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PCT/ 1 B97/ 00175 Device for optically scanning a record carrier. The

i hventison relates to an opti.cal scanning device for scanning a first type
of :record carrier.having a first information layer "and a first transparent
| ayer of a fi m@omdmwBkness and for scanning a second type of PFEESI0 S i er
havi ng a second information |ayer and a second transparent |ayer of a
second thickness different fromthe first thickness, the 5 device

conpri si ng dDevimdi fat pptically seapring arreepadi62HLT.Ng a radi ati on beam and a | ens

, system desi gned for converging the radiation beamthrough the first

. transparent layer to a focus on the first information |ayer. The invention
“also relates to a nethod for optically scanning a record carrier of the
first or second type. The scanning includes witing, reading and/ or erasing
I nformation in the record carrier. 10 The transparent

| ayer in optical record carriers has, in general, the function of

protecting the informati Layer fr vironnment al. | .uepces an

provi di ng mechani cal supﬁ@?l’"%?o"tﬁ?@@rsggg? q° %?Pﬁag'r"?g :‘}.ue“.:e f&? %ﬁ@g&sﬁr ¥ :
substrate foypé bErecordauarrierihaving a)first.infohmationilayen esda difst tianspareanper afu filsay er
IS a conprom se bet n the.desired stiffness of.the.record carsier. and the
nuror | ool apREKIARS ) Rt SO el BERR hier Jvf A Ao totziion Tayet

i nformati on dndvesecond trinsparéntigyér bf @ Second ticlmest différentcffonh ke firstthickaess, the
aperture is increased .in order to ingrease the storage density of the

i nf or mat i 6n Jexieecomprising a raurce for, genprating. 4 radiatio ARG A dens systerp o

transparent deigRéd for c@ﬁ@e%ng the'ridiation Beam thivhfh Giehirstatansadent tdyed to0d fdcli€on
quality of the radiati on beam__As a gonsequence, thg‘ée ¥\n | | %i di fferent
types of rectedrs infprmatiop fayer, Thedpyeation als relates tora methpd foropliggilyscanning:a ¢ o

transparent jeadi@carrfor ©f MieAfirstdrSseddhd RS The seinping indlbdes wiitlng, RAdiag afd/efan

the different types of record carrier, irrespective of the thickness of the
transparent $rasieg information i the £3c0Ft CaTHTar . t hr ough which a radi ati on beam

scans thggi nformation | ayge trahParenfl14§&Sinbpsieal Gedokd Earfibrd Mas,Ginlgeadi@l; il i on i n
the radi ation beam_ The spherical abérration may be conpensated in the |ens

system naki fygetioneofpreteeting she informatienjayerfrom eavirqaameatal ipfluencas and providinge

from spheri CabcrahiRall sihpoitfor e Rcbrl ity S1.6 T SATREN Sibls@i4le 6 the ifforntition layer.
t hi ckness of the transparent |ayer is _used for scanning a record carrier

with a transhoes tinknessof thegranspard dayer is qompresise beiwerm s dlestredcstiffpess iof fheof
the focus wi M%ﬂ%%rg%@ﬁmﬂmeap&&é% e GhatiorPbeafty fled TV REMIR A

spherical aberration. e not - prepublished international patent application
| B96/ 00193 dinformatierslayer. If for a new type of record carrier the numerical aperture is increased in

order to increase the storage density of the information layer, it is often necessary to reduce
the thickness of the transparent layer in order to reduce tﬁe influence of disc tilt on the
quality of the radiation beam. As a consequence, there will be different types of record
carrier on the market, having different thicknesses of the transparent layer. A compatible

20 record player should be able to scan the different types of record carrier, irrespective of the
thickness of the transparent layer. -

The transparent layer, through which a radiation beam scans the
informat'~n layer, introduces a so-called spherical aberration in the radiation beam. The
spherical aberration may be compensated in the lens system, making the radiation beam near

25 its focus substantially free from spherical aberration. If a lens system compensated for a first
thickness of the transparent layer is used for scanning a record carrier with a transparent
layer of a second, different thickness, the quality of the focus will be deteriorated due to the
under- or over-compensated sphericé] aberration.

The not-prepublished international patent application 1B96/00182 describes
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WD 97/ 33278

PCT/ 1 B97/ 00175 2 a device for scanning optical record carriers of the first
and second type. This device uses a |l ens system designed for converging a
radi ati on beam through the first transparent |ayer to a best focus on the
first inforndWQ8WR®Wyer. Wien scanning a record carrier of PGFIBYYNRT type,
the lens systemforns a paraxial focus on2the second information | ayer. The
best focus of a 5 beamis the point along the axis of the beam whi ch has

t he hi ghesta devicerfer scannifigheptixal secoml cafriarsi of the frstiaad sedond ttype. [Thisrdeviat aseg af he

axis of th e : b G | AL of of t beam are
conver ged. IFROIPE UepEas BE pbARINTs Moy bR MR RH B A8 Rp Bl Bovc By o
radi ati on- sestsfotiswon the fiest informatips tayer. Whemscaoringa mecoad cardier of thersedord typk, t he
or the 1 aciat 15 SR e sk R in e bl BorPRucn e ThEbef S P e
reflectesl lbeasnis Wecpvirtalongi the axis of therbdam avhicieliasahe highess iensity.  Phecpardxiie
Sect i onof oS G AR S irecheinh A . =ih f e Redie JEpieh P BhgRls Qs Red | o
conver gi Ng pardxad irdysiof thedseam 4rd con@fgellThe hidRIG6R Séletied it ARG Lirfies par ent
| ayer, the yadi tbluon eamw || incur, uncorre%ed spheri cal aberration on
passage th'r‘{‘} \?gt & RERRURSENSILNG getpction sysigra, When, scpgning aJeqqrd carmigr phthe first

det ection tigpd, R deldttion Bystens 88dsalll raditich fthé Aflelted Bant BLHRIrddhton3R Sin cated
rays in_the outer annular area of the beamw || then have a reduced

i nf | uend@ GnyiaRarsy ohHe csos5 fegtion of thefelieradobeam, YWhepotcanming:q Eesprs sngriareofa
first aspeGhe dcond fypk, e Beletibn YStemRictee R onfyE ARG FERVA _s&#ggmfée%r fHaHods O

scanning a first type of record carrier having a first information |layer
and a firstsectipn of thomdiation bearay Bipcesthe densisystem as ot idedigned faricanyergingzni ng a
second tYP&afihidnCilintiigh!the thitdhess Gf theSREGR Al iyer) the AiBlioR 'B?z}n? gg[ill

second transparent layer "of a second thickness different fromthe

thi ckness, ingwE uaerrestedospheriqal abegration g passresthaaygh the seeandfenspanent dryen By
radiati g8 bg tﬁ{é%édk@&ﬁsn%ﬁﬁ&fswﬁﬂ Bétitdl Areh of B2 \tehdl! Pﬂrﬁ%‘ﬂ‘,(ﬁ ' s fheam
Irst t Yy I rs nto

t hrough t he ransparent |ayer to a focus on the rmat 1 0On

| ayer, a ddheeutenannulasarem ofithebesiiwilhthen have a eeducediinfinenesson thefquinut signals ofn

the record fabkibSion paque ring arranged in the optical path between the
radi ati on source and“the detection system and nmeans for positioning the
best According to a first aspect of the invention the optical scanning de\fioe is

designed for scanning a first type of record carrier having a first information layer and a first
20 transparent layer of a first thickness and for scanning a sécond type of record carrier having
a second information layer and a second transparent layer of a second thickness different
from the first thickness, the device comprising a radiation source for generating a radiation
beam and a lens system designed for converging the radiation beam through the first
transparent layer to a focus on the first information layer, a detection system arranged in a
25 radiation beam reflected from the record carrier, an opaque ring arranged in the optical path
between the radiation source and the detection system, and means for positioning the best |
focus of the radiation beam substantially on the first information layer and the paraxial focus
of said radiation beam substantially on the second information layer.
In general, the ring is concentric with the above-mentioned annular and
30 central area and forms an intermediate area in between the central area and the outer annular
area in a cross section of the radiation beam. The ring may be arranged in a ring-shaped area
separating the annular area and the central area of the lens system.
When the lens system converges a radiation beam through the first

transparent layer, the rays in the annular area or in the combined area of the annular area
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focus of the radiation beam substantially on the first information |ayer
and the paraxial focus of said radiation beam substantially on the second
ihformation layer. In general, the ring is concentric with the
above-nentioned annular and 30 central area and fornms an internedi ate area
in between t hWQA9382™| - area and the outer annular area in a RCYEE™ME: | on
of the radiation beam The ring nay be arrlnged in a ring-shaped area
separating the annular area and the central area of the |ens system Wen
the | ens systdiiecentwdarpaof dhe besmnare garrpetethfor heotphprical aberration inqurree b PRISING

ayer, the ya¥e) ffifedt Uyt i RrfaTnObest Fock e DG f6} jRAfBnIRE, dubF afBNU! a7

ar ea
PCT/ | B97/ 00 fotus Serem dystens use irtformatian eamprfised i thecrays wnras least the anmuarfasea tohe

spherical aberratjon incurred,in | he first transparent |ayer and

formthe be??m?%{yg.b“f’ﬁgwﬁé’ggge *"S&ﬁ’%gé$%hi ng, such as a focus servo

system e i nformati on Whempthederd systerlvonvesges ai mdiatior] beast thrdugh dimnsecand ar ea

to position the best fogus on the in | I .

