1 16 May 2006 Optical scanning device The invention relates to an optical scanning device for
scanning an information layer of an optical record carrier by means of a radiation beam, including: (a)
a radiation source for providing said radiation beam, (b) a lens system for transforming said radiation
beam to a converging radiation beam so as to form a dcanning spot in the position 3 @Mhg 20@Fmation
layer, the lens system including a first objective lens having an optical axis, and (c) a wavefront
modifier afPRGBLHUNNBEHS4fE radiation source and the position of said scanning spot, the wavefront
modifier including a first element having a first aspheric surface and a second element having a
second aspheric surface, said first and second elements being mutually movable in a plane
perpendicular to said optical axis for introducing 10 a modification W1 in said converging beam. The
invention also relates to a wavefront modifier for transforming a first radiation beam into a second
radiation beam, the wavefront modifier having an optical axis and including a first element having a
first aspheric surface and a second element having a second aspheric surface, said first and second
elements being mutuallyriroviabieidn acplaneclinppipandiaulsn jodsaiceapticadaxiseian introducing a
wavefront modification W1 in said seqond radiation beam. A "wavefront modifier" 1’{3 (#{sted 5r
introducing HOTHUSH GRS LGRS TSRS B BURAAL (L KK O B AUSHSH S thaiation
beam by intidigticing paihfde pgihi differanteslinidateadeibeoritheysrsitityn imikeafdag-sadtion of the
beam. A 20 wavefront modification may bg af a first, second, etc. order af a radius in the cross-section
of the radfﬁévbaﬁl%%gﬁ?rﬁ the SPRVRRIAE AT RHRABRAELEL AL B B AERBIR TRORAGBAHIY A radial
order f thogehdanfoehatisespeativaledVayatonntitdindistrsiosbis@ivekapie iag anwaviefilont
modification of th%{irst orderf Astiéghr?gism and c%rvature of aH;?Id C\?md defocus arg lg‘wo exampl?s of a
wavefront MBI At SFHRE QUSSR Bt brrG 1 TS BRI B WSS P FRHEASh of the
third ordersdxpbeticahgbpotatiensisvafr@xampldiof mylaviafranirsnodiieatibavoighdiicustiplorder. It is

noted that some wayefront ra}o ificatti%ns, such asng/g‘%/éifront tilt asti%rp(fag%rpa%gd coma, are

dependenf%rnaﬁeﬁpecﬁgﬁc%n & Tro8s-Eeltiof S e Paknisti r?lggécr%. omeWaVetrsal thodifications,

such as defeaus@rigdisghencalghenatide s lndgrepdelitdarackned bpn dal thasciassrisediidngf the
radiafon b R g & O Ao 2 o B, 006
The invention also relates to a wavefront modifier for transforming a first

radiation beam into a second radiation beam, the wavefront modifier having an optical axis
and including a first element having a first aspheric surface and a second element having a
second aspheric surface, said first and second elements being mutually movable in a plane

15  perpendicular to said optical axis for introducing a wavefront modification W in said second
radiation beam.

A “wavefront modifier” is used for introducing a “wavefront modification”,

that is for modifying the shape of the wavefront of a radiation beam by introducing path
length differences in dependence on the position in the cross-section of the beam. A

20  wavefront modification may be 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 has a
radial order of three, four, etc., respectively. Wavefront tilt or distortion is an example of a
wavefront modification of the first order. Astigmatism and curvature of field and defocus are
two examples of a wavefront modification of the second order. Coma is an example of a

25  wavefront modification of the third order. Spherical aberration is an example of a wavefront
modification of the fourth order. It is noted that some wavefront modifications, such as
wavefront tilt, astigmatism and coma, are dependent on a direction in the cross-section of the
radiation beam. Some wavefront modifications, such as defocus and spherical aberration, are

independent on a direction in the cross-section of the radiation beam. For more information



on the mathematical functions representing the aforementioned wavefront modifications, see, e.g. the
book by M. Born and E. Wolf entitled "Principles of Optics," pp.464-470 (Pergamon Press 6t' Ed.)
(ISBN 0-08-026482-4). The wavefront modifier may be used for changing properties of the radiation 5
beam such as its vengeance by introducing a focus curvature in the wavefront of thé ke 210060
change the direction of the heam by introducing tilt, A wavefront maodifier mnay als f? operate as a

wavefront SIS SRERRRFE 2 SHISERBS AR ST e s oL AR RO RS BB SF @1 aRk atith beam,
e.g. for reragving BELRKCH ahairalarEs el Bensplbe ealRRQERE00 Ric£OFR46am 1heryav@iant of the

radiation beam. 10" in ation layer" refers to scanning by a radiation beam for: reading
information rﬁ’éﬁ*rgdp h%d?ﬁ@%ﬁgﬁgr&a@%%%gegbmg mode"), writing information in the information layer
(“writing mode”), and/orBfasiagefttoanmaiinfdromtine inter foakaanayerpioperseswode Jadlafiermation
" refers to the amount of stored |nfo ation per unit area of tq%lnfor atloné%c[éelt IS
;i e

densit
deterr% meBW S YROEFIBCS AL, ﬁiﬂé LRSS HOANS B e des h the
informatiomolaendo e szactnadoine Hﬁzﬁﬂmtimodaﬂﬁ@nmay aeueﬁrfﬁmm&iyedwﬁaﬁd@g the size of

the scanning spot. Since the size of the sp ends, inter alia, pn.the wave th k an the

omerical SSH R BRI BB GRS BHFUES S ahe QT MGt i be

decreasedﬂlm/rmﬁaeiaai BgaihAe @nﬁjofdmyo@ﬁcgaasopgdal aBeWhiim saahaing keriopltatalredoncbearrier
device of the type described in the opening

having the sha |sc with an |caI scan g

paragraph, %“ﬁf’iﬂ %‘ﬁ’?é’eégﬂte? ‘;hr?ﬁh SROR e converging beam due to a warpage of the disc
in thegadial direction of‘Bwardigg: Suiiforanpegdarsilisitdihe soaesenceyof adibtieibesn toe optical
axis of the o ectlv lens.and. the normal directign c. Thig problem is.even more. cr tical in 25
case of redEH BaHTEE GG AP O R Ghy, VAHGIE (R M S ATRET Y e eaition
beam inCidﬂfdrﬁiaﬂibﬁ Iecord waitier momapml&/dmgl’aslﬁsg infiangeoitfi®is ﬂﬂ@lﬁﬁaﬁqéﬁbmewﬂ carriers
of the so-called DVD+F§ 1fotrmat whe et e,num erlc Ih pertureo the I(?CI ent heam ap g[)X|mater

[ [SA10] tion I' ount ol stored information
equals 0.65. 30 AEottion 1o Said pro I5r 5 ge SET ARG SFIRECE SRR using a avélfront

modifier araagddha tiferoptical pgth.dt thddtghhineﬁ/\lgemntheaimjlatmmfrﬂe aochitieg pastition of the
scanp%n g Sf%g[ﬂetcril %yn%gg Isfé%rng%%’l Q%Q Gh %’?eirir%o%quetl%%rv %\nggtc‘? %grgc%r]ﬂr%d 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.

20 When scanning an optical record carrier having the shape of a disc with an
optical scanning device of the type described in the opening paragraph, a problem is the
generation of coma in the converging beam due to a warpage of the disc in the radial
direction of the disc. Such warpage results in the presence of a tilt between the optical axis of
the objective lens and the normal direction of the disc. This problem is even more critical in

25  case of record carriers having high information density, where the numerical aperture of the
radiation beam incident on the record carrier is relatively high. For instance, this is the case
for record carriers of the so-called DVD+RW format, where the numerical aperture of the

incident beam approximately equals 0.65.

30
A solution to said problem of generation of coma consists in using a wavefront
modifier arranged in the optical path of the light between the radiation source and the
position of the scanning spot, the modifier comprising a pair of plates having each a flat

surface and an aspheric surface. Such a modifier is known from the article by I. Palusinski et



surface and an aspheric surface. Such a modifier is known from the article by I. Palusinski et 3 16 May
2006 al entitled "Lateral shift variable aberration generators”, Applied Optics Vol. 38 (1999) pp.

86-90. The plates are complementary such that when mated they form a flat plate having no optical
power. A mutual linear displacement of the two plates3n one direction perpendiculai 6d/ne290tcal axis
of the lens system results in the generation of a wave-front deformation 5 which depends on the linear
displacem ?Iﬁﬁ&%&%ﬁéﬂé@f&w P QA S RICEbecPB tHERUER IS 5! proviBk: an optical
scanning dsvire T yiing aravaveilentmagilissmhighnbamaliednaéy oot h e ong Aesakibgdisn said
article by Palusipski, 10éor corrgfting the Wavefrontgmodificagfn in.the converging beargéin ident on
the record *BHFAEPIY Hle SCRHMEG. S5 GBRATI AP TRH By I8 BHHc AP SEHRAING HEREBUS fscribed

in the opetaing: Pptagiagts Whereisnaceadingdathie veriemtkadfiisk and fseeandorapiionc surfaces
are shaped so that a mutual rotational displacement of said first and second elements 15 over an
angle bf robEhEBET SRR Rt DR S S ECSh FHRAPIKIE (¥ erates said
wavefront modification. An advantage of generating the second wavefront modification by a rotational
displacement of such elements is that the construction of the wavefront modifier is simple, robust and

cheap. The construction of a rotational displacement about one axis of rotation 20 requires, for
instance, only one elastigfeibjene Miagiittatonneceibvadeappaatsh tectimivgaivnicvavdiidngrmodifier

wherein a lineay. displacement along a reference direction must he realized. In a preferred .
BT LR TA0T TR Tl A2 LB e i OB it et SOBR AL F Sk by o
function S fehichrsitingdss aboermodifitaRdixzhthy coR)y2giyRheain areideiio dntrieelteeoma along

the XO0-axis in said conver%:(?g radiation beam (16), 30 the term "-R(2(x2+(y+R)2)+R2)arctan[y+RJ (x2
+(y+R)2+3831°5 305 33" ¥lorder to introduce coma along the Yo-axis in said converging radiation
beam (16), the term "y-HRisibtgedeistacintroglice ik afairglthexinaxisvitsaiddestriesdiimghe

opening paragraph wherein, according to the invention, said first and second aspheric
surfaces are shaped so that a mutual rotational displacement of said first and second elements

15  over an angle of rotation about an axis of rotation which is parallel to said optical axis
generates said wavefront modification.

An advantage of generating the second wavefront modification by a rotational
displacement of such elements is that the construction of the wavefront modifier is simple,
robust and cheap. The construction of a rotational displacement about one axis of rotation

20  requires, for instance, only one elastic foil, one magnet and one coil, as opposed to the known
wavefront modifier wherein a linear displacement along a reference direction must be
realized.

In a preferred embodiment of the optical scanning device, the shapes of said
first aspheric surface is defined by a function S which includes:

25 the term “(y + R)(X*> + (y + R)* — yR)” in order to introduce coma along the

Xop-axis in said converging radiation beam (16),

the term “— R(2(X* + (Y + R)?) + Rz)arctan[y R
X

j—(x2 +(y+R)* +3R?)

