGLERLLORird RQ ?fo
g%%é |rs adi atj on beam 2 otted on the first

repd fadiaxteats éfaﬁahea%w%al BHUOA A igiaitine Bitst: eegpnd
pmttlmrmadlﬁlebm a4, 0f6, t teeoftiemsi-pdrRaidphae brusmeatd iddtated.

t ' ti 20" is .
%pe%rerﬁtsa ofl tl%i dlff act10n§gt[1 48{,_.#% m&ag{agﬁl EH%}&E 4@ grﬁlgh%x{oln—é)lgrl?qdy pgase
ptrv@ftl_rel aee mmvat@lfm Figered tl agitecthé aproptiateicieranee dtherdsen
combi ned rQ l?shBQQa %E nd Qéihlganp\b%/gﬁo& gt?] ﬁgtgolﬂrl? 2 o1 1 Feotﬁgé ng

to this e odi ment e nonper| ase s
Eliatiogeem ap; tHhichds forreadifroml the diffeacirs. comp@exprco;ﬁlpm@ Jith both the

Réditraetion "Adeptation component and the non-periodic phase component within the first

NA 34. The second resultant wavefront aberration 122 of the third radiation beam 20°7’ is
plotted on the first axis 98 against the second axis 100. A root mean square wavefront
aberration of the second resultant wavefront aberration 122 of the third radiation beam 20°”’

is approximately 37mA.
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fourth axis 110 against a fifth axis 112 which is
per pendi cul ar the fourth axis 110. The first and

W@ ewsneB7B¥s 34, 36 having different radial extRet/BB22ex050918

the optical axis OA are indicated in Figure 10. The
fourth axis 110 indicates a sag in units of mmof the
conbi ned non-peri odi c phase structure and the
adaptation structure 40. Th 9fifth axis 112 indicates
the radius r in units of of the conbi ned

non- per i pigire 1ph1as/9a &Eéﬂd@ésullt@t '&Mfrt)ﬂ‘ﬂ @beneigi 124 bOiRe second

{ 40 ation struc
S tEhaih o s BEh & et it e bicrToR bRt St ik b e
nen-difiragifontaiaptatipw gimphiknBad thEmen-naivdjo@hase dintpopénagithin the first
N%t 3r4u”§ﬁeL§E(%n(? %Emtﬁﬁt%%fﬁmpelbﬁa%hﬁ E)é’él oqfthe s@cq}lc?xladlét neo%arr\{@(ﬁ el

are arranged concentrica the optica

Ppfies qylﬂmfaﬁuaiﬂy 9%$gamétdheabcozdm@%l 00t rqsptj@sanaqtﬁarer\sztvefrm| aI
aBeRBifonbl the s@oREEQNcht Wikt a6LABoHA oPE s@odd hdiflioh @%O”
zone 118. A boundary between the first radial zone 114
isZRRfOXiMatel¥ ed B¥d radial zone 116 lies at a radius r of

ap p r oxi NBL@t Y4 $1060a EPAndesRRMNERALN R Slesh 1286r ieLINd
nd the th|rd radial zone 118 |ies at

zqQne 116
ra&laP%r@fi g P" varchan{ormse freg thy Jificips crmponepfcomipgs ity body thg
n@adiffradtibon adéptahblﬁcdi’r@ﬁxﬁbﬁi d]l:l@ gie Gloﬂillaaﬁ)&lc Phdsel E&ﬁﬁtoﬁenﬁﬂﬂmﬁ tns ﬁ?st
nul ar Lrusi an oncent.ri.c W he
N e Rl BE it g ALl PR T D R e 28 g
plWx@ ondire-fpg exindl waphdesc®nd adt W0 it @eanamgedvivefront

a‘t%eﬁ%t’fo?%!ﬁ'ﬁx@ sRorflf r&fuggn?mveﬂgrﬁ g%';lia&%' 1g6 ghas ﬁrsP 9@&90%%% bPio

ftirst, second and wavef r ont cations
fmmmmeMm@3mNmB The non- perlodlc phase conponent is

arrang edRethru-fg*{megﬂfétll aa1 1! é?éhsﬁ e adégﬂgﬁ gﬁﬂtu e%' l%h%@e%?en a

beam For th first radiation be
bovpeas of t@ﬁpﬂrstaﬁﬁﬂd@d thsyecops A 36,0 abenadasy oﬁkme@gm At B apd

thQ th9%d NAFTE, ¢ s& %@s&ﬁﬁ’d H@i@ﬂe&tdo%e@ﬁ@%a’%@ struchdd whigfigse
a_val ue of apprOX|nateI

e i e S s 3P D Sy e BBPr XL TR ELY
strvoitltel ipsh@pn indiiguird Eid TiRseddpd ht&Speﬂoddabhaﬁa sirlicta 6t isesad folrh,
ﬁ1Qh a%% 51x;|;1 gcag z(];r];erw Ia%?ar ur(l,‘gtectl congen'glcaf l}' abolitqﬁ ﬁ%a\kgxg 8A tzb €
b@,lemhqugame yhlld rmaebtqnle é18128 ﬂ@ffmtrﬂneam apredits A radius 7 of