When t he Ieffé'“??’?f’é#?ﬁ‘bﬁ\?e’%se@ tge Péé'g{a‘g%'{g%# g'gabmE ﬁﬁ‘?{’%’béﬁ Rapaxial focus The

t ranspar ent meaysfor poditioninpy aseiinforationcoomprikedainethe rdys frhthe lwestral facganto tpiosition

paraxial focus. Th ans for .posi.tioning,use i.nf.ormation c rised in.the

oo |t ho TECHAPPA fOGL8 40 e B TBbe Bpere T Fava i e GEA” e RRE 4 (356, 4neRD

llayer. The Wgiistion'betdiRe of thel uato efical abdifatioNJTReEfofls iter refECtion Fads e
refore, after reflection from

of the unconpensated spherical aberration. The '

10 the r 8ot resordcar 3y gan &W&%%&W@' Mg relatively é'aa'i)y t he

relatively ge@édonts§itentand RoafidcEie @Rdtrieak sigialscfoiméd by te@etetiiciodys@ingnal s

formed by the detecCtign system, However, ra in an internediate regian
wee the thes ey a7

bet ween t he HOMEVErs Fays in.an ipermediatefegign bet \eentral qrga and the annu Wiy |

devi ati on angyess reldively snifli déeiatiodnd! SHE BEShEiBknt ©R the/ StEMbR sysin GlthduBR Sisé Y s
do not have the prog:r sgherl cal aberration correction for the second, type
of record 1%Rysdernotbave the prapes snherigal Abriratinn cofreqtiop for the second, type of ireserd

si gnal s {9r gReiebythbieby WeBing Eﬂérhuiﬁﬁtd?!ihe déichioR kighd1€ Worined B9 v abr&yioR s@enili Ng
the scanning device according to the inventign with an_opaque ring in the
optical path between theThis@Foblemis sobied by proyadipg theseanming ‘&‘P‘?ﬁ?‘@%"gf‘hﬁ‘e

word ' opaqupvelifich Wwith B4 opaqus Hing!if ShelSptical Patt Bidwiente SABRioN Yburtd hidile
detection system. The word opaque’ means that light incident on the ring does not follow
the path it would have followed in the absence of the ring, i.e. such light does not fall on the

20 detection system anymore. When the ring is arranged in both the forward radiation beam and
the reflected beam, the electric signals generated by the detection system are less affected by
the lateral motion of the objective lens system. The ring may then be arranged on the lens
system. When the ring is arranged in the reflected beam only, the scanning device will have
an improved tolerance for tilt of the record carrier.

25 It is remarked that the European patent application nr. 0 610 055 discloses
a lens system combined with a hologram or grating. The lens is corrected over its entire area
for the passage of radiation through a first transparent layer thickness towards a first focus.
The grating diffracts part of the radiation in a central area of the incoming radiation beam
into a sub-beam which, after refraction by the lens, is corrected for passage through a second

30 mansparent layer thickness towards a second focus. The lens system and grating converges
the radiation beam to a beam comprising two sub-beams having different vergences. Hence,
the combination of the lens system and the grating forms two best foci. In contrast, the lens
system according to the invention converges the radiation beam to a beam having a single

vergence and forms a single best focus. When the lens system according to the invention is
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the path it would have followed in the absence of the ring, i.e. such |ight
does not fall on the 20 detection system anynore. Wien the ring is
arranged in both the forward radi ati on beam and the refl ected beam the

el ectric signal s-generated by the detection systemare |ess affected by the
| at eral noti B@KB3 e objective lens system The ring may tHEKBEHOATS anged
on the lens system Wen the ring is arranged in the reflected beam only,

t he scanning device will have an inproved tolerance for tilt of the record
carrier. 26f a refractive-only type, a rdflective-onbynypk orl a tréfedctivéreeflectivepaintyps tie slko

licati . 610..055 di scl | . S i ned. wi th a. hol
PP o noesks suPsutrian a8 spagy of B Spdgen Pt ph 35 B 415 rofe andflae wl L7 "
][adi ati ?’E biaﬁmldﬂt_ pﬁ’t_i);tc' ]Ei&tentétrggﬂs aaub?eatd;] ﬁ;teﬁrag_ the Gdond deuﬁ.V\BlEdtj;Slri&efi rst Cn
OoCcus. e, gr l, I ac arl. o e, radl lon,.In a ntr area o e
ocori g sibEankl L ko8 bR Hadiayin el ritins hartehy Rorthef Bibte e 8, 1 o
lens, is crAedivhedn tansifEBRIRER ohd netigh iAtcseRtieE ofd) duk e B5sRAHRN twithdd Media

t hi ckness towards a second focuys. Thﬁ' | ens, system and grating converges the
radi ation ety W&W&Sﬁﬂﬁ' ensrAye Wffgé‘iﬁ‘ﬁ‘i'bearrs havi ng di fferent

vergences. Hence, the C&Etb}dﬁﬁ]b%se@éndisﬁe&%ﬂ%ﬁﬁﬁénﬁaﬂa'?ﬁletﬁ&efo_ﬂbﬁﬁ&ﬂﬁl forms
rast,

two best foci. In cont e lens system according to the invention
conver ges paning aifisstitype ofaseard Garziep baving,a firss dnfarmatien layer; andye fist tranfparent s a

si ngl e besjaydqFtsStirstfiknds Gnd 8R8cond HRBIFERE Shriier having'e séoaﬂ&ﬂy&rﬁﬁﬁ% VO
97/ 33278 . . PCT/ | BQ? 0175 4
of a rdfr alayenand dnegond trnspagent dayeg of 2 seconth thicknossedifierent from the first thickness,

refractivegd sﬁ&t&ﬁ,{?{eﬁ'&hﬁoﬂv\é@ngni tadPhidR bEat B %naup&%@m §sta%@§]ugﬁqg§gy of

the incident rTadiation beamto the first focus, and does no

part of t hrsktransggrenidlayerdn §-tsstfacussubstaniialiyen thedfiralinfosmation lryes whenase
'subst anti @aﬁﬂt‘lgé’ I e&?@ . le2tH cy&,:?b&aéa‘ #ﬂﬁfa' mal
| osses due to Llrref egtﬂ?ﬁgﬁéﬂgﬁﬁﬁtgﬁ?ﬁﬁ%n froﬁétgﬁgg?fheetl urr%'%it)éoé arfot her
one, due tmeansfithe lens systernthrough dhexsegond wansparentdpves 2 pavakisl fkus he | ens are
di sreggkde ' E&oﬁdm L DV&akd . r
opti ca?Fy £shtt:)annl ngcaz‘;n@?rst type o o?egorghgasﬁh@g?é an ngagn%i é@b@?&oﬁ&’
i nf or mat i otype.athe steprofl convierging radiation peflected fiomthe redordicérriessto a detedtinn systemd a
second typ I | A If ' . d a
econd t7 e gD Y BrBhieart Fhe (haBuas GO el Bediily 8 abllouorbSbm
t hi ckness, an opaque ring arranged in the optical path between the radiation source and the detection
system.
20

The invention will now be described in greater detail by way of example
with reference to the accompanying drawings in which
Fighre 1A shows a scanning device according to the invention scanning a
25 record carrier of the first type;
Figure 1B shows a record carrier of the second type;
Figure 2 shows a cross-section of an objective lens provided with an
opaque ring;
Figure 3 shows the radiation intensity along the optical axis when
30 scanning a record carrier of the second type;
Figure 4 shows a front view of the objective lens of Figure 2; and

Figure 5 shows a detection system of the scanning device.
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conprising the step of converging a radiati on beam by neans of a | ens
systemthrough the first transparent |ayer to a best focus substantially on
the first information |ayer when scanning a record carrier of the first
type, the step of .converging the radi ati on beam by nmeans of the | ens system
t hrough the samewBazBansparent |layer to a paraxial focus 15 BGHUPHMTY |y
on the second information |ayer when scannfng a record carrier of the
second type, the step of converging radiation reflected fromthe record
carrier to a detection sHigureriA shawstahdeviredpr ssanning o apticalyrecendt cagriert 13 &he

refl ected be ' | \ LhORPS j: ;
arranged inr%ﬁ]g{ p |c§ﬁﬁ§£ﬁahg%&%€%g%%£i@%?omﬁ%ﬁb é‘e angﬁ{nﬁg&ggyg& lison
systelm 20 Ehang%eﬂv&‘he kidaof\,tliﬁlinfonnatm laiyes Gacinigoawayfram dmtmsnfen;ilayems way of
exanple with refergnce to the ac anyin [ aw I,N ' E I
shows a scaﬂmﬁe‘{i&?‘c@v‘é@mﬁ"ﬁ ﬁ'ﬁﬁ'g}gcef K’E aﬁ’ﬁ%‘&%ﬁ"gﬁ% é‘ag‘ﬁh hénsgm?gy{a t’érozrb\ ts

carrier of taba substate foy pR; reéord ¢amick By pravidingmeetmaical support for thé inférmatienc ond

type; Figure 2 shows a crqgss-secti of an.objecti.ve | ens provided.with an
opaque r 1 ngeskr-ghimael e TGl P A PRELRE Rt fupely o rBlecfi ] ' A
}A/nen 30 Scaﬁﬁfoﬁﬂatibf ' ngw,rdhimlhe inmt:h?niclg; h@psngopndwig;:ppy aﬂé)ggm rt]Hb cthervgidesof
ront view of fhe ohjective l.ens o ure 2: an i gure 5 shows a
detection syi& rﬂfh{’%éyire g‘ﬂ’rﬂ'ﬁﬂ‘cﬁ@f itigl%protectt%ﬁgef/ggg%a further transparent layer
PCT/ I B9 7/1 00 1Jgﬁh§ iﬂoﬂﬂigﬁ Taybr\cSBMEd B e Hifoendtion 1aseﬁa.n11ranaﬁol rDﬁigy ﬁé'sto?ﬂciﬂrtﬁea
carrier 1. e record, carrier conprises a.transparent |l ayer 2, on one. side
of whi chl®in Teqerd CRFRET £ 0%%3%&%@& m agrpnged i syhstaniislly patailel,o
llayer faci ngoadaiticl érospirhin@acks ai'ehe dnforation Ider BSndtriAdiCuéi the $igure. The marks
environnmental inf]luences by a protection |ayer 4. The transparent | ayer 2

acts 5 as a THRe inany opBrally seadable Jomn. o8- n dhe [oym of QU ATFRS Vit
support for dobicient &' 4 MidcBOn of magnetization different from their surroundings, or a

combination of these forms.

