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WD 2004/ 029937 PCT/ |1 B2003/ 004031 1 Optical scanning
devi ce The present invention relates to an optica
W@ e@n299g7 devi ce for scanning a first i nfor maP¢DB2003/004031

| ayer by neans of a first radiation beamin a first
operating node and a second information |ayer by

Opticabsnasniog davisecond radi ati on beamin a second operating
node, the device conprising: 5 - a radiation source
for emtting said first and second radi ati on beans
consecutively or simultaneously, - an objective |ens
system for converging said first and second radi ation
beans on the positions of said first and second
informati on | ayers, respectively, and - a phase
structure arranged in the optical path of said first
and seciRGrddent ddesionaelatee avEn optival sdanting deeich &tisagmany a first

optical axis and includi nfgwa central gart and at | east
inforgjgionigy e emeparal arigpt pdiatombeag FonlskeResying 8P second

1nforH{a8£ﬁ g? l?yefél@?% S A sﬁl:orﬁjl' h@&idPlam i?led REGREN erkth gﬁrﬂ&deoﬂle

ase structure use i'n su
devigohmpaikingcanni ng deV|ce "Scanni ng an i nformation

| ayer™ refers to scapni ns of aradiatio
beam f or* PGAHPH Y E}rﬁagﬁﬁaé siif B ant. ArERAE it
consécu?ﬁé P giniREGe c)ule' ting information in the
tion layer ("writing node"), and/or erasing

i nf or matanoybjéative hens |sy|§tanrfmtqoonergmgesa1d firseanslssecorsidediption beams

"1 nf. rnat € _anoun f st.ored
on ﬂﬁeﬂi’f’ﬁl 1A ?ﬂfﬁ dp&sp?ﬂﬂ[ %éc%@elgf aﬁ n {aﬂeérsi li’?f%qcﬁ%?qy’o%ldl ayer .

It is defeiRe Kechthy ,arﬂaﬁée%rm d btichutis bR Dfirst Bl second

scanni ng spot forned by the scanning device on the

radiation beaves, ilerstruginee hadnpen epfiseheds andhiacludingrasenirakpart and at Jeast

e lncreas he

one S50 T PP SRR BY R ATRL e gl Bl

i nter afhepresnt inventidvaleRbitds 1@ aphdsd dn@ctuerriusain such an

. Eerture NA of the radiation beamformng the spot.
opticphicanpipg dgfice-ne scanni ng spot can be decreased by

i ncreasing NA 25 and/or by decreasing k. "First

operating node" refers to an operating node of the

optical scanning device for scanning the first

i nfor on | ayer, means of the first. diatio
boam | TSPRRG R piaPaR R osetR s SoaRing BY S O a radiation
bean? fcﬁqufd‘ﬁ{g”ﬂn%aﬁbﬁ‘ PGk ShfoRhition 1ARP r(‘%%ﬁﬁﬁ@hioﬂ@’ )Oévnhﬁg information

i rst such as, inter alia, a wavel ength 24
in thp mfanmamnl I@ycr 0 vyritamg mng¢”é, anfl/or graseriaiormatiomia/the lr)éommatlon layer

(“eras(e) %d(e)’z)g‘gﬁzorr%%&ll %gl’(l)sg)ts reters :t%o thezamount of stored information per unit
area of the information layer. It is determined by, inter alia, the size of the scanning spot
formed by the scanning device on the information layer to be scanned. The information
density may be increased by decreasing the size of the scanning spot. Since the size of the
spot depends, inter alia, on the wavelength A and the numerical aperture NA of the radiation
beam forming the spot. The size of the scanning spot can be decreased by increasing NA
and/or by decreasing A.

“First operating mode” refers to an operating mode of the optical scanning
device for scanning the first information layer by means of the first radiation beam. The first
radiation beam has one or more predetermined characteristics representative of the first

mode, such as, inter alia, a wavelength A, a polarization py, an angle of incidence iy and/or a
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tenperature T1l. "Second operating node" refers to an
operating node of the optical scanning device for
W@ e@n299g7 t he second i nformation | ayer by nmeanBCDIB20082004031
second radi ati on beam The gecond radi ati on beam has
one or nore predeterm ned characteristics
tempereforeeBe i abnd epahtindmods él(efﬁmtdmx:t@ered;ing @i, ofiting @p’tical scanning
.alia, a. wayelen 2, a olarlzatlon an .an
dovicf s SyRiRg s Ser S M rha I AuE b F5the spmg Tpdfetion beam. The
secon%!(ﬁh@d}gc}éﬁﬁl s ARy Are blRBeiBRhiAEd @tﬁ}dc%}fstlgé re?f@eﬁgmve of the
the angles of incidence it and i2, and/or the
secoridenquiz; sitchraesnfer ainta Wﬁvederfgﬂekz,ﬁrpohnem @t meanglé nf incidence i,
ot her words, each operat| node may be characterized

and/or p demparesitiech:, bers thy wikels %Sr?waand Kp.the Polgrigatinme prardps, the

angleg Bt itefee f il P RAERG Brfpfont EpLF. APRL B g BlReA 1o
other waﬂd?ba@rbﬂemﬁg Iimmeag@t %m@laadcmﬁggaﬁﬁﬂmmdmlr npse rbthnh gof at
wavefront Wwith _a predetern ned_shape by the,
least prgt pasHReiEr aying 2 Brst pmﬂe@w&é valge %éh%w% angha sgipd, different
value %Hhe%[h%rhﬁ‘ﬁeﬁ%@vel engt h and the phase of the radi ati on
respect "Wavefront aberration" refers to
t he f olA mdiatign béarﬁ iprofagaig alahg @l eptieal path his awaveffont W with a
opti.cal . axi s, ..ap.objective |ens, for transform ng
predeﬁméqgﬁ%es@?pq, Slvﬁﬂbgﬁlﬁ%’g’l WERAIATO at e the | mage by
i ntrodugi ngpt he "wavefront aberration” Wabb. Wavefront
aberrat—l—o=n ave different types expressed in the (0)
form of *t hé”so-cal | ed Zer ni ke pol ynom als with
wherd i/ # ﬁfde%” 86 48 Wavel e iORE phdskblor EHe rgdh%ﬁ@r[ bén rész)e@tli\/ely

exa e of a wavefront aberrat| on of first or
Ast i gméWaefranithbermtiat refersoto the &lldrwamg:l Pdﬁfso opfigcal elemeniowith an

ex | es of, .a wavefront rration, 20 of t.he se .
opticE] i & ECBHRPIFRNR {oH5 HE BT 2 AR DRRF U dBBES GP artegprete e
1magE B? itthidneing e fwave BRI cfatiof WL aVadTrdnt aBdirfasRAR different

a wavefront aberration of the fourth order. For

typesmxpmssqdnn thenfiarin of tlcﬂs%w@edr@@mémqlmmlﬁlé veithi different orders.

r ent,i .t he afore vef
wWavEER RS et SR D B EehBfibn ofthe fist o
AstigaiMtisinl 26 cuszatlﬁ6 bpfield aafl dePpkicae two pRandifids éf@wéﬁ*%ﬂi‘@a Albatration
Press 6th Ed.) (1SBN 0-08-026482-4)., 25 A" vvavgmr on
of theygreprd erder. &Qmwéfa@ exampleofia Waapfr‘r@wahgrrawns%fé% d order.
Spheﬁgah |5 &katf) Lrj; aﬂgélg B 20200 dift @berftiof of Baedfoufth order. For more
non- péri o ase structure, nay be arranged in the
mformatlblc arh t}ﬁaﬁdthemﬁtldahﬁmb'aﬁﬁsa’elbmsenhag thefaforemmnmmhdawa@fmnt

sberrlgisyisrer £ PHOKTY Mot Aty Vol FTstp oo oPPiste
pp.4S{RRE PRl gablif P@@éé%*hfﬂtﬂ} (YN b obba-aver ront

err t|on the wavefront nodification may be )
symret rA tfwevefamy mudifidatipn’bfefeas fo the follomnge% efmnd ep&cal element

it S S BB M b n e ot pat

of thé ?a?l?z{tl'oﬁ IbBE FOEWBNRIAOR twiRGioht ﬁl@ﬂiﬁ@ﬁtmﬁ«wmsin@hé Adiafibn beam.
order of three, four, etc. respectively. The

The wawéfunombdﬂ‘mdﬁuﬁn AW 1smméd¢tﬁn$t;0naif$1mﬁ dhepe 6f the'wavefrot W. Like the

neans that the seco
wavefront aberra?lon tﬂe wavefront modification may be symmetric or asymmetric, of a first,

second, etc. order of a radius in the cross-section of the radiation beam if the mathematical
function describing the wavefront modification AW has a radial order of three, four, etc.,
respectively. The wavefront modification AW may also be “flat”; this means that the second

optical element introduces in the radiation beam introduces a constant phase change so that,
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optical elenment introduces in the radiation beam
i ntroduces a constant phase change so that, WO
wQeoRI037 PCT/ 1 B2003/ 004031 3 after taki ngpemtBR0@B/004031
2it of the wavefront nodification AW the resulting
wavefront is constant. The term"flat" does not
after tak@pansdulo Ry of el wavefraht mbdifiaaticef AW thewestingwawefront & o

constabig 08¢ re%%a%a)dogﬁraétq%%@@émpbﬁﬁ e b B R g
phase ?gaggé(ﬁﬁﬁﬁé bmrlt &El e doih )%/rofh E@?Aﬁﬁn e RGe 1w Afetiole

ation the foll ow ng equati on:
modifibgtidn KW méév’%e{ &pressdl ih@ROforaf ofa pimseflangt AGbefithatadgation beam,
Wabb or of a wavefront nodification AW refers to the
given bypthedallowiagRaeytioner ence of the wavefront aberration or
nodi fi cat |2 n. The root- nean-square val ue OPDrns of
t he opadeal &t h difference OPD is given by the (0b)
foll owi ng £0 equation: /$Jf(r, o)rdr f ff (r,Ordrdo 2

OPDx , , &, Sero L
o e e R o i A
refers YRiH8 (OpRTA]l BHIS DI fBdréRe o\f\ﬂi&w@ﬁeﬂtdﬂEabemﬂelﬁ bﬂmbdlﬁcatlon The root-
nodi fication AWand "r" and_"0" are_the

mean-s@urelvaiae O Dot of the gpbiralmativdifirenss OFDSy §%V@H=1bé’rthe fpjlopting
cquatid plane normal to the optical axis, with the origin of
quatipire systemis the p0| nt of 15 intersection of that
plane and the ﬁptl c3 jfand exterJdl ng over the

ifl

fr @hédr c opti cal ek 2gent .

entran upi

Tvvo va&g’gp an (]Jf nS, 2| are

subst anti al ljy JL é!’) to\ea o?ﬁer where 10PDr,,,s
hercH e m%gé'@a%é@'f&a%?@é@%%&esﬁéﬁa' o ol SR Wi or e
wave rﬁrﬁgcﬁlﬁ%%n @k q b Vé@l vigh Hr%%h?fpol@#@o%?dlgﬂ@@%eﬁﬂﬁu 86tdinate

are antla 'y equa to each ot her where

systerh (i€ 0 B5Pplahe ﬁ&méﬁ{outﬁé oIR8 axisSwith eeebrigRDsf the sys?eralisthe point of

"substantially equal” to each other (the rel ati onship
intersenstoned thatplage anche oeties) agisviad extgnding oxer the elefe%sc? pupil of the

ar | | ues OPDr,,s,| and OPDr,,,s,2 (or two

Corres\ngq{lfgg 08‘%{%1%%%16}{@;1%965 A(Pa and A4)b) are

" subst awio alleg OFD {gr0dt0PD Lomre Saibstattizdly agoel”’do each other

|OPDrns, I - OPDrnis,2l is nore than or equal to,
wherepL@‘f ;,quﬂ OPDRD,| risles@ham ot squmlrtsy, praferablany dmbyivhere the value 30mA,

rration or nodification refers to a wavefront

has bédeshbadnl @bitafilyTBdof iveataloss dffphbsd changdsatdcmelAdy, are

symmetric _over Zit wth respect an optic axi s,
“substantially equal” to each other where the respective values OPDys,1 and OPDyyy 5 are

“substantially equal” to each other (the relationship between A® and AW being given in
Equation (0b)). Similarly, two values OPDipg1 and OPDyrs,2 (or two values of phase changes

A®, and Ady) are “substantially different” from each other where ‘OPD,,,,&1 -OPD,,, ,| is

more than or equal to, preferably, 30 mA.