+Rx(y+R)” in order to introduce coma along the Yo-axis in said converging radiation beam
(16),
30 the term “y+R” in order to introduce tilt along the Xp-axis in said converging
radiation beam (16),
the term “x” in order to introduce tilt along the Yo-axis in said converging

radiation beam (16),



radiation beam (16), the term "x" in order to introduce tilt along the Yo-axis in said converging

radiation beam (16), 4 16 May 2006 the term " (x 2 + (y + R)') arctanl y + R | + 2Rx " in order to
introduce defocus V x aberration in said converging radiation beam (16), the term "(xz + (y + R)")
arctanly + R + x(y + R) " in order to introduce \ x / astigmatism along the Xo-axis in saidcod0@sging
radiation beam (16), 5 the term "(x2 + (y + R) 2 )arctan y+R) - x(y + R) " in order to introduce \ x /
astigmatism along the Ytﬁeatéi%fné@ﬂq&(ynwﬁplmaﬁq aliobeanril6), hadpignbude d¥scR 2) 2 +
4R2(x2+ (y+R)2)tR 4) arctanly+R IV X 4R((x2+ (¢ +R)2) + R2 )x - 2R 2 x(y + R) " in order to
introduce spherical aberration in said converging r ?i tion beam (16), 10 the term 3x3 - x(y + R) "in
order to inﬁ%%éoﬁﬁg %&%03]’85%‘%5 &tlg%gg?%rgZﬁconverging radiation beam (16), the term " x2 (y
+R) + 3 (y + R)" in order to introduce line coma along yheRrXo-axis in said converging radiation beam
(16), where "(x, y)" are th§ CHRedtantobrdMatkdsH @m?ﬁo%ﬁﬂob&iallgﬂfé%t%m%@%%id 15
reference plane (XAYA) and having its origin on the second’point of intersection (0) of said optical
axis (12) aawth gaicticaierdengelplaheatiteiy srakispasging thdcugn saiafifsé)point of intersection (A), and
"R" is the distance between said first point of intersection (@« and said second point of intersection (A).
An adyantage of providigig thefungtion wnmzmmfm (2@ + B RIR2) 8ot R I-(X2
+(y+R)2 +3R2)+Rx(y+R)"isto x generate coma in the Yd&-axis which can be used, e.g., for

Compensaglsr%%r(l:q%r&lsarln qgﬁé%h%dYo-axis in said converging radiation beam (16),

the term “((X* +(y + R)*)> +4R*(X* + (Y +R)*) + R4)arctan( y+ Rj
+4R((x> + (Y +R)*)+ R?)x—2R*x(y + R) ” in order to introduce spherical aberration in

said converging radiation beam (16),

2 . . .
10 the term *“ — 3 x> — X(y + R)*”in order to introduce line coma along the Yo-

axis in said converging radiation beam (16),

the term “x*(y + R) + %(y +R)*” in order to introduce line coma along the

Xop-axis in said converging radiation beam (16),
where “(x, y)” are the Cartesian coordinates in the direct orthogonal system XoYo in said
15  reference plane (XaY a) and having its origin on the second point of intersection (O) of said
optical axis (12) and said reference plane, the Yo-axis passing through said first point of
intersection (A), and “R” is the distance between said first point of intersection (A) and said
second point of intersection (A).
An advantage of providing the function S with the term
+R

20 “—RQ(X>+(y+R)’)+ Rz)arctan(y j—(x2 +(y +R)? +3R?) +Rx(y+R)” is to

generate coma in the Y-axis which can be used, e.g., for compensating coma generated
along the radial direction by a tilt between the normal direction of the record carrier and the
optical axis of the objective lens. This provides the optical device with larger tolerance to
disc tilt.

25



along the radial direction by a tilt between the normal direction of the record carrier and the optical
axis of the objective lens. This provides the optical device with larger tolerance to disc tilt. 255 16
May 2006 An advantage of shaping the function S with the term "((x2 +(y+R)2)2 +4R2(x2
+(y+R)2)+R4)arctan[y+RJ+ x 4R((x2 + (y + R)2 )+ R 3)x - 2R 2x(y + R) " is to gendrate spheoical
aberration which can be used, e.g., for compensating spherical aberration generated due to the
difference in thickness &batVALASHAL ﬁ%’ﬁ'&rgﬁtﬁ'ﬁ%}%éﬂﬁlﬁh@ﬂ% system of the so-called DVR
format. This provides the optical device with Iazrgvehr tolerance tp_spherical aberration. Another object of
the inventiofl¥s tb rovide)a wafefdntrhbdifier Bh)i%rﬁ‘iar%%ﬁ{;m iVe to the one described in said
article by Palusinski, for introducing a wavefront modification in thé radiation beam emerging from the
wavefront gradifier. 40,Tiis phirel is-anhiqygd ny the waeient spacifien asciascrberid the geening
paragraph wherein, according to the invention, said first and second aspheric surfaces are shaped so
that a mutus¢dotagiofral wispleetiehspiosmie fibsrabdsecidtededne eghebdidifeaencaxis bidknasion which
s pargllel o said-apticalAxis gansvatersaidmadifisaten . arthe Qbisfts pMeRiAges #r features of
the invention will be apparent froni the following, more detailed description of the invention, as
illustrated matielescdsnpaealidgyideaihdergarimlianeidgo sphisoial absertioibg device according to the
invention, 20 Figs. 2 and, 3 3haw st apehsarondiapviswscotd campensht Al lsScaning device
shown in Fig. 1, in a first position and in a second position, respectively, Fig. 4 shows a first
cross-sectidigiapthe tohponedestidwd in wig atiglomy Balineshisfoviniiedrigne a mgvdistiows a

second CrossasREHRsh ok e &‘HHHBH%@E&P&W&;&E 8o AORI R rrond R difkshown in Fig. 3, Fig. 6 is a

detailed view of the component shown in Fig. Z; and Fig. 7 shows an alternative of components
show®in Fig. 4. This object is achieved by the wavefront modifier as described in the opening

paragraph wherein, according to the invention, said first and second aspheric surfaces are
shaped so that a mutual rotational displacement of said first and second elements about an

axis of rotation which is parallel to said optical axis generates said modification.

15
The objects, advantages and features of the invention will be apparent from the
following, more detailed description of the invention, as illustrated in the accompanying
drawings, in which:
Fig. 1 shows a scanning device according to the invention,
20 Figs. 2 and 3 show first and second top views of a component of the scanning

device shown in Fig. 1, in a first position and in a second position, respectively,
Fig. 4 shows a first cross-section of the component shown in Fig. 2, along a
line I-I shown in Fig. 2,
Fig. 5 shows a second cross-section of the component shown in Fig. 3, along a
25  line II-II shown in Fig. 3,
Fig. 6 is a detailed view of the component shown in Fig. 2, and

Fig. 7 shows an alternative of components shown in Fig. 4.

30 Fig. 1 shows an optical scanning device 1 according to the invention, which is
used scanning a first information layer 2 of a first optical record carrier 3 with a first

radiation beam 4.



30 Fig. 1 shows an optical scanning device 1 according to the invention, which is used scanning a first
information layer 2 of a first optical record carrier 3 with a first radiation beam 4. 6 16 May 2006 The
record carrier 3 comprises a transparent layer 5, one side of which is provided with the information
layer 2. The side of the information layer 2 facing awayg from the transparent layer 3 émsigp2qitected
from environmental influences by a protective layer. The transparent layer 5 acts as a substrate for

the record carrier 3 by plGiEiRY tHECHER S BRI SIS IR MG Rato&sEe 2T AitdtAdtively, the
traniparemrwgé&mmytm%g%hgasﬁlﬁ liyém.oﬂh@fsmr?tﬁﬁﬂiéagrif&éiﬁﬁ%mﬁ@@ﬁléhi(efn%,dmi}efmﬂ ;
mechanica| support is provided by a layer on the other side of the information layer 2, for jnstance by
the protecﬁk’)%tfég}é?%?waé’ﬁr 3&%3?%?{8&6%%%@&%s%rawa%gaﬂ}léﬁf?a A EBIMEdiEs ' the
informatioTlryeindpdfeat injerrpatarulysitdisr soitacecobiieaatars sppioviditaimeoniaiosl tracks. A
eam_on which p th%‘?]een
f ce"T"

track is a path to 10 be followed by a focysed or convergjng radiation
opticaﬁy-ré&aa% %ﬁﬁ&%ﬁ%ﬁ@éfﬁf rgfm%w%ye %Wa&%fﬁ?& fomoWiN G Fhe!
designategufitithnaofrpeiediiig; Mharksonaytoe, 1eygr, Inwhel danaraé its eh bsegsonavip aided estion
coefficient.or a direction of mag éiéati n different from the. surroundings. With reference tg Fig. 1 and
seq. and i3 RALEDHSE S YbUb i Lot oP AT LTSS Dok hRUTAGS WAt £, Bh
includes tradksithal aitdsdiséanbiadlygidavdacpuidntheyeeodanéeted tdsibefiefaicoadagxis2paiallel to the
tr%(r;ﬁlr( ?;[(%be scanned, and

"radial direction," that.is, the direction between the, center nd a point of
Beaitleriiv N el et et sttt AS e o ol

the track amelfpRopesdigul b tasdiboirachak directialidtiont be plane whidtepdibcophlsal yitbatkiigeence to Fig.
1 etseq., "Z" llg tthe referenché) axis{.of an optical %Xrﬁ‘ ]hz gfﬁre 0 tic@ scfanniglé‘d[[e,vi e.1. It is noted
that (X, Y, 25 A HE SIS LS ATS PSSt R e Bkl FSISErAfRI t A& SIS XY By
way of illustretiianraciky Tin:therkaseaywbeye. gheiwpticilrre ol sairiaeds iBagitiscrofltedso-called
DVR-format, thickness of the transparent layer. 5. approximately equals 0.1 . Alternatively, in
(ho case BRI SRS R N he B e R B Gt Tt I R EELSt e
transpareritilayiead apgproxinataty cagrialscdeGamecdidecoapited beatininbageite disndlaeg a radiation

souss o SISk A IR RIERL SR A R R o sy T devie L e
actuator (neference axis parallel to the “radial direction,” that is, the direction between the center C and
a point of a track to be scanned, and “X” is the reference axis parallel to the “tangential
direction,” that is, the direction that is tangential to the track and perpendicular to the "radial
direction" in the plane of the disc. Also with reference to Fig. 1 et seq., “Z” is the reference
20  axis of an optical axis 12 of the optical scanning device 1. It is noted that (X, Y, Z) is a direct
orthogonal coordinate system, when the disc 3 is parallel to the plane XY.

By way of illustration only, in the case where the optical record carrier 3 is a
disc of the so-called DVR-format, the thickness of the transparent layer 5 approximately
equals 0.1 mm. Alternatively, in the case where the record carrier 4 is a disc of the so-called

25  DVD-format, the thickness of the transparent layer 5 approximately equals 0.6 mm.

The optical scanning device 1 includes a radiation source 6, a lens system 7
having an optical axis 12, and a wavefront modifier 30. The device 1 further includes a beam
splitter 8, a collimator lens 9, a detection system 10, a servosystem 11, a focus actuator (not
shown in Fig. 1), a radial actuator (not shown in Fig. 1), and an information processing unit

30 14 for error correction.

The radiation source 6 is arranged for supplying the radiation beam 4 for
scanning the information layer 2 of the record carrier 3. Preferably, the radiation source 6
includes at least a semiconductor laser that emits the radiation beam 4 at a selected

wavelength A. By way of illustration only, the wavelength A preferably equals 405 and 660



shown in Fig. 1), a radial actuator (not shown in Fig. 1), and an information processing unit 30 14 for
error correction. The radiation source 6 is arranged for supplying the radiation beam 4 for scanning
the information layer 2 of the record carrier 3. Preferably, the radiation source 6 includes at least a
semiconductor laser that emits the radiation beam 4 afa selected wavelength k. Byl awsfapfillostration
only, the wavelength k preferably equals 405 and 660 7 16 May 2006 nm in the case where the record

carrier 3 iR IVIREGRTAY ¢fEC BAASEVEHTATmat disd Y Rekpaivity. Bt et t5Giation source
6 may be pegpidadenitiF @ GiatingSctidet{fothows inalige prdoidtarmifgaaefushgataliiakadiation
beam and a second satellite radiation beam (which.are not shown in Fig. 1) as the -l and A order
diffracted fAQla9N'8 ‘Se@ﬁlslfrgfﬁ 8'8nty F?gaiﬁ o1 Baegéﬁtll%’qtﬁ‘?ér‘tfé’é’?ﬂ SRS B 1FiRECts the
radiation bedmtdicvand (heicoliatesiemmnmin Prefeyabihethedddam saliteli Srikfatmeaihhyma plane
parallel plate tha% is tilted with resaec,t to  the %otical axis 12. The collimator lens 9 transforms the

radiatfon bEAMA T8 OSIFFLARTILRUR RS Seam 14. The lens system 7 transforms the collimated
beam 14 into a converging: baghatphtkeanreliecsothas talfarioh dsaarniogAdahd éonithedaasition of the

information layer 2. The converging beam 16 has a numerical| aperture NA. ay_of illustration only,
i the - sneb RGP BEREY SEFL B T ST TR Ll BRAETS\AR HOF HEWEHh ical 15
aperture NAcafptieaCaxigergling beam 16 approximately equals 0.85 for both the reading mode and the
writing mode. In the case where the optica| record carrjer 3 js a disc of the so-called DVD-format, the
umerical aperture NA JPELHIATG RE eSS & ApgrE AN GEES 1B E6 TIPSR rode
and 05 feedhelwriting mode. The lens system 7 includes a first objective lens 18 having an entrance

f 20 18 d it surface 18h. Th tem.7 further includ d objecti
ens. (not shown in Fig. LR (0P E e AR ARG WA R Bhomately

equals 0.8adidieseeaindl 6bjeative fems atogeihiap st tveio ke giostiens 8 iafrmatdolibiet 2ens
system that advantage larger tolerance in mytual position of the optical elements than a
a1the é} ag P L%.elg wa gélf ap