15 The scanning device comprises a radiation source 5, for example a semi-
conductor laser, emitting a diverging radiation beam 6. A beam splitter 12, for example a
semi-transparent plate, reflects the radiation towards a lens system. The lens system
comprises a collimator lens 7° and an objective lens 7. The collimator lens 7° forms a
collimated beam, which is incident on a single-focus objective lens 7. The collimator lens

20 and the objective lens may be combined in a single objective lens. The lens system 7°, 7,
having an optical axis 8, transforms the radiation beam 6 to a converging beam 9, having a
single vergence, which forms a focus 10 on the information layer 3. Although the objective
lens is indicated in the Figure as a single lens element, it may also comprise a hologram
operating in transmission or reflection, or a grating for coupling radiation out of a waveguide

25 carrying the radiation beam. Radiation of the converging beam 9 reflected by the information
layer 3 and forming a reflected beam 1, returns on the optical path of the forward
converging beam 9. The lens system 7, 7" converges the reflected beam 11 to a converging
reflected beam 13 and the beam splitter 12 separates the forward and reflected beams by
transmitting at least part of the reflected beam 13 towards a detection system 14. The

30 detection system captures the radiation and converts it into one or more electrical signals.
One of these signals is an information signal 15, the value of which represents the
information read from the information layer 3. Another signal is a focus error signal 16, the
value of which represents the axial difference in height between the focus 10 and the

information layer 3. The focus error signal is used as input for a focus servo controller 17,
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| ayer. Alternatively, the transparent |ayer may have the sole function of
protecting the information | ayer, while the nmechanical support is provided
by a | ayer on the other side of the information |ayer, for instance by the
protection |ayer .4 or by a further transparent |ayer and information |ayer
connected to WRA&MRTornati on |ayer 3. Informati on nay be st #CEABIIN0THe 10
record carrier in the formof optically détectable marks arranged in
substantially parallel, concentric or spiral tracks in the information

| ayer 3, noihithcommistie axial positfongif tiee objéntiveriank §, theyebl eontrolingy thepixiat podityon

Coot 11 ci entorape e 10 Byl ¥ B B SRSl o S rsormasion
sur roundi ndayer 3¢ The panviof tietdetsotio systees dndlwdimgsoneldr more radiation-sensitive detettion

scanni ng deyi ce co ce 5 for. e e a s
I

rises a radi.ation soy , I m -
conduct or | S1eeats 2 an,glektronic, gl pragessing IS, BBl sianal,pioihe Reteriom dlements, uped; o
for exanpl eopg&Rftiting i foREy @Fdr iPcalled the Richeerker defetiomslsteini. ThelfonBsélso0a | ens
system The | ens  system co ises a collimator_lens 7' and an objectjve

|l ens 7. Theystem forpgsjoning ns Sysiery comprises thefocus eFRer detecion syste, thedocisnt
on a singl epfyRtdbhtrolirtmbl iai Actuftos fof movivy Gielldns SPsteni. | ens 20 and the

objective lens may be copbined in a single objective |lens. The | ens system

7', 7, having an opti caFigps ¢ shows 3 gToss-feetion smbadimpent 130 the, abigcve lens
conver gi Ng PeyY dhjechae/ ielgna §hﬁ6érﬂ:awﬁieﬁm10.meﬁ%?b@afb%bﬁeﬁl%9” the

information layer™ 3. Although the objective |ens is indicated in the Figure
as a si @ emaderpf acsingle plasti material far Wstapce Ry, injsation meyldineqFhe matesial ofghe Jens
transm ssi nieBfy}-RiettaCiar® (PMMM) BoliRg arefraciob Rlder 6f § ABREd RO dedign Of 2
wavegui de ‘ZXEPQ@a” Irrég th ragli atign blegr% Radi at 1 on of t%sg convgér%nl ng beam
9 refl ect edwiplength of 650 mma (The datapf dhe lensere: f orning a refl ected beam 11,
returns on fopﬁ | cal path of the forvwpgggpnverging beam 9. The |ens
system 7, .céﬂ@gﬂr ges the reflected b\g;{?rqjll to a converging reflected beam
13 and t he thiskness phithe epticalaxiscpar at es th® mdrward and refl ected beans by
transm ki . part of the refl eam 13 towards a detection
system ﬁ %}L@l etection system cag{%%?g'gpt he radi ati on and converts it
i nt o one orfreeowerkirigadistanceal si gnal s. OleS @fmt hese signals is an information
signal 15, the val ue of [ SiRkes ' J‘E}Is. .
%é@gsﬁ% #d]&dﬂ u és%n%ﬁﬁgéqert Ee“\}gl ue

information layer 3. An I's a focus érror Th
of which r esoumeethessecdnd ang ifadingithe frecouch casriem 1 .HBhegshapenefi the s¥rfach d 9fip given bp and

the infor ' 3. The focus error signal is used as input for a
"ok bR, _

f ocus servo 17,
20
n=5
4)) z=Y a,y*
n=l

where the constants have the values: a,=0.25317630, 2,=0.00671352, ag=0.00045753,
ag=-0.00010526 and am=0.00000860. The shape of the surface 20 over the width of the

25 radiation beam is given by equation (1) in which the constants have the values:
a,=-0.10009614, a,=0.02163729, ag=-0.00788082, ag=0.00205921 and a,;=-0.00023477.

The lens system 7, 7° has been designed to form an optimum focus on the

information layer 3, i.e. a focus with a Strehl ratio approaching 1. For this reason the lens
system has been corrected over its entire cross-section, i.e. in its central and annular area,

30 for the spherical aberration incurred by the converging beam 9 when passing the transparent
layer 2 of the record carrier 1. The wavefront of the converging beam close to the focal spot
10 is substantially spherical. Figure 1B shows a record carrier 21 of another type having an
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6 which controls the axial position of the objective lens 7, thereby
controlling the axial .position of the focus 10 such that the focus
substantially coincides with the plane of the information |ayer 3. The part
of the detect Wm9EPEBem i ncluding one or nore radiation-seni? 175
detection el enents and an el ectronic circuft processing the output signal

of the detection elenments, used 5 for generati the focus error jis cal]ed
the focus ermformationdayer 33 anq) 8 transpamenk layer 2 of seem&n%ﬂ@wmémw@itbwmwf

the lens sySRemapIBRiIaRS 2t Whehfidi5ank dedice 4L LA ThiORamify A rebitd chftiédStnger VO

control l er and an actu novi ng the Iens system Figure 2 shows a
cross- sect i densaistem 7¢7hwdll netrhe acgreoted prapedyfescthe wransparest fayeridZe The f‘é‘@ﬁ P%U

| ens has a nunerdc !eﬁﬂé ltﬁs,g,gg%
made of a sFHﬁtf‘gi qzwﬁﬁgd#g{tﬁeﬁg?g?n Of'liggs Jance %R |£nh%|é?%| on nouldi ng. Phe
mat eri al ®f thdwavefrost ofth®deanaeednthe mﬁlrmanorylaaere'ZXMMt)SPthgiaae haf2active

7%, O 1 5 vl ol P W e g el A0 i S0

axis Dositionrof the infophation| layér aeseltein a wavefront strongly undulatify 8@r the éntiee
wor ki ng di st ance 5 mm,The | en su C nd 20,
the first orf@eHuIE; WECP%“S%HFMW&P%Q‘ ﬁ'a’scggéﬂ hea f‘ﬁ@ ﬁét %Eeesgr ecord
carrier 1. 'Ehﬁab‘léﬁﬁ%cﬁhnfghﬁemfm&mn s gi ven by the polynomal 20 [err]
(1) where_the constants ve t \ 531 30, a4=0. 1352
2620, 00038753, a[err] =0 5§'§ @RH"“A’["B? 3’68‘6‘6’ %R@%ﬂ%ﬁé miAns ol
surface 20 Qqyetordverging ttath Qﬁvh&hmeaﬁformaﬁnaiyeﬂis dmmged axigily ot a.b;heqmmbn ofi
(1) in which the ons ant s g‘ve I.he zﬁ.l ues: h&rr 65&9?%0096

a[ err] =0. 021‘8%‘??@ bt fjear e position gbt P‘?

aferr]=-0. OWBfm_EWW%ﬁMVZﬁoﬂt ofhﬁ@a&ﬁmddemem bmafsmummmauy
opti mum focus on the |nformat|?n | ayer 3 a focus, wt St rmrfl r.at |

appr oachi ng Sphericg} intcentrabarep qf the e focal spot comprises a sma region o
15 high intensity resulting from rays in the central area of the aperture, and a large region of

low intensity surrounding the small region and resulting from rays outside the central area.
The quality of the central region of the focal spot is then sufficient for properly scanning the
information layer 23, while the outer region can be made not to affect the scanning.
Figure 3 shows the radiation intensity along the optical axis of the

20 objective lens 7 when scanning a record carrier of the second type for the case that the
record carrier of the second type has a substrate which is 0.6 mm thicker than the substrate
of the record carrier of the first type. The vertical axis shows the normalized radiation
intensity I of the converging beam 9 and the horizontal axis shows the distance z from the
paraxial focus away from the lens system, measured in micrometers. The best focus, which

25 point along the optical axis a scanning device would normally position on the information
layer 23, is located 24 um away from the paraxial focus, as indicated in the Figure by a
vertical, dashed line. Each local maximum of the curve in the Figure corresponds to a
location where the radiation of the converging beam is concentrated in a small region near
the optical axis. At most locations along the horizontal axis the intensity distribution of the

30 spot in a plane perpendicular to the optical axis shows rings having a relatively strong
intensity around the optical axis or a high, relatively flat background intensity, both of which
disturb the scanning of the information layer. In a small region around z equal to 6 um the
rings are virtually absent and the background level is strongly reduced. When the information
layer 23 is arranged at this position along the optical axis, the layer can be scanned properly.
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system has been corrected over its entire cross-section, i.e. inits
central and annular area, 30 for the spherical aberration incurred by the
conver gi ng beam 9 when passing the transparent |ayer 2 of the record
carrier 1. The wavefront of the converging beamclose to the focal spot 10
i s substanti WMA%B3Berical. Figure 1B shows a record carri ePCUIBYYOLIZEN Ot her
type having an WO 97/ 33278 8

PCT/1B97/ 00175 7 information |layer 23 and a transparent |ayer 22 of a

t hi ckness Hii$ tocbeemited thahthiserefelned ipnsition ddes mbtanecesaﬁl;yauoan!;pohdy@a n2xirifiein t he

sanme devic r t e.len stem7, 7
w ll not bgleccijrr %‘gpt}’%gg&?i Bgo 1? lﬁeéjpr%%es%@?ér%c %f'd f);grg off(’o%]é%?%rcﬁs
servo cont thirineethatt me/\subbtraw plithe firstaypeodfi recard ca:fnet hthe ampnmy laloag Itensptiéalsuch
that the ayer N., Of f. the ar the.