A “symmetric” wavefront aberration or modification refers to a wavefront
aberration or modification that is rotationally symmetric over 2n with respect an optical axis.
For instance, defocus and spherical aberration are symmetric aberrations.

An “asymmetric” wavefront aberration or modification refers to a wavefront
aberration or modification that is not a symmetric aberration or modification as defined

above. For instance, tilt, astigmatism and coma are asymmetric abetrations. By way of
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For instance, defocus and spherical aberration are
symmetric aberrations. An "asymetric" wavefront
w@b@anozeoBon or nodi fication refers to a wavef rper/1B2003/004031
aberration or nodification that is not a symTetric
aberration or nodification as defined 30 above. For .
illustratiost oot Fig iA showsshe shane PEsrameticavenbmadification piaberration

R ST TR I A ———
modlﬁ%ﬁoét?@&d%n‘aﬁoﬁzsmgm{ fn€ s¥yaY 8bdra ﬁltater*s%ﬂefd A@tshwngmg lA the

erration ,, In a coordinaté system (X1, Y1)
wavefedit nddificaliBn oh aberatibe ASgpimchidess firsg b ‘Cos\fof imdueducing
nodi fication or aberration /Malt in

coma.choshgvmandigyld, Smwaa@frghﬁmdlﬁﬁatmngor ai?ﬂ“fatmg&“’wa%‘r“fi%‘i second
term -cegjsﬂaigg ng:tr% up%a i Ofg bAV(‘ﬁg nlfﬂgsl, li%efﬁlda]]g fh'étsf_]lqgtagyrmnetnc
modiﬁ&ﬁPﬂWﬂbreﬂﬁﬁom f ' ‘éﬁ(‘i A‘W'ast‘afe ﬁﬁ%tﬁ@éﬂaﬂ? s%&tnc with respect to

includes a second ~term "cos20" for introducing
themﬁmhl’@rtheDShplaht is noted in Figs. 1A and 1B that the

di f.i cat .
st AbEes PR AEGRAT GO SRR A e R e L Bl ptica
scamﬁt%ede'ﬂ'ﬁfeg%r sefhrdifteopi¥alreddis cathiefs®yifeanb bf £ididtiyn demagdvhere

he field of optical storage for provjding optic i

the debfoes eranvrpaldlc 0& virgpassating BERRNhEPHBHPRSATISHIED thisoptical path of
arriers by neans of radiation beans, where the

therag@v‘%g’garﬁ?e capabl e of conpensati ng wavef r ont

abgr r ?111 mqar@\ﬁdnfsl}rmeh Rrégogedipl fcﬁ*lakatgﬁlemheﬂiurdmen Patent

radi ati on beans. as revi ous een

spiabonleihgn 82 Q@QEW}@)B@&%PW’@H@‘%@S{)EP SBH PR3, aopide an
optlc%zl sca 1@0 %éll&d \Hﬁiéﬁgn ? qlgélﬁdsg QM?NPE?SIQ?&QFJng ger?eratlng

canni ng device wth

synnﬂik@ﬁc W@Vdafﬁdit (indblﬁt&&&onst Mozt snpaeﬂd‘dﬁﬁ)ths lsmd:\mlb baanfiimg device is used
generating symmetrjic wavefron

for scpiBB R IP{PetRN k¥ T8eaE oA i o6 S inf i gperating
modeséhgw;éte?g%&b rfdrition Iafy&f BRhEAR draY%etonyadB@dtbddin i 4 dd6id

eamin a'first operating node and a second
operdtinfzaunodet The kimyredevw conmmiseso f radigtéiaoeyroe e emitihre Hhe Ao

i.n second node.. The kn
s B R PBY  H B RE BN SRR oy opprene e
first R8s APAIREBA B GEBY bbbk cthsTirsubidgweontsinfornation layers,
objective |lens systemfor converglggﬁthe first a
p

respestivdyicandatie NPSorrangedris throntial pis pt e Aistapd seromnd; .r?‘gimon beams.
The l%pé«rtlzlgfgﬁ)d I nf%ocm?ﬂ&ﬁ) o dlﬁg ﬁﬁé‘s' “Jeﬁ?ﬁ b vied aﬁ%l&hﬁ arranged

[ ca e f| rs
in an%@@crbﬂtdg@cﬂbﬁlﬂiegpumams and'la‘f&nétgmmhpdﬂz’sl dnaspazstmflmph iscatanged in
axi s and includes a "cen art i
an anrgllay apegrigend th%ceaxtrahl?% g‘é %H“am%al&ﬁft? 8@%“32‘\*}}%“ NPS

formasprgo?gbeﬂz)‘a{c%t led BRHle i the fadidt dﬁ’k‘%{:ﬁon\’m' ch is arranged

an ann ar “area around the central part. The
cent r al Aahalwbaek @if thelknpemtoptiodl spmngmmemldﬁbwﬁh guch an NPS

i thk i enpatle ‘BroRRE SRTBRR 5P ciPr B iR e bt Muiom, et
comP iRV EGeS Phishs SiGiu1aTy dERvantageous in the case where, e.g., the device is
used for scanning two optical record carriers having two different formats, wherein the
objective lens includes birefringent material for correcting spherical aberration arising in the
radiation beam when scanning one of the two carriers. During scanning of the other carrier,

the birefringent objective lens introduces astigmatism when the radiation beam does not
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is that it does not to introduce asymretric wavefront
nodi fi cati ons such as astigmatism tilt, coma and
w@bkanme2993This is particularly di sadvant ageous PCI/1B2603/004031
case where, e.g., the deviceSis 30 used for scanning
two optical record carriers having two different
propagate alang thwmmxns affike bigbiiegenf patariah Such an aparmetric aberration

cannog [ {:e({ré%c ﬁ\gﬁ %{gsf ﬁﬁce Bb dzlﬁfg% IE%% eame{/aﬁsgrlrmnetnc wavefront

mod1f¥d’éﬁ8ﬂi‘bﬂlg1cﬁ@ﬁ a@;fnnhbtelctrmmm@ltmn esush abaii hatignetia mivaiordf
the other carrier, the birefringent objective |ens

modifiqatipndn dkesradigtivn hgam.sm when t he radi ati on beam does ‘
not t least
e T

two niodes) tmmmnemmng aaDES fat imroduciag aotsyemeivic rwmzbﬁfdntby
t he known NPS, s %the Iattcf an i ntroduce a
modifigagia i pideqshons ?ftﬂ?? rstaed $5°05¢ M99°Hut not an
asymre 8&n#th tderibed in the
wavefr ms OHE%g HIJFE%%? gg an %ﬁﬁ‘{hl he rad |ggit%|wocﬁ IE%telam
opemﬂg pamgliaph wherdin, acsordmg@@}teanvmoammmﬂsmél cesital rﬁlnﬂ pprginal parts
evi.ce o0 eraﬂﬁ_ i n, at des t he d

s ivid i ook RPCeB et RGOt hreait Aeareprt hafifig a fr

step h‘é@g%@ i PRteconB, ddlffbx‘éﬁﬁ dt& hdight aﬂesﬁ&ﬂ%lypﬂ&@ iftfodhibifg fin $asd first
d second nodes. This object is reached by an optical

operaengnmda g fitetwoeiast medificit Wit 1l 2 gnsend ngqunégwéﬁ‘waﬁon
wherein, according to the inventi
AW, 231@ Faspeativalyy a}gaqec%qurauilg nil%c{%(ﬁ t\l}}rg é"ﬁ‘VFfﬁ?% madification
t n n
AWZ an%i n@uﬁg&\?ahleﬁ&gc csagltgg% ) 265 ﬁetsﬁeé:ﬁlgglg glelé’iggl% &fference
(AWﬂI&AWﬁW-(AW@pﬁlA@mh) is aéﬁﬁjmeﬁicl veI y, for introducing

said first operating node a first wavefront
m)dl f i Teift m@ewnﬂ aaaﬁarasege@aﬁdn%fb@ﬁ Flt?nwavefront modifications

LT et S —
modifW¥&ioh AVE '[‘?F § DRtk WBXRS HOdd adiD@E Eésﬁﬁﬁﬂg%véﬂgnﬁné’dlﬁcatlon

respecti vé ere the difference 15
AW,, ( A\MN;:L;, IZinAWﬁfsx ﬁl)ode AL ﬂgtammzs}znmytmcsmawﬁpmt foi the offtiral axis

rst_and secqond an a [ ntro
of they B3t B AontRistt oaer e thepgigl 50 TRging! BAE ARgierknpwg P
, I
o R HE N SR iR pebseanmbim st

rotationalesyamakttit E/mhe’saplectl to @amealram ofrfb@tnNPS; dhgrelry introducing
the fi

i onal
sy Feog e peisht & PR DREradel S A8 o "t he
NPS. Byri@fofash advantags oNdic@ptitdlatarinive ddiderprbvidatiwith the
mar gi nal parts of the known NPS introduce in both the

phasé stratureedeording to fe inesbinr Iheld! spERses R AREBMETTCaTaVEHENt

T R T

symret ri g NayEfhaous 6/med]16BBadeanibes prasesp'hﬁmeahhded into a
aberrati on and defocus. Therefore dvanta ghof th

plurabify pIEURE SPETFRSS WD FSReR 1007 BRRPahYIR HONEVeD sacihsegment has one
steppsehtplf&%lg b RSG5 %eﬂhﬂginteguérfk% ds'w %ﬁﬂ £BithricthRFartiihtroducing a

uces an asynmetric wavefront
wavefront modification that is rotationally symmetric with respect to the optical axis.

It is also noted that the known phase structure includes a diffractive part while
the phase structure according to the invention includes a non-periodic structure. Non-periodic

structures and diffractive parts are different from each other in terms of structures and
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nodi fication in the radi ati on beamtraversing the NPS
during the second node. It is noted that US
WG 2852988B1 descri bes a phase structure divi dedI/IB20@3/@4031
plurality of angul ar segmentg with respect to an
optical axis. However, each segnent has one stepped
purpopesoThusg an NPlSh@mmmg‘emp]uwhtyjofmnahamng@hﬁsrenﬂleﬁglﬁmcathat the

diffract m 3
SaiE I —
wavefr&%&%ﬁﬁﬁ&a‘i’lohhfﬁ‘on? Qtrédié:’tion%hﬁ indiflerit$o BleIMP R W LEbntBS! a HifRactive

known phase structure includes a diffractive_ part
part invhides a patierngsif pederstetaneanti havingeaeki prgysterped psofilayié hes appriodic

eriodic ct ri

sepped rpffeR o8 SR BFfep@dhct) SSeiEh L B U P R B g
radiat®itanliR€identto &lﬁpﬁrt @fdlfiﬁhéte@ tadi @dndeam\({Ls.20801d/aliRO0 Iddiation

PCT/ 1 B2003/ 004031 urposes. Thus, an NPS conpri ses
beamg hgyling egchra/difffaction ggleh ST Hliefzﬂé}ﬂéﬁ’fdeh brghs thesd " rardgr (m=1),

st NP |

etc., tgl (r;)lec(%rld%n }]? @P"{@? ﬁflffsggé ?tr%s?& dé %e?%eg asli d‘i‘i}ferent
diffraseredrdenst nodi fi cati on from a rad| at| on beam [ nC| dent

to the NPS. contrast, a diffractive art inclyde .
a patt éyethsr o él&ﬁft Qirthe mventionte PO enszlggg Etrgqifgre g%ﬂ%gor use in
an opﬂfzﬁfsb "nl)g! &evﬁ@sfof‘sd%nﬁl'é\g &G ngfoﬂa%i%ﬁqgle?i 15 h1|e§ns' cﬁ" t&lB @adiation

tangenti a rection. I's desi gned
beam$ @ twongperdtingrmadesy whiéreini thmplb!sam(lﬁmle diefneduces arhasymmeltnc

di ff t ed t L.it
wavefigtt med BRe 4L AP G! BRIH Ao PPl APPRoETedEs
i.e. the;zafiokhs RLERY HyTihhse dhRtd & dREASEd 1§1|’fEé-<)pemng

etc., the -ISt order (nr-1), etc.) with different
paragrapiineirsis; anconting ioi thebiverticnopneiof faist esniral andimargenal paits