Sinle-lond LSS AR S B the BBIEEA fordds BTN R Rmed by a
plano-convesclenshatingpa convexdutiace thatfdsetitte so-called DVR-format, the numerical
15  aperture NA of the converging beam 16 approximately equals 0.85 for both the reading mode
and the writing mode. In the case where the optical record carrier 3 is a disc of the so-called
DVD-format, the numerical aperture NA of the converging beam 16 approximately equals
0.60 for the reading mode and 0.65 for the writing mode.
The lens system 7 includes a first objective lens 18 having an entrance surface
20  18aand an exit surface 18b. The lens system 7 may further include a second objective lens
(not shown in Fig. 1), preferably in the case where the numerical aperture NA approximately
equals 0.85. The second objective lens, together with the objective lens 18, forms a doublet-
lens system that advantageously has a larger tolerance in mutual position of the optical
elements than a single-lens system formed only by the objective lens 18. The second
25  objective lens is formed by a plano-convex lens having a convex surface that faces the
objective lens 18 and a flat surface that faces the position of the information layer 2.
Furthermore, the entrance surfaces and/or exit surfaces of the first and/or second objective
lens(es) are preferably aspherically curved for compensating, e.g., spherical aberration, by
using a process known from, e.g., the article by B.H.W. Hendriks and P.G.J.M. Nuyens
30 entitled “Designs and manufacturing of far-field high NA objective lenses for optical
recording,” 413-414, SPIE 3749 (1999). It is noted that other kinds of wavefront modification

can be corrected by designing aspherical lenses. However, such a correction depends on

parameters that have been predetermined when designing the lenses; it remains the same



objective lens 18 and a flat surface that faces the position of the information layer 2. Furthermore, the
entrance surfaces and/or exit surfaces of the first and/or second objective lens(es) are preferably
aspherically curved for compensating, e.g., spherical aberration, by using a process known from, e.g.,
the article by B.H.W. Hendriks and P.G.J.M. Nuyens 3 entitled "Designs and manufadiuyriz) 66
far-field high NA objective Ienseié‘or ptical recording,” 413-414 ﬁng, 3749 (1999). It is noted that

other kindTBPREVEE S RTAGHALGOR B O Has-corByaLigHirs SBRRYTEAPIERESSVISEWder, such

a correctiospgependsianspasanetetiohiatioaveddasniedalefidroabuifiendasiabem e lenses; it
remains the same 8 16 May 2006 irrespectjve of the actual configuration of the ¢ mponeFEts of the
optical scanning device 2¥HE8 SHHUUBE {HHE 8RR RBYFER I Arbea By @(%5\% ot modifier 30

(see belowhfbrutinig:s tarnMahthebioramaith g ariigingdradiationsheantidbs reliects emitierdafargnation
layer 2, therebhy forming a backward diverging radiation. beam 21 which returns 5 on the optical path of
the foRNarSIbg}‘i\fé?Bﬁﬁ‘ %taigﬁﬁ?f%ra 0 B AP TJEAT PPN foriig fﬁ%st%éﬁswafd radiation beam
21 to a baclwetsghasliimatetwadiatiantieabear 2The adallikvetat tensnSteanathamsm B Dackward
collimated radiation bheam 23. The beam splitter 8

eam to a backward non- collimated radiatiop

coparates T TOHIR QAT B AT LR BTN BBSATAS by AHER G at least
part of the dodickivadiradidicitiomeim Dearhcl®: iavwgliisci®e dpiesiio theydievard Qadibeodcieation system 10
is arranged for gapturing said part of the backward radiation beam 23 converting it jnto one or
more elocliE IR BT L e g s T FOIAHGHE A AT S A e ORI WHRHFbprosents
the information 36annacifdra doeciidarpatanii@dyer 2. The information signal Sava may be processed
by the information 15 pr, ge?isin unit 14 for error correcii n of the.inforn ationﬂgg racted from the
information layer 2. Othel Si§HARWORTHHD 4R S AEH &S IOR 1 HrRSS L RaTS Sigﬁ% %ibcus and a
radial trackitigterdseaigrial hdadialefhe\ialue ohther signakBtadusiteniesontsoib axighdifferance in

height along_the gptical axis.12 between t canning spot 12 and the information layer 2. The signal
e R SRR piE;

Sfocus is formed’ b?/ntﬁlegré% e yel}/saeu '%ng}ﬁatrite:p S GEERTRRABRA 5, 'r%l%gr alia, the

book by GirBaunhiuis ]al.elB Padth Ainfftitijseiost apndP Saciphas bé Ppiesdddiby tiystémadtipp. 75-80 (Adam
i T A e A G DA R ot
the informatian Payehér batwabefrdhetbednteictipn system 10 are a focus error signal Sg,cus and a radial
tracking error signal Sygia1. The value of the signal Sous represents the axial difference in
height along the optical axis 12 between the scanning spot 12 and the information layer 2.
The signal S¢ocys is formed by the commonly used “astigmatic method” which is known from,
20  inter alia, the book by G. Bouwhuis, J. Braat, A. Huijser et al, “Principles of Optical Disc
Systems,” pp. 75-80 (Adam Hilger 1985) (ISBN 0-85274-785-3). The signal Stocys 1S used for
maintaining the scanning spot 17 in focus in the information layer 2. The value of the signal
Sradial TEpresents the distance in the plane of the information layer 2 between the scanning
spot 17 and the center of a track in this information layer to be followed by this scanning
25  spot. The signal S;u4ia1 is formed by the commonly used “radial push-pull method” which is
known from, inter alia, said book by G. Bouwhuis et al., pp. 70-73. The signal S;ugias is used
for maintaining the scanning spot 17 on track in the information layer 2.
The servosystem 11 is arranged for, in response to the signals S¢ocys and Siagial,
providing control signals S¢oniro1 fOr controlling the focus actuator and the radial actuator,
30  respectively. The focus actuator controls the positions of the lens system 7 in a direction 25
parallel to the optical axis 12 (axis Z), thereby controlling the position of the scanning spot
17 such that it coincides substantially with the plane of the information layer 2. The radial
actuator controls the positions of the lens system 7 in a direction 26 parallel to the radial

direction (axis Y), thereby controlling the radial position of the scanning spot 17 such that it



spot 17 and the center of a track in this information layer to be followed by this scanning 25 spot. The
signal Sradial is formed by the commonly used "radial push-pull method" which is known from, inter
alia, said book by G. Bouwhuis et al., pp. 70-73. The signal Sradial is used for maintaining the
scanning spot 17 on track in the information layer 2. The servosystem 11 is arrangethiday2Egponse

to the signals Sfocus and Sradiah providing contro| signals Sconfrol for cantrolling the focus actuator
and the rafPAPHERTE B RISHELHEYG CPRETEERS a%i&arh?ofgﬂm oGt B RE s system 7

in a directipiyet® . parallel to the optical axis 12 (axis Z), thereby controlling the position of the scanning

spot 17 such that it coincides supstantially with the plane of the informatign layer 2. T%e r
actuator controls the positiond BHARBL BRI LiRtisaNan SRS I B FAf AN ARFSS Ffla Ction

(axis Y), thﬁf@b@hﬁ@ﬂﬂi@%@ﬁ&ed@wﬁk gosiiaddiding s@ﬁmmﬁ@@t\mlﬁuﬁh dbaddt Snibbvimy PA06
coincf? bstanti IIy W|th t e c ter li e of the.track to be fol gg in the information layer 2. The
waveffont midiffe”36 Hgfﬁé)?go‘? oS8ty Oé 2 H8sitiBHLS récord carrier

3 for |ntroctuglrmeamp@lMﬁmmy\blﬂmth&ﬁmnvefguegézeamel&n&ﬂrmlWﬁmfmdtsm@dmeleBﬁnmIudlng
a pair of e men not shown in Fi ut sho t seq.) form a first tand a
Cavond eICHE THLTPLE ARG SEE AT ARERRS TRUET S B o P e o S PAepheric
surface elenaﬁvﬁsl{rmgsmmﬂ B).Fige Tibutrghawenih dhigsmsane aptlp finstabid sespishelements are
mutually movabl |n a rpendicular_.to the gptical axis 12 f r introdu the wavefront
mocitcataRF I 1o L5 TRIG Bela T AT SR o AL DRI DB the frs
and 3econcbﬁsalg@ig:bsmfatﬁes are shaped so that a mutual rotational displacement of the first and
second elements about an axis of rot tion ZA (n &Iqrfi hown in FlgE %Sh wn Ir‘ﬁ%% % which is
parallel to the optical ax@?ﬁ %%E(Féi’t ss{haéR/vg\ %8181 fidht %?1 S ) ecshape of the
first 15 asphﬁhmmmmmdeﬁhmmﬁ] mctmmﬁams@)aaeﬁhéheﬁhapﬁr@f ﬁlne s@mdobmmegic
surface is efl edb nctl r he func on r, Q) and. Sp(r, deter by: wi(Y,
8)~(na 1)~ pa n[a a}.él(sn% ﬁ) 1 vésé)(&% 0\5vn 1n 1€. ?%{lt s(pown n Pl(g 93 1S parz{Herf? hé/ (

optical axis 12 generates the wavefront modification W;. Furthermore, the shape of the first

15  aspheric surfaces is defined by a function S,(r, ) and the shape of the second aspheric
surface is defined by a function Sy(r, 0), the function S,(r, ) and Sy(r, 6) being determined
by:

0S oS,
W (r,0)~(n, —)p, —2— Do, 1
(r,0) = (n, )(oaae (n, - )b89 (la)

where “(r, 0)” are polar coordinates in a reference plane XY A perpendicular to the optical
20  axis 12, these coordinates being centered on the first point of intersection A of the axis of
rotation Z and the reference plane XY, “Wi(r, 0)” is the wavefront modification

“ 2

expressed in the polar coordinates (r, 6), is the refractive index of the first element and

“np” 1s the refractive index of the second element, “@, “ is said angle of rotation of the first
element and “@y “ is said angle of rotation of the second element, and “Sy(r, 0)” represents the

25  shape of the first aspheric surface and “Sy(r, 0)” represents the shape of the second aspheric
surface.