i nf or mati ofi 1 Z@@P"gg gﬁn%%stgﬁ'é? %‘tc%a h%ﬁg e 9 burtnvﬂ hnﬁ "9‘3 s 08P he
Cr oss- séct closer ab tttehensmymnm tlﬂnetheqnmial ﬁguspdmawncal aberration at the
position of the infgqr on.l aye ul, t vefront strqongly

undul ati ng over the'ﬂéeh]? #"’Eeﬁ ¥' BFE' fﬁﬂnaggﬁéaé@r ﬁigeﬁ%ﬂ%?“ §'53{“°’m98=be

st rongl y abﬁefeﬁgei&m&lml e two &aﬁpmpphyerszlaaa 92 ki habﬂ:eem]grﬁﬁmapa}ﬁﬂt hll‘ég)fttﬁ@23
record carjie e information |ayer

mmy be ScaPFIBH S &8 IS)owy bela Bsh the JateEBRRE 1P BRFUOTHA ok o8 i

i nf or mat i opchtimSiway wwgm | pisition) e qahlit lapnwéw'sﬁét reduck B im‘ft focus

"~ but near, the RgSItIO raxj al. focus., In mal | range around the

posi ti df olead @ﬁé‘gﬂﬂ%gﬂeﬁﬁd ’Gfth? H@%&Wﬁ?@d“cﬁﬂl{/er gi ng
beam i s SUJ%?érawel |tllné’pc$s&mrdffiﬁﬂ pdrikis} f6QRheRin 6816W i€ SuppbRd 39 8L L YeRrendd 'R
focal spot conprises a small, central region of 15 high intensity

resul ting the POsiiOMne central area of the aperture, and a |l arge region

of lowintensity SUfrOUI‘HUﬂﬁeﬁnh@oﬁﬂﬁ'&nﬁ%&%ﬁﬁ@wﬁ%ﬂhﬁ&: Ic&ﬂﬂ%é theS
outside the central area._ The qualit the central region of the focal

spot is thinforggtien layern23 mecwlm ¥§& ageAMBaniech By aminsrease indhe dexjation s
whil e tyze &utﬁier&ﬁﬂ'o%mehsnmﬂ&efw& th@xraig’n?ﬁwshﬁ uﬁCﬁnﬁ e;ﬁﬂ of Theifefure

shows the radiation intensity alon t he optical axis of obj'ective
| ens 7 Mewmmw&dmnd foeusywhich éfrelaweel:s@@mo‘teslrf@m&wmwéé@wst hat

e s AP Mol HhBLSEGRN o cyBj8 patblmpeBulTye
vertical arelativelyderge distanae between, thg paraniahendomarginal focus makes it possible lO
intercept the marginal rays before detection, thereby removing a major part of the disturbing
20 influence of the uncompensated spherical aberration from the signals generated by the
detection system. It is to be noted that the paraxial, best and marginal focus coincide when
scanning record carrier 1.
In. the device according to the invention measures are taken to ensure that
the best focus is positioned at the information layer 3 of record carrier 1 and the paraxial
25 focus is positioned at the information layer 23 of record carrier 21. To that end, the cross-
section of the reflected beam 13 is divided in two areas, i.e. a central area and an annular
area surrounding the central area. When scanning a record catrier of the first type, all rays
of the b.--m in the central and annular area are coming from the best focus. When scanning a
record carrier of the second type, the rays in the central area are mainly coming from the
30 paraxial focus and the rays in the annular area are marginal rays not coming from the
paraxial focus. The same central and annular areas can be indicated in the forward beams 6
and 9. The measures entail that the focus servo system uses information comprised in the
rays in at least the annular area of the reflected beam 13 to position the best focus on the
information layer of a record carrier of the first type, and uses information comprised in the
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intensity | of the converging beam9 and the horizontal axis shows the
distance z fromthe paraxial focus away fromthe | ens system neasured in
m crometers. The best focus, which 25 point along the optical axis a
scanni ng device would normally position on the information |ayer 23, is

| ocated 24 [ emQ9IW3a%By from the paraxial focus, .as indicat edmlﬁ gure
by a vertical, dashed line. Each | ocal max@ mum of the curve in the Fi gure
corresponds to a |location where the radiation of the converging beamis
concent r at egays tin mesuendral areagoqnosition thet pacaxdg) foaya lon 4be informatiomlayer| of @cnerUA s
along the h e intensity distribution of the 30 spot in a
pl ane perpe%ﬂ%ﬂﬁ s%ﬁ‘ﬂ optical axis shows rings having a relatively
strong intensity around Tliaesmpofthabeml sreamuat be cfiosenr sich thay geyinformation layer

DK 0L hond yrRE0 ey e 4 i S 1 B i R 7

absent ard theesphéridabatsemwation wmehffecs trmtqualﬁgqu thecparmeal . fodtiseoo miuch.i When thatsizen

| ayer 23 is.arr ed his positi.on al ax t he..l a can
be scanned b&ﬁ?m@&? @ﬁﬁ?ﬁl’ FFE%E% é@’fbeg%ﬁ%ﬁ?ﬁeg@% Will ¢ in
PCT/ | B97/ Poaﬁapﬁmm ugrgé paﬂiﬁahﬁicﬂchpbhaiakgigl the pahdﬁxgrdfeﬁhamdemﬂshmmodn.ea Inot
necessarily correspond to Xi mum i e intensjt t ica

oo STt heompmaemey bR ound Y 958 the oliGvige R He. BrpiE 101 Ge FHduaEen ¢ nan
the substr akmndiér fufi@iohi (VEEF)taY B ifformaticar] e‘i&'ﬁﬂh@'barakiEdecﬂi ensity along the
optical axis follows a curve simlar to t e one shown in Figure 3, but with

t he best1®ocus position 5 closer to the |l ens systemthan the paraxial focus
position. The preferred pesition-of the mforHUon | ayer 23 dependsqon t he

numerical ageyt WEFES =the|heon(d)i-nZa
| ayer 23 is positioned #&t]an axfal ®.ofati¥en apay fr ferred
position, the quality of the focal spot reduces rapldly, 10 eading to a
reduced quality of the signals generated in the detection system 14. Any
reference to the position of the paraxial focus herein belowis supposed to
be a refere%& to the on erred position. The flattening of the central
area of the wavefront vvh i scanni-ng the

e = ZNA /N,

t hi ckness di fference be en the two franspar ers 22 andjon the
1bel e.g A2 erfmati on
d e

15 e = 4«2Wj§,/180 ;

l" -ll_m

and with » the spatial frequency, p the period of the minimum details in the information layer

23 which should be legible, v, the spatial cut-off frequency, NA, the numerical aperture of

20 the radiation beam incident on the record carrier and passing through the central area of the
beam and A the wavelength of the radiation beam. W, is the spherical aberration in Seidel
terms in units of A at the information layer 23 and at the edge of said radiation beam, = is
the refractive index of the transparent Jayer 22 and Ad the absolute value of the thickness
difference between transparent layers 22 and 2. The left-hand term in square brackets in

25 formula (2) is the MTF of an ideal imaging system, the right-hand term in square brackets is
a multiplicative factor taking into account the effect of the spherical aberration in the
radiation beam.

The optimum value of NA_ for scanning a record carrier of the second
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i-nformation |ayer 23 of record carrier 21 is acconpani ed by an increase in
the deviation of 15 the outer part of the wavefront. Therefore, the

margi nal rays in the outer part of the aperture cone to a so-called

mar gi nal focus whi.ch is relatively far renoved fromthe paraxial focus. The
best focus oWQB3ZMerrated beamis in between the paraxi al PEHEBIRYTS

mar gi nal focus. The relatively | arge di sti@nce between the paraxial and
mar gi nal focus nmakes it possible to intercept the marginal rays before

det ect i on, typeear by derved\frony formulg (2) bp anserting thehwaliakis fouhhp,ngy &dand fiddingethee of

th i cal ' h i by,.Lh
dot ot on 908 ahfvar BARD ks (RORERGL Vil bf A7rhy ol | ROy ABRAL TS ferihrne
f ocus coi nwiittierespieetrto Aol ifonuize (2)r The size ofcthe tenttah atehds dew ieqeal as dersibiertd t 0
t he invention

neasures are ken to,ensur.e that the t focus is .
posi t i oned NS SOFRCTORFBFRL ?ftc}ﬁe F‘%V%‘Pd ge"ﬁ"f “P’@%&"ﬁi'@ﬁ? Pf&ac gveéﬁﬁe pyreenieal axi al
25 focss bf fherftirexefidched HeainO ARBNieRampl8yAY optidaloicanrfOdébiceds Bésined 1.
To that end, therf(éﬁgogas- secgio of thﬁqreflected bﬁam 13 is divided 1n_two
areas, i.elo%3pa carier, of g st typr,NAVINE 2, ransparent layer dnripess f Q6 mm with
area. Whenassdifiintkam GFOGNERNARN=65 i and1N4)L0.5D, NX?Beinékﬂe miesicAllapbiire
b[err] min_the central and apnul ar. area are com n?q romthe best focus.

When scannPhiegnfiecadigtion bram  Therdeyice shquid,alse be/ahle T jran aarpeord samries o Bt r al
area are ngidhy nipR Halilg fal ik Bler kRS BF 110MMS(AY2D, b Mmy, F¥fzackiVe %:ﬁ@x

annul ar area ar€ margi nal rays not comng fromthe paraxial” focus. e sane

cent r al 10anef 4:38 @nd smallest detailsinthe fose of & tEaskinitch havingp 7id riiuwe The optimem 9.

The neasur iql 3 f rhiRersSet ceﬁ%?ﬁ a); 220 ri sed
in the ray?aflﬁag?'!féstag?ﬁﬁ&e]ﬁ‘gnnul ar art'_éﬁ 0 %ﬁéﬁ %e%ﬁaeicl?e ea%ﬁgggéﬂgp

posi tion t Betingeresssention of the; neflectads heametimes D. 5% (= 10.330.40). Shertoleranes oretheof t he

first type €Snd i eeh | ' VA .