1P 6 CAEHRS P G5l RGL RIS R RS cona

d1ffe1‘éﬁ?dﬁéﬁ Ekﬁglﬁei«é\sﬁ&tlﬁra& e atfddngng Wosdid fiest mra@mg magies Sirdpy
means of two radiation beans in t\gg)égperatl ng nodes,
wavefiloat mpdifichéorhWe e gad a&ch%wamfma 163HoR 4 tfeprectively,
fron [

and 1010 SesoB PPEFPE TS Skl besier Hoatig ] é\%aéﬂ‘ig?"o‘lﬂh
waveﬂoﬁ%ﬁ&f%ﬁmﬁwz‘ﬁ 5, 3es gé@@\%[}} Redrd e Hﬁ?er&%'(b‘v\@z 1 HBW, 5

par agr ap rei'ty cording to the invention, ~one’©
(AWSa-dween) isakyramatrivar gi nal parts includes at | east a
i rst segmsnt and a second seg Et having_a fjrst 3.t efg 1
hei ght Iagacyd e AR anogfier pspeei iy %elp{gqngmere is provided for a lens
for ugeeiggtﬁ %‘i)?(\feﬁls}éannflﬁ%dévﬁger fia %Jgrﬁﬁg b Birstah@rhbfic 1a9éiﬁf éaﬁhg of a first
node a first efront nodification AW, 1,
radiaien bewin Wby Sfst opératimgimbile atd DIecaMRinforiation iq:)/@cb}' m@hlys of a second

and_in said second 0 era e.a thir ef 1.0
rad1aﬁelap?qn&g} 2 ggronghppara (tleaq?eolﬁﬁdlﬁel%pm{pdgflr aphase structure
acco?&?gftﬁjltﬁ@fnlvgﬁhm 2,2, respectlvel y, where the

erence (AW, 1, 2+AW2, 2,2)- (OA2, 1, 1+AW2, 2,1) is
asymmetric. In accordance with anot her aspect of the

invention, there is provided for a lens for use in an
opti cal scanni ng device for scanning a first

I nf or MEtheddbjbdy, QbvAiagse ambfeafura dfithsinvention will be apparent from the

following, more detailed description of the invention, as illustrated in the accompanying

drawings, in which:
Figs. 1A and 1B show the shapes of a comatic wavefront modification and an

astigmatic wavefront modification, respectively,
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radi ation beamin a first operating node and a second
information | ayer by neans of a second 25 radiation
whean2993a second operating node, the | ens bei PQGI/IB2003/004031
provided with a phase structmre according to the
i nvention. The objects, advantages and features of the
| nv e ntmgnz isid dchﬁaatmﬂ:lusleaﬁonqu oomporents3y theopptinal srgnning device
ﬁlet ai |l ed descri tlon of the nvention, as

accordmg E9§ ¢ %Vs'athrhwklﬁ’eopfg d&’r awi ngs, in which:
Figs. g ?&Ms%rﬁhﬁa&tﬁve @erﬁ'f&ﬂﬁé 1@ﬂle®%)ﬁmbarﬁ1iﬂ§d@ﬁde@hbwn in
modi fi'cation and an astigmatic wavefront

Fig. 2nindhd fishtmiode and 2sqpend imadey, WO 2004/ 029937
PCT/ 1 B2003/.004031 7 Fig. 2 i8S .
i |1 ustty&t] 61?9"6?&%%8‘??@% %tn@fmt%é h‘?l ca glgréﬁenerated by the

obJect@\?‘eVlbﬁ‘sesho%(iﬂFFE Rg to the invention V\,hen oper at i ng in a
first node. Fig. 3 shows an o%b%a%tlve | ens for in
t he opFigcah shews APAGPEsiYE yievs phage sirpefurecCoy i ghte ©

. i WS a curve

1nven{1%1bfoég%1mg?lﬁa lg%'] ?&%H Q%ﬁrg(:%gggté%%to%ﬁﬂge gr at ed by t he
obj ect FiesSBehSWS b] @ont viewrofghe ;ﬂlasé:stglctlﬁé\shdmm Big 4
perspective view of the phase structyre acc nlg] @ on shown
the i Higehshows %é‘iff%?@l’f%@ﬁ%eﬁ?’% CH 03‘% ‘?ﬁﬁ%%oélt crration §

in Figd fchRO EhotiEMY Fi

in g 59 8F 18 DS SN shOUi b topundBeq PP o ph2e o Figs

5A afl8Bys a surface representing the sum of t he vvavefront
aberratlon hown .in Fi

nd of the

modi fi E&& i/ SROYVHER HHEF%E‘%ER}Q? %g%n%qtmﬁgq i L jens and

phasé.ﬂrugﬂugegshow'i% gl 35Bad Fi 9. 7 shows an inprovenent of
arrangenent- of the objective I ens and phase

st ruct Higs. &A@m 8Brshpivg twa froafdewsofiwpsaltegpatiyggiolhe phase

sho two_froat views of two alternatives of the phase
structyfg Y"Hr"éF%g%n in Fig. 5B. An optical scanning device

according to the invention is suitable for scanning

20 optical record carriers having at |east two

different types or formats in at least a first

operatin ' t rScannin

the toraromfist SR EN:S Fotuindlo e pleht QP BEHLLR, K Scanning
opticBIGREyR egne@\ha@mg at ﬁeasstmrdlffaateegtgpessqdamat@nmt I¢ristymEpst

t han 2. "s" to the, er
e i STt 185 BB oces
' Br @hn 2ONROMENteSerdio the s-
the Oawcaﬁ&tnm%gIdéglggﬁﬁﬂ%gqg{g\%/?ﬂcégh&!% ngjcgg rding to the o tes
th operavieginoda of thesiegicas ibth dnyinteger qompeised beteeenr baadS1.  when

operat i ”g j {s] atsgﬁematm 1t11ustrat10n of components of the optical scanning device

according to the invention, designated by the numeral reference 1, when operating in the first
mode. Fig. 3 shows an objective lens for use in the optical scanning device 1.

As shown in Fig. 2, the optical scanning device 1 is capable of scanning in the
first operating mode (s=1) a first information layer 2 of a first optical record carrier 3 having
the first type by means of a first radiation beam 4. It is also capable of scanning in the second
operating mode (s=2) a second information layer 2 of a second optical record carrier 3’ by
means of a second radiation beam 4°, as shown in Fig. 3.

By way of illustration, the optical record carrier 3 includes a transparent layer
5 on one side of which the information layer 2 is arranged. The side of the information layer

facing away from the transparent layer 5 is protected from environmental influences by a
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node. Fig. 3 shows an objective lens for use in the
optical scanning device 1. As shown in Fig. 2, the
wW@pioko2493B5Ccanni ng device 1 i s capabl e of scannP@IB2003/004031
the first operating node (sgl) a first information
| ayer 2 of a first optical record carrier 3 having
protectiiie lafyer & {The yaespayentrizgns 5 o6ts as & substratedor e |09hca:1 @mdrcamer 3

s al.so.c abI of s n|n econd
by progiinSperiRicafSpet 55 ue SRR st AoaRgRRRK Y Yoo ransparent
layer S GOREkHe BSle FRlctios &P f)fbtéb@rhg ited informiaion 1’5961@ vﬂflle&he
second radi ati on beam4', as shown in
mechagfical Fuppertiapiopided biie laysr opdhe otheroude @farhfr rn&msatmﬁéwa ésfor

o bTRSRRES A8 80 85 pBlad A0 sy

connebt!&ﬁ% R tuppémlosyi@rornfatich yeh deig nbred mhdt e 1hfcﬁnfatlam iﬂyEr has a first
yer 51is gr otected from envi ronnental influence

mfornaatm Iaxso desh 39 4wt perrespppdios/ ndhis smb Oerﬂ%ﬁ%@mPemsFégf& to the
th1ckn%S§ oihtﬁ {r @%@g{ lﬁgr%rrSI 2?18 gnfggﬁﬁfo‘f’l 1€§Er 3 isk! Qrﬁjf{]c%to? tePlartid}S. That

I di ng nechani cal
surfac&ld:bmaﬁis af leasttone traci, @ lenapathmo bafcﬂ]owzd baltheespoadf ¥ Elopsed radiation

the transparent, | aye ve the sole functign of
on wiiglopeih OP GG Y REPelE G oG o e tarpaton. TH arks
may Hgf dg" ﬂ* 8 rorit Pfffslor lafeal WR‘H ﬂ%ﬂe&iﬁn@:ol%ﬁ%%t 6fa if6ctRhvEr

the 1 nfformation layer 2, for i nstance by the
magngtizatien tiffeeerit fiper thé swmroundings. addi t i onal i nformation

I d.t . | ected to t ,
upper noGESEE BERRF Do ) Brriel ¢ PECHE LrSohd Fanparenttavr s
on onb @fde o i Bthd RYStmafids 1ayef D7 ﬁtarrahgkqurma b&vond ayfmatRmt1Byer

that corresponds to, in this enbodi nent as shown in
dqnhﬁ7g 2, to the thickness of the transparent | ayer 5.
The in i on u r
e L L BB ek S SRR BRI s
radiafi¢h dRrded, b ovMichakor 1eel 85 B@barﬁfspﬁttefr@p ais olgj ectivadiles sqsteﬂOS having

on which path optically-readabl e marks re rr%pqﬁg ho
an opiggagisd s 2 Phise FYRAIIIGPY MPAPCHAIR SrUGHE? qeHan

t
i, S )b foson
actuatoitf R pairdiah gsiuatGi 18, land by ;mfbhmatmptprwbsmgumt ¢i4 tarerioe pomectlon
i ncl udes a s cond I(Zr anspar ent

whi ch ke iRHSV ISt Zefkls ars%rrespé)nd? Zoethp Pﬁmfi ax% ?r?%éhe Ob_] Letive
lens ﬁmj Th ﬂfe%rag%h&@ tﬁ@é’ﬁfcal reSord @Btr{ere?Y and WitaRre tief Sbp6La disc,

Figs. 2 and the optical scanning device 1
the fqlhnWHugjmsleﬁnedr widh mspcm te 8 givea track:dhe Grdihdirestion’dsdhg élrectlon of

t 9 t I
o rerriRgaece Sk oy BRLEE ok P BT N e
direcBbiUS e BrechRSf adrdthen Bdis Ah6 al-@64, it is By Sdneial tbGhe track and

Furthernore, the optical scanning device 1 includes. a
perp@éroutmz t e D-axig. indhatsesr el 40 @thogonal haseppsegiated With the

act tor.1 [ rmation processing unit 14 for
P°S“1°Pr < lgfoféla?@tpoﬂaﬂg% aﬂ‘% Ze foll owm ng "Z-axis"
cor r es prradadikifort doaraept ¢asécutixely ot Sinnflianémishbjuppliestbe radiation

| ens stem 8. |In_the,_.case V\,heretheotlc reco
beams Jrrrick oF o8 CERAPIS: the SIS RSORFRE Jee cogt Either £RES1e

semiconductor laser for consecutively supplying the radiation beams 4 and 4’ or two
semiconductor lasers for simultaneously supplying these radiation beams. Furthermore, the

radiation beams 4 and 4’ have the first wavelength A; and the second, different wavelength

A2, respectively.
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the followng is defined wwth respect to a given
track: the "radial direction" is the direction of a
WO 2f0e0z998E axi s, the X-axis, between the trackpemntB20082004031
center of the disc and the "¢ angential 25 direction”
is the direction of another axis, the Y-axis, that is
t angent i@ pregnt dcliptasikhariolo vasieRanths Oy bad 1§ ae tshisstantially
X-axis. In that case (X, Y, Z) is an orthogonal base
differeasfioicatiesthe whert e — py)ss eduahtoodr Higher thahoprefaratdy, ngmend,
2 and 2'. The radiation source 7 consecutively or .
more péfatiblyg 20mmsiters tigptales 10hed 2Adinare & mattbeefrrpurelyrabigery
. For exanple, the radiation source 7 may conprise
choiceej t her a tunabl e 30 seni conductor |aser for
consecytd YRy inSURP Hyst B8d bdt8nd 8pbratinOfofeai® cithraidetizéd, by way
or two sem conductor |asers for sinultaneously
of illusttipiph Yhhg by lieseaviehiztis iAo and &a mespetivetyh athers the Wanelengths A; and
radi ati on beans 4 and 4' have the first wavel ength ?I
A2 subgtentiallycdiffecisom caeh 9thelr ent wavel ength 22,

" esPecy el D AOP40200L B BRONSKAOME K om0 n

t he presen t two wavel engths ka and Xb
the firgilrRodelib shugfbringl thy radditibh deantd iftoonfisbaibstentialy eoblimated Agam 20.