apﬂo&h'&cﬁély 1540, Wn&mtv&@gm@ﬁf&ut}h eTe] AP NA ?nde?J‘f' Afgﬁjédf,ﬁQbrfé

phase structure and’t ffraction gra
ligs i feflis mof gprreximtely { é%ﬁl% At lwélnqla@ube@weamesf,lftﬁ 10iahepat At

tht Kiethfrddfal PondXésset 4 dedius AbrRpfrbtiShiely3Q9aRd. and third NA 34,
36, 38 hg% dlfferent radi al extents fromthe

opti cal DRSO A P o RSP InSies A ek
ndnyietiatlic ghalieabmamaeisnid thé secdliGind m&lmfwabmnnﬁmlmmmwg
Wg)ﬂ ees§t01r1 r(l:onureg i %as omcatrﬁ S H? tr {3\ r)ﬁe hapge ¢
ractlon I HiYy “ES R RE éoaélﬁ?gcf ORI RGeS g
intriigk seévad ﬂl@l’ﬂnpmadlatdm(bemagé 20777,
The fourth, fifth and sixth radial zones each comprise an annular protrusion
which is concentric with the optical axis OA and has respectively a fourth, fifth and sixth

height &, hs, he. Table 2 gives the approximate value of these heights and the phase change
¢3 modulo 27 divided by 2, provided by these step heights for the third radiation beam
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structure are indicated in Figure 11 using the
appropriate reference nunerals. Figure 12 shows a

waemsneB78esul t ant wavefront aberrati on 122 of PCRIB200700918

radi ati on beam 20" " which is fornmed fromthe

di ffracti on conponent conbined wth both the

non-di ffracti on adaptati on conponent and the

non- peri odi ¢ phase conponent ,wthin the first NA 34.

The second resultant wavefroiit aberration 122 of the

2ote°r Ther fatthafifitoand blemmea Qeightd &, B B liraddmhhéaeha‘nigé 81, m@u{ns
8 st the sec Xi S, I nean squar

%59 ?’F%ﬁi“&%fl& 241 qé‘f Steﬁ@ﬁgé%%ﬁath? S AT ORATY 5t
aberration 122 of the third radiati on beam 20'" is
approxi mately 37n1.Figur%,#3 shows a second resultant

wavefront aberration 124 & ?he second radi ati on beam
20" which is fopswed fhom t hgedi ffri@eti on conmponent

conbined with b th on-di ffraqti adapt ati on
conponent and | etég’ ﬁlp ri adP ¥ 8ha &% %nl nponent within
the first NA 34. The|second ngisw.ll tam/mvav#ront

aberration 124 f the—second—+adiat —beam 20" is
plotted on the fﬁrst é; S 980aga|r§¥#§ second axi s
100. A root neamk squar.egsmaviehr ont abegrat on of the
second resul t apt—wavefront aberratlion 124 of the
second radi ati }ﬁﬁ beaﬁ)%? sOapproQi mately 25 m.

Fi gure 14 shows a Ssecond resultant wavet ront
aberratlon 126 of th first radiati on beam 20

i s formed #¥om %?‘H%S g T‘feé'ﬂflaPtdY?V%fWﬁ’éﬁ{on&%pr%ﬂﬁé]&}rd\M th
bdtatiort teem 2o'T- vdndhflf aﬁﬁedmnﬂdamf&hﬂ]@moﬁmﬁtr&&ﬁbln@nﬂm&m
”%”dl%%r%&ko% S Rhase companent w LA n i
e BB B PR R L D Pt e P Bl Sreobfen
qumdlc ph@d faatpowent dnd arwa@dgtond rsoqmﬁqauqr@dmpcnenhmrdduaes by i iplenar
%ul@g@gﬁﬁ %) Jvlﬂﬁ'n tﬁgﬁ‘lﬂﬁ ‘fh%%' ’ﬁhe]tgpd reé%\ LR %ve{%%ba&lda{ 0 of %he

wavefront ab er,r”a | On secon res t ant vyave ron
thigd radigtipbearn 267 g plpted opithedirst pxelPSacpios thssaspnd@tis 108. A root

ARAN QudrdWAvRldht A3 rrion oREE @fifdir&GitdnOwivie SbHt Sbedrdtiond 36 6&hOMird
of t he ada&t ation structure 40 |lying between a

Boigh

tiHEPPIORIMteNA Y and t he second NA 36, and
a boundar Mg@é 16 SRewSLERN s Nt IRy et 2oBRatioR i1 520br MR s&Bnd

f t di h .
G T8 20T BR e o PGB g ith the non-
diffragigdnLadeptation cofnponent, itheerod-&iodfc phzhe song@a@mehd the second non-
ﬁkﬁi’&a@ gﬁdsg %m%ox%g%ﬁuﬂc‘%\g ye%&ﬁlrl\?A 58 TR {rd res&lta li'/efe ong' ei'berratlon

on- ase struc
1Bt thg sechpd Itaﬁat@n deagi 34 his platﬂqdalln theding am%fltgaaﬁteheﬁpqoad@m