PCT/ | B97/ Ogﬁgggwrﬁaégd P‘%%'E e éent rai ar eg%%%gﬁﬁeo%%sgygar axi| gﬁemf%%s on
t he i nf or maffeatsofl sphericab abearation whirhdnereases thefspetisizeswithvindreasipg apertuee aidze of
the ce als. t. ] [ y a record
carri ePB(’)f df%&?&%ﬁn@’ ?%5%@?%%%@8%@6‘6@?%@%n lh@%#“?é%"sﬁ%ade t oo

| arge, 5 t pperforpiasce devices ither toleranos isni-R5 % kil foir highepegioaharicp deviceshtbe poleranteal

focus too guehe YISO L% £16%.

The quality of the scanning spot on the information layer 23 is sufficient

for values of W, within the central area up to one wavelength. From the expression for W,
20 in equation (2), one can derive that the numerical aperture NA, of the converging beam 9
passing through the central area is preferably smaller than or equal to

4
3
3) 'NA (max) = | _San”
Ad (n-1)

25 The diameter of the central area in a cross-section of the refiected beam 11 or 13 is
preferably smaller than or equal to NA (max)/NA, times the diameter of the entire reflected
beam in the plane of the cross-section. N4, is the numerical aperture of the entire converging
beam 9. Using the parameter values of the example in the previous paragraph, this amounts
to a maximum value of NA_ equal to 0.39. The corresponding smallest tangential dimension

30 of bits d), on the information layer which can still be read properly is equal to about
N(4NA ), i.e. 0.42 um bit length for 650 nm wavelength and NA_ equal to 0.39. The
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I's made too small, the small nunerical aperture of the beamin the central
area Will result in an apparently | arge paraxial focal spot, making the
reading of small details difficult. A conprom se may be found by using the
fall owi ng approxi.mte formula for the nodul ation transfer function (’NrI'F) at
the i nfornat iWwa9Y3®® for the paraxial focus: 10 (2) [ ePETRYH™ 5 and
with v the spatial frequency, p the perioltl of the mninumdetails in the
i nformation |ayer 23 which should be legible, [err] the spatial cut-off
frequency, pidfesed valibef Ndpeire. d¥d (aupeistabtainedi wirn Wichis 2boitiequal 4o Mre O
i ncident on the record carrier and passing through the central area of the
beam and X the wavel ength of the radiation beam Werr] is the spherical
aberration in Seidel ternms in units of [er 3 i nformation | ayer 23
and at the @?ge of said radi ationj\p,e@%}) aj)s efractive index of the
transparent  fayer 22 and [err]d the‘absolu gdyd-up of the thickness
di fference between transparent |ayers 22 and 2. The left-hand termin
square brackets in 25 forrmula (2) is the MIF of an ideal inmaging system
the right-hand termin square brackets is a nmultiplicative factor taking
i nto aCCBU“WhERﬁiEBé&FNEK P58 ahie® AFRD 016 Ml ariOR kS 630 AR, ihe cpliumatlinRkican beam
0 e

The opti num val ue rr] for scanning a record carrier of t second
WD 97/ 33278aperture of the central area is 0.33. The valie of NA, is preferably larger thpép/(fcbbw 00175

10 type can | feadTy fhe {rfdrnkiioh hdvitp 4 Bfigetitlal @ifneh§ion bEE | |
p, n, [err]%}agrng’eﬁar?g?tr?f&t heé%ﬁ*le gf NA[e?rfm\%hi gﬁ%gi veg the hj ghenst val ue

of MIF(v), d&nslargerstWhenthgysmalest mpgential bibdimension is Gp i ard) dvequabiongS0aim,) of
formula (2) | area is now equal to the size of the
entire cr osg‘ilﬁfﬁ%ﬁ%@%&eﬁﬁ?gé beam times said value of NAlerr] over
the numd0i cal 5 apert urkheqirefetred positioncofithe infarmatiorhlayen algng the op igin an
optical scagl V] | | etgm{o 9@%’58 i I rst
t ype havi ngpgu&?%g%p%lgogﬁ% é’fpg%gé‘p{ﬂhl C ‘n"§§ %%ﬁ%%%ﬁeg%a ?gP?@%lfnbeam

of wavel engpdsitionreah b6 Foundrbyasetting/the defbeusing @berrtion (W4, equalitg -Wae Theresulting|

aperture defocusing z away from the paraxial focus is then
n2-1 . 2
15 (5) _ Z= 3 NAC Ad
4n

When NA_ is equal 10 0.33, n is 1.58 and Ad equal to 0.6 mm, the defocusing, i.e. the
preferred position is 6 xm away frdm the paraxial focus. This corresponds to a defocusing of
about two focal depths of the central area of the converging beam 9. A reasonable scanning

20 quality can still be obtained when the position is chosen within a range from the preferred
position minus half a focal depth of the radiation beam passing through the central area to the
preferred position plus half the focal depth. The focal depth is equal to 7\)(2NACZ), which is
equal to 3 um for the given parameter values, resulting in a range from 4.5 to 7.5 um away
from the paraxial focus.

25 ~ The quality of the paraxial focus may be further improved by giving the
annular area a spherical aberration correction appropriate for the first transparent layer and
the central area a spherical aberration correction appropriate for the second transparent layer.
When the objective lens converges a radiation beam through the second transparent layer, the
rays of the beam passing through the central area form the paraxial focus, the rays being

30 corrected for the spherical aberration incurred in passing the second transparent layer. When
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of the entire radiation beam The device should also be able to scan a
record carrier of the second type having a transparent |ayer thickness of
1.2 nm.([err]d=0.6 nmm), refractive index 10 of 1.58 and snallest details
in.the formof a.track pitch having p= 1.6 [err]m The opti mum val ue of
NA[err] is OWEBT@MI8t he di aneter of the central area is equbFTABS7Q0AES

di aneter of the entire cross-section of tlRe reflected beamtines 0.55 (=
0.33/0.60). The tolerance on the value of NA[err] and the size of the
central arthe qbk.ctia lens canvergenia gadidtion bgam tiypugththe digsiriranspacant iayen ffecheam of
spheri cal I | erture
and 15 di tllJ(()){r%él‘vﬁ{Q ﬁﬂggxggggeg}g%e{%ﬁg%gtﬁeg?a?&e%ﬁ%ehﬂ?lnégga;fégnﬁgﬂ nl%%erl cal
aperture. Exous |In\thip easboomiu naeraye passing through the @nauiarcares are2Briestedh tor ftiog

quali Uy of RS Al Suguifed of e Y b BbREeRCle Yilen’ B s bl o,

val ues &f inidughi thhcemtﬂaherea ard cartected dor thp splmnoa:lmbaamainanglﬂ'ed 1Erpamrtghhc

expression_for err | uat i o]y deri t hat nuneri cal
aperture NP4 ﬂWLﬂtzl%%hv ﬁrg"f P@'@é&%ﬁo ﬂfeh(fg B@ t& W’éf"ear ea
is pr ﬁf e(rjalbhs’ f(ﬁ'f‘ﬂaih%ckﬂesk hﬁmewail t layer (liﬁ):rent from the thlckness of tl;]e n'ans?a?reliter (rj]
25 The di aneter e ceptral area In ect e reflecte
beam 11 or layef g&“@ﬁ@r‘@ T AT ﬂsé’fm%ﬁ%P“ q%ué'ﬁatl"S yl\ﬂf 1y é‘(er?ﬁ‘?(?') 18] er r ]
times the qmbpﬁm%ttmsentl re refl ected beamin the plane of the
cross-section.” NAlerr] is the ri.cal Perture of the entire converg| ng
beam 9.10Usi ng t he par an'@t&?f‘e’@'al Sdf comRetiE pasiiened; qp an informationplane if th

par agr aph, fdchis erreSigHal 16has a 28T Valde[ Wiith lﬁﬁa@éanhiﬁ%&feﬁ}:e aaNAg ad &)JQ:ti?ig jenihe
correspondi ng srral I est taaq%gntlal di nensj on 30 bits db on th

i nf or mat i oACCPHIiRg to i tembodingat F‘@afﬂcuﬁrsﬁ‘ﬁgrsyi’e’? §‘a%ﬂ?fﬁlad1“5‘°§l§'éﬁ?t‘hat

[NeA{ re]r ﬁ ]( 42'quE}§rﬂrh) focds 1seané'h dn?thEQHt] IH%BiﬁnohW B if 8 a BR6-cRIINE LR TEA efof

PCT/ | B97/ Osigmad, sneémnﬂefacusaf ues@mmweﬂcﬁqrawly lgcatedrpne thejipfgpmation; layes 83 4t ned
when W jyel z%r@aek& gesml-, 10cs EROF Ligral. Piis b bd remed AR aading a%dHhnt lf6cus- 58

and[err]dtoO mmand X to 650 n t he opti nmum nuneri cal erture of the
central ar ofiset yoltagg o therfecus.greps Séﬂ“amfﬁ when SCP%““}# éF@P&bW"‘F’a‘P ¢ secpng type.
[err]/(4d g4t avbaclObOET ﬁ&t b&mg hepa'@en& 8 thetlghebf fecsra datifer ibingsEdnk® Ban
| ayer having a tangenti a lon of d[err]

be overcome by modlfymg the objective lens Thereto a focus correction is preferably added

to the central area of the objective lens, giving the central area a focus correction different
20 from the correction appropriate for the spherical aberration it introduces in the beam. The
extra focus correction takes care that the second focus is located on the second information
layer at a zero-crossing of the focus error signal. The magnitude of the extra focus correction
is of the order of a focal depth of the objective lens, i.e. of the order of 1 pm, and may
depend on the geometry of the focus error detection system. The record-carrier-dependent
25 additional focus offset voltage is then no longer necessary.