According to another aspect of the invention, the first and second aspheric
surfaces are shaped so that a mutual rotational displacement of the first and second elements
about an axis of rotation Z, (not shown in Fig. 1 but shown in Fig. 2) which is parallel to the

30  optical axis 12 generates the wavefront modification W,. Furthermore, the shapes of the first

and second aspheric surfaces are substantially identical and the shape of said first aspheric

surface is defined by a function S(r, 0) determined by:



where "(r, 0)" are polar coordinates in a reference plane XAYA perpendicular to the optical 20 axis 12,
these coordinates being centered on the first point of intersection A of the axis of rotation ZA and the
reference plane XAYA, "W1(r, 0)" is the wavefront modification expressed in the polar coordinates (r,
0), "na" is the refractive index of the first element and 1tnb" is the refractive index of theviscoieb
element, "(pa " is said angle of rotation of the first element and "(Pb " is said angle of rotation of the
second element, and "S\@,((,rggj gegfesl%alﬂaéthe 25 shape of the first aspheric surface gng)"Sb(r, 0)"
represents the shape of the second asphefic surface. According to another aspect of the invention,

the first and,secand aspheric, surfa re sh h al rotatiopal.displacement of the first
and secon\gheﬁ%egmgrﬁ@ aagfg)ét% laal’li %é?g%iagggaﬁloaﬁpggrﬁ%% ﬁ}%%%rr?él}?? ig N ﬁ%@gﬁlg\ﬁr@ i%l?:@%élwhich is
parallel to the 30, dhticat @adiiReydrerates thredvavdfedns npodifiodtioerywdtiGruherinonsjtloé shapes of

the first and second aspheric surfaces are stantially {dentjcal and the shape.of said first aspheric
Surtace o HERTEDY Tt a O AT e Dy 1 iy SO Sl 50K -poos where
"(r, 0)5 areqaplasradidinairgdncasaisrascer Pl XA Yits peipeividutivxtofthe dpticaldasied®, these
coordinates being centered on the first point of intersection A of the axis of rotation ZA and the
reference PIEMETAYR, WARIA B)Ele FhEpHOBUKE bRt ationescakts sl PiHEGIs  4sBbrdihates (,
0), "n" is thgmgiactive index of the first and second elements, "cp" is said angle of rotation, and "S(r,
0)" represents the shape of the first aspheric surface. It is noted that, in the following, the shape of a

given surface is "substaltiaMPtebiRedn thedallneting Sabane ohaEhem RS iRy allyf the
surface megtmthie lI9WiRai P aRAION RS < eacH ST Lo FiIRfelakl e aciaithanggsSactual

of the surface meets the following condition: 0.955 < Sactual < 1.055. More preferably, the actual
shapt’'sa?aiitioiie surface meets the following condition: 15 0.99S < Sactaai < 1.01S. By way of
illustration only, in the epxpodiment af thg optical scanning device

Preferably, the actual shape S,cwal 0of the surface meets the following condition:
0.95S < Syctual < 1.058S.
More preferably, the actual shape S,cua1 of the surface meets the following condition:

15 0.99S < S,ctual < 1.018S.

By way of illustration only, in the embodiment of the optical scanning device
1 shown in Fig. 1, the wavefront modifier 30 is used for introducing the wavefront
modification W in the collimated beam 14 in order to compensate an amount of coma W,
that is present in the converging beam 16 due to a tilt of the record carrier 3. It is noted that

20  the presence of coma in the converging beam means that coma is present in the radiation
beam traversing the transparent layer 5, from the surface 5a of the record carrier 3 to the
scanning spot 17. Thus, in this embodiment, the optical scanning device 1 includes a coma
compensator 19 which includes a coma detector 33, a control circuit 31, and the wavefront
modifier 30.

25 The coma detector 33 provides a detection signal 35 representative of the
amount of coma W5. In this embodiment, the coma detector 33 is a tilt detector 33 and the
detection signal 35 is a tilt signal. The tilt detector 33 emits a radiation beam 34 towards the
record carrier 3 and detects the angle of the radiation beam reflected by the record carrier 3.
The position of the spot of the reflected beam in the plane is a measurement for the angle

30 and, hence, for the tilt of the record carrier 3. The measured value of the tilt is directly
proportional to the amount of coma W>. The tilt detector 33 transforms that measured value
into the tilt signal 35. It is noted that the tilt detector 33 may be of any type. An alternative of

the tilt detector 33 shown in Fig. 1 is a tilt detector formed as a part of the control circuit 31,



1 shown in Fig. 1, the wavefront modifier 30 is used for introducing the wavefront modification W1 in
the collimated beam 14 in order to compensate an amount of coma W2 that is present in the
converging beam 16 due to a tilt of the record carrier 3. It is noted that 20 the presence of coma in the
converging beam means that coma is present in the radiation beam traversing the trahdpaddovlayer 5,
from the surface 5a of the record carrier 3 to the scanning spot 17. Thus, in this embodiment, the
optical scawhﬁﬁaraﬁm&étflﬁah&&ew@&ﬁ@%rﬁ?}aﬁ%ﬂ i S D
control cirqwt 31, and the wavefront modifier 30. 25 The coma detector 33 provides a detection signal

35 representative of the_amount of coma_\W2. In this embodiment, the coma detectgr 33 is a tilt
detector 33 and the detbRfiSALIGhEISYS ]alﬁlf‘lgf’élrggf?ﬁrgﬁ IRPGBISG LY g ﬁggga,lgdi ation beam 34

towards theroidiaard eartier s3eaalt detRetsdimectinglaief whe sadintinodieamoeflected by the record carrier
3. The position of the spot of the reflecte in the plane is a me rementf thea 0 and,
hence;, for the tilt of the Ef(fte P ElrAat %‘Oﬁ‘d%‘}ﬁ?éé&i%%ﬁ%% 65?‘&18“& BB %?d’;%ﬁ rli’éf o the
amount of goiacw@mateed ukaﬂ@mtbét%dﬁauhsfwmﬁqm manadh@lm spwatﬂe tiftrsignag 35. It is
noted that the tilt detect of a lternatjve of thetiltd ecto shown in Fig. 1
& a i oSS ARG HE SO G oD EHE L CT 14 K04 SOUE WHBTEIIS il signal i
derived framradieingiratieospohauipticsignelsmor e teteatiofnosy st fittidhwveontaldgitouit 31 is
arranged for, responsive to the ti nal rovidin rol signals 32 fo ollln the wavefront
odior 360 BB RTINS S0G A AN e E NESE RIS S ArBAHC of e
collimateddoann: 14, between the collimator Iens 9 and the lens system 7. Thus, the wavefront
modifier 30 transforms C{%% ated beam 14 to a radiation beam 15 by introducing #E response to
the tilt signal 35, the wavefr odlflcatlon W1 in order to compensate the amountc; oma W2. In

other words, the wavefrﬁrgsn’mdnﬁb} Shis aﬁmg@dvmmdrmiewnﬂﬁwaéew(aﬁ ﬁigmlﬂ)amleatsifow a

first top vie and se ond tﬁ \§ of an e Elment of t %vefpﬂ |f|er3 v¥‘n in Flg 1,
im

t ewa mo 141 cn rom
seen from the' §id e co SOWS A fiPS o818 Ss-s6ck |on o?tt% cﬁ’]t modifier

30, seen adhng'saallﬁlatl drefweventionFod Il& Wavefront modifier 30 seen along a line I-1 shown in Fig. 2.
15  Fig. 5 shows a second cross-section of the wavefront modifier 30, seen along a line II-I1
shown in Fig. 2.

As shown in Figs. 2 through 5, the wavefront modifier 30 includes the first
and second elements which are formed, in this embodiment, by a first plate 301 and a second
plate 302, respectively. The wavefront modifier 30 also includes a body 50 for supporting the

20  plates 301 and 302. As shown in Fig. 2, the wavefront modifier 30 further includes a hinge 51
for enabling, by means of control means 52, the rotational displacement about the axis Zx
between, in this embodiment, the body 50 and the plate 301.

It is noted that, in Figs. 2 and 4, the plates 301 and 302 mate each other so as

to form a plane parallel plate. In Figs. 3 and 5, there is a rotational displacement between the
25  two plates about the axis of rotation Z,_ that is, in this embodiment, the plate 301 is rotated
about the axis Z, and the plate 302 is stationary.

The plate 301 has an entrance surface 301a facing the collimator lens 9 and an
exit surface 301b facing the plate 302. The exit surface 301b is aspherically curved (as
described below) The entrance surface 301a is, in this embodiment, substantially plane. It is

30  noted that the plane of the entrance surface 301a is defined, in this embodiment, as the
reference plane XY and “A” is the point of intersection of the axis of rotation Z, and the
plane entrance surface 301a. It is also noted that (A, Xa, Ya,Za) are two direct orthogonal

base.



15 Fig. 5 shows a second cross-section of the wavefront modifier 30, seen along a line II-1l shown in
Fig. 2. As shown in Figs. 2 through 5, the wavefront modifier 30 includes the first and second
elements which are formed, in this embodiment, by a first plate 301 and a second plate 302,
respectively. The wavefront modifier 30 also includes B2body 50 for supporting the 2I&% plaie2@BiBL and
302. As shown in Fig. 2, the wavefront modifier 30 further inclucziéai a hinge 51 for epabling, by means

of control means 52, the' RStRIRSRAPAISHAEEHEAR EHshURSHR Eigs™? Aabens8HASS tHILSHBhiment, the
body 50 arigtthe fhlatei8dsficisnatedthatpint & RIE. Znand dxihaiirtes3Blranck3Ae sbpigieach other so
as to form a plane parallel plate. |n Figs. 3 and 5, there is a rotational displacement between the 25
two p|ate35%f%tﬁ5%%rw%fgﬁ ezﬁ{thast%@%ffﬁ@&%ﬁ%ﬁ%@fﬁ@bﬁ%&e@d@-isT &8l about the
axis ZA angithe gosateb 39 Arsigtadiabadymehe pliaieddilihatas, patsisCe sHeface 304 ani@aiaarthe
collimator lens 9 and an exit surface 301b facing the plate 302. The exit surface 301b is aspherically

curved (as™d&scribed below). The entrance surface 301a is, in this embodiment, substantially plane. It
is 30 noted that the planeighifredtrancehiuciabedsdiatjsdefintechin $bisaimbphime nlirAsdhere

reference plane XAYA and "A"is t oint of intersection of th is_of rotation ZA and the plane
enitrante SACH S5 GRS AU oL Bk DR SR PR SR a0 ek O ARGl ace. 12 16
May 2006 adfitefitaier Bo2s(Shtwimihddated Winehénsdmigs Shabasamentrance Sthdactadddarfacing the exit

surface 301b of the plate 301 and an exit surface 302b facing the objective lens 18. The entrance
surface 303295 aspherically curved (as described below). The exit surface 302b is, in this

embagdiment, substantially plapef paraigaisa heyXdoxis@sbiheny A0 @xielhisdeaieplibat, nghis
embodiment, said first and second aspheric surfaces are formed hy the exit surface 30lb and the

entrance SRS SOTRTRONNOKAGHY thiteRamass e Heds i desEmpiand 3HYa nabe i ame shape

for any valylﬁi@ﬁmﬁj@@aﬁﬁq)g@glateﬁ)d@, 0). 10 By way of illustration only, the plates 301 and 302 can
be made of plastic, e.g._the material commonly known in the commerce undgr the designation PMMA,

where the optical ind ex%ﬁgyé_%.}’lafgbgér_mer walls 50a through 50d arranged so as to form an
opening through the body 50 in which the plates 301 and 302 are provided as explained

15 below. By way of illustration, the body 50 is made of aluminum.
Fig. 6 is a detailed view of the hinge 51 that includes, in this embodiment, a
foil 53, a first support 54 fixed to the plate 301 and a second support 55 fixed to the body 50
(on the wall 50a, in the embodiment shown in Figs. 2 and 3). The foil 53 has a first portion
53a engaged with the support 54, a second portion 53b engaged with the support 55, and a
20  third portion 53c that is pivotable about the axis Z4. The foil 53 is made of a material having
elasticity properties, e.g., spring steel so that the third portion 53¢, together with the plate
301, can pivot or rotate about the axis Z,. Preferably, as shown in Figs. 2 and 3, the axis of
rotation Z, is eccentric with respect to the optical axis 12. More preferably, also as shown in
Figs. 2 and 3, the axis of rotation Z, is outside of the position of the cross-section 140 of the
25  collimated beam 14 that is incident on the entrance surface 301a of the plate 301. By way of
illustration only, the distance R between the point A and the center O equals to 3.6 mm.
In the embodiment shown in Figs. 2 and 3, the control means 52 are formed by
a coil 60 provided with the plate 301 and by an electromagnet 61 provided with the body 50
(in the wall 50c opposite to the wall 50a) and controlled by the control signals 32 of the
30  control circuit 31.
In the configuration of the plates 301 and 302 shown in Figs. 2 and 4, the
plates 301 and 302 mate each other. There is a first gap between the plate 301 and the body
50, with a height “d” which is substantially constant, as shown in Fig. 4. By way of

illustration only, the height d is typically equal to 0.3 mm. It is noted, in this configuration,