CON& S8k HeﬁlasquJaYe WRRH Nt L@t dr @@Iﬂm%)fésﬁltaq}ﬁwavéfrm Y ioh 132

between the third radial zone 118 and the fourt
ofdln ssrond epdiation eam 30” i appiewiuately 162

Figure 17 shows a third resultant wavefront aberration 134 of the first
radiation beam 20’ which is formed from the diffraction component combined with the non-
diffraction adaptation component, and the non-periodic phase component within the first NA
34. The third resultant wavefront aberration 134 of the first 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 134 of the first radiation beam 20’ is approximately

13mA.
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approximately 1.18nm A boundary between the fourth
radi al zone and the fifth radial zone lies at a radius

WO 2@6/0230pF oxi mat el y 1.425mm A boundary bet weePCT/IB2005/050918

fifth radial zone and the sixth radial zone lies at a
radius r of approximately 1.478mm The second
non- peri odi ¢ phase structure is arranged to introduce
a second non-periodi c phase ??nponent into the second
and the third wavefront nodification W, WVB. The
second no mhmbiza)ﬂibod@bxasganﬂmrp@he bd anl iBus@hthva@ RQREhld oF the
r.od Lnto the second and third
"%ntlofl %%h el%'@ asrﬁfj&s O%g% mvem’loﬁ %our %de fifth and sixth
radi al zoﬁbfscoela@ttbllmoptgp whish has theradeytaion gruoture. singrinedwiith kthe
[ [ t |
P e e Mt o PR AU N SRRk Wi s
fS¥5uctuTR i far exangple, é@rﬂ%@snmamsﬂtmm@ﬂdz@a ta@m@ﬂe frrp dhe material

eicg htlssenaﬁacge& m@t tmﬁlgammﬁﬂ@te 5f thSopied @J,s%n%aaﬁau\éﬂngtﬁ)@ly*%x

?&W@ ovi W% z hei ghts for the third
B A fﬁ@a “als ff aH%FIF Fﬁqulferd@ﬁgracrfahealﬁfr@ﬂlogs@ang’
el agdptsion structofe, ndh@erlmqﬂia%tr&nphaﬁlehdkbébﬂ@ Rorf-gerioditpighed O

tantially
B Ol PP fhe BB S B P00 el
Shromed frem DiFcryd] Irig8uthdramtisagaitadt Kheidns atibe coatpitiiilit} BBteafay be
tf&@?a hid 4 asadi Iﬂgta&'ﬂug n@)@aﬁ aw&g mh 4 s S 0RAnS £ QM4 Ne

racti on conp onent I ne
wterigh nRcagblp &ﬁmaaalmeétbﬁtwn@ca%wefme and fn@owle havirgrai sbade ¢

RARSE %or%@}mﬂ@ﬂ@ Bﬁesu&hﬁlaﬁﬁﬁ RAoNURBRE 2. FhdASE, havmg adopted

conpon a wavefront nodifi catl on conponent
“}?E‘?%ra?‘i r&l@ae %ﬂ;}n R Eopd &yl cyred yting for empls %t?vwlqt Fditighe

third NA BShe &hwbédunrbddmestumetcamctmglaﬁﬁgqmorﬂb@aIrwstthm@n
rd radi t|on otted..o

th
Fpeon s fuls R B RO e eesdoBr it Pt P
stopstresas\pary eff theogempatibdity plbte. dhis difrtherteevitaged that melsast bt the
W&tlelslggaggg@g&{ %%t&’%n%?%t% tﬁeg%n Eé} oﬁ? 85"‘%% gﬁ.%mge%ng%%gacond
PRsPArip @A Phagsietiig rlﬁaltszla@trvﬂatcpléhneﬁwthdlﬁe leniselt isdierthgrienvisaged

E@ﬁﬂh@&lﬁ&@tl&%ﬁ%ﬂ%@ theV)fabﬁeﬁ'loh SirdoRfRE ncfn[&m)(ilb Ehase structure and
t| on.co onent combined with the nondiffraction

ziiff”é Hogrpert ﬁséﬁfr““‘tr‘l‘]‘é‘%@r?eﬁé‘i‘l'i"%‘iﬂll ‘i‘}thﬁlllf’alélés S%‘rfb% Hent
aptitaltshgens eee et rdfqam@zecdn@dﬂﬂﬁhtp page conponent within the
second T esul tant wavefr t i on
159008 1 o s ol he iR Rie SRR SR BREAAN po
fdleceet déﬁacsomdagausraston{zhe pssitove ndlera{i+$, tid@conAselantd mean
ﬁMP&l NaY ‘fwf Es%r,]zteroﬁlkb%elf %‘d‘ tQJ‘thﬁ’ise‘ebt@d &&H tgon d)?(isep L:E Qg on zero

wavetront. aberration secon ation
gqgatxqeg)rcgpﬁt}-b)gt igfiri@pryenyigagpd that the diffraction gratmg may be arranged to

select different diffraction orders whilst ensuring that the relation of equation 4, 5 or 6 is

held. Table 3 indicates different envisaged embodiments having different selected diffraction

orders for the cover layer thicknesses of the described embodiment.