As stated above, the marginal rays of the radiation beam 13 must be
intercepted before detection when scanning a record carrier of the second type. Rays in the
central area of the radiation beam 13 will be converged properly towards the detection
system 14, whereas the marginal rays of the radiation beam 13 in the annular area have such

30 a large angular deviation due to the spherical aberration, that they will not be intercepted by
the detection system 14. However, rays in an intermediate region between the central region
of the beam and the marginal rays will still be incident on the detection system although
these rays do not have the proper spherical aberration correction for the first type of record
carrier, thereby lowering the quality of the detection signals formed by the detection system.
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and larger. Wien the smallest tangential bit dinmensionis 0.6 [err]m and
[err] is equal to 650 nm then NA[err] is preferably larger than 0.27. 10
The preferred position of the information |ayer along the optical axis in
Figure 3 can al so-be expressed in terns of the paranmeters of equation (2).
The opti mum pweiorBaB can be found by setting the defocusi ng ¥BERYA01%8n
Werr] equal to Werr]. The resulting defdusing z away fromthe paraxi al
focus is then [err] 15 (5) Wen NA[err] is equal to 0.33, nis 1.58 and Ad
equal to 0.6 nm the defThisipioblem is.selved by prviding the deapoingtdevioe withan[apagiem

Focal  dept ok ik niky ke Ao of y S3R SRRRE VAR R0yl Gelih oF heding i e 0

scanni ng 20such uhdtiit ipteoaptssthe htbovbmenbbmﬂrmyt 1mhlmnntdnme¢wls|regxotn The wdrdsen

within ara fromth err 0 Mol Y h of the
radi ation bggﬁ? ;ﬁ 'ﬁf@ﬁ (ﬁﬂt o ."§|“°Ssr Sf?ﬁ(%f Lhée pﬁ'ﬁhe err gﬁ‘%’%sl tion
plus half5 t i’tﬂ‘lo{ve@ai thd apsehce EFhﬁefmgai e(hcﬁ lightloesiniat! fall on [tI&:rdeldc(lﬁtN@jsmm] ),

which is equal to 3 [err]mfor the given paranmeter values, resulting in a
range from @Y% 7 5 [err]maway fromthe paraxial focus. 25

The quality of the par axfigire20shaws Gryosb-gectivi oh e dbjeefiey/Rfls DY heling §igh afie
annul ar area a spheri cal aberr %alon corre “02 e%p g@@@}g fqr the, first
t ranspar ent opagye ring AN AT Ates p 49 inteppediate i on
appropri at e cir@ilart fivis IE Fagide ursnmamﬁt wb\awme otftivé fefs IR and thie\teng! ZM The
converges a radiation beamthro g he secqnd transgarent |.a the rays

of the bkhnREaYdp iylicates the radivs © iation beamy | e{‘?‘ﬁéﬂg’ the

rays being 3fresporidisffionfle h@dheridap R NAQ! TRDAFdwALY, QRd | ﬁiaicra&cthe PadBiooTShé" 0
t he second transparn}ﬁt I%yer W]Z;?]aﬁh V\D§97/332 ! 3

PCT/ | B97/ 00 Inper and eyter cirslecresneptively pfsthe sing 27 The azq gl 1t Peaferady suehatuhe t he
first t ransm&eaﬂéw&{m&h%@moaa&%@&émﬂwh% Eﬁﬁe%’m&' &ﬁéalair&a of the

annul ar area and the central area forns the_best Tocus, his case, only

the rays paSeFergondivgiedhe numerisshapesureNAq. Hith adsleraee et ﬂ:rleﬁ ofithe ¥pe of foal
aberratipn iHE WidRf ke S ddpestistdiRngidt ofers Srihe RR6METy bPHHE detekhti §aEmfac A
rays passi n%:de ring effectively removes unwanted rays from the detection system, whereas a small ring
has a higher throughput of radiation. As a compromise, a ring arranged in the forward and
reflected radiation beam has preferably a width ry-r| between 5% and 25% of the value of 1,
and has an optimum width of 10%.
20 The preferred value of the radius r, of the ring may be derived from equation

(4) taking r,/ry = NA/NA:

4

. _ T 4nn3
© ne- NAg | ad(n?-1)

AR The ring may have one of several embodiments. It may comprise one ore more
deep *V'<zrooves or hills parallel to or perpendicular to the inner circle of the ring, which
refract the incident light on the ring in directions where they hardly or not at all affect the
detection signals anymore. The ring may also comprise a series of small, shallow pits or
grooves operating as a grating which diffracts the incident light away from the ongoing

30 beam. Such a grating can easily be applied to a lens made up of a glass body and a
transparent layer ooveﬁng one or both sides of the body and to a plastic lens. The ring may
comprise a refiective thin film coating for reflecting light incident on the ring. The ring may
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5 through the central area are corrected for the spherical aberration

I ncurred in passing the second transparent layer. It turns out that the
correction of the central area of the objective lens for a thickness of the
transparent |layer different fromthe thickness of the transparent |ayer for
whi ch the anwgesszgea is corrected has only a relatively sHEVIBSIOTSuence
on the quality of the best focus. 10 14 In general, a focus
is correctly positioned on an information plane if the focus error signal
16 has a Zgk® corprise-an\dBsibing 1@esaﬁﬂmmanamhaelm| abgordrincidigne tighity The eing
according to the abayv q{,anl rst enbcq% nagt t he focuso fz‘o s#%%has been

adj ust ed s (ay compise 3gn+ 1} sections of capal dengthy Whigre 330« {o -5 PPHT1 ayer 3
is at a Ze&l?erﬁitélg %‘aﬂﬂmﬁh bt opagGe! Sueh aGingS bftidting dn'the Wag doith AmChbiRk] forms
general not accufately |ocated on the_ information |a y&s 23 at é’? t he

zer o- cr osshmeffestive phstrugrionsfog radiatioa;ingidgnt onthedring, ang,at the same Bgedys 4¥di ng a
const ants f Q&Aﬁtag% Ih%ﬁﬁ pUQkd Aidfe FaRialiBe affiRsces iR ighier 8ideRly the rddded cirfig&Nihag 2

record carriler e second type. The drawback of an offset vol t age
dependent amnmiferanly ppaguefingecord carrier being scanned can be overconme by

modi fyi ng the objectiveg]e ﬁfb?the@% fha f‘béﬁﬁh&&e&%%ﬁﬁér’%éﬁh@&ﬁé&fvﬁ@éﬁé or
added to the central area of the o ive | ens i)gl ving the central area a
|l

f ocus cor r ¢etdoblimatorf leas: a'rlus Ing the admmgﬁethatdma E5E wamramrlyaahsn%wﬂb he
h | T
spheri ca W # gﬁrieﬂs r LG aﬁéa%eg.@nged SHethe bbdrh sﬁlgfegazqm:i i on

t akes care & 'Ceddnd Tocus Fs Pocate n the second rmation | ayer
at a zelo- dAcmeh thyt fdoemotfmrcmt with ¢he raigtien beamné frepythe dasgeS dpt e withithe

}‘ 92980190{ ng%‘f%@rﬁﬁ? &%ﬁ ?m%ﬁgfﬁ s‘ngyf%epengﬁ’on t é‘eté‘g?f?‘@ﬂ y E)é{vt&hggs?gcus
error det ed FigaresyA; theringhmaay becapplied tor the sidd of et directeditowards dheadetections
ays of "t nenpa g, PR et gy i e rdiSedd hY 7 WeEmg 1 proeily <
scanni ng a widerahah the ring arrangedt dncthe mnmduypseprem from; §5c ¢S Poaf the mdiusf
L1 ok e BA i BT o G5 a3 68
annul ar ar eﬁ;mmssardng&ﬁent ai as greadditiprabadverdagezthitihyiglds armoreirebuspived-out|
Fonever 18 Sprmast Whkh o relPd et B B RGR IR C7 701 PE0TR O the
beam and t he nar gi nal r Pigarev howstanl dmtimdlmant:oﬂlhatletoaiqnmystdmtIécﬂ'hodetsgliﬂnem
For the 1 SEer pREPRISS ACUBIRLARREHE 1avinp A SR pisap e deh Rt Befli 26, | 01
detectigy 99sakhid BDr THROrabiitibh beatie 1 B iricidemt Gymbsemlem'ﬂeﬁEnﬁﬂEﬁﬁgmME
26) for instance by the passage through the oblique plate 12 shown in Figure 1A. The four
electric output signals of the detection elements may be used to form a focus error signal
according 1o the so-called astigmatic method, known from inter alia US 4 358 200. The size
of the detector is used to discriminate between radiation in the central area and in the annular
25 area of the incident beam as used for positioning the paraxial or the best focus on the
information layer. On the one hand, the size of the elements must be large enough to capture
most of the radiation beam when scanning a record carrier of the first type. On the other
hand, the size must be sufficiently small not to intercept the marginal rays when scanning a
record carrier of the second type. The compromise size of the elements depends on the
30 wavelength of the radiation, the numerical aperture NAp, of the lens system on side of the
detection system and the amount of astigmatism introduced in the radiation beam 11. The
length & of one side of the detection system square lies preferably in a range from 0.6 times

k

ope 10 1.4 times &, where the optimum value for k, &, is given by
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WD 97/ 33278 PCT/ 1 B97/ 00175
13 This problemis solved by providing the scanning device wth an opaque
ring, which may be arranged on the |l ens system The width and position of
the ring nmust be such that it intercepts the above-nentioned rays in the

i nt er nedi at e WeTBR8 The word ' opaque' neans that |ight inci U1 The
ring does not follow the path it would haud8 5 followed in the absence of
the ring, i.e. such light does not fall on the detection system anynore.
Figure 2 shows a cross-section of the olwgi+ NN ens 18 having such an
opaque ring{DAn annul ar area 25 and &< a 26 are separated by an
intermediate circular ring 27. Figure 4 show® a front view of the objective
|l ens 18 and the ring 27. The 10 arrow r[err] indicates the radius of the
entire radiation beam 11 at the |ocation of the ring, corresponding to the

nuneri cal aper . : Wl . radii
of The | nnoP Pty B hiakalF sl waicffohy ihalio® BB HEBHE of B
rierr] is pmafelengt,intsadnbed inathe réflecied beam d1 and smeasurédoavar the extire ¢rossgeetiani on
of the -outer .houndi ng, circle of fhe.central cor r.esnqndi to the
nuner | cal® gt REdRRmIAPE igratcs i £ s el e Ui 508 0 MM G Sl e
éSt T[]ga Wi dtnihtnye rbdsm14 gzhmggdﬁpﬂndmennmﬁ t_ge.oﬂt bemmon ambive ogaftlgatatiymdﬁt;‘bdmdt .
etection syste : ri et fectiyv r ves .unwant ed r romthe
det ecti on sé’éfhé &W}érlégé‘ Mﬁ‘n ol %ﬂhtgyga?f@g&av?]ﬁ?%@% fo gibs"m’ (e
o At on Dem e e e rbl g o ath Tl et L Lo T] Bel wear 5ok Angl 5506 of

o . = : 0
the value of r[err] and ﬁ&’&“ﬁﬂ%ﬁ'ﬁ‘m%wh“ﬁh "181%“@6"0" beam 11, ¢ © UBREE
pr ef err eg v ¥hiue of thelprefefrad kdnge Torcthé kizok of ki detedforBysteltisgiven\byd from
equation (4) taking r[err]/r[err] = NAlerr]/NA[err]: [err] 25
The ring may have one of several enbodinents. It nmay conprise one ore nore
deep 'V grooves or hills parallel to or pe glen gcular to the inner circle
of the ring,wWhich refract the i-gcidgqtﬁ%g Ao the ring in directions
ctt

wher e t hey KQrdIy or not at all affe WF tiNf), signal s anynore. The
ring may al so conprise a series of small, shallow pits or

where W, is the spherical aberration due to a single pass through the thickness difference at