The body 50 has four inner walls 50a through 50d arranged so as to form an opening through the
body 50 in which the plates 301 and 302 are provided as explained 15 below. By way of illustration,
the body 50 is made of aluminum. Fig. 6 is a detailed view of the hinge 51 that includes, in this
embodiment, a foil 53, a first support 54 fixed to the dlate 301 and a second suppornt@Ssifixedds the
body 50 (on the wall 50a, in the embodiment shown in Figs. 2 and 3). The foil 53 has a first portion
53a engadda et dipsed), laes@&owb%ﬁfw@éhnsﬁ@%@a R}ﬂ% the! stispdt s8P a0 third
portion 53¢hibRAdssRivaiepR @Bt i axie ZAaxheitailbsidstmadedkamategrianaringsehusticity
properties, e.g., spring steel so that the third portion 53¢, toge,éper with the plate 301, can pivot or
rotate aboQt the 24 FANSkaRS I PPRIOEIRUHYFIBE. SaRY 5 SH80dt SFSERb# P RIS Rentric

with respegidelthe Jiptigad exdplate Boespretchalillt s Ra SN, laxfsighichaiti@isthe axis of rotation

ZA is gutside of the position of the cross-section 140 aof the 25 collimated beam 14 that js incident on
the ertran IS BORB he BRERTEO S Yol }b%va%,ﬂe%tﬁfai%ﬁ&&ﬁ#&m&% the

point A andxisleiaedta Greqiiladed dan . tistbengiphadtnemic $enions &Hgse 2sphetid,siigacentrol
means 52 for y. a.cojl 60 proyided wijth the plate 301 and by an electromagnet 61 provided
Wit the bl BE R AHE B LA ookt 10t VITBEF 1 CARTARE P IE SN Ugnale 52 o
the 30 con®igk cirgutiispdctinglye configuration of the plates 301 and 302 shown in Figs. 2 and 4, the
plates 301 and 302 mate each other. There js a first between the plate 301 and the bqdy 50, with
B height “c-which 15 SulCARGI EGFRAEAE L SR TY1G. % 6§ il 1 IEFaGH B the neight d
is typigallyregiiahnto 8ishravemkrs dratrdindhin cantidoatioss thd d6:Maya20B6uthiat thes taddhickness
D, i.e. the sum of the thickness of the plate 301, the first gap, and the thickness of the plate 302 along

the ZA-axigh9&8updtightal) dbnstmbrIBYRathsmiRisHalioh YAy hethsiangfcrieddts Bl ddmately
equals 2 Mgy kRereySals9s - SREMCI AR RENUERRIT0E HiAtaAL andihe latesBOrnwitkig height "h"

along the ZA-axis which, in this 5 configuration, equals a substantially constant value, ho. The value of

the height hhig vHbeeh ths aaghiaimie shnsrawisiexdlasted tkarvid tHidesafiguisis sanfraIpdsitioRstof the
aspheric S_H{éalfé‘?éf‘hﬁ?’g@t_@@élﬁﬂéElﬁe@?@@%ﬂ_%aﬁu}( n kﬁ%@&‘ﬂﬁ‘éﬁ\ﬁ&n&ﬁrﬁ[ Sy By Si(x, y)
and h+ Si(x, y), respectively. In the configuration of the plates shown in Figs. 3 and 5, there is a
mutul]  the asphericity of the exit surface 301b and the entrance surface 302a. This results in different
optical paths for the radiation beam emerging from the exit surface 301b of the plate 301. As
a result, in this embodiment, the wavefront modification W; is introduced in the radiation
beam 15 for correcting coma in the converging beam 16.
During scanning of a track T of the record carrier 3 and with reference to Fig.
20 2, the optical scanning device 1 can be oriented with respect to the record carrier 3 so that the
radial direction (Y) of the track T is parallel to the Y s-axis and the tangential direction (X) of
the track T is parallel to the Xs-axis. Thus, the wavefront modifier 30 can introduce, in the
embodiment shown in Fig. 1, the amount of coma W in the radial direction (Y) or the
tangential direction (X) of the track T. As a example only, the design of the aspheric surfaces
25  301b and 302a is now described in relation to the embodiment of the optical scanning device
1 for compensating the amount of coma W, in the tangential direction (X) of the track T. The
function S is designated, in this example, by the reference “S;”.
The amount of coma W, along the tangential direction (X) can be represented
as follows:
30 Wa(x, y) = Aix(x’+y?) 3)
where “(x, y)” are the Cartesian coordinates in the direct orthogonal system XpY¢ in the
reference plane XaY 4 and having its origin on the second point of intersection O of the
optical axis 12 and the reference plane XY a, the Yo-axis passing through the first point of

intersection A, and “A;” is a parameter which is constant in terms of (x, y) and which



10 rotational displacement of the plates 301 and 302 over the angle cp as about the axis ZA as shown
in Fig. 3. In this embodiment, the plate 301 is rotated by the angle cp and the plate 302 is stationary,
that is, remains in the same position than in the configuration shown in Fig. 2. The value of the angle
cp is chosen as explained below. It is noted, in this coifiguration, that the height h bétiagr2@bé plates
301 and 302 is no longer substantialli/ constant, because of 15 the asphericitéof the exit surface 301b

and the erf{FREEES QMRS S QA TLAHS B thadissitopadPrthedsitng ddratlem iasethiEmerging

from the e(@,sngfaqg BOlbofvibelplaicoabdghml daasult, in this embodiment, the wavefront modification
W 1 is introduced in the radiation beam 15 for. correcting coma in the converging beam 16, During
scanning of a track T of th&® | A PR %}gq‘é?%@t@}iiﬁ.lsf‘@%dtﬂé%Bzéapgba%%ing

device 1 cap)lrgrigated with respect to the record carrier 3 so that the radial direction (Y) of the track
T is parallel to the YA-axjs and the tangentia| direction (X) of the track T is parallel to the XA-axis.
Thus, the wavefront modifi %7:&&%%’65@(0 , iIn the embodiment shown in Fig. 1, the’amount of
coma W2 in the radial dxéeligubotnaidh e diangantial) direeiat(X)4f the fraek Thalsha Rxaaylesonly,
the design of the aspheric surfaces 25 30Ib %302a is now described in relation to the embodiment
of the opti@é?%%ﬁ?‘?ﬁiﬁ’dﬁa&ﬁcaeq’p Fof & 8@@ g #he"AaMount of coma W2 in the tangential direction
(X) of the track T. The fgnglign-Sgs designatedzimifuserample (py the reference "Slisyhe amount of
coma W2 along the tangential direction (X) can be represented as follows: 30 W2(x, y) = A1x(x2+y2)

(3) where YRer“Bré the @astesiangovrdindtéisdd biye direct orthogonal system XoYo in the reference
plane XAYA and having its origin,on the second point of intersection 0 of the optical axis 12 and the
referéfce plane XAYA, tBe=Yo- assing through the first point of intersection A, aéd "A," is a
parameter which is constant A tehlfis of (x, y) and which 14 16 May 2006 depends on the value of the

tilt angle of-{1e)dligG panRRA (TR SRS o3diide 2! SRNNRY AL 1iBa X PitlY RosFQ: AbaHWR Jirge!
orthogonal base. When substituting Equation (3) in Equation (2), it is found in the (0, Xo, Yo, Zo) base

(13 2

that: 5 W’@g’l% R _i)g\’t;geémga@fe between the points of intersection A and O and has a sign determined
by:
R>0, if OAV <0 or

15 R<0, if OAV >0
wherein V is a unitary vector of the Yo-axis.
Expressed in the polar coordinates (r, 0) in Equation (5), it is found that the

function S; can also be expressed in the Cartesian coordinates (x, y) with respect to (O, Xo,

Yo.Zo) as follows:

20 S,(%Y)=B(Y+R)X* +(Y+R)* =yR)+ f,(/x* +(y+R)*) (7)

Thus, the shapes of the aspheric surface 301b and 302a can be designed, in
this example, by knowing Equation (7) and choosing the values of the parameter B, and the
distance R.

The choice of the distance R depends on the geometry of the collimated beam

25  14. By way of illustration only, the distance [R| may be chosen between 3 mm and 6 mm.

The choice of the value of the parameter B; depends on the parameter A, (n-1)
and the angle ¢ pursuant to Equation (6). Thus, it is noted that, considering a given amount of
coma to be compensated, i.e. a given value of the parameter A, there is a trade-off between
the choice of the values of the parameter B; and of the angle ¢. For instance, if a large value

30  of the parameter B, is chosen, the aspheric surface 301b is then designed with a relatively
large peak-to-peak value in height. This results in an important curvature of the surface 301a,

thereby making the plate 301 difficult to rotate. By contrast, the choice of a large value of the



10 15 (4) After substituting Equation (Ib) in Equation (4), it is found that the function S, associated with
the aspheric surface 30Ib is given by: S,(r,0)=B, rsinO(r2 -RrsinO+R2)+ f, (r) (5) where "B," is a
constant parameter defined by: B - A, (6) (n-1)c "f, (r)" is a function of the polar coordinate r, that is
symmetrical with respect to the ZA-axis, and "R" is thE5distance between the pointsl 6fViteZ@ion A
and 0 and has a sign determined b')gjriR>0, if OA.v <0 or R<-0, if OA.V >0 wherein v is a unitary vector

of the Yo-3R&leriprausetriretatmalatsiaramene s hopineiatibheodyistavifyaraiete function S,

can also b%@gﬂ[ﬁ%’?@l@ef@ﬂé}'%Qéh?%%@@f@ﬁ?ﬁ%d(ﬁe%@ﬂﬁﬁ@ﬁﬁ%%@@,BSOWaXI%fZO) as follows: 20
S,(X,y)=B,(y+R)(x2+(y+R)2-yR)+f,( x2+(y+R)2) (7) Thus, the shapes of the aspheric surface 30lb and

302a can afigmeenlin thisvaluempldheynelowiiss eypeshbety e chaeding daereeiues of the
parameter B, and the digtance B {hgchaisHatinedisence R reRands.on tin gsamsain ahihe

collimated beam 25 14. By way of illustration only, the distance IRl may be chosen between 3 mm

y
and 6’ mm vaiye bh@fdéeolﬁﬁt{@%@hwliﬁé BigrahhBtet e gbpesid st snnpie pehaiistehaicqefitheand the

angle cp purgHANt i’sodgﬁléfﬂféﬂpc(@h@&%tiﬁd%f*ﬁ%@%ﬂ?@%(FPW&?%@&@IQiﬁﬁhﬂ%‘%‘ﬁr%&%’ﬁﬁ% to be
compensated, i.e. a given value of the parameter A,

there is a trade-off between the choice of the
values of thbysardmeeeraBlednd:Bo tetbmplate p0 For insteneihifua berge wsduwBewiib ferameter B, is

P, T L o B ke
difficult to rdtatecByatomirasithectheigaratianayethal depshthseoh Shtch gyt 2006 gap between the
10 plates 301 and 302. Ray-tracing simulations have been made from Equation (7) with different
values hg. The results of these simulations are shown in Table 1 below. Table 1 shows the
root-mean-square values W, ymsand W3 s of the amount of coma W, and the amount of
astigmatism W3 for the different values hy, in the case where the shapes of the aspheric
surfaces 301b and 302a are defined by the function S; according to Equation (5) and under
15  the following conditions: ¢ = 2 degrees; R = 3.6 mm; B; = 0.004 mm™; ¢ = 3 mm; and A =
405 mm, where “¢” and “A” are the diameter and the wavelength of the collimated beam 14,

respectively. It is noted that coma and astigmatism have been expressed in the form of the

Zernike coefficients as known, e.g., from said book by M. Born, pp. 469-470.

ho (um) Wi, s (MA) W3, ims (MA)
0 70 10
10 70 17
50 70 43
20
Table 1
Therefore, the value hp must be chosen sufficiently high such that the plate 301
can rotate without being into contact with the stationary plate 302. It must also be sufficiently
low so that the rotation of the plate 301 generates a low amount of astigmatism W3. It has
25  been found that, due to the rotation of the plates 301 and 302, the height hy must be higher

than 0.6 um.