Table 3

Cover layer thickness [mm] 1.2 0.6 0.1

Current embodiment selected orders +1 0 -1
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Figure 17 shows a third resultant wavefront aberration
134 of the first radiation beam 20" which is forned

w0 e@s093185 di ffracti on conponent conbi ned wi t h PEEIB2005/050918

nondi ffracti on adaptati on conponent, and the

non- peri odi c phase conponent wthin the first NA 34.
The third resul tant wavefront aberration 134 of the
first radiation beam 20" is,plotted on the first axis
98 agai nst the second axis Igo A root mean square

Enﬁv@édmﬁodabetrlrsatett%mﬁérstrezt h| rd nesul taopt wavdf ront
a oh—beam 20" s

alhaoarvrat i ~An 194 ~Ff +ho £
Eﬁ\ﬁBﬁg%‘{;?mnbﬁgl&ev&ﬁ‘ﬁft?df?{ger%bc\?e errbodllrrent il £ under|st ood
Ehdsdged auboilimetisy settederdexarl e of [+ i nvemtion,

| TR S S AN A Al At o A f A L o ) N4l d
ruaroTici CITouourTictit S Ul UTl | ||VC||L UII ul C CIIVI ou.ue .

The conpatibility plate which has the adaptation
st ruct ur by theamtividimedt describedtofithe dichent mednitionthg didftdctigp, griting is
=436 thl% cg pﬂz{}lgg‘lﬁn 1'3 (}Jﬂ%ﬁ HE %lo%ﬂﬂ Z%Ihs%béa%%glp equal ]to each caher
o-per|0|cpase tructure I'S nﬁlg
infsthe spcend rpdigtion beaom Itnmwgagn@thatethﬁqgt@nfstrmmm tvald
aMa%Cél?#; %edlté 1n{r u@@éﬁlm?a‘? e &Q@%e I}VH%h rg cﬁl{do@ lity

t ca syste may alternative
S#béﬁﬁvf@tly equalip afiwhfotélple into thefirstrar Hie shindhvadidiion béaow t he

requi si t enAesd o rdfatibRadi Jfft}{e%%chg&l bdinBY cadhMEve a

adaptatlon structure, non- gerlo |1 C ase structure and
PEfiEcrEEES Havel ol 3et § setrie Noh Senysager baadiation bgms may be
uia Rinerpediiffdrént p&daam@at%mehgﬁlbr 4 d}ﬁer@& watth@mhhefr ynvEJslageHe

P RS trast et Rt e o por el Al T ey or
tholserbad mmspeti@lid hiasestudture teghates diffedntea. er| al using a

replicat fnch% e%b%&%%ﬁtbcﬁe;cn]?edhhe opgcaps%eg’n%ié e $ % arrangeddto can

material, Th a meen a (gl ass
opfignifrepord caﬂ@rSélawngxdlﬁeﬂq@t\ﬁpwglaﬁr ﬁhtzkp@sqnhlit ISNHU@EWﬁhép dragtical
sdabhifk A6RE ﬁl@)ﬁalﬁt}fa Jpge AR FR gpaﬂtdiff&én{ &%czﬁ lré%%n% -carli Ql%ormats

mat eri al, having d the desired rom-t
hayig different quérriax:ea F"é@}nqﬁ%eﬁ foghos efthessazhegimen m’iwxm ‘dhlét
mathindig te relafidh dflguai@sgbiobed enbodi ment the diffraction
ned wt ptation structure, the

grating js, co the a
non- per i fgél?ece"giﬁ glg’gméllesrcugefitfp%(’pé‘ﬁ% SYff QEPHE 2 second nion-
parodic Pmsé stdicmrq:) hefeghes tnvisaded e:ebmlianem&rthe @fontl hﬁl—perlodlc phase

t
Stﬁ‘east Agn tl:xJn%tX/e bgg ﬁ]%f?-cjxc IOI%S%UCTIH‘E Wik %‘rgﬂg% r(ljtr na an:c08(?1

1 on SthC ure, a ta
difyactivetcamponenttieto theryeqond ind diedhipdhvenyefrant mg@ﬁmtxea ‘afm Wh’é

ISBEQAdRRAr REL b {hQ opRasy ste?lf & erf“ph% & plafar@hduBk F@%h\iﬁ Vis

conbined with the Iens. urther envisa
firthe epyifagsdtbstitinregion ey %l?oémhtdﬁ an %@@atﬁfeoaltsrrmﬁurgtardeférﬁqy%

sttudRrelb9 A nfiepdriodic phpbasewst ruct ure and the second
non- peri has tructure, onbined with
the |ens ng]ﬁéﬁﬁgcf‘ﬁ%?te RUME ceitaly éva%wg%gl%@t stepdigightse
wiitls amprates bff duiviayirepdf at 1€ast one of the diffraction grating, the adaptation

structure, the non-periodic phase structure and the second non-periodic phase structure are

,-

given. It is further envisaged that any of these dimensions may be different in further
embodiments of the present invention.