- Ab I i l. iLgh hanp, .ef bly,, .
In the gorend rRiechPaFBH L S 15 SRATTOURBRE TBI v gy 1§ Rgeond
substa%ggl?? ?Jlfém@he%teﬁlﬁrZOOan@sMI?inWigfi)i. trary choice. 5 It

I'S moted that t

e first and second operating nodes ar
char acThe beaalsplitter Mrgnsroits inl the§rst arode thegpllymatpg radipdion beam
wavel engths ? i and espect,i ve d :
20 o dcagraeesen shm o R SPERR ke wtRRLS tholimated
radiatfniehm 200 Sovwal HidBHetive &S sifern® (a6t showadn Bip. 2hePreferably, the
optical axis 19 as shown Fig. 2. In the first {mde.ht i
beam splatkes Odis frmer avitheadplame pavalisd afaterthahis diltgd pyithan angle avwith respec
bst anti al | ol 1. mat beam 20. 10 In the second
tome%‘ﬂl’é‘sf‘ﬂ n&?{Fﬁe%%r?%ly’ Eﬁg' 18 transforns the radiation

beam 4'Thi BbRcavelesssyetenlid atmsforna ihyhecfiist inde e dolamated
(not shown in Fig. .2). The Psﬁam.s

20° | ] 9.
radiatiarclesim 4051 R HBOWSCR SR ARAIED oL EEATEb RS PchiSA) PR NAY
$O as goe%'r?n &21%8%%\3@{;19% 5448 1834 Bfelo¥ioh rc’)lfﬁ &ﬁﬂﬁﬁdﬁﬂﬁcﬁl lay& 2 (3¢ shown in

econ ransmts the collimte radi ati on_.
Figs. ReadsR0n theoswaoml hbde thibjobjettiveslehesysteny § transfernisige celligted

Fig. 2). Pref bl t.he. 15 b l.it ' .
by i s A, b Lo
apertye I\?QZQJ,O so Wi §eB8sRESdannih@ shdtel 6Z Btk pogitich ofbeénformation layer

preferably, a=45. The objective | ens system 8
2’ (ad shammfinFng 3).n the first node the collinmated radiation

beam 20 tq9 a f.irtst foc jati L
First revgnadh Faper A3 HARF UaBLOREBARE iy bt tons
systelﬁlc@ﬁﬁid%s sPebjedfelléhstITeprpaided with tied NPH @4 i(whishvatliberdescribed in

ayer 2 (as shown in 20 Figs. 2 and 3). In the second
furth it brdowhj ecti ve | ens system 8 transforms the

col 1 maﬁ 1esdnoted in Figs. 2 and 3 that the objective lens 17 is formed as a hybrid lens,
i.e. a lens combining the NPS 24 and refractive elements, used in an infinite-conjugate mode.
Such a hybrid lens can be formed by applying a stepped profile on the entrance surface of the
lens 17, for example by a lithographic process using the photopolymerisation of, e.g., an UV
curing lacquer, thereby advantageously resulting in the NPS 24 to be easy to make.
Alternatively, the objective lens 17 can be made by diamond turning.
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radi ati on beam 20" to a second focused radiati on beam
15" having a second nunerical aperture NA2 so as to
wo eooa0z093econd scanni ng spot 16" in the positiPCT/B2003184031
information [ayer 2' (as shewm in Fig. 3). As shown
in Figs. 2 and 3 and by way of illustration only, the
obj ectlitwealb®ensied REFigy Qtaadﬁ&hatrtm ubjestn@rlemﬂo] Teis 1fq>mt§>dl 3§|’4$
17 prow ded with t e .NPS 24 1be described ..
convex gonyex lpmia HOYEYS; 9t ‘Hé?‘b*v%‘em‘fl} Ypfs ﬁ‘é%eaﬂ‘ R9PORFogL™* o' 4 néf
concaf‘ e feliéts CE.H Se ‘ﬂpéde ElltVEmbRN thelobjdchive RnERY idSsiagleY&si Mlternatively,
I'ens combining the NPS 24 and refractive
the obgdcemerm 17 unwma acompoind len centaipijeigatas nrase tens elomeit.g

hybri d_| ens can. be b
o of 1 1 RuBHE sfanERaP it eampe B eor Haftisd S FARE o o spipdle (o
showrﬁﬁmgé 9 A4 3 ahdl EH&Qﬁfoﬁﬁﬁﬁdh myaczas $hdﬂ15‘sb£lgletl|ﬂ1&ough the transparent
phot opol ynerlsatlon of curing |lacq

layer 5 Hehedbgused vadiatinpdwar) i rpﬂéq%qi o Fbg mf@nvhféon\lpge% tfteéehyefommg a

b TS G T g DU Bty hm 15

obj ect?gl/eh@%@% 0 040Fdrmsli@le tdflecedahdiatioibeath IlntoFa wgfectdd eplimated
hat the objective lens 17 is for

raciatisayhees Ho TUe ReAis ABAIT 8 AGhAsRIES Wb REHASI B e 20 the
reflected% adlaﬁ_.o t)%%) 2% Bg Yrﬁﬁnﬁﬁlrgoa@ Y&t a }%ﬁf‘&ﬁﬁ@ rfRERE §acﬁ§’t‘lb1ﬂﬁeam 22

use jective lens 17 is a singl
toward e . defdction systdny @0 yDuritgreawmbpg ot the sedopd snotle, hhay@@rdacamer 3’

d. |
rotatopgn Prig gl H5 o Eie i e tbBR e T o g PoPar
througn ng%ttﬁaﬁ'&?argﬁ B, 'T‘ﬂ% ?ocfug&f radﬁtﬂ@%eélﬂ 151 &Slect? oafiek iaformation

tlon I ayer is then scanned through
layer Qhehetre‘@nﬁ}nmm reﬂleetytébee'&l ZThéhlﬁbCﬁE@G op dlef enticalpaeahihe

forwef%g ﬂgﬁ?x{?l@f;elgé 1% c t ﬁgétgr:;{aetzlli o%]\ﬁ/lsfaeﬁle %%srf{r)@%gﬁg ﬁqﬂected radiation

beam@f® 't&ﬂeﬂé@feﬁ Bflink &1 fa0iavis Be@DYE ThE bgarheplittet 9. seFdrates the
objective lens system 8 transforns the refl ecte

d
forwaramcmqmrbe@gazﬁ m @eaeﬂeétqdéé@éﬂ%b‘ﬂm Rt Ryfrapgmitting at least a
ion tes th
4 o DEAM S diead 3. BEATISR abloBlior sy RRRARI® e

0N I"ect ed
radi at iTHe deeRtibR dyshem b fdhsdes bitcongergént lea<ts aad [aaquadnaﬁt detector

2 fo% Q&téﬁééaf%}%%éﬁééi% s PG of e ple e tiati e e and, Hthe
seco@x%&ﬁ%)s&a #&H‘%ﬁ‘ i repé&éﬂaﬁﬁtleﬂ b8am 92” qlh% qt(l.EkﬁhntSdéﬁ%fbr'ZB

ormation | ayer hen scanned
convédig, dxugi& firkiamd deg tispartedthd laﬂe(rtecsra.dla’ﬁhg bﬁaam 22@td, in the second

ot SRS LSS5 21 B L QRTRL ffg on orte

signdl ?fs%%’foﬁﬂaﬁ&em [ Sakhdopihe S wiibie repkéyen®)id theofivemgidaghe
eam 15’ heOJectlveIens system 8 transforns the
mforrrfahbe staarled anlitetinformatinedayar 2 andginsthe gedoad aage, the information

ST TERT G e

inforbritibR ptREsdideh@t 1 Pfor ganotctiby. Otharsighald frorg tied ddtmn system

a art of the reflected radiati on beam 22 trg Sl
10 anerpeogies @mr.smagy@tsém 3 tpdial tracking error signal Iragia. The signa Leocus

represents, in the first mode, the axial difference in height along the Z-axis between the

scanning spot 16 and the position of the information layer 2 and, in the second mode, the
axial difference in height along the Z-axis between the scanning spot 16” and the position of
the information layer 2’. Preferably, the signal Iz, is formed by the “astigmatic method”
which is known from, inter alia, the book by G. Bouwhuis, J. Braat, A. Huijser et al, entitled
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20 The detection system 6 includes a convergent |ens
25 and a quadrant detector 23 for capturing, in the
wo poog29vete, said part of the reflected radi at PORTBREEN04031
22 and, in the second node,jisaid part of the
reflected radiati on beam 22'. The quadrant detector 23
“Pxincﬁ;ﬂéb\/cﬁT@lStlcal Didel8ysfentsStpptoels) (Adaen Hﬂgcbr 1985} (IS BNG- Bél:?t4e%85—3).
i ati.on beam 22 _and, in the t he

The ragpa {AGKING PTG R ot TSP %F%%Sr{ tpogleo e it the XY-
plane Sf ‘éﬁﬁfoﬁﬁﬁtloﬂ %) a%sbem R sctaﬁﬁ’ing §po°’c' 1%rh"i‘1'd-¢thé §en?é} of a track in the

orrmtlon Si data, the v
informaﬁpn émendo be lﬁolldveedfbyrthd: sqamdeg sp¢té6 andf mrth@sacond mode, the

. scanpe n, t he .i.nf.o i e in t.he s nd
distangs gane SYGDISHF OF RGOSR BRIOCRA e PORE P 16 Shd the
centexJ &fwacﬁ in thENBfdrMb@6RY N t@b@mﬂovdea ?r&hé ScaRhiag &g’ by
i nf ornati on processi ng uni t or error

Preferablw e signal Lauheformed framshe Fradial p@shdalb@pﬁh@ﬁ” whiphdpknown

are a foc | cus and a radi al

from, f’%%\rcafl]ian eé’PPg?’y?'ﬁ)&W%}lga@' a(} %)The signal 1f0Cls 30

r epr esgRg ervodirdultel 1fié iiBdnge® e, intrbgponxd @l thelbighals &ncend Fagia,

hei ght along the Z-axis between the scannin spoﬁg1 16,.
providingisarie cprsedl sigmalsdimpifer santratingithofpopagepator g%w%ﬂd pradial

th . al.:

actuatf)h 23 %gsg))%?tgvﬁz aﬁhaé:ﬁléfgg Ir11% ?lr)]lflt{rcﬁ{; ﬁﬁcp%g #tfdn I})g 'tl&erJ &hi90%ns 17
along Wlhkﬁﬂt}@febytobﬁtrolﬂlﬁgnﬂ&tel f(rnt Ihﬁdﬂ'—; lthe2pos1ti%meffeh@iﬁamng bt 16

gnal, Ifocus is forned astigmatic. ne
such (pIE poingidgs Rl Waﬂmh@ .plaalre o thetlﬁb%aaaﬁn W%ﬁ‘ and, in the

| h
secon YRR positiafllf o sehmiddpbOES” sBth Mat Ttﬁgﬁgidgig%b%uauy wit

the plﬁm ofithe irfbsratiopdayens’. The padiﬂ-asma(qﬁ\démﬁﬁwlg éhe pogn of the
| SBN 0- 85274- 7. h
sl S 01 SR 505 e S B, P i postion o

the scghﬁhggﬁcﬁ lesub i atq¥ toﬁbi@@@su‘%taﬁﬁﬁly’ Wite EHmiehtéB hh@MBﬂhe Zrack to be
bet ween the scannin ot 16 and the center of a track
followenl inltke inforimationtdaysn |aac§ an the seepridaneds, thnadiabpositien of the

scann and
scanfeipah B8 RE boh R cBRfach BB AR PNE diPdfier b oPthe pekc o be
follow&! WeRSinfendtidansjeng . spot 16° and the center of a

track in the information |ay ergép%to be fol.lo

db )
the scdmgibigsesiygeturger NPPLgpesorfing fo thednepon or s ) tgp optical
scannise dAdE éérﬁmr%lﬂ%he - REL A seE’dfgl E('Pés is H@Jv'&@éi:nb\%@ i firthSr detail.
%rﬁ)vvn fr i

er all a, whui s,
pp. 70- 183 thelihst aabadimentichown il Figs. halrrchh glijPS r24 1s arranged on the

onse to the nal us and

S| I
e ST Bl IR Bttt ] kb o Ben s the
“entrGRB IR '(ﬁg ¥he ¥ 19%H§rtﬁ(§§oﬂ§lt%%e %graﬁél% &Heeoarsa(ix a‘i{ Z) and
act uat or respect ively. ocus actuator .
assoomm with $het dngrapossurfaonobihe ph;@ct@m lens 17 evvneemtéle pwmt af origin “0” is

the el F4ES T B PU g 68 B At O Shog: the ps 24

may BQARGIgeE on SDsthadukfatd of tHé fehs 1 N ¢refiriideo ﬁérehh& the “exit face”).
information |layer 2 and, in the second node, the