It is to be appreciated that numerous variations and modifications may be

employed in relation to the embodiments described above, without departing from the scope

of the invention which is defined in the appended claims.



angle cp requires a rotational displacement of the plate 301 in the body 50 with a large amplitude,
thereby making the wavefront modifier 30 difficult to make. By way of illustration only, the values of
the angle cp is comprised between -3 and +3 degrees. Regarding the mutual positioning of the
aspheric surfaces 301b and 302a, the 5 value ho of theé height h (shown in Fig. 4) ma3ilbe 200ssen. It

is noted that the choice of the value ho is dependent gn the rotation of the plate 301 over the angle cp
and the parameter B1. FHRAETEYSoEGA13 ’E?’é'ilmélﬁ'?é %)98&@%@&?5?&5%@% BéNESnto contact

with the striApRaYYoplaied 39 dHowexgToiit it @lech ifvat dher eiati 0004 iheldategalinertimangle cp
also generate an amount of astigmatism W3 that depends on the height of the gap between the 10
plates 301(%%111: §6§3W§%§%ﬁ{ba§?ﬂ?ﬂﬁ5ﬁ8lﬁg ﬁbﬁ@%@iﬁ%@% ‘?q%ﬁ%hl?ﬂ%ﬁli% W¥ferent values

ho. The ressfiseat et sivwidtigns3and shovwagsdisabie th belevitcltble dvshonwsiibeiflaatomean-square
values W1,, s and W3,>t"s of the amount of cgma W1 and the amount of astjgmatism W3 for the
difterent vANSORBCHAPRE RS S PP ATHA SHapa oﬂﬁé%g%ewc>>sﬁ(§fa%élges%qﬁ>aﬁ§%%§§ are defined
by the funcliertfh Raterchageodt ciciiphdhy andadaderSaihedoiowirg eanditionsadion 8,degrees; R =
3.6 mm; B1.= 0.004 mm-2 ; $=3 mm; and k _ 405 mm, where "$" and "k" are the diameter and the

wavelengtBiFHR collimated beam 14, respectively. It is noted that coma and astigmatism have been

expressed in the form of the Zernike cogfficients as WiR ¢.9., from said bogk by M. Born, pp.
469-470. hox ()T rmBs ReZAIWSB (YmRmk 670 perteer 017?;70%3&0%1@&) Therdfdre, the value ho

must be chosen sufficiently high such that the plate 301 can rotate without being into contact with the
stationary plate 302. B,iRxist alB) bé;{qfﬁéier(tyw By $0 that the rotation of the plate 301 generates a

low amount of astigmatism W3. It has 25 been found that, due to the rotation of the plates 301 and
302, the h&iipichPmuseIseHGREPAHREIGTEMCTNSAbthe GHfrdamteatiatiss erdne Vaicanetidand

modifi¢atiqs KawhezHmpleyes o salatienio MAembRUAMeVS ¢aaringd aReve rBaUb departing
from the scope of the invention which is defined in the appended claims.
Xo,Yo0,Zo) that is symmetrical with respect to the Z, axis.
As another alternative to the optical scanning device shown in Fig. 2, the
aspheric surfaces 301b and 302b are shaped so as to generate the wavefront modification W,
for compensating the tilt aberration W(x, y) (=Asx) along the Xp-axis (tangential direction).

15  The shapes of the aspheric surfaces are substantially defined by a function S; given by:

S;(%Y)=By(y +R)+ f;(x* + (Y +R)*)

where “Bs” is a constant parameter in terms of the Cartesian coordinates (X, y) with respect to
(O, Xo0.Yo0.Zo) and “f3” is function of the Cartesian coordinates (x, y) with respect to (O, Xo,
Yo.Zo) that is symmetrical with respect to the Z, axis.

20 As another alternative to the optical scanning device shown in Fig. 2, the
aspheric surfaces 301b and 302b are shaped so as to generate the wavefront modification W,
for compensating the tilt aberration W(x, y) (=A4y) along the Yo-axis (radial direction). The

shapes of the aspheric surfaces are substantially defined by a function S4 given by:

S,(%y)=Bx+ f,(yX* +(y+R)*)

25  where “B4” is a constant parameter in terms of the Cartesian coordinates (x, y) with respect to
(O, Xo0.Yo0.Zo) and “fy” is function of the Cartesian coordinates (x, y) with respect to (O, Xo,
Yo.Zo) that is symmetrical with respect to the Z, axis.

As another alternative to the optical scanning device shown in Fig. 2, the
aspheric surfaces 301b and 302b are shaped so as to generate the wavefront modification W,
30 for compensating the defocus aberration Ws(x, y) (=As(x*+y?)). The shapes of the aspheric

surfaces are substantially defined by a function Ss given by:



16 16 May 2006 In particular, the wavefront modifier 30 shown in Figs 1 through 6 may be adapted for
modifying a wavefront modification other than coma in the tangential direction (X). For instance, as an
alternative to the optical scanning device shown in Fig. 2, the aspheric surfaces 301b and 302b are
shaped so as to generate the wavefront modification W1 5 for compensating the comtelMiep@ion
W2(x, y) (=A2y(x2+y2)) along the Yo-axis (radial dlrectlon) Trlzshapes of the aspherlc surfaces are

substantially defined by & QNgSE gV, (k) ¥ (2B R fo(
+(y+R)2)+R2)arctan1y+R~f~(% g?xz +(§(+R)§>23R ?ﬁx%} 2Rx(y+R)+ fZ(XxJFZ +(y+R)2) Where >BZ isa

constant pa ameggr ,in terms of the Cartesian coordi y) with reds ect t ‘% 0, Xo, Yo, Zo) and
o6 TR i AP BT 2 Pl TR POr SRS oy 26 U S R et cal
with respe@lm@@@@@&&gﬁn@mﬁb@dﬁUf&hld@t@téb&@bﬂ@ﬁhﬁmmm@)ﬂﬁwlﬁ:eesi?&dvfbl(ﬂ?@o? the

aspheric s%gz& Olh and 302b are shaped so asgt??ggenerate the wavefront modification W1 for

compensa B SARSH &lt{})l%sﬁfgx)to #f&Ro-axis (tangential direction). 15 The
shapes of the aspherlc suy taceeatdtsuasiiantiadhe defiosicsynaifignitioce SBogivien Big. 2, the

S3 BB "B3" tant t f th t
coorinatebRRey S ar 0 B ot 265 S 140 LTGRO 6 CkEETH ERbo s (x. )
with respeﬁimo(lﬁpmathﬁg tEehstiahissymibattidahWith xegpeet ta*theodA taKISCOQ_ﬁ)xPsS(EﬂgHﬁﬁal

alternative to the cannl evice shown.in Fi sphe surf ces and 302b are
shaped so(%s%%og%htgirlate gsﬁeﬁylg rO ROt Eg (ol %i?l or%l%a)%rfaif P égcg n %P{e tlﬂnﬁk}e)rlraﬂon W2(x, y)

(=A4y) alogy¢héyro-axis (radial direction). The shapes of the aspheric surfaces are substantially
defined by a function S4 given by: S4(x,y)=€/4 x+f4( x2+(y +R)2) 25 where "B4" is a constant

parampeter &) (£1)S-® (e Gayesry? parora AYBW) 1empect 1a/£0,-Xg; YR)Zp) and "f4" is

function of the Cartesian coordinates (x, y) witK respect to (0, Xo, Yo, Zo) that is symmetrical with
respect to t e ZA@XJS As an ther aIternatlve to the tBticéxl 1,scannlrb%%e [v n | 2 the
{
aspheric surtaces §0|1r§ and3 %remﬁaerge S0 as f geengra e the wave rgsn? m d‘¥|cat|o
(O, Xo0,Yo0,Zo) and “fs” is function of the Cartesian coordinates (x, y) with respect to (O, Xo,

Yo,Zo) that is symmetrical with respect to the Z, axis.
As another alternative to the optical scanning device shown in Fig. 2, the
15  aspheric surfaces 301b and 302b are shaped so as to generate the wavefront modification W,
for compensating the astigmatism aberration W,(x, y) (=A7y) along the Yo-axis (radial
direction). The shapes of the aspheric surfaces are substantially defined by a function S,

given by:

S, (%, y)=B, (x> +(y + R)z)arctan( Y+

RJ— B.x(Yy+R)+ f (x> +(y+R)?)

20  where “B;” is a constant parameter in terms of the Cartesian coordinates (x, y) with respect to
(O, Xo0.Yo0.Zo) and “f;” is function of the Cartesian coordinates (x, y) with respect to (O, Xo,
Yo.Zo) that is symmetrical with respect to the Z, axis.

As another alternative to the optical scanning device shown in Fig. 2, the
aspheric surfaces 301b and 302b are shaped so as to generate the wavefront modification W,
25 for compensating the spherical aberration Wy(x, y) (=As(x’*+y?)?). The shapes of the aspheric

surfaces are substantially defined by a function Sg given by:

S (% ¥) =By (0 +(y +R))? +4R*(X* + (y + R)*) + R4)arctan[y:( Rj

+4B,R((X* + (Y +R)*) + R*)x = 2B,R*x(y + R) + fg(\/x2 +(y+R)?)



30 for compensating the defocus aberration W2(x, y) (=A5(x2+y2)). The shapes of the aspheric
surfaces are substantially defined by a function S5 given by: 17 5 16 May 2006
Ss(x,Y)=Bs(x2+(y+R)2)arctan~Y+RJ+2B5Rx+fs( x2+(y+R)2) x where "B5" is a constant parameter in
terms of the Cartesian coordinates (X, y) with respect18 (0, Xo, Yo, Zo) and "f5" is flsMign20the
Cartesian cqordinates (x, y) with respect to, (0, Xo, Yo, Z0) that is symmetrical with respect to the ZA

axis. As anbitfiEr afterBative b BRSPS EARTAY YUt BHOWA FYRYNIHE Y4PHEHERATAL:s 301b
and 302b are Xpaved sy asdofgendiateriheoravefranésnadiscationdd/, iy wvampspsatiog d)eo,
astigmatism aberration W2(x, y) (=A6x2) alon(t; thghgc(o-axis (tangential direction). The shapes of the
aspheric sUfteces MbISSHORALR) & G eforEs given by: 10
S6(x,y)=B6(x2+(y+R)2)astantiet RieBaxyeH htcopizcalyscBiring whetce sSBOviSatgnsiang parameter

in terms of the Cartesjan c inates. (X, y) with respect to (0, Xo, Yo, Zo) and "f6" js.function of the
Cartesian CUVHIHRALE: %&Sﬁ%ﬁl}éé&é&% R ?ﬁ%ﬂ%{fﬁf& gﬁi‘rﬁﬂﬂg‘?ﬁ@&ﬁ\mﬁ‘i&aﬁ@& lthe ZA
axis. As anothengltasadtiyelioline aptisabsparointydeayige(showh itbrioh?, Yaeails asgheric surfaces
301b and 302b ar aped so as to generate the wavefront modificatio for compensating the
sttt DA R A BT ey B e A AP O EEof the
aspheric spivaaes are substantially defined by a function S7 given by: B7x(y+R)+f7( x2+(y+R)2)
S7(x,y)=B7(x2+(y+R)2)arctan(y+xR) where "B7" is a constant parameter in terms of the Cartesian

coordinates (x, y) with respecyje 20(0,yXa, Bfgq@@q) R)"?(JIﬁf?"(iyﬁ)ch(tgplp Rfthe Cartesian coordinates
(X, y) with respect to (0, Xo, Yo, Zo) 3hat is symmetrical with respect to the ZA axis. As another

alter@@tive&ﬂ&e‘g@dg@g %8?15‘&1&1%8%%%?&%%9@&@@5%sm coordinates (X, y) with respect to
(O, Xo0,Yo0,Zo) and “fy” is function of the Cartesian coordinates (x, y) with respect to (O, Xo,
Yo,Zo) that is symmetrical with respect to the Z, axis.
As another alternative to the optical scanning device shown in Fig. 2, the
aspheric surfaces 301b and 302b are shaped so as to generate the wavefront modification W,
15  for compensating the line coma aberration W(x, y) (=A10x°) along the Xp-axis (tangential
direction). The shapes of the aspheric surfaces are substantially defined by a function S

given by:
2 2By, 3 2 2
Si(%Y)=B X" (Y+R)+ 3 (Y+R) + f,(yx" +(y+R)")

where “Bj¢” is a constant parameter in terms of the Cartesian coordinates (X, y) with respect
20  to (0, Xo,Yo0,Zo) and “f1o” is function of the Cartesian coordinates (x, y) with respect to (O,
Xo,Yo,Zo) thatis symmetrical with respect to the Z, axis.