It is to be understood that any feature described in relation to any one
embodiment may be used alone, or in combination with other features described, and may

also be used in combination with one or more features of any other of the embodiments, or



In this enbodi nent the diffraction grating is arranged
such that the first selected diffraction order m is a
wWmoevsme3785 posi tive order of +1, the second sel BCI/BBR005/050918
diffraction order m2 is a zeroth order and the third
sel ected diffraction order nis is a non-zero negative

order of -1. It is further envisaged that the
diffraction grating nmay be a&ganged to sel ect
different diffraction orders™whilst ensuring that the
a8l c@mibinatiafof egyusliet ofthdlemtbdiatents. Fughdn@bi@,. eqUiadléms ad
ARERGEEALL LR e 008 L, SR FEN S 0 o
plheinvertipg kéod Sedefindd it the acgempanyibgdaiewbodi nent . Tabl e
3l n the enbodi ment descri bed of the present invention
the diffraction grating is arranged to introduce phase
changes which are, nodulo 2p, substantially equal to
each other, into the second radiation beam It is
envi saged that the diffraction structure could
alternatively be arranged to introduce simlar phase
changes which are, nodulo 2p, substantially equal to
each other, into the first or the third radiation
beam The different radiation beans of the described
enbodi nent each have a predeterm ned wavel ength and a
certain NA. It is envisaged that radi ati on beans nay
be used having a different predeterm ned wavel ength or
a different NA. It is further envisaged that the
diffraction structure, the adaptation structure, the
non- peri odi ¢ phase structure and/ or the second

non- peri odi ¢ phase structure nmay have a different NA
In the enbodi ment described the optical scanning
device is arranged to scan optical record carriers
havi ng di fferent cover |ayer thicknesses. It is

envi saged that the optical scanning device my
alternatively be arranged to scan different optica
record carrier formats having different cover |ayer

t hi cknesses to those of the enbodi ment descri bed,
whi | st maintaining the relation of equation 4, 5 or 6.
In the enbodi nent descri bed, the optical system
conprises a second nonperiodi c phase structure. In
further envisaged enbodi nents the second non-periodic
phase structure may alternatively be a diffraction
structure which is arranged to introduce a second
diffractive conponent into the second and the third
wavefront nodification Wb, WVMB. In the enbodi nent
descri bed, the optical system conprises a planar
annul ar region 42. It is further envisaged that this
region may al so include an adaptation structure, a
diffraction
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structure or a non-periodic phase structure. In the
descri bed enbodi nent, certain dinensions which include
wi dt hs and rates of curvature OPCHIB2005/050918
| east one of the diffraction grating, the adaptation
structure, the non-periodic phase structure and the
second non-periodi c phase structure are given. It is
further envisaged that any ofzthese di mensi ons nmay be
different in further enbodi nents of the present
ignAdnNtS on. It is to be understood that any feature
described in relation to any one enbodi nent may be

used al one, or in conbination with other features
descri bed, and may al so be used in conbination with

one or nore features of any other of the enbodi nents,
orany conbi nation of any other of the enbodinents

Rurt her m)re (8] ?c%&jsc\éa enc{ewc P %

descri bed “AB8YE" FaYIIH €8 HE S°arrr51‘“§y°86"avxﬁe%‘ﬁ i?{“eése‘t%?% i ng
mfomatlhtelas&mpelf&fent lhf@rmatr@e hay ¢r@lapthsphithirhthé earribe fherpptical record
T L R LR G Fstoe Ao BRLN GRS PARL AL
iiMPiagian lapy dpralyés 8 segend@iptiqableeqsd cargr 6F ﬁﬁtﬂlmnllréyrmatmn layer
QQFbt'JB§ sé%ﬁcnhﬁmtleﬁ‘l%n ﬁ@érrdblﬁﬁ d> ah@@thg@gﬂ)tﬁ;ﬁl rec()l%cb%l r (%af) higighn
i.nclu record carrier avi ng

T PG g R ipmaigs bgpr deags VIRTeht doed DA | aver

dept h d| theacﬁaem@ﬂeindamtcmalg ali QMO EsRRE kysRin (()30) pr&i@vihg Grst,

er (2%) & formation.. .
Ao i Bion Rty 420 o o Sl PP B v
_@@oi‘d)cahal_vsl (B 3’a,r8”’hfea1enlatelyotme Hmpe inc{u@ihg » didifractiort duetake (48)
'ilﬁﬁogﬁ&x’?gt fir SCL(@‘M%{](! fﬂﬁ@ gtﬁ”felrent wa V@gr%ﬁt%dattﬁanoqgmg) at leastt Ea“:r‘t of the
scanni g evice I ncluding & radiation source syst
@73 seeond prdgbind radigtien hegms, reseqeivedy> and t hird r adi at| on

beams (4 ,the‘hlffraéhon ltrucfu%rbefn @Hﬁﬂg&g’co%gér&te ftisk18dted SEEPBH orders
and third reﬁgtﬁ carr . respectively,
i