Also pbiemativaly,dhe ebiectisedeisi IAgs-dpotxample, gefiaqtiygobjective > lens cloment

provH%Q# Qf?ﬂl%%tlanc'a&] ki)e?h etnée% hﬁéﬁﬂﬂg&a 0, alStille Aﬂéoaﬂl%r%lvgfggthe NPS 24 is

of mat1 on layer act uat or

provids& opas bpiic eréinetnhsbpa@ta fearh itheeotfj entive 1éhsalsieg & fier example ona
X-axi s, thereby controlllng in the fist node, the
beant spiftar Orp?o%‘iaﬁeb?’i’a&? length plate.

The NPS 24 includes a central part P; and at least one marginal part P>. In the

present description a “central part” refers to part centered on an optical axis (the optical axis
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the scanning spot 16 such that it coincides
substantially with the center line of the track to be
wo edokosa in the information |ayer 2 and, in tPEeT/B0GMH4031
node, the radial position ofjat he scanni ng spot 16
such that it coincides substantially with the center
19 in the peesaft chit) ahd Aaking en beter Bmilalyl apded niarginhkpart” refers to a part

ot S U PRI  THFb e BBy

the foﬁ&@i[ﬁ k9> Fed fg@al ]mﬁ’ﬂB@lr @Itthé‘%ﬁsrbfttﬁ@NPS nAat it 3dsh megenéual to or

I's now described In ther detail. In the
mgheruhmsz tmb’oszltheenﬂl peti@fithd NP§-24svhege § 4m3 isan intrgenpazurised s

f f t obj
bemep%i%ﬁgﬁffﬁ 1s aq%atp ?nsgsucreﬁgal;&l?l} (?215% %%%%evrﬁ—Lgiﬁcz ar%nirlar in the
casev% %ﬁse&ﬁrr@mgﬁ@qﬁaﬂz (X0, Yo, Z0) is an orthogonal
ase parallel tothe base X Y Z) and ass

OCl A
wi t h t Rertlhermonm ose gﬁtheg)@és @gj hepatid2y 1é|4§v1éeﬂ mto at least

where the t of. 0

a firstneplayse ?ﬁgﬁs 25§14 ehgec ehs’ ggl ,&lsli %ﬁz arl?g ?]E%:alﬁ e1 Q{ %Eﬂﬁm A2

introdaBRORERhvetdie niVaTicifon MY hén therradigitsh eoant hfenﬂhh érst mode
surface of the lens 17 (referred to herein _as th

and a'secointl Waxe&0)t. modifisaioal A\éﬁz ruanrtlweerrashatlph be@e jlécin the Sfrcea% mode.
17 is, for exa

fracti.v
The sefhg IS0 Ate (PRI P YR BOGIASAISY AFiren i e
I
S AT o b
radiat®dH @k VP ih eitssebyiRi roUS It if aotee xrmlrﬁ‘le@amtrf’zantrmam the resulting

I
L
TR T T .

mode: %ﬁhﬁl@hal 'tﬁe \\0916%%45%%&?01@%5 B2Q@3/ Q0A08] aﬂdZAm 22 are
e présent case) and havi ng an outeér bounda % and

such ﬁla’t e dgiferahcen @i s o aWMGRS)-(A0V a 1pAW2,.,1) bdweenthar g wavefront
such a central art and_havi 51\41| nner b urﬁgﬁr% d%
modifipatiouns A WaourtWe.s) apg (AWhelﬁAgﬁm ththe sgpondang fstmades is
nber of t 4
umﬂ 1g.gs 89{] roﬁzﬂ%ﬂéﬁy %&ml &gr '8'5’% 2%1 Wlthtresllpﬁ ct3 t}Le"%ﬁigﬁrams 19.

the NP3 246 fo\ﬂﬁﬁllir% “Ta id the fotalinbinbgesf anyltalrs@tﬂerﬁs for the part Pry; it
between 1 and M 1t is noted that is centr

is an fitifeger a:meal\ﬁmer bigherthemd ‘D] BAGAR elr%ﬂaréagee%%"al@ 73t P Where
2y b
5 iy U oy G 1 R T P SR R,

segnlef@dtithe part PLSTAWR gsﬂlrﬁme&%gamdsﬁt Mﬁdatmndnwocmee@bxd the angular
segnent AS2,2. The first angul ar segnent AS2

segnient ASdyindbe st ppesatingnederafiike opsiet rceamrls ﬁeﬂve PPymjispis the

o ok BB bl B 52, M Epgen 09
It is go%@dﬁh&ﬁhx?%v%ﬁ&nﬁﬁ& ReLHRGY,, IR ﬁle%e@rq{ié’deaig gt sintially constant

I ntroduces a t'F’ﬁrd wavef r ont
for aﬁ}bﬁblﬁt efthe omvélit@yt 2Tt 1s also hdied thahfrhr: angwar mmmtlzssmmawm the step
st mode and a fourth wavefr ngl fbcatl gleap ogis

helgliltrhntr Hirodnegsithe PIEHe BRI 19 mis i1 é
not ed t hat tr‘he part P2 introduces the resulting
A(bm,Js—;L (n—n )k

5

(2b)

m,j

where “\” is the wavelength of the radiation beam traversing the NPS 24 in the s-th mode

[13 %

and “ny” is the refractive index of the adjacent medium that is, in the following and by way of

illustration only, air, i.e. ng=1.
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wavefront nodification (AW, 1, 1+AW2,2,i) in the
radi ati on beam 15 in the first node and the 15
wo e®uiord9sy wavefront nodification (AW, 1, 2+AV2PCT/B320031004031
the radi ation beam 15" in thg second node.
Addi tionally, the wavefront nodifications AW, 1,1,
A2, 1, Bs aditfpdydmentchf MAZNDS 24 dessribediatiovehthe stepdeights hn, are

chosef e HRLBE MRS 2 TEoURs AR iy pishont Hodifichti R i8R of the
first afif¥prld Fi58Y%, 2 iR ncARS: OUP 1 b 1o vidg e Wil didipPREANHe

S Is asymetric, i.e. i s not
radiatioftbabmasdh ke Bisrmmets tefero weds tRe tesigrt Wavalarptic A Gobdequently, the

optical axis 19. 20 In the following "Jm is the total .
step heigirtsdinm; ofe chasen s thatdiiethe svavefrontmaodiBeatioppAW 1,1 apd AdYy1 in
e S SO ot e Bt BB b

. arelel t n N8, o zdr§ niddglon§ Bnd the
st S PR Dy OO 1 i
resultin@Waviefraiit tedifibstione(A&V 1A Wipg)i ifi itiatdcomd motle Boasgpmohebic.

the angular segment ASnj in the s-th operat,]. rTPde

of t helpthpicwprdscihp sich feightitpe arecRpseR P §-m#1§31?ﬁe reference
heichPRase change associated with the wavefront

EMBefi fi cati on AWn j,s according to Equation (0a). It

i's not gy; 4t he wavefront nodification AW.. j,s i(3a)

the s-th node is substantially constant faor_ any point
wheref‘qt,fids swminédgen mnd thegefersneg haighidiee i dovmed en LNl ar

segnment As%havi ng the step height hmi introduces

t he phﬁrsef(;c ngg__é&l) mj,s in the s-th operating nggig

as fol [ owsn-A4 nmuj=Is= 21r (n - no )hm1 (2b) AS 30

where "X, " is the wavel ength of the radi ation beam
whert FaVie (i refyactive iRS ¢f4hé NPS B4. & isnoterbihet the egtica) pathjof the

g PR B . SOSH  f n cii
the Nz'gfm WitteresPtto th¥QorRi46 ﬁl%%ﬂﬁ&ld@?eﬁbil B2@RWHHE493 lens 13. Also,

an i nprovenment of the NPS 24 scri bed above, the
sinceshegsehiedightths, ; bsd maitiple efibs tafersace height e thgpaptizal path of the

. j.ntrod bst ially fl t. i fi i )
il B RH39E4 4 o 8 BN K 0
| i@l @epentls b eheftenb&wiurgaridta elerethy offi thébeafn. frhath

(3b)§[gfciﬁliar%i_onﬂepea%s 15 i_r;[_t e first r_r?)gavr ?gtb t s th e.r
wordesdbs opticabnah ek isHadinéen kesisatoes o Niru2binhe st mode differs
from aié ?rlﬁhg aspcmd’m%{ﬁAisl&oﬁqynﬁ%{/&ﬁgﬁle PAtRnt OB YRVES [sQbstantially

I ons 1 an o1 1n the Tirst node
cons@hAeistbshenilicat the NP$124 (sqrotiiel ah & plene sadarelfegweremplane parallel

h h A4 i, 1] i t d
e S b PSSt b Aot e 5
X h
o sl SO P G0N R M Syt canges

AP ASyeubktahtially ¢yuatii & mubipttsef 2nh ee.suelp thabthgteusvahire pf theavavefront

of th_g Igmijggtbgmqjeeﬁ%fg I(ﬂ%lé?ebsj ec(%fve fens %agaﬂg fhe c]ﬁgvalgl%e %I%‘ihehern ];nce

surface of that lens.

A more specific embodiment of the improved NPS 24 is now described in the
case where the radiation beam 20 has a first polarization p; in the first mode, the radiation
beam 20’ has a second, different polarization p, in the second mode, and the objective lens 17
includes birefringent material sensitive to the polarizations p and p,. In the following “ro” is

the pupil radius of the face of the objective lens 17, which is provided with the NPS 24.
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where "gmj" is an integer and the reference height
href is defined as follows: Ale = al (3b) href =
wWm2009/029937 where "n" is the refractive index ofPeTEB26IRA04031
24. It is noted that the optigal path of the 15
radi ati on beamtraversing the NPS 24 depends on the
Furthemmykre thyf obijecivedersel 7ds aligned isednthatithe rofragtive indexpstheens equals

: th respect to the normal to.the te i
ne i ik Phg G Frofastrdornin of s s el RERESal Bhore e
polariBf¥idn g %or , Buhdld pl, ¥hefe “hirandehsr @par dxeagidindty ehd ofditery
optical path of the radiation beamtraversing the NPS
1

refractixre indinsn of the hitefingent meterigle Alsedthe objegtize s A g Ttepduces no

uat .0 3h) which i. .

TR e Bt AR 5 g cond o e
radiatZéh BeafmOdoes hbEpropigatadlonsihb opfic ftie of thdibiefringehiemnterial. Fig. 4

traversing the NPS 24 in the first de differs fr?m
shows p¢rve 81 FessagB e fsEnate Bmatan Pewrih fisFopripate pistem (Xo

. J n :

v, P0G IR vl bR BAS bt Ay P Mhcion Vi
equalsgihace (e.g. on a plane parallel plate).