It is noted that the functions S; through S, are not disclosed in said article by
Palusinski.

An alternative of the wavefront modifier 30 shown in Figs 3 and 5 is arranged

25  so that the plate 302 is rotated by an angle +¢ about the axis Z, and the plate 301 is
stationary.

Another alternative of the wavefront modifier 30 shown in Figs 3 and 5 is
arranged so that the plate 302 is rotated by an angle +¢ about the axis Za and the plate 301 is
rotated by an angle -¢ about the axis of rotation Z, by means of an additional hinge provided

30  with the plate 302 similarly to the hinge described with reference to Fig. 6.
Another alternative of the wavefront modifier 30 shown in Figs 3 and 5 is the

aspheric surface 301b and/or the aspheric surface 302a include(s) at least a step-function



aspheric surfaces 30lb and 302b are shaped so as to generate the wavefront modification W1 25 for
compensating the spherical aberration W2(x, y) (=As(x2+y2)2). The shapes of the aspheric surfaces
are substantially defined by a function Ss given by:
S8(x,y)=B8((x2+(y+R)2)2+4R2(x2+(y+R)2)+R4)arctany+R X 16 May 2006
+4B8R((x2+(y+R)2)+R2)x-2B8R2x(y+R)+f8( x2+(y+R)2) 18 16 May 2006 where "Bs" is a constant

(P2

parameter Mttt FEUe L APARCED ST TRRE B YS itif rdSp &AL D OK B PO e RN &S is

function ofhpmdrRIiGeiaE CARIGEIBIRS (Ke YR b sPract OTKOYAhhdgesymetrical with
respect to the ZA axis. As another alternative to the optical scanning device shown in Fig. 2, the 5

aspheric stipstasiady Baahts ok @rd swapied 50 iashe yerrdeaghies hacelmateddutiealibn Wl for
compensafing, H%%EBF\%‘PLEE%ﬂp‘?ﬁf%QHe\{\é%&%tYOe(izxﬁgﬁ@f%%'&H%%Xﬁdﬁ%spéﬁ?éiPﬂeﬁ’éE%@O”)- The

shapes of the aspheric surfaces are substantially defined by a function S9 "given by: S9(x,Y)

239xE9x (PR BRI PlatRIOMPdified Fa 3B@i@fa“(%n%ﬁt&rﬁfﬁﬂ?alr*@t%kﬂﬂ§?n¢£off¥ﬁ@ therkosikan
cqord'nat%{(m) withHesngakiA PR EYQikeliapd "&9"zlﬁ%@@ﬁﬁ%@ﬁﬁ%%@ﬁ@gwtes (X, y)
with respect to (0, Xo, Yo, Zo) that is symmetrical with respect to the ZA axis. As another alternative
to the opti€ad &EMify Devites shissrihie Hig fonehenaSghadic ansHadad30myars30okdasushaped so as
to generatg { _eﬁy}@{gg@t modification W1 15 for compensating the line coma aberration W2(X, y)
(=Alox3) along the Xo-axis (tangential direction). The shapes of the aspheric surfaces are

substantially defined byla ﬂm@tm’na@agoémwwy SM&WE&%&%W?B@@%Q%@(IQZQ@+R)2)
whergy'B1RI5 8GO ThRARATIGE B RIS QRS Galiesian FORrNAET By BitRdGaRGCt 20 to (O,
Xo, Yo, Zo) and "flo" is function of the Cartesian coordinates (X, y) with respectto (0, Xo, Yo, Zo) that

is symmettiedl Hith TeepesVtbahthzhodxisitlibmlorationatiithe imetiorasakhosghisatiaréonot
disclosed i saaarHf|ERy RAIUSIAKL AP alipnaiiR 9ksREWRUAKON MPHITGT Shshaue ifgs 3 and

5is arranged 25 so that the plate 302 is rotated by an angle +cp about the axis ZA and the plate 301
is In an alternative of the optical scanning device shown in Fig. 1, the objective

lens 18 may be formed by said first and second elements having said first and second
15  aspheric surfaces, respectively.

In another alternative of the optical scanning device shown in Fig. 1, the
wavefront modifier 30 may be arranged in the optical path of the light between the radiation
source and the position of the scanning spot other than in the optical path of the collimated
beam 14. It is noted that the shapes of the plates 301 and 302 must be adapted to the

20  dimensions of the radiation beam in the optical path of which the wavefront modifier is
arranged. By way of illustration only, Fig. 7 shows an alternative to the plates 301 and 302
shown in Fig. 4, in the form of the plates 301° and 302°. As shown in Fig. 7, the plates 301°
and 302’ are arranged in the optical path of a diverging radiation beam and the surfaces
301a’, 301b’, 302a’ and 302b’ are adapted to the variable dimensions of the radiation beam

25  along its axis of propagation.

As an improvement of the wavefront modifier show in Fig. 1, the wavefront
modifier can be provided with a position detector which is known from PH-N 17.844 and
incorporated herein by reference. It is noted that the wavefront modification W, will only
compensate the wavefront distortion W, only if the wavefront modification W is correctly

30  centred with respect to the optical axis 12 of the objective lens 18. The compensation is not
correct if wavefront modification W, is centred on the axis of the collimated beam 14 and if
the objective lens 18 is displaced in the radial direction (Y) because of radial tracking.

Furthermore, the wavefront modifier 30 shown in Figs 1 through 6 may be

used for modifying a wavefront modification for optical devices other than the optical



stationary. Another alternative of the wavefront modifier 30 shown in Figs 3 and 5 is arranged so that
the plate 302 is rotated by an angle +cp about the axis ZA and the plate 301 is rotated by an angle -cp
about the axis of rotation ZA by means of an additional hinge provided 30 with the plate 302 similarly
to the hinge described with reference to Fig. 6. Anothéf alternative of the wavefront rbadiie2 Bibshown
in Figs 3 and 5 s the aspheric surface 30lb and/or the aspheric¢ surface 302a include(fs%at least a
step-functisit Ty B RIS 2088 B 5)‘%%&%&{%&&%’&@%2’@%6 SRSEATIETATER O % portion of
the correspendingsagnhetifasdrianeyaichzaiedidictip iemainfognpartdeftbat sutiaiee J bipasameter "q"
is substantially equal to mk/(n-1) where "k" is the wavelength of the collimated beam 14, "'m" is an
integer vaﬂ&@ ﬁ(/f?&ﬂ'r‘im ?Tﬁ’ék TS A SRRdhese iy dRsiPsls Bﬁarblf;@l%. E\Jfgﬁﬁa& fre 5 corresponding
plate is modified in a similar way as a Fresnel lens known, e.g., from the book by W.J. Smith, "Modern
Optical Engineering", pp. 257-258 (McGrraw-Hill, 2d Ed.) (ISBN 0-07-059174-1)). It is noted that the
functions Sa(r, 0) and Sb(r, 0) may also include such a step-function Q. In an alternative of the body
50 shown in Figs. 2 and 3, the plates 301 and 302 10 are provided so that the point of intersection A
is located in the close vicinity of the inner wall 50b, 50c or 50d of the body 50. The location of the
point A can be chosen in order to make the function that defines the shape of the aspheric surfaces
30Ib and 302a more simple. In an alternative of the optical scanning device shown in Fig. 1, the
objective lens 18 may be formed by said first and second elements having said first and second 15
aspheric surfaces, respectively. In another alternative of the optical scanning device shown in Fig. 1,
the wavefront modifier 30 may be arranged in the optical path of the light between the radiation
source and the position of the scanning spot other than in the optical path of the collimated beam 14.
It is noted that the shapes of the plates 301 and 302 must be adapted to the 20 dimensions of the
radiation beam in the optical path of which the wavefront modifier is arranged. By way of illustration
only, Fig. 7 shows an alternative to the plates 301 and 302 shown in Fig. 4, in the form of the plates
301" and 302'. As shown in Fig. 7, the plates 301" and 302' are arranged in the optical path of a
diverging radiation beam and the surfaces 30la’, 301b’, 302a’ and 302b' are adapted to the variable
dimensions of the radiation beam



25 along its axis of propagation. As an improvement of the wavefront modifier show in Fig. 1, the
wavefront modifier can be provided with a position detector which is known from PH-N 17.844 and
incorporated herein by reference. It is noted that the wavefront modification W1 will only compensate
the wavefront distortion W2 only if the wavefront modification W 1 is correctly 30 centradawitbéspect
to the optical axis 12 of the objective lens 18. The compensation is not correct if wavefront
modificaticn WS centred on the axis of the collimated beam 14 and if the objective lens 18 is
displaced in the radial direction (Y) because of radial tracking. Furthermore, the wavefront modifier 30
shown in Figs 1 through 6 may be used for modifying a wavefront modification for optical devices
other than the optical 20 16 May 2006 scanning device | shown in Fig. 1. For instance, the wavefront
modifier is suitable for a zoom lens; it generates a wavefront modification in the form of defocus in
order to change the focal length of the zoom lens, thereby making the focal length adjustable. 21 16
May 2006 CLAIMS: 1. A Qpiisah Seamigaienies (HILSRANIAA AtJAIDITAIBMAMS kT an
optical record carrier (3) by means of a radiation beam (4), including: radiation Source (6) for providing
said radiatfphi ¢ apeoriberigstd hbyanespsrahafothsinendganddiatisiusézgn to a converging 5 radiation
beam (16) so as to fornhqaﬁgm%ﬁggt(gﬁ&i@mcgggiggg pldhedpformation layer, the lens system
including a first objective lens (18) having an optical axis (12), and a wavefront modifier (30) arranged
between said radiation §0@ReS M) o5 vk HrBURE sekhisidigtipbbeaie iwaveRsatggdifier including
a first element (39 ﬂ,wﬁ\(ln% s(% fisshashnercstiRee 3A1n) antrRaasd slanenbialabhaving a

second ale’heric surface 10 (302a), said first and second elements being mutually movable in a plane

perpendiclfftolzalanssistamains fkngrobiting ecaisront ThbeRaAaBIORVCHh Bdid EDngBfging beam,
characterized in that saig first a0d:SRGEL ASPHaHA SIS &F SHAPRASRBANBLIR_RMHU@Lrotational

displacement of said first and second elements over an angle of rotation ((p) about an axis of rotation

(ZA) whicPRSIHQFRNEF ISR BINECHIAIBE 12 gEARt Htedi BsTd netudiagat Bt Aleariddom\iayintherein
the shape pfisaidsfirst-Rsphere sirfasad39Leldndefined by functionalond) RApekiiesabape of said

second aspheric surface (302a) is defined by a_ _ .
10 302a), said first and second elements being mutually movable in a plane perpendicular to

said optical axis for introducing a wavefront modification W, in said converging beam,
characterized in that said first and second aspheric surfaces are shaped so that
a mutual rotational displacement of said first and second elements over an angle of rotation
(p) about an axis of rotation (Z) which is parallel to said optical axis (12) generates said
15  wavefront modification W, wherein the shape of said first aspheric surface (301b) is defined
by a function S,(r, 0) and the shape of said second aspheric surface (302a) is defined by a
function Sy(r, 0), the function S,(r, ) and Sy(r, 8) being determined by:
0S

0S
W (r,0)~(n —1 a_(n, -, —=
1(r,0) = (n, )coaae (n, )%ae

where “(r, 0)” are polar coordinates in a reference plane X5 Y a perpendicular to the optical
20  axis 12, these coordinates being centered on the first point of intersection A of the axis of
rotation Z, and the reference plane XY, “Wi(r, 0)” is the wavefront modification
expressed in the polar coordinates (r, 0), “n,” is the refractive index of the first element and
“np” 1s the refractive index of the second element, “@," is said angle of rotation of the first
element and “@y"* is said angle of rotation of the second element, “¢* is the difference
25  between “@," and “@p, and “S,(r, 0)” represents the shape of the first aspheric surface and

“Sp(r, 0)” represents the shape of the second aspheric surface.