R el i TS mrﬂgndathati Ffliaticn hegss é"PI?eﬁttVFer e (48)
ichdraonlisei in thaf the Siffracs@Ga0dura Burhilped Shich thaf theefoRdWing relation
Ovefront nodi fications into at |east part of the
Prst, second and third, radiation beans,
respectively, the diffraction structure bei ng arranged
to operate at@ﬁebept@ﬁ @1jfract|on orders m , 2, ms,
for the fiTlst '——Sg;p thlrd radi ati on beans,
respectively, "&har act &r i ed in that the diffraction
structure is arranged such that the follow ng relation

ol ds: | i\n(ogﬁcal_ scgtgrﬁng%eﬁceda%gor&iné to)clatngJ E ther%in)the diffraction
structure (48) is arranged such that the following relation holds:
1 (ms _mz) (da —-d )

A 1
_.._< — = <_
2 (mz _m]) (dz —dl) 2

3. An optical scanning device according to claim 1 or 2, wherein said optical
scanning device has an optical axis (OA) and said diffraction structure (48) comprises a

plurality of annular protrusions (50) arranged concentrically about said optical axis.
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2. An optical scanning device according to claiml1,
wherein the diffraction structure (48) is arranged

w@mbh/o93tas the following relation holds: 1 (nBPET/IH20)5/050918

{d-d2) 12[m- m( 2 - C?,) 2 3. An optical

scanni ng device according to claim1 or 2, wherein
said optical scanning device has an optical axis (OA
and said diffraction structurg (48) conprises a
plurality of annular protrusi®ons (50) arranged

cloncent ri c'al dpylcahlveniingsdivide apbiiiagio it S, Zlor 3ARhedii bac@baid

R L R AT T
ifsrengbéights hndd.bidi ng a plurality of steps having
different heights (hi , h2, h3). 5. An optical

scanni ng devi ce according to any precedi ng claim

wher ei n saifPrga sceriinestesinnhicseydiae o ae Peesdivg iclsias Waﬁf ein said

JPAR sthinfiih &Uicsldnipries b NapRtisAR8e. (49) ar%ééaqyﬁ'@rocﬁlce a non-
gg_dl ffr%ctl on a%g{gﬂatl on _conponent into

PYOP BYPPIEYHTC Binte cacl radialign Beagy VBsHeiR maﬁ@ﬁm s
avmpergeds dreangadits dtbdee §hbedal abadratidher rati on. 6. An
opti cal scanni ng device according to claim5, wherein
sai d adaptation structure provides a face (46) which
i6s subst ariniogtidayscamrigaievicadccording rrvladp b viteteirseidndiprgion
ARYE pRCRRN A4 th&h?g %%S%an‘agllgo sprfRg[ €l n sai d

fraction struc ure Abi ned with said
adapt ation structure (40). 8. An optical scanning

d’ew ce ac %ﬁroghcfagscﬁxgnr%rlﬁév@é‘ ﬁ:@&@h@% cfalirﬁuj Bk 6, %%ﬁlsﬁd §1@ﬁegtlon
i cal _scannij ngd &11 has an optical axis (QA)

%I‘FE) F 841 §oRpedyd S@Glaeapfﬂtfﬁ%%mgtt“ielﬁ@ ure arranged to
i ntroduce a non- perlodlc phase conmponent into each
rSadI ation tr)xeoamal s dg ice a¢ r{llognt perl o%gnggl herein said
St ruct ur e “ESHPFA TELS 5y eraaf? V& 8 Agical 81%%’ e 3¢
bidral sta8)ngalevieatge an mmnzl exit (DA)and yonajmsasta_nsapdnompphasal
%ﬁ&uré Qrognge%qg 1%3(1109 1@61@ gﬁaae\” or{eﬁghtglea rr?c{lathm? beam,

(107). 9. opt |ca nn|n e accor
&ibgreth Ssld nWPTé‘?f@idﬁ 950 étrqqarf— qoBplisseld nluli@hta(@éraérakagcqsmrlé, 116;

q ogyhiraedd Wnbdhirkaiatdinfshib 3fdaPRisTOA V& BaEnd A h-perdQlic rAflal

tlcal scanni ng devi ce according to any preceding
EQQWﬁ "Qherein the selected diffraction order m for
the first radiation beamis a positive order, the

el ect ed ffr tion aorder

Padi at i on B8 e SHAEEFS fehacgorr‘i’%%toaﬁﬁn ?ﬁ”j‘e?glisglgfl%rﬂper“’dw

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 first radiation beam is a positive order, the selected
diffraction order m; for the second radiation beam is a zeroth order and the selected

diffraction order m; for the third radiation beam is a negative order.