Furthernore, in the case where the NPS 24 is proyi

d
on a cd tesped of thedisimeody the pigp heightsdim; afeohoseniyg thi e@z4
be,.adj h t
v RRGREHATA RSk Ak sy KBeShBAERA it e

differeft Mtikibieplqf, ; 6f thiréferenceheigit Gy Byavayt tikillastratiah winky, of the case
the wavefront of the radiation beamenteri n% t he _
where e direfringentmetenizl is gheaquarty withawt 1-a¢ ardnail-Yh hearavelengh M (i.e.

e B4 i b el B BRG0P o
Equatfie(®) e nLa0iauhen beam 20 has a first pol arization
pl

I'n"the first node, the radi ati on 30 beam 20" has a
second,In d¢sbeerod the ssoonsd medg dndrin e gage PherequThrd—hddand

d the objective LLepns 17 includes hirefringent
=t S SR gl o RECRA ot ey Relht Bhfee BRTlss Adyya that
i ' 5% Of'ab) iles loReH & cHahBes ABE, Ghodul
it ffon e 3¢ o ot Attt a5 el
27 ind¥e sédbh@RddE BROATZ RGeS0 0E/10184638 4. 14 Furt her nore,

the objective lens 17 is aligned such that the
refracthabte kndex of the Iens equals ne in the case

wher e e polarizati I al's pe and no in
t he cas glm\%\here t he p%lq)oﬁ’?%?@g%ggr or P2 equals po,
where 'lne” and "no" apqilete extraordi nary and ordi nary

refracttive indices of the hirefringent npterial. Also,
t he objl@ctive | ens 170i282} oduces no 5 aberration in

t he finrst—rode—and ams ﬁ%i gmati T averrat) on Wabb in

t he segond node when t;’e radi ati on beam does not
propagatge al ong the optagg2axi s of the birefringent

mat eri al Fig. 4 shows a curve 81 representing the
astigmatsi ¢ aberrati onOW4BB in the coordi pate system
(Xo, Ygy—tnthefol iO g —and—by way of illustration
only the value OPD,, |, %? t he aberrati oh Wabb

It is noted in Table I that the phase changes A®n,;» are substantially equal to a
limited number of different values of phase change modulo 27. This limited number may be
calculated based on the theory of Continued Fractions, as known from, e.g., the European

patent application filed on 05.04.2001 under the application number 01201255.5.
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equals 61l mMX. 10 In respect of the first node the step

hei ghts h,,,] are chosen so that the wavefront
wOorR@il2wat i ons AWn j,s are substantially flat.rPdnB003/004031

the step heights hmj are tqsequal different

multiples gqnj of the reference height hTef. By way of

i ustTt&tmtvge@raj"Mareldhosdmesoctmme MP®24 competrates g astjgmeatic

material, is_the qu vvlth 4 and n
wavefigy aheariion W £7- 6 ot ST i bR Sy g Ty B ghelon
, to 405nm and the polarization p| equal s po, it is

Zz IPWN ol @8 astipmiaelt dlalvoffor(t AbgrrdtioatW iy eftstniislly eduals zero.
e edpéct of the second node and in the case V\,her e

P2=Pe, ne=1.55 and 22=405n he ste
Consaghentlye fuiaeasonnp fvmmmathy Hsdies ‘3 H@lﬁﬁ%\ ﬂ’sﬁ Whiral part P,

the mét rHai Pztzewdhﬂlg hef! Hag@ﬁﬁ#aﬂqj}‘és e &"}I}?} 4P Agfrlrc’ifl}u,ieg%ls %n%‘ular

e va ues
segméhllASll n(JHale) Elﬁ(prartd’znmdmda‘sdourchnglﬁler mgmenwm%zs A821,HeS23 and ASy 4

e N
Each Q_f e Q@Jﬁr deBmBRs k| s Eﬂﬁﬂe@ by tn’ilﬁfmﬁlﬁ Qacﬁ éASﬂD,geeﬁla)ﬁmum

ar e su stantially equal toa limte
rad1usolfma,&iAS£, B zemnmmhuagl@@mlﬂhéae apf amgpxim o ANG 16 ax (A It is noted

MR TN T R T R

t (M tive 1
e U e

17) 0RO ﬁﬁg@@ﬁmgtréﬁ/cbms@i DOwedthe pEnimhHEn ppd @gémwa apeles e

e RRARE 0 S S B LAY

ASmj € %etﬂa&@ ‘“B()&% a[Hd nf[gchénggéﬁd @8 afb1id %’B( § W engx(ABQJ) Also

ast| errati on Wa ubst ant 1 al |
Tabl<EM Wb 1@ ﬂfeQ;ase wﬂlerebl#polanﬂimlﬁtslﬂmsl@cﬂalnges A®r,; 1 gizewinslable I and the

symmetry, the NPS 24 |ncludes three t he c nt r.al
Waveﬁantabﬁraﬁors%nésw@g.@@pcqnémaﬁmt et Ky e fropa i article

on ﬂﬁ’dbﬁ‘f)f SEPERIHic phase
byBE@\ﬁ(. %f:](j%ﬂkzsi?% ?ﬁé/tne Jﬁtldggl inc &de‘gp our an rllj a? P
strucegnie Bpﬁcall\gﬁstéms”:ﬁ-\%pﬂ Oph3D), (30N ppASZF-6560, Wthh describes how to
make a objective lens suitable for scanning DVD-format discs and CD-format discs with the
aid of an NPS.

Table II:

Parts Angular segments AS; | tmin/To | TmaxTo | Omin [*] | Omax [*]

Pm

Py ASy) 0 0.333 -45 +315

P, AS,, 0.333 0.733 -45 +45
AS,, 0.333 0.733 +45 +135
ASy3 0.333 0.733 +135 +225
ASy4 0.333 0.733 +225 +315

P; ASs, 0.733 1 -45 +45
ASs, 0.733 1 +45 +135
ASs; | 0.733 1 +135 +225
AS34 0.733 1 +225 | +315




(J2=4) and the part P3 includes four angul ar segnents
AS3,1, AS3,2, AS3,3 and AS3,4 (J3=4). Each of the
waegdhzo3segnents ASnj is defined by a m ni munPCHIB2063/004031

rmn(ASnj), a maximum radiyg rmax(ASmj), a mni num
angle Orin(ASn) and a maxinum angle Omax(ASmj).
i S notRiblell showsaebpstep heights baj for therangelkir sagnmltsnéﬁm asfdeﬁned
the NPS 24 that the angul ar segnments ASm| are

in TabloHat i onal |y symetric with respect to the Zo-axis
(i.e. the optical axis of the objective lens 17) over
the range of angles conprised between the m ni nrum and
maxi mifebdsmbles  Om n(ASmJ ) and Omx(ASm ). Table |1

shows the—eptized—zones at mt
ASm j , Rmé.P mt he Pr%‘ﬁf SPgﬁl‘ﬁ’(t%éﬁ?») Ste f‘ﬁ%‘%%ﬁﬁﬁﬁ ahd
the angges unr(A-Sbmj) and-Omax(Aghnj ) Arso 15 Table Il
referg to the dase’'where pl=po awd t he phase changes A
| mJ,Zmiven in ARhle | and the |waS@front aberrat|on

Wabb (jsee Fig. W-ng—t—e»—t—l*«ix—ge{—hed—kﬂem—e g.,
fromtihe articl S?by B.H W Hendiitk¥, J.E de Wrie

and H.|P. Urbact /-\ppl rcation of [Dpggperiodi ¢ phas
structjures in cpél systens", Appl. Opt. 40 (200
pp. 6548- 6560, Sﬁ; descri bes howlt3 make a obj ective

| ens sjuitable flor scanni ng DVD-forpat—di-ses—and

= A vEe] TATTU

CD-for|Ret discy ABth the 20 aid|ol-/8n NPS. Table |1:
Parts JAngul ar b;ggb‘ll'lb ASmT] Tm /3r rmax/To omn | 0]
max [o] PmPl |AS;>* 0 0.333 -45|+315 P2 AS2.1 0.333

0. 733 +45 +45 A§8332 0.333 0.733|+335+135 AS2,3 0,333
0. 733 H135 +225 AQ? 4 0.333 Q. 733 +225 4315 P3 AG3 1

0.733 [l -45 +45 ARS8 2 0. 733 1 +45-9135 AS3 3 0.733 1
+135 +225—AS34 07331 =225 +315 WO 2004/ 029937
PCT/ 1 B2003/ 004031 16 Table |11l shows the step heights

h,, | fidE nble@ imTebik Al tise gomatisp ASightsdmve eégatizd values, e.g. in
Table I'l. Table I11; Parts Pm ul.ar _se msnsﬁ
respegtﬁﬁhmgg}w segipgnt A[S@ Inghe peseny %cnptlon a fiegative value of a step

height indicates a depression, instead of a rise, in the body having the non-periodic stepped

— (U UJ

profile, here the objective lens 17.

For further detail, see the European patent application EP 1,179,212-A that
describes a negative step height of a plate.

Fig. 5A shows a perspective view of the NPS 24 designed according to Table
TII. Fig. 5B shows a front view of that NPS viewed from the side of the entrance pupil of the
objective lens 17. It is noted in Fig. 5B that the angular segments are arranged according to a
quadrant-arrangement where the dividing lines between the angular segments AS,; are
aligned with those between the angular segments ASj;. It is also noted that the stepped profile
of the NPS 24 is designed such that the relative step heights hmj+1-hm; 0 byt j-hmj between
adjacent angular segments Sp,i+1 and Smj OF Sme1 and S, respectively, include a relative
step height having an optical path substantially equal to a\; , wherein “a” is an integer and

a>1 and “A, “ is the design wavelength. In other words, such a relative step height is higher

than the reference height hys.
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P2 AS2,1 -1.50 AS2,2 1.50 AS2,3 -1.50 AS2,4 1.50 P3
AS3,1 -3.75 AS3,2 3.75 AS3,3 -3.75 AS3,4 3.75 5 1t
WO goonoe®a7 in Table 11 that some step hei ghts PEwEB2003/004031
negative values, e.g. in regpect of the angul ar
segnent AS2,1. In the present description a negative
value of a step height indicate SS| 0N
i nst eakdigof shows %%HfaF?l 5% FRPTHEYS N per gt the
st epped proflle here the objectlve |ehs! 17. 10 For
Kl emodatibgat i on EP
Wavegi%%@%aigﬁw ShO%gggzgl%g Qg@ﬁgvgéafﬁlve step hei ght of
s J,a plate. Fig. 5A shows a pers tlvea:;gi of the NPS
S UV ipsnigaduscAbE GieNRS 26 S4B RLEH YA 214 1B 5B shows a
m=1j=if ront view of that NPS viewed fromthe side of the
entrance pupil of the objective lens 17. I} ,,s noted
in Fi gTaﬁ@W@H&wéﬂﬁv@ﬁ@HbﬂDﬁsﬁ‘@mﬂﬁrﬂwﬂmﬁgﬁ ot W]
according to a 15 quadrant arrangenent wh
dividing lines between the angular se ts AS

withogt anghfeidh WELYPS HOSONEEIESTS A 8 CARBEISAITE Bt oaé%befraﬂon
Wabb %V\;n 1r13'<l eéqi &g%&%vglﬁaﬁ“hés@%a te?ﬁé’v%doeeﬁ 9£1b1|,11§ted(fforﬁ ha%f tNiding
i gned suc

at t e relative step heights
simuldidnsl- hmj or hmtl, j-hn between adjacent angul ar
segnments Smj +1 and Sniv or SmHl j and Smj,
respectively, include a relative step height having
an opt iggje (pat h substantially equal to a? 1 , wherein
"a" is _an integer and 20 a>1 and "k1 " is the design

vavel engPD;m|W.ek her relative step

hei ght |i s hi gher thanOPPensl}ﬁg]MK@ﬁﬂVg?b@ht href WO

2004/ 029937 PCT/ 1 B200@/ 00403t <17 3 J,,, Filg. 6 shows
a surf igﬁmiz represenfing,the sumT T AW, |j 2 +Wabb
of the|, n=1 j=1 wavefyont aberrati on Wabb shown in

Fig. 4 and the wavefront nodification J J Aan 2

i ntroduced by the NPS 24 shown inh Fig ?3 5B.
. n=1 J:Itus noted that the NPS 24 shown in Figs 5A and 5 compensates

approximately 50% of the astigmatic aberration Wabs introduced by the birefringent objective

M Jy .
lens 17. It is also noted in Table IV that the value OPDip[ ZZ AW, , +Way] is below the

m=1 j=1
diffraction limit, i.e. less than 70 mA, for the NPS 24 according to Table IV, thereby allowing
any format of optical record carriers to be scanned with a significant improvement in terms of
OPD,,;s with respect to the case where an optical scanning device is not provided with such a
NPS.