15 the largest diameter of the radiation beam 11, i.e. at the numerical aperture NA,, and NA, is
the numerical aperture at the inner circle of the annular area of the radiation beam 9. The
term W, is given in equation (2)

The lower value of the preferred range for & is 0.6 times k. In the objective

lens 18 having a ring 27 extending from 0.55 to 0.65 times ry, i.e. the diameter of the

20 radiation beam, the value of NA;/NA, is 0.65 and the maximum size of the detection system
is given by &,,,, = 25A/NAp. With the above values of A and NAj, this yields %,,,, = 162
um and a lower bound of 97 um. The larger allowed size of the detection system when using
an opaque ring is due to the suppression by the ring of rays at the transition from the central
area to the annular area.

25 The magnitude of the astigmatism W,, is preferably such that 1.4

A series of experiments has been conducted to show the quality of various
signals derived from the detection system when using different lens systems in an optical
scanning device. The thickness of the first transparent layer 2 of the first type of record

30 carrier was 0.6 mm and that of the second transparent layer 22 of the second type of record
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grooves operating as a grating which diffracts the incident Iight away from
the ongoing 30 beam Such a grating can easily be applied to a | ens nade
up of a glass body and a transparent | ayer covering one or both sides of
the body and to a plastic lens. The ring may conprise a reflective thin
filmcoating w@973318 ecting |ight incident on the ring. ThePCERBP7GRLS WO
97/ 33278 - 16 PCT/ 1 B97/ 00175 14
al so conprise an absorbing layer of a material such as ink to absorb

I nci dent | icgfifer ad 2 mhng‘hammeﬁWrabemrebﬂtheJe)maeleﬁd wiss0.6f The|infdrmataig$ifnal
where n=0, 1. 2 ... nd secti.on el t and.o aque.
Such T 1 naEtwdrar o Rk obR gty e, Rk GEieR e RN him. By

OESt ruct LIOW cirﬁﬁlt of the first nypedmdtabomt thﬂ sante wlaﬁ??emmsmggeleaaﬁpﬁn W&h&gs
the 5 advantage that asses re radiation diffracted_jn hi r orders
byt he. T e raomape i and, tRER isine AR s BRNIGE e apad B 3% HE Tt s rray
be ar r argyeghréddneeidf iR rifg ReShott ﬁbﬁc&blye@ﬂuenee tHeNfuality offike BRIrmati® Ggnal When
This has the advantage that the ring is always properly aligned wth
respect t o reading reprd comeghof the drtitys- nay al so be arranged on the beam
splitter 12 in Figure 10yhedreasin atrbé&d bémépsfsthe%cohatz@eaﬁfn g\l lehs $y5e

radi ati on beam 6 fromthe | aser but, only. with the re ted radl atlon

beam 11. vwéﬂ'outsm ging ageording o, e dayeation feitter insthg dnfarmation sigaal wassabewod®. i n
Figure 1A UsirpCh 18RY s ﬁﬁnﬁmﬂgegnhg aéd%?dxﬁé #Ethe invehon? dﬁteﬁj ik Red £ 6%.

tovvardsthe etection tem 14 he ring Is arranged only In the

refl ect 8@ beam 11 t he dhegualidy 9?@#@%|evaa@4 depeds ﬁtmslgm wgtharqudstg@d then
the |ens, rhatid ﬁ}.é‘mhhm rﬁman%&a%loﬁm; he Je&!éhbl?s m %e?il?ﬁ
at t e t he 5% of t he

reflected be ocation o ring with t ol erance

ment i oned rembodimentrof the dgns sysiemawhen seapning aa'mdmnﬁthemﬁﬁmeglma it
I d
7ot type eupiiat fipsSBRAACH e bl GF B AN iNARBnbalcl o U (601 Th& ity "0
14. The detupcerresteddens systemo fpe improved qualityrinereasgs thecapturehtangeof the decus servo
q : _ .
 boarn 1158 naFiiEh ang SdlpE € ueP be ERrBcion derh, fibrebyimpRfing e J0Eeol ith O"
by the pasJeaging tecondfarricie obthieiseeond pypet & als intreams the nﬁﬁlgns tolenapceRifahd our
el ectric oo bURAl f1. Gh o' Pciti® bafling Bevibe WY ah SHBYrrBiec Wi fend Yoot

focus error "signa
10 um position error of the detection system resulted in a focus offset of 2 um. When using

a corrected lens system in the same device having the 10 pm position error, the focus offset
20 was less than 0.2 pm.

. Although the invention has been described with reference to the scanning
device shown in Figure 1A, it will be clear that the opaque ring according to the invention
can be used in any scanning device using the best and the paraxial focus, in particular the
devices of the four classes described in the international patent application IB96/00182

25 referring to its Figures 1A, 2A, 2B, 3, 4, 5, 6 and 7. This application also provides a
comprehensive account of the means for positioning the best and paraxial focus.
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according to the so-called astigmatic nmethod, known frominter alia US 4
358 200. The size of the detector is used to discrimnate between radiation
in the .central area and in the annular 25 area of the incident beam as
used for positioning the paraxial or the best focus on the information
layer. On thewm®amd, the size of the elenments nust be |ar BT 1 o
capture nost of the radl ati on beam when sddnning a record carrier of the

first type. On the other hand, the size nmust be sufficientty smalt not to
intercept tIGLAIMS3i nal rays when scanning a record cond
type. The conprom se size of the elenents depends clmﬂmma“m\]mmm gth of
the radiation, the nunerical aperture NAlerr] of the lenstsystemon sid

t he detection system and the anount of astigmatism i nt+oduced—+—t he

radi ati on beam 11. The length k of one side of the detection system square

lies-preferably in a range fromO0.6 tinmes k[err] to 1.4 tinmes k[err] where
the opti mum value for k, k[err], is given by WO 97/ 33278

PCT/1B97/ 00175 15 [err er err], i.s the peak-v,

wavefr ont d(jz}r or mat |[ on ]exﬁﬂgéé‘f\%f'wgkmlf%}% g\ﬁa@é{ t@ﬁ%?ﬁ&%ﬁﬁg@&lnpn
Lhe releheCE Qchrbﬁamrﬁiuo?ﬂﬁyml awmtﬁ.thmtnmt hrériugayeﬂbﬁurscﬂmh esmnulfml mﬁ{ngghte
eam e tol erance o J a e ec ape is nof. lim 0
a square but“‘rﬂ&? ‘?tnmg%“&f e RecPpd! W@%‘f%&“&ﬁ &cw nount
of asti gmat iigy¥r ok 'seudré Biickness differemafon the MrsHihitknidss, mamw&mmsmwl to
0.1 and the mavel engt h equal t.,0 650,.nm .the lﬁﬁ% Ilgféﬂgref rab

e

bet ween 138 PRGN $00F for BSnerating A fpdipfion, begman BF FOTVETaiE:

no asti gmat 'tﬁéT}ddﬁu m&eﬂuﬁee%i the fise transpahi 1APerlo anfoduk, onttheﬁmmﬁlsmidﬁoual ue
of the preferred range for size k of the dete tlon s stemls g yen by

[err] where loyesra ¢ ovwxst@bmsfam a5edigtion; hegm Fhtbugh
the thi cknesgpaglief fif) &inedin the opﬁmmﬁ'bgﬁ&n tHeaamihidn s&.rdemdrm@édnam beam

11, i.e. at the nunerical aperture W[’ﬁﬁ rﬁ{lerr is the H%ETEI’I cal
aperture at Syem; apdmeans oy posiioning dhe,best fogis %fr'B% atiop beam §rbstangally, e theg
The ter mw\! Hrkd infobm&kionSiayer Ané eAParaXial Facus bR Saidl Padtion deaift stbstdni@npoeiRr r ed

range for Is 0.6 tines k[err] Inthe obj ective
second information layer.
2. Optical scanning device according to Claim 1, wherein the radius of the

inner circle of the ring lies in a range from 0.75 r| to 1.25 r;, where r, is given by

ro ann3
NAy | ad(n2-1)

rl=

15 where \ is the wavelength of the radiation beam, n is the refractive index of the second
transparent layer, Ad the difference between the first thickness and the second thickness, r,
the radius of the radiation beam at the location of the ring and NAy the numerical aperture of
the radiation beam converged by the lens system.

3. Optical scanning device according to Claim 2, wherein the ring is

20 arranged in the radiation beam from the radiation source to the record carrier and in a
radiation beam from the record carrier, the ring having a width in the range from 0.05 ry to
0.25 rp.

4, Optical scanning device according to Claim 2, wherein the ring is
arranged only in a radiation beam from the record carrier, the ring having a width in the

25 range from 0.15 ry to 0.25 1y, .