11. An optical scanning device according to any preceding claim, wherein each
radiation beam has a predetermined wavelength (A; A; A3), wherein the wavelength of said
third radiation beam is shorter than the wavelength of said second radiation beam and the

wavelength of said second radiation beam is shorter than said first radiation beam.
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diffraction order nis for the third radiation beamis
a negative order. 11. An optical scanning device

wW@ewsneli7ay t o any precedi ng claim wherein eacPCT/IB2005/050918

radi ati on beam has a predeterm ned wavel ength (li ; ,
), wherein the wavel ength of said third radiati on beam
is shorter than the wavel ength of said second

radi ati on beam and t he mavele%gth of said second

radi ati on beamis shorter than said first radiation
beam 12. An opti cal scanning device accordi ng to claim
2[% . S}A’he;:légl rc]>st"i-lclai S r{nﬁd veicena] Qo?éjm o\é alen%l li]mptwlﬂerem salg predetermined
appriagihredsaid first %ond%@ tha’d dadde@5n bmmonmproggqately 785, 650 and 405
LESReGLs ¥ 3&1 3. An optical scanning device according
to any pr g claim wherein said first, second and
third |nfornat|on | ayer depths d\, d2, are

appr oxi mapg |o¥t10111 s%anngig@e@&dac&rémgmolah}i BigS c1a1m wherein said

res ectivel ptical systemfor introducing
firsh g?“m%“@’éé’i‘i‘ai lafi‘ii':im’(“ﬁil iaiier eithr et arenaweflmeﬂt/ 1.2,06and 0.1
moltinkireatippatselynt o at | east part of first, second and
third, radiation beans (4'; 4"; 4""), respectively,
each said radi ati on beam having a different
pé.edet er mAnegtioabsystbre g titro(lhding; firgt, se¢dné aMHknei dififgtetn, wivefront
I 8.
b R P R A RE B R RN,
F%ﬂ%ﬁﬁﬁen beam wherein said optical system conprises

@ di {1 ractiofRuishistlititn bRl 1208 pRANATE Satllhaon 1o
varies in st eps whi ch are arrange FO DTOVI de selec

dif the wevelepath oHsasThisthradiation bsam beingsherfer §ian the wavelength of both

E‘é?c@'ﬁxfsi &ékél@%onéxgcﬁatﬁ)ﬁ'b@ﬂ ed diffraction conponent of-
said first wavefront nndification being a diffraction

OherpIE e PPLSR! sYStEB AenRists Agliffattion stHigiua¢ Bl dagp prafile phich

ivariek Pestedh ivhrcaeﬁeiaﬂnlgsd fopedvide Selbced A fFradNGL sbngjdﬁdﬁtstlia @d t he

seI cted(fg f g F $ onent of saéﬁ %¢ vefront
PERER 1?I§ E FioPET GETACEIN RBRYEAEH PG styvay Ff’“Eer 0

modﬁcatloahdng adiffreation donptrest S b e@szeof ortldre profile of the

g%rgﬁﬁgﬁhggm§tructure are arranged to introduce into

d second fadi ati on beam phase changes, each phase
®hange, nthddifsacipn stivetureds asabaed awahitlzat thy seegted diffrastiemc h
edmiSher? BASERI tRikPRBR ront Rrod#ABatBR1s ac;ﬁfifra@tisﬁ E&ﬁgo%@ O 2 HoRGerb O
claim 14, wherein said systemincludes | ens

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 2, being

substantially equal to each other phase change.

15. An optical system according to claim 14, wherein said system includes a lens

(32) for focusing each of said first, second and third radiation beams (4’; 4°*; 4°*°).

16. An optical system according to claim 14 or 15, wherein said optical system
has an optical axis (OA) and said diffraction structure (48) comprises a plurality of annular

protrusions (50) arranged concentrically about said optical axis.
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(32) for focusing each of said first, second and third
radi ati on beans (4'; 4"; 4'"). 16. An optical system

w@emenei7zagy to claim 14 or 15, wherein said optPCHIB2005/050918

system has an optical axis (OA) and said diffraction
structure (48) conprises a plurality of annul ar
protrusions (50) arranged concentrically about said
optical axis.17. An optical §%§ten1according to claim
16, wherein each said protrusion (50) has a stepped
arrof il e, eacptiqal OktetiSc@ndindys ldih Mg wherpih Bachlsiid yro@iision (50)
te 52: 54; 56) havin iffere i 5 (.hi. ; h2;
35 P Sergiorolle sad o B Buos B REl 0 58 U s Bl g
clitédrenf haighesr(bi; he; 8ach wavef ront nodification includes a
non-di ffracti on adaptati on conponent and said optica
system conpri ses an adaptation structure (40) arranged
tl8- provi déngaticl yatamtaarordne te empvereding clgimewksrein eagh gavefront
ERRTCAE dn G IR PRI Eradton @ﬁégﬁﬂ&?&nlpgneh%ﬁ %@&ﬁcal system

spherical aberration. 19. opti cal system accordi ng
tCBMBYisST 30 afaptatipp srusitse G8) dranged it RIPYIdsedRAIpation et
pihekeinhaid adaptafice cdndDheni3iathgeStoSuthgt@RptieAitdl Yoerration.
aspherical. 20. An optical systemaccording to claim
18 or 19, wherein said diffraction structure (48) is
dénbi ned wintohti@bsydtemchaqotdidg tonlaint 18 etereie s{id@pptatdh stridfure
[ i cedi ng claim
e D T S S e et
non- peri odi ¢ phase conponent and said optical system

GOITPI i SeS A3 oBRRAr Beh QeoRiRNG 8GinS 19 1 G, Uiere i shi ABREL P
rovi de sai d non-periodi c phase conponent, wherein