It is also noted that a birefringent lens such as the lens 17 provided with the

NPS 24 as described above forms a lens system for forming infinite conjugate, e.g. for dual
layers. One of those two information layers is scanned in the first mode by means of a
radiation beam having a predetermined polarization and the other information layer is
scanned in the second mode by means of another radiation beam having a different
polarization. Thus, while the birefringent lens introduces astigmatism in the second mode and
no astigmatism in the first mode, the NPS accordingly compensates such astigmatism in the

second mode and is optically inactive in the first mode.
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M JM Tabl e N shows the values OPD,,,, S[ Wbb] and
OPD,."S[ Y AW, ,,j,2 +Wabb] ni=1 j=1 5 wi thout and
wWOowRaoh/024987 NPS 24 shown in Fig. 5A for conpensarCTiB20682004031
wavefront aberration Wabb g8own in Fig. 4,
respectively. These val ues have been calcul ated from
ray- t rédilstgn thei abavedéseribed erabndimrat apmpiical sSEnwARGFeVARE) M
A, S[.E.LE AWnj, 2 + =1 4 = :
compaipIg ith 3P PRAY CPlrs KPS depibed; ko B Hiprdial R gt
scanm"ﬁg ABRBS AcBflin@RRAO HiveRi®] danHR%ltefnatilely asdd fpmany other types of
_aberration Wabb introduced by the birefringent o
opticabtsicerdt davgersodw scamed 11 is nated thapihs §s6,9f RirgiHnges matqyal is not

that the value OPDI,,,S[ EY AWnj,2 +Wabb] is bel ow
essentlﬂrizorﬁfleslfl"ﬁ@}"“diffracti on linit, i.e. less than 70 ink,

fl gr t hﬁ? HR&n?tﬂve?;ﬁ’QHé gliasg stractilieflesorited tbwreab fesignationg
an t i
infrodupeckAny Sy GERIC QB EPFPRYERI £ § EPRRCHY SveREt SR Hestion as
Wi th r . ; cal: e
shovf i 2 3% ok i B AP @R GRLpRERPRSALng such
wavefgit esbdifiattions, bee; efer thedenk by dsBauehd Hs Wditentisled “Principles of

. provided with the _ NPS, ' f
Optichs B 46547 S e aImarR L £ TSPRL OBREEED e o for
dual 28 Cﬁ‘éﬁaﬁvel%ﬁe Bhase @ﬁﬁ&gﬁé’&ﬁa}i' b provriet @AtH @inileds of parts

is scahned in the'first node by neans of a radiation
and mb@?msbgn_tmtg o‘ldaelptlhem those dessaiedahayei B snatd thathe htghst themumber
i nformat i on r.is. scanned..i d
M and/gr nl.}rfnlbgﬁ Jﬁﬁlﬁerebqttgmhgtolo&ge%s Liot Rg@ﬁ% ﬁé&%ﬂ&%\&gﬁb g‘r}]t?iﬂuced by the
objeciPd Rhé Faiw8r thisWsuld ¥étulten idvecabing el dongretityl @fithe NPS especially
. I ntroduces astigmatismin the second node. and . no .
in terms of gravening Hoesforeradradspt betviasa crpRensalion gpdigpyrfacturng

oppensat es such astigmatismin the 25 second node and
needﬁ%%né‘i}% cally inactive in the first node. WD

2004/ 02983AteRGTN EIB20R 3§40 EmehS avihprosided m arherraigewent other

descri bed enbodi nent an optj i i - _
than B0 RpRITRE EaRETHETh SH Y oS B0 GO f1GHs g font views of

two AMESSHRSHhd fhabSsthRuRE SRR ROkt 5181 AfMowhhe Fig. 8A the NPS 24’

has two parts P’y and P’,, wherein the part P’, is divided into two angular segments AS’y; and
AS’1; and the part P’; is divided into two angular segments AS’; 1 and AS’;,. Similarly, the
NPS 24” shown in Fig. 8B has two parts P”; and P75, and four angular segments AS”y ;,
AS”1 5, AS”,, and AS™;,. It is noted that the dividing line between the angular segments
AS’; 1 and AS’; »is aligned with the dividing line between the angular segments AS’,; and
AS?’;,, while the dividing line between the angular segments AS”y,; and AS”y forms a non-
zero angle o, with the dividing line between the angular segments AS”, ; and AS”; . In other
words, these different possible arrangements of the parts of the NPS allow to introduce any
asymmetric wavefront modification in the radiation beam traversing the NPS.

Another alternative to the phase structure arranged on the entrance face of the
objective lens may be of any shape like a plate. Furthermore, as an improvement of such a
plate provided with the NPS according to the invention, a cover layer is arranged on the
angular segments such that the phase structure forms a plane plate. Fig. 7 shows such an
improvement where a plate 89 including the NPS 24 is provided with a cover layer 90. By

way of illustration only, the cover layer 90 is made of an isotropic material having a
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scanni ng device according to the invention can be
alternatively used for any other types of optica
WO ewamnzbosarriers to be scanned. It is noted theCT/1B2603/004031
use of a birefringent nmaterig is not 5 essential for
the invention. An alternative of the phase structure
refracii@siatibbedt abetrtidlly cdesls greesfthative indexrmad tebirafiingent material of
nretric wav

e TR S oGP P P Sy
i nf ti th { ' ' i
w11 T 0 0 0 DS o RGO s

s S B B v

the rafiafién Qé’&{’rﬁfavééirég ﬁieﬁmp_ﬁdaﬁeg NS Zmislsz%h thlatathfp nefeastive inde)é of the
structure nay be provide ers o rts_.and .. ..

NPS Shegiinlmecaghi Maic ShBroTo e h g8 ociae ap gk Biies 3p 4% iaton

beam 'rt]%\nr%glﬁlg %émﬁ?g Thhife @cgﬁ@ﬁxghg ghe tiolvb 6 k4 atidhEbeam

e better t ensation of the
travergidgtieNPS 24\lhdioh ittt tedvefrediveyinddxeof tabNBS 24\equale s In that mode

there i B AP RuPBARSTarones inites P Birefiliet e Pt e’
isotropREeFE O ferDol R IRAL{HE NS AFRENAD o2 erh heyght by must
equalH]g w1k ASGYHENH, Svhareth,p F-ani/ @ed,). Thas) by wragod dinstration erdy and in

t han the quadrant-arrangenment shown in Fig, 5B. Figs.
the cBwbatt 1851 Shosd oA M ARSIRAUS T th%éw%-@?wa& EV%%PP“

. of .the phase.structur [ .. |

desighog egap AR B o SPS2Y Pbfhecs st asiisnadt S8 waletron

wherei g §,he part P, is divided into two angul ar
modiﬁeg'rmn%}wm ., - Batde VAgows tire sierghaiglds parfor tlre angular segments

di vi deghiFnt o t'wo angul ar segnments AS 2,1 and AS 2, 2.

SimlLar]y, NPS 24" shown in Fig. 8B has two parts
Asm’ipsrfneéﬂ?fi’é'”??’ﬁgﬁd four angul ar segments AS"'1, 1, :

AS'1,2, AS'2,1 and AS'2,2. It is noted that the

di vi di nTg i ne between the angul ar segnents AS 1,1

and AS'Tabl®Vis aligned with the dividing |ine between

t he angyarssegments AS, NAc 25 2 e [ e
di vi di nd *TFRE bef Q%E%@?%?‘ﬂae%%ﬁ%w SQ%?Q ﬁltélgh%mif%ﬁlgnd
AS'1, 2 |TQrnms a noms,zero angle a wifb the dividing

li ne between theiangular segments AS'2 1 and -AS'2.-2
In ot hdP, words, |tese different pob$tB18 arrangement
of the iparts of T S—attow-to TN {HggpEe any
asymet|ri ¢ wavef i 2modi fication ip 'tZe radi ation
beam trjaversi ng th& NPS. Another al{eyr®i ve to the
phase structure arranged on the entfance f

30 obj dctive | ensAfay be of any shap8lPi%e a plate.
Fur t herlpre—as—angnprovenent—of—syuch ptate

pr ovi deoIP3vvi th the‘z}&% according to f ﬁ%3qgr19venti on, a
cover llayer is anrgged on the angubaoigegnments such
that the phase stiruciure forns a plane plate Fig—7
shows such an irfpSyenent where a pr&3&%B9 i ncl udi ng
the NPS 24 is praviged—wth—a—coverl 90— By Wway
of illustration cﬁ*%ﬁ t he cover |ang%%§9is made of a

isotropic material having a WO 2004/ 029937
PCT/ | B2003/ 004031

M Jy
Table VI shows the values OPDyms[ Way,] and OPDims[ > D" AW, ., +Wabb]

m=1 j=1

[72)

without and with the NPS 24 as given in Table V for compensating the wavefront aberration



19 refractive index that substantially equals the
refractive index no of the birefringent material of
wo b@4pt@se 89. In the present description, twoPCT/IB2003/004031
refractive indices na and nhpare substantially equal
where Ina - nb | is equal to or |ess thanchgreferabl,y,
W, sBowd irelRig, 4,espectivedy. dihald yalud. 1006 beantratalatedhimomapyrirgcing
0.01 and 0.005 are a matter of arbitrary choice. In
simulafigBs.f j r st node the pol arization of 5 the radiation
beam traversing the inproved NPS 24 is such that the
refractive index of the NPS 24 equals no. In that
node tTeble Mir oved NPS 24 has no optical effect on the
radi ati-on—beamtraverstrg—the NPS——I—ﬁ—H‘re—ser:ord node
the p | QPP of t he r< %\3 tgrwve) sijng the
NPS 24 is such that the re ac"tns %X ]fg] NPS 24
equal § ne. In that node there is a msmatch between
the refgiggti ve i ndices of |2BmAbi refringent plate 89
and the 10 isotropic coven |ayer 90 For—generati ng
t he phase change A n j,2 the step height hnj nust
equal hm | href Al mJ,2/ 2i ¢, where href

=71 et/ finen, mﬂga th-la_lbﬂx%’vamé gwﬁﬁt I atw Qj) codsponditg tonthe

the case re no= d 2véf —405nm it is
found that href =4. O5m _B proper desi gn of  t he
compesaiionwith ¢hgNPS 2Ar5 givee lrr\ﬁé@lg igdoneerdhaasthg yalyet i gmat i ¢
resulting wavefront MJ" nodification EJ AWnj 2 .
ho Se. ROMIL) F18 otHeh /0edig tHeaXPS 24
OPDY@SZ X '"J'QWW Eb‘hjgwaigpg%ﬁmégzg def i ned in Tak?ﬁ[eQII
Tabl'&'V: Parts Pm Angul ar segnents ASnj Step heig
provified witirthe deverisgeri90dmppovastheconpensaiign ofithe vavg! Qgtlaé)erratlon

W Bt pgectSTNTE T ISueias ol B IGBEY 13 Tabi 6 Vi

shows tA1g, M@érh&ﬁze@z’%m‘i&ﬁ@ lbbphaAxs gtrERiesagcobdipg td thelinyention

2 +\Wabb] ni=1 O wi thout and with the NPS 24. as. .
may topi rewidiech withighi ervntfqntw@lcﬂ%@@%%@n ingne geeliRrdy, yherein the phase
aberrati

structures "1afs Gitfirent materials.