function Sb(r, 0), the function Sa(r, 0) and Sb(r, 0) being determined by: W, (r, 0) ~ (n, - 1)~p, c9s, -
(nb - I*b C9Sb C9 0 C9 0 where "(r, 0)" are polar coordinates in a reference plane XAYA
perpendicular to the optical 20 axis 12, these coordinates being centered on the first point of
intersection A of the axis of rotation ZA and the refer@@ce plane XAYA, "WI(r, 0)" islth&fap2ef@nt
modification expressed_in the polar coordinates (r, 0), "na" is the refractive jndex of the first element
and "nb" i§'the refractivEindBRBH HTENSMRBAGVENE C(pEPas LaidUgle BRTETADI JraRe st
element arglid (Rt insaid antiephbriaticncet (36 Bgcond)elemeatby(heifuiigi sifente aketween
"(Pa" and "(Pb", and "Sa(r, 0)" represents the shape of the first aspheric surface and "Sb(r, 0)"
representsHREAHAIY dfthdcsbapt dhaspresielsaithbEst sorisMag g B rhwditralsnning device
(1) as claimagrinifdainy1, wherein the shapes of said first and second aspheric surfaces (301b, 302a)
defined by the functions Sa and Sb are substantially identical and the shape of said first surface is
defineg by a function S(WR} g?;ewgﬁi' W, (r, 0) (n -1)~p - C9 0 where "(r, 0)" are polar
coordinates in a reference plane (XAYA) @@rpendicular to said optical axis (12), these coordinates
being centered ap the.first point of intersection of said axis-of yotation (ZA) and said, reference
e, WLTB L ou B S e R T e R A T S e
refractive imdexIaf sdiek¢irstoadicl gecoom e lemerds oicic i dsgaid afnglenécotatioy), aihi&(xi 09T
represents the.shape of said first. aspheric surface. 3. The optical scanning device (1) as claimed in
Claim 1 oS ) SH M ISR a GLY, ) ShIoP SlFoD TR FVERRA + R) (12
+ (Y + R)' tholdpedoi@dueing, id-wanaironfradimodificrerail kiis: thei faseoof demanalong the
X-axis, the term "-R 2(x2+(yfR)2)+Rﬁ%g@rcta}’n(y+RJ (x2+(y+R)2+3R2) +Rx(y+R)" for introducing said
waveffont therifiaagsrP{vatatieRe st mOo SnTariRssBtsHBOshaeo il ddirmt appherie s WitReiucing said
wavefront modification W1 in the form of 20 tilt along the X-axis,

3. The optical scanning device (1) as claimed in Claim 1 or 2, wherein said
functions S,(r, 0) and Sy(r, 0) and/or S(r, 0) include(s):
the term “(y + R)(X*> + (y + R)* — yR)” for introducing said wavefront

15  modification W; in the form of coma along the X-axis,

y+R

the term “— R(2(x*> + (Y + R)*) + Rz)arctan[ j—(x2 +(y+R)* +3R?%)

+Rx(y+R)” for introducing said wavefront modification W, in the form of coma along the Y-
axis,
the term “y+R” for introducing said wavefront modification W, in the form of
20  tilt along the X-axis,
the term “x” for introducing said wavefront modification W, in the form of tilt

along the Y-axis,

R
the term “(x* + (y + R)?) arctan( Y+ j + 2Rx” for introducing said
X

wavefront modification W, in the form of defocus,

R : . .
25 the term “(Xx* + (y + R)?) arctan( y+ J + X(y + R)” for introducing said

wavefront modification W in the form of astigmatism along the X-axis,

the term “(X* + (y + R)?) arctan( Y+ RJ — X(y + R)” for introducing said

wavefront modification W, in the form of astigmatism along the Y-axis,



the term "x" for introducing said wavefront modification W1 in the form of tilt along the Y-axis, the term
"2+ (y+R)2)arctanly + R I+ 2Rx " for introducing said x 25 wavefront modification W 1 in the
form of defocus, the term "(x2+(y+R)2)arctanl y+R1+x(y+R)"forintroducing said x wavefront
modification W 1 in the form of astigmatism along the2%-axis, the term " (x 2 + (y + RpNay@ampy + R
J - x(y + R) " for introducing said X wavefront modification W 1 in the form of asti matisg along the

Y-axis, 23 16 May 2006fhastern((x2 +0y RID *4RR0G (VR ATRAT MRV R 4 R((x 2 + (v +
R)) + R2 )x - 2R z x(y + R) " for introducing said wavefront modification WI in the\form of spherical
aberration, the term 2 "- 3x3 - X%ﬁé R)™ for introducing said wavefront modification W 1 5 in the form of

line coma &RY the ¥Yaki8) of 2RheXterd XY (y RIR)ferangodysingspighivgeinpny wodifisationont
modi1“icatic;‘r,g,l\/}ﬁltm3 %%o&mﬁém%lcma@llggg the X-axis, where "(x, y)" are the Cartesian coordinates

in the direct orthogonal system XOYO in said’ reference plane (XAYA) and having its origin on the

second point of intersectian (0) of saig 1 iGalaxjs (12) and.said referen lane, the .Y 0-axis
passing through said firét]ep%%ﬁ]t)l of_irﬁgsécg(t@?%@l , ar%\?(?lr 'lﬂ%??g ]flﬁleggiszfﬁ%vgvﬁﬁtévrgé%ogﬁg et point of
intersection ?A) nd S%Jﬁl second ilEoint ng igtersection (0). 4. The optical scanning device (1) as
claimed in'€aim A 2% r 8E\WhERT 84t 15 filetBns Sa(r, 0) and Sb(r, 0) and/or S(r, 0) includes at
least a step-function Q(r, 0) which e?uals: amonzero.constant parameter (q) for a portion of the

O 2 379y
corresponding aspherict%ﬁggéj h& ﬁiﬁéﬁ’@@‘ Betg SObLRLNRRISaa RANAIaT) where k" is the

wavelength of the radiation beam in the optical path of which said wavefront modifier (30) is arranged,
"m" 20 is awshifegepyaidmi farmsehbnefepthaong éieof tidscorresponding element, and

where “(x, y)” are the Cartesian coordinates in the direct orthogonal system XoYo in said

reference plane (XaY 4) and having its origin on the second point of intersection (O) of said
10  optical axis (12) and said reference plane, the Yo-axis passing through said first point of

intersection (A), and “R” is the distance between said first point of intersection (A) and said

second point of intersection (O).

4. The optical scanning device (1) as claimed in Claim 1, 2 or 3, wherein said
15  functions S,(r, 0) and Sy(r, 0) and/or S(r, 0) includes at least a step-function Q(r, 8) which
equals:
a nonzero constant parameter (q) for a portion of the corresponding aspheric
surface, that parameter being substantially equal to mA/(n-1) where “A* is the wavelength of
the radiation beam in the optical path of which said wavefront modifier (30) is arranged, “m”
20  is an integer value and “n” is the refractive index of the corresponding element, and

zero for the remaining part of that surface.

5. The optical scanning device (1) as claimed in Claim 1, wherein said axis of

rotation (Z,) is eccentric with respect to said optical axis (12).

25
6. The optical scanning device (1) as claimed in Claim 5, wherein said axis of
rotation (Z,) is outside of the cross-section of the radiation beam incident on said first and
second elements (301, 302).

30 7. The optical scanning device (1) as claimed in Claim 1, wherein said detection

system (10) is arranged for providing a focus error signal (Socys) and/or a radial-tracking



zero for the remaining part of that surface. 5. The optical scanning device (1) as claimed in Claim 1,
wherein said axis of rotation (ZA) is eccentric with respect to said optical axis (12). 25 6. The optical
scanning device (1) as claimed in Claim 5, wherein said axis of rotation (ZA) is outside of the
cross-section of the radiation beam incident on said fizgdt and second elements (3011,630R) 30408. The
optical scanning.device (1) arélalmed in,Claim 1, wherein said detectlon [%stem (10) Eﬁrranged for

providing STSESEEA i AYE D) L HEBF A SIS ARIaRy A b (a0 8B 2ER3I05iall (Rradiai)

and in thatésfaiibiet iRCld e auseiver il 4d )oass dmabiuaiokidZedd) sigspabsivenitoaaid focus
error signa and/or said radial-tracking error sig ]ghfor controlling the posjtions.of said scanning spot

(17) with rESpRTHP RIS hRattissHBHagiPROHHtBR 18RS (9) AR ARSI A § 6? LR8N on layer

which is to Deasdasingdh ©a8k bieaaplical seaioning deviten 19 rbelatmeddn Claim 1, further including an
inform 5atlon processing unit for error correction (14). 9. The optical scanning device (1) as claimed in
Claim-1, further including a 10 wavefront compensator (19) which includes: an aberration detector

(33) for previding a deteThebsignial3mingpkasentative chiimstdralion distortienMéRipresent in said
converging radiation beam %‘2% and.said Wavefront m % ier (30) arranged for, in response to said
detection S RATTIRPARAET Re MR HERBEHEAGANL S0 that W2+ W1-0. 15 10. A wavefront
modifier (30) for transforming a first radiation beam into a second radiation beam, the wavefront
modifier h vmg an optical axis (12) and incl dln flrst em 01 ing a flrs herlc surface
(301) ana Seeond claHeAP 360} HAUINE 1 SE DR SSINERE LA GOSE LA WP second
elements beingfrontuathpencaabld i) alﬁ@lplacﬂedaerpendmular to said optical axis for introducing a
wavefront modification %’a |n sald econd {%(3 I%tlon be$ racterlzed in t said first and second
s

aspheric surfaces are e&rgéoﬂl] PR on: I&%SI gteﬁ’}éoﬁlt Sd?'% WERR UV
elements alfautavefais dstkatatioW(HpAgsetitioh 45ipacalel gingatdi Db axis((b3) generates said
wavefront said wavefront modifier (30) arranged for, in response to said detection signal,
introducing said wavefront modification W, so that W,+W;=0.
15
10. A wavefront modifier (30) for transforming a first radiation beam into a
second radiation beam, the wavefront modifier having an optical axis (12) and including a
first element (301) having a first aspheric surface (301b) and a second element (302) having a
second aspheric surface (302a), said first and second elements being mutually movable in a
20  plane perpendicular to said optical axis for introducing a wavefront modification (W) in said
second radiation beam, characterized in that said first and second aspheric surfaces are
shaped so that a mutual rotational displacement of said first and second elements about an
axis of rotation (Z,) which is parallel to said optical axis (12) generates said wavefront
modification (W), wherein the shape of said first aspheric surface (301b) is defined by a
25  function S,(r, 6) and the shape of said second aspheric surface (302a) is defined by a
function Sy(r, 0), the function S,(r, 0) and Sy(r, 0) being determined by:

Sy,

0S
W,(r,0) = (n, - Do, —2= - 1
1(r,0) = (n, — D (", =Dy =

00
where “(r, 0)” are polar coordinates in a reference plane XaY a perpendicular to the optical
axis 12, these coordinates being centered on the first point of intersection A of the axis of

30 rotation Z, and the reference plane XAY s, “Wi(r, 0)” is the wavefront modification

66 9’

expressed in the polar coordinates (r, 0), is the refractive index of the first element and

“np” 1s the refractive index of the second element, “@, is said angle of rotation of the first

(13 (13

element and “oy,* is said angle of rotation of the second element, “@* is the difference



modification (W7), wherein the shape of said first aspheric surface (301b) is defined by a 25 function
Sa(r, 0) and the shape of said second aspheric surface (302a) is defined by a function Sb(r, 0), the
function Sa(r, 0) and Sb(r, 0) being determined by: WI(r,8) (na 1)~pa aaS8 (nb-1)~b VSb C90 where
"(r, 0)" are polar coordinates in a reference plane XAYA perpendicular to the opticall @kt 20tese
coordinates being centered on the first point of intersection A of the axis of 30 rotation ZA and the

reference BRANESRATA AW ik of 4 the b eBrrertbuiheahorr ekpreSsdd A pokr Sdtdinates (r,
0), "na" is t@%(f?@'f‘%}é‘?e%ﬁ@‘tﬂé the first eleeBhanchniide Biiedefractive index of the second

element, "(pa” is said angle of rotation of the first element and "(Pb" is said angle of rotation of the
second element, "cp” is the difference 25 16 May 2006 between "(pa" and "(Pb", and "Sa(r, 0)"
represents the shape of the first aspheric surface and "Sb(r, 0)" represents the shape of the second

aspheric surface.