SHVETR @) o BRI et Ry | ses

plurality of radial zones ( 1 14; 116; 118) arranged
ncentrigal | bout said optical axis. and havi

B non per raaPesr SaP Gt (et Syt Werpiact giveRoh

syslifeatioadebriel axgniporiadiephase2dmpaddestragd saidsaptichl system comprises a

) e o iy :  h d
AP PRELIHLE SRR BRI T HOAY S GRNRLNGE LS DB
adesinghid gon-perigdip Ppase slagiurroaiprserp pPiwratyeof redisbdodes (114; 116;

dit §)faAled QhcRRMNSRL Qi of@alhxfsi (DAY akt@YRhE PRn-periodic radial
nodi fication is a diffraction conponent of a positive
FFUs (1%Hd said diffraction component of said third

wavefront nodification is a diffraction conponent of a

gative qQrder.. . 24. An optical. system.accpordi ng to any
SFacedi ng CPEIH TaREASORMEE YISy MRGTRS AT iAo
isanetita¢ is oomipesslrwithssaig ldfroatipn $tivatoret(B®. wavel engt h of sai d

first radiation beam 25. An optical system according

to claim 24, wherein said predetern ned
23. An optical system according to any preceding claim, wherein 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.

24, 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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wo e®poeIByvely. 5 26. An opti cal

wavel ength of said first, second and third radiation
beamis approxi mately 785, 650 and 405 nanonetres,
scanni ng devi cECT/TB2005/050918
scanning a first, second and third, different, optica
record carrier (3 ; 3'; 3") with a first, second and
third, different, radiation beam (4" ; 4"; 4"') ;
respectlvely, each radi ation Qpan1haV|ng a different
predet ermi ned wavel ength (li 75 | ), the wavel ength
ob. sai d tMmkﬂnamQBaﬁmwawb@gnhbﬁ1ngwﬁhahkﬁdp&mﬁmnmhﬁ
waeigllae oonf S g %a‘llr,ﬁp %chP dand(ill%lfd 1y 1a{t1§}(1: g%:]r]rﬁﬁ gpapaogswl% g %jS, 650 and 405
qenpretrss, regpeativebpt i cal systen1(8) according to any of
claims 14 to 25. 27. An optical scanning device
according to claim 13, wherein the optical system5 is
abr anged @ optiged ssarminectiefics for scanpingcrfifstaseebnd mid third, different,
roBfdaBleb R RERND; §4 '3 ’éfwﬂh Leirst) sedRd Bn BB, ﬁﬁféreflto%@iatlcﬂlqeg}ﬁ
on said first, secon and third optical record
dhrtisér's: F%ﬁﬂ“ﬁy’ 3'"), respectively. 28. An optica
scanni ng deviraeatias Géhﬁﬂiaﬂﬁg b @iffede pi@d&émﬁﬁedwawelwgﬂ{(ﬁf Ma; As),
each of said first, sec and third optical record

&%Wc}"é‘?%gﬂ( ofssaid §md rédlatyon ﬁ%{% being ShAELPARING BRvefeagipf et said
ﬁhﬁﬁ@hwﬂs&ﬁﬁ@ﬂﬁm&ﬁdmhhjrd information | ayer depths di

d , ds, of Xi ma

respect i vét @Qﬁﬁgsmm mg8¥mmcphgmm 5“?&8%5V%??§gﬁ§WH8g§”my
fof elgims 14&c¥nd and third, different, wavefront

nodi fications into at Ieast part of first, second and
third, radiation beanms (4'; 4"; 4'"), 5 respectlvely,
@ach sai dAnggiicat $%WIIMWF%%§W@Q% t@ cthirp fl 3 véhgtein the optical system

R 2RRER DRy |68l Mnd(thitd radidi@n b (4t e 4“@\{@11 @@Qédh
f said thug%aradlatlon bheam bei n shorter t an the

Eyouth g Fricprstyereendaf Hhird opticpl regqeT cajer (dad Grid )» respectively.

radi ati on beam wherein said optical systen1conpr|ses

dlffractlon structur
B oo | nooRid A Byt Bl RN BERE 200G, weritieihica
dirst.fsecpod a@ﬂhlmg?d eqvbsl chmniers £3° B WAV B hawerah information layer at first,
g&:@hi énﬁ%ﬁddcmf%rma?lgﬁ} la?&ldg(gﬂsecp aEgj, a]; fo§° Q}%Hx%até“ly E'EW&&E Oqf
sald first wavefron ification Deing a diffraction
EOWpsHentesnsttivalynon- zer o or der, characterlsed in that:

29. 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 (Ai; Ay;
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:

i) the diffraction structure is arranged such that the selected diffraction



1) the diffraction structure is arranged such that the

sel ected diffracti onconponent of said third wavefront
worR@sNPras i on is a diffraction conponent of a PONIB2E0N50918

order; and in that ii) the steps of the profile of the

diffraction structure are arranged such that the

sel ected diffraction conponent of said second

wavefront nodification is a di'gffracti on conponent of a

zero order.

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 such that the

selected diffraction component of said second wavefront modification is a diffraction

5  component of a zero order.