Alternatives to the optical scanning device described above operate at modes
different from the first and second mode described above, for instance in two modes with two
different wavelengths (as described in the international application WO 01/48746 published
on 5 July 2001), in two modes with two different temperatures (as described in the European
patent application EP 1.179.212 published on 13 February 2002), two modes with two
different angles of incidence (as described in said article by B.H.W. Hendriks et al., or in
three modes with three different wavelengths (as described in the European patent application
filed under the application number 02077992.2 on 22.07.2002).

As another alternative of the optical scanning device described above, at least
one of the polarizations of the radiation beams traversing the NPS is switched between a first
state and a second state such that the NPS introduces a flat wavefront modification when that
polarization is in the first state and an asymmetric wavefront modification when that
polarization is in the second state. It is noted that the switching of each of the polarizations is
known, e.g., from the European Patent application filed on 07.12.2001 with the application
number EP 01204786.6.



WO 2004/ 029937 PCT/ |1 B2003/ 004031 20 Wabb shown in
Fig. 4, respectively. These val ues have been

w@adognt®sed fromray-tracing sinulations. TabP@I/iB2003/004031
OPDr ms[ Vabb] M JM OPDrns[ Yoh OW, j,2 +Wabb] n¥l j=1
61n®? 28nV¥ 5 MJ,y It is noted that the value OPD,. [
Yj Z AVKiterhat2veridablehstone pEthepobirizgtions is beitched befwebn a first state

and a $ea0Re) e HOl 16t DRI Inkpisey LTSt SRRt ies dhgd o mb fion
when fh@t_%cﬁajlz%hb}{ id in ﬁc ﬁ%@ E%t)e anil 3 sBEHA! GMRESS wal SRS dfcation

prOV| h the cover | ayer 90 inproves the
whmlﬂmhpﬂmmamnnmsmﬂhth@omhﬂakront aberration 10 Wabb with

respect .to .t S out.th 0 90. Al
al  or s W kg b BT g  af bita
scanmﬁg Qevidé BhyttR usbEfor BIRNbHIRAl apPitaldéhsPé.8VindgiGrostdpy and
fferent "optical elements or in one single body,

photogxfaph)e onetating phafest mode et Wrassgcordmode-f f er ent
materials. Alternatives to the optical scanning device
descri bed above operate at nodes 15 different from
the first and second node descri bed above, for
instance in two nodes with two different wavel engt hs
(as described in the international application WO
01/ 48746 published on 5 July 2001), in tw nodes with
two different tenperatures (as described in the
Eur opean patent application EP 1.179.212 published on
13 February 2002), two nodes with two different angles
of incidence (as described in said article by B.H W
Hendri ks et al., or in 20 three nodes with three
di fferent wavel engths (as described in the European
patent application filed under the application nunber
02077992. 2 on 22.07.2002). As another alternative of
the optical scanning device described above, at | east
one of the polarizations of the radiation beans
traversing the NPS is swtched between a first state
and a second state such that the NPS introduces a flat
wavefront nodification when that
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25 polarization is in the first state and an
asymmetric wavefront nodification when that
w@odoanewation is in the second state. It i s noPEHIR2068/004031
the switching of each of thezpolarizations is known,
e.g., fromthe European Patent application filed on
CLAIMS: 12. 2001 with the application nunber EP 01204786. 6.
WO 2004/ 029937 PCT/ |1 B2003/ 004031 21 Alternatively, at
| east one of the polarizations is switched between a
first state and a second state such that the NPS
introduces a first asymetric wavefront nodification
when that polarizationis in the first state and a
second, different wavefront nodification when that
1. Ppolari éﬂtogﬁgal's&? arinth ol d36ics §6 R nrih @ h SirstInfokmatfon 18y by means of
that t ase structure described above in relation
a first raligtiondyanciala ﬁtst:qmmtmg mheleiand asagoniddnipsmatigoleyeihyapeans ofa

optj cal l.icatio [0
Secon‘b %@Pé’ﬁﬁ‘g‘ m 3, 5&¢ oHara &ggm{‘l ’%g dﬁége n@%qn ¥'a second

mode. WO 2084nQ3RR3 forafittinB2a130 8043 coriPradiatién bams] .

An optical scanning device for scanning a first
consecmﬁmtymtﬂmnltarwpés'ly,by means of a first radiati on beam

ina first '  od]

| ayer b?nﬂ@ t s%'Strsgglgf((c}ng&g'ad ?lgag%ﬁ ég%n@gér@g&gie&é%wgbeams
on theRR itk BY s4T8 tﬁest ahhl Secd Ay infernenion lasis) gespectivetyadndit i on

source for emtting said first a nd .r i on
beams gpb@?@@@&ﬁurqmaygg} msthﬁﬁpqlfgi ge,tﬁgq?yald fﬁéﬁn second
rad1at§o ee%%lls,\r/ | %P 15ey1‘%1 g&&%@u&ﬁ% VR Bk R 18d@hsl a bbdtedl p@r’ﬂ@P ) and at

he positions of said first
least @r&n@ge@m faut (P, forefbinting b agspstiodie s’@ep@d profile, indheiradiah direction,

oD e SRS B SRR L1008 o o
a ﬁrsth%%ﬁg s%n YA%?]I) A& h SeRAE ah A bMENt AT NI Haingafidst step

east one marginal part (P2) for
height (1) a1gl @sacond, rdeﬁfﬂwlstﬁpéte@péld 2prespretively ferjatrpduging in said

di rection ar act in tha ne 2
first QP@Fﬂtlﬁlglm%d‘?oa o §rigionbap Pt CRETy 5“{%2} pd e 3 dhrons
defimglhod Whhrd SRESRENt
m°d1§ atloﬁ §éb gﬁ%&%vﬁgg%ﬁhgﬁg&g&?l rst ;I%ep hei ght
modlﬁbzﬁlolq)AWQ ¢, ansefunl wattefrérementificdtiop AW shtespéively, where the
respectlvely, for introducing in said  first operati gl
diferoncie VS | -9 ueeh Wont AW ) U TGP ITAIR reSpecgigpald optical axis
second wavefront 15 nodification AW, 2,1,
(19)respect|vely and in said second operatl ng node a
third wavefront nodification AV\2 1,2 and a fourth
wavefront nodification AW, 2, respect ively,
2. the d.Anepma& SCAnAE, dzwzmwr@nammlawliﬁrm@ zm)zﬂ“éfzzz)

(AW;;a 1S 1¥FA 2.2, 15 18 ofn her teylsag ei: ! tlgna 1aI dtll? %tolm%acjr c ove1$.

3. An optical scanning device according to claim 1, wherein either the resulting
wavefront modification AW, 1 ;+AW, 2,1 in the first mode or the resulting wavefront

modification AW, ; ;+AW, 55 in the second mode is substantially flat.

4. An optical scanning device according to claim 1, wherein said phase structure

includes birefringent material sensitive to a first polarization (p:) of said first radiation beam
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(19). 20 2. An optical scanning device according to
claiml1, wherein (AW, 1, 2+AW2, 2, 2)- (AWZ, 1, 1+AW2, 2,1)
WO 200002998 type of astigmatism tilt, conma or PCDIB2003/004031
3. An optical scanning devige according to claiml,
wherein either the resulting wavefront nodification .
in said A&, mlodeadRo 2 sdcdnd, differehi palarizatide (ew) of brid seeond tadigjion beam in
. wavef rgnt 25 nodification AW, 1, 2+AW2, 2,2 in the
said seg@dgRAdsode is substantially flat. 4. An optica
scanni ng device according to claim1, wherein said
phase structure includes birefringent material |
5. sensi tAwepticl scahhingtdeyio¢ agcopding torclgipt §. fortherdneluding acover
radi ati opn beam 2004/.029937 P B2003/ 004031 23 in
layer %rép%eadf fue lthaﬁﬁ?}g\f’\gﬁﬁf S?%ctgresfg%sn% ﬁggg ‘ff erent
pol ari zation (p2) of said second radiation beamin
sai d second node. 5. An optical scanni n‘g devi ce ., .
6. accor dhmgpticnl s¢aaningHevice peaesding Heflaw by ]éer%‘\%‘% heights are
. _layer. arran . al diphase gtr s
desiengt $55p (g SRR e Hellbte (5 RO PR AR sopeam

(ASm, ’thllﬁ Aism; IAS Whe s, 1)) isdiude b edlghtesstaprieighl ésvipsed optiedh pathat
e

relative step heights (h,,,, j+i-hmj. hmt |-hm ]
substabtalijeesuabidj 2ic ew&le@ue;ag is gpyigeer andagy, an: AémS,t]i? k&%ﬁ% hof
.. 1 Ncl ude rel ati ve step hei ght having an optical path
Smdﬁfﬁr§ﬁ%§¥gﬁ?¥hlly equal to a7 i , wherein "a" is an
integer and a>1 and "k," is the wavelength of said

first radiation beam 7. An tical .scanni hg devi.ce
7. accor dm@m@alépammﬁ@evm&ﬁ@rai%g&? g{aﬂﬂ ésgﬂgrteﬁwﬁ%lﬁgse pigucture
. ener.al ' ' are general |
s oGP B S AEp Ry S ar oener o)y

I ng device according to
claim1, wherein said phase structure is forned on a

face of a | ens of ,said.objective | ens ,syst
8. opti c aPANPAISAl SSAPIHRS fvace _ ‘é‘gfla’lgﬁﬁ cfa dr g"ilreﬁ%iﬂ Sa\?&]%@é? Sructure
is forﬁ@('igngi%%%%f%tléﬁ’sqﬂéﬁﬁ obfRtilSlchoEyednon an optical plate
provi ded between said radi ati on source and said

objective lens system 10 An optical scanning device
accordi,ng to claim9, wherejn.sai {4 :
9. conpri SEEORICH] SeATEPE evics aé’ﬁ%’{ahégg‘i" gtlagﬁolr’ @ef)egljé%l@phase _Stmcwre
is formBl bh bR bptied plete prdvidbasemwets vt wadatipesoatderagd isaid abjective lens
first node and in a second node, the structure having
systean optical axis and including a central part (Pl) and
at | east one marginal part (P2) for formng a
non-periodic stepped profile in the radial direction,
10 char actf bl sdantihg tiedeeadcBRlinfo claim 9, wherein said optical plate

comprises a quarter wavelength plate or a beam splitter.

11. A phase structure operating in a first mode and in a second mode, the structure
having an optical axis and including a central part (P1) and at least one marginal part (P;) for
forming a non-periodic stepped profile in the radial direction, characterized in that one (P3) of
said central and marginal parts (P;, P2) includes at least a first segment (AS,,1) and a second
segment (AS;2) having a first step height (hy,1) and a second, different step height (hy2),
respectively, for introducing in said first operating mode a first wavefront modification
AW, and a second wavefront modification AW, y, respectively, and in said second

operating mode a third wavefront modification AWy,1, and a fourth wavefront modification



said central and marginal parts (P11, P2) includes at
| east a first segnent (AS2,1) and a second 30 segnent
W@ 28202p3having a first step height (h2,1) andpP&I/1B2003/004031
second, different step heigh4 (h2,2), respectively,
for |ntrodu0| ng in said first operating node a first
AW, ywanespactimelynwhiert itleadiffarencer(ABV 4, .+ AdVich 2 (AWe,orich Wisang i ont
nodj fication AW, 2,1, respectively, and in said second
asymypiEicat i ng node a third wavefront nodification AR, 1,2
and a fourth wavefront nodification WO 2004/ 029937
PCT/ 1 B2003/ 004031 24 AW, 2,2, respectively, where the
12. di f f er énlees (oDNEs i, mxpmgalzsc@)mmmlcx fmnsqmnmg B)firptgnformation

e in.an optic
ayer BEYEG® vt Frst aidtinn B it & 1 RpORHEE rRE Pt s B8 BiBthation
layer H?ﬁ{éﬁn%f Rsdebhi®tadlafigh Btdre i HSstFhd Bpérafing SbdgHks Bhé Being
de and a second information |[|ayer by neans of a
prov1é@bwrﬂm aphalestiuoiransgending ta clawddd operati ng node, the
| ens being provided with a phase structure according
to claim1l.