5. Method for optically scanning a first type of record carrier having a first

information layer and a first transparent layer of a first thickness and a second type of record
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Iens 18 having a ring 27 extendl ng fromO \”\E‘E .65 tinmes r[err], i.e. the

di ameter of the 20 radiation bgﬂl‘mﬂ NA[err]/NAlerr] is 0.65
and the maxi num size of the det iven by k[err] =

25{err]/NA[err]. .Wth the above val Ues of X and NAD this yields k[err] =
162 [err] m awoa7i3eTer bound of 97 [err]m The |arger all owedTEB9200135 t he
detecti on system when using an opaque ringis due to the suppression by the
ring of rays at the transition fromthe central area to the annul ar area.

25 . carrier having a EBcondugfothatida 19yer aiita aédo?@ mhdp‘éﬁhvfaﬁérrdg d ge;mef erably
such t hat series,of experinments has been,
conduct ed t‘@}"?ﬁ% 'tﬂlﬁ'@[’h{l'ﬁ'}" t@g l‘\}%ﬁ"ieﬁu §°'§?r¢$t1|'é§ @e diep |°g‘§8“‘1e‘r'36?§  FAd1a8P ect i on

Syst em wherbeahiibyOméhné b4 Rl systdifs tHrBGEHCING firsh tARspaRthi Rfér 15 RAguslevi ce. The
t hi ckness of the first transparent |ayer, 2 of the first type of record 30

carrier wasubstantilly om the; fifsh information layer spen seanning s wRerd) cagrsr of sheofirst type,

second t¥pghdites BEergingie &maﬁ%’ ‘béam by means of the lens system through the second
PCT/1B97/ 00175 16 carrier as 1.2 The nunerical aperture of the entire

| ens was O.ANSPRFROL W%%PW“‘SWM“"WUEG“ fheoserandainfosmation deyritwhenp gnal s
of the  OUleefyifacd ebrd SafBR U Shebénoid WBEThe $i2916} BivreliBAAiSliGiPfenbdild Abm! N

first type had about the same quality when using a systemw t t he

opaque i ngh@mowf@mq;sw ngiewcn@hysmtammmm mﬂmpganﬁmofrﬂmgeﬂem bcaihovvs

J([)]t]at hfi‘hlenfSOI’ mat | Ol’lﬁg1 e?&v\mary}r ea ﬁn b ?‘hh%ar r %r‘g%&ﬁ&% r S %l I Y

Wien rel@i ngeadmemmmmd técdgwcqqmesygwond type usi ng a lens system

wi thout ¢ hes, 119 accor diviehodChobdiing @i S doliribihd, R sl uf 6 & el

signal was about 8% When using a ens syst'em havi acc
t he invent |emr sigha fmmmmtmdu@émt@nmulmoouter area of the cross-secuwmef g bedm of) of

t he focus E@h ﬁﬁg rgggg C
focal i ne o nesll&ﬂ (ratg%fbg | on beram “%%}s{ égg Hggrnda%% g?nﬁd The
first enbodherstep obforming | mmxdyfsttsrurmh étomstwmnom gnainly ncmcmmhanea avithof the he
second p EHP Eiﬁ! ARER t qg: 0,
i nes C%%}n&%}%f&ut%h &P usi \ég n Olgnco?‘ir]g%rﬂ Ié%hse s'ff; %\ecokﬁﬁﬁikg
i nproved qube positianofthalees system napmea tocthe beso focuh err(nosm:a! svhen scanning a
record carrier of the first type and in response to the paraxial focus error when scanning a
record carrier of the second type. '
1. Method according to Claim 5, comprising the step of generating an
20 information signal from radiation in substantially the entire cross-section of a beam of
radiation reflected from the record carrier when scanning a record carrier of the first type,
and the step of generating an information signal from radiation in a central area of said

cross-section when scanning a record carrier of the second type.
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15 systemand allows the use of |arger detection elenents, thereby

i nproving the detection when reading record carriers of the second type. It
al so increases the positing tol erance of the detection system14. In a
spec1f|c scanni ng devi ce using an uncorrected, known |ens s sten1%8%
[err]n1p05|twaﬁgﬁ&nﬂr of the detection systen1resu|ted in aPFORRAOOY? set of
2 [err]m Wen using a corrected |l ens systemin the sanme device having the
10 [err]mposition error, the focus offsgvazo was less than 0.2 [err]m

Al t hough the invention has been describe th reference to the scanning
device shown in Figure 1A it will be clear that the opaque ring ac di.ng
to the invention-can be used 8'11-|a Oscanni ng device using the best aﬁi the

par axi al focus,—-R—pa =8 erlctevTesS™ 0 —f4
the internatiorfg—pate app k1 0N _1BI0r 00182 Zhdteferring to |ts“ _ures

1A, 2A, 2B, 3, 4, 5, 6 and 4 R application g so provides a

conpr ehensi ve account of the for positioning the best and a?%X|aI
f ocus. WD 97/ 33278 1 Ef
PCT/41B97/ 00175 17 CLAI ME:

Opt i cal scaJ: ce for
scanning a first type_ of having a first |nfornat|on | ayer
and a first transpare ; 4t thickness and for scanning a

second type of reg¢ord carffi Vi ng alsecond information |layer and a

second transparent | ayer - i
t hi ckness, the deyice -
radi ati on beam and a | ens 1] desi ghed for converging the radiation beam
through the first |transpar
layer, a detection systemarangkd infa radiation beamreflected fromthe
record carrier, an opacge ng alranged in the optical path between the

radi ati on source gnd the datlecti bn s stemsznminnans for positioning the

best focus of the radlaﬂq-ﬁ\ - bt anti'a on the 10 first information
| ayer and the paraxial focus\s 0 H !bean1substant|ally on the
i cal scanning device
: gds of thg inner circle of the ring

second i nfornat|on Iayer. 2.
\\~25 r[erﬁ] where r[err] is given by

according to C |n1} wherei n
lies in a range™f o™ 0.75 r[er

17

! FIG. 1A

16 15

FIG. 2




[err] 15 where [err] is the wavelength of the radiation beam n is the
refractive index of the second transparent |ayer, [err]d the difference
Between the first thickness and the second thickness, r[err] the radius of -
the-radiation beamat the location of the ring and NA[err] t nﬂ%{,;scal
aperture of tweoor/agrsti on beam converged by the.lens system

Optical scanning device according to Claim2, wherein the ring is 20
arranged in the radiation beamfromthe;z(gcatlon source to the record
carrier and in a radiation beamfromth ord carrier, the ring having a
width in the range fromO0.05 r[err] to 0.25 r[err]. 4.

Optical scanning device acqdlthng to Caim 2, wherein the ring is arranged
only in a radiation beam frgom tlhe record carrier, the ring having a width
inthe 25 range fromO. 19 r[grr] to 0.25 r[err]. 5. Met hod
for optically scanning a first jtype of record carrier having a first
information layer and a first tjransparent |layer of a first thickness and a
second type of record SUBSTIGAD ‘ (RULE 26) WO 97/ 33278

PCT/4B97/ 00175 18 carrier having afsegond_i nformati on | ayer and a second
transparent |ayer of a second tfhi cknegs ¢ fFarent sfromthe first thickness,

system t hrough the first traps \ [Jestl focus substantially on
the first informati on |ayer Y d crier of the first
type, 5 the step of convergingfhe radiatibn beam by\neans of the |ens

system t hrough the second trangparent focus
substantially on the second inflormation |aypr when scanking a record
carrier of the second type, Qp

the record carrier to a dete ‘ﬁ SYp n% 0 andzphe dpep @ preventing part
of the reflected beam fromreaching the detection syaﬁ#@by an opaque ring
arranged in the optical path between 1 heo adiati urce and the
detection system 6. ' %K;a 3” ding to daimb5, conprising
the step of form ng a best focus




TrUws 88
_ Ipos copy

error signal fromradiation in at |east an annular outer area of the
cr_oss-section of a beamof radiation reflected fromthe record carrier when
scannig a first type of record carrier, and the step of form ng a paraxial

fogus error fromradiation mainly in a central area within the A&®&annul ar
outer area when scanning a second type of record carrr er, and tQuapel¥ ep of
controlling the pPACH on of t oRRd AL FROPERT to t he M&¥ focus

Fesponse L ONTERNAREAAL AR LICATIGE B ’['B%éhﬁwm

second typexnteﬂnaaomlratmtmusmcauonswm hod &ccd nu)nmmmmwmrw WP 9783278
step of jgengipd 435, 30945028 3@r mat i onjaAldgnal from radiation i

substantfially the éntire cross- secti of of] ‘3”3@'3??1 P'S’ﬁ‘ﬁ'?" ?’Fl&nq?mbﬁ’tlgammm
fromthg record carrier when: sc%?nrn re ord carrier of t frrst txg W
and the |[S#bisterpational Applioption Nmber; | JFF&M B e B Bt i bt ,ﬁ GR m,,T‘”,_U
central |aheRuefhicsi g DaS S SBFHthak 199h@M28H NNi NEICANL BT, 6BA carr | er he
second tlype.

Published

(30) Priority Data: - ]
PCT/IB96/00182 8 March 1996 (08.03.96) ~ WO With international search report. ) ]
(34) Countries for whachlhcreglomlor Before the expiration of the time limit for amending the
international jon was filed: AT etal. claims and to be republished in the event of the receipt of
96201832.1 5 July 1996 (05.07.96) EP amendments.
(34) Countries for whick the regional or
international application was filed: NL et al.

(71) Applicant; PHILIPS ELECTRONICS N.V. [NL/NL]; Groe-
newoudseweg 1, NL-SGZIBAEndhtmn(NL)/

(71) Applicant (for SE only): PHILIPS NORDEN AB [SE/SE];
Kottbygatan 7, Kista, S-164 85 Stockholm (SE).

(72) Inventor: BRAAT, Joscphus, Johannes, Maria; Prof. Holstlasn
6, NL-5656 AA Eindhoven (NL).

(74) Agent: VISSER, Derk; Intenationaal Octrooibureau B.V., P.O.
Box 220, NL-5600 AE Eindhoven (NL).

(54) Title: DEVICEFM!OP’HCAILYSCANN!NGARECORDCARRIEF/

(57) Abstract

An optical scanning device can scan two types of record
carriers each having a transparent layer with a different thickness,
in which a focused radiation beam scans an information layer of
ﬂsmdcamudnmghﬂwmnspamthya When scanning a
first type of record carrier the best focus of the radiation beam is

central area and a transparent annular area.




