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PCT/ 1 B96/ 00182 1 Device for optically scanning a recording nmedium The

i vention rewaiwregs a device for optically-scanning a first pypasssoeisacord
carrier having a first information plane andla first transparent |ayer of a
first thickness or a second type of record carrier having a second -

I nformation Dbai@efan M?@@mﬂlﬁg@mﬁﬁ@glhddmr of a second thickness
different fromthe first thickness, conprising a 5 radiation source for
generating a radi ati on beam and an obj ective [ens designed for- converging
the radi ati on beamthrough the first transparent |layer. to a focus on the
first information |layer. The invention also relates to a nethod for
optically scanning a record carrier of the first or second type. The

scanni ng includes witing, reading and/or erasing i nfjor mation in the record

carrier. 10 _ The transparent Iayer in opt ical record
carriers has, in general, Thi Snverfl §,§ efto R G4 W@F
and prOV|d|ng mechani cal support e recor car acts’as a

substrat e f orecotdecarrien having a rﬁrkta;aﬁarmattbm plane akd as&-sbtranspm'ent hye:paf 2 first|thigkness

i's a conpron se bet ent ede |red ffness he r.ecord carrier dthe
nuneri cal ap® ? §FEG¢ F“‘&ﬂf ?ﬁ ﬂé@@“ﬁdf‘&g@é &'ﬂ?ﬁ‘gdl t| on

| ayer. If fO&aﬁngﬁM Eﬁof)i séc'_bnd rtﬁ%l&'iéis dffféren’ frém thé A thiCRlesaRVmptisthg &
|ncreased in order to’increase the storage density of. the i nf or mation

| ayer, it3Si sradiation snwesfgaggnwmmnonebeam Yuh s ebjestiverlens designed fomt

adiat i on' belverkiAg Raaten hlaeh (85gh Mo s? fragipalenf BaybE o &R oh e At

carrier on tinforifition tlayena¥he mvémidxeﬂw telates ek a asatied for dpkically svaﬁmg @nfecord

| ayer. A conpat.i bl? record pl ayer Shﬁ'ﬁld be, able to scagn all types of

record car rieTies pf thefirst of seced type. The s/anBing ipe usl%wnﬂaasmi@stanﬂ eﬁ‘as“lgm
. transparent ﬁcg@% &.radiation beam scans the i nforma- tion

| ayer, introduces gﬁgéqg% sSpherical aberration in the radiation beam

The sphedfcal aberration ﬂ'kem;paw&ﬂq@riimophmlab@mdtcmm bas; in igehemaly théie
radi ati on be, near.its f.ocu bstanti.ally free froms herlcal ‘% &tlon
[ an ob] ect IPEAFLAL DEslEFHOR Sk BOTEAON 1AYer S0 SEovigiyE AReDaTCH)Supp@t fof e récord
transparent tapef, ile itadsl aé Q%uﬁﬁﬁié“fd?&h@ﬂf&ﬁﬁdtﬂm%ﬁér' The %x&i&xe@s bf ﬂﬁsﬁzﬂfsﬁﬂknt

| ayer of a second, different thickness,. the focus Wil be deteriorated d
to the underlayex lsmmmpmmrmawm the idesireshstiffresy ofamecmcom camiaraadithe numencal

Foant 9. OPt Rl 5P RS0 S B B SR R Wb i, SRR ot
Thi's 1 Sfecafditédrier the numencal aperture is mcreased in order to increase the storage density of
PCT/ 1 B96/.00182 2 known devi ce uses a bifocal objective systemfor formng a
conver gi ng ré@ait aﬁomau%mmxt is often necessary to reduce the thxckness of the transparent layer in
order to reduce the influence of disc tilt on the quallty of the radiation beam. As a conse-
quence, there 'wiil be different types of recerd carrier on the mark_et, having different
thicknesses of the transparent layer. A compatible record player should be able to scan all
20 - types of record carrier, irrespective of the thickness of the transparent layer.

The transparent layer, through which a radiation beam scans , the informa-
tion layer, introduces a so-called spherical aberration in the radiation beam. The spherical
aberration is compe_nsated in the objective lens, making the'radiation beam near its focus
substantially free from spherical aberration. If an objective lens compensated for a first

25 thickness of the transparent layer is used for scanning a record carrier with a transpafent
layer of a second, different thickness,' the focus will be deteriorated due to the under- or
over-compensated spherical aberration. '

A device for scanning optical record carriers havmg transparent layers of

different thlcknesses is dxsclosed from the European patent applxcauon EP 0 610 055. This



two vergences, one vergence for each focus. The objective system conprises
an obj ec%;qég{ks and a transm ssion hologramarranged in the optical path
bet ween . ation source and the obj ei;tive | ens. The plag2

zero-order beamtransnitted by the hologramis 5 converged by the objective ~

l ens to fir .focus, i ch d.s conpensa for spherical abgrration due to
LT Pt Bk 6488 R obiBe R GURSRAT I tptziing 4 hitvetiing RRdifdcRoneam, wit
col | i mat figb vergeides Oondvdftrice for eachefodiis) THe dhjéctive d9steCHMprises ah iobfectis der
beamis also converged by the objective Iens to-a Second focus, but the
conbi nat leps and aitransminsiogrhologram areanged de the, epticahpath behweenctberadiston:souree a
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her ef or ecahivérfged blytthe objebtive lens 6 &isecom! focus, dus theycombihition of the hologramaind
focus to,use.it, for witing or erasing ipformation jn a cord carrier.
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jitter in the read signal fromthe first informtion I's ‘an obj ect
of the i iependence ondhe typei of recordesarmier. fAv disadnantagelof this Anownglexiceds thatdbr d
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record carriers wthout the above-nentioned ¢ sadvantages. The.first object

is met bjezadiation sousee gsrdwoheamsn therrererpeder hgamaandfirsbhordep beami Brisdevi ce

posi 1 onpRieierk SEREE ¥ Suth Wnligh nfRHGRY iblhe st GPtecbda SRMRRL SEENBECS, | 1L,
i m;) or mat: !vri?irlig ay eratsir:lgdnfdrmagel_l a?( ha'bccfljglcnaﬂ'lierf Mdr_et_al_\F]a;iﬂ'fg_tdia:ibhﬁallmf opt.icmlt h
substanti a on the second. i nf or nati.on, e[. The gbj.ective, | ens i e
devi ce. dPYST dPSHES B 2p neyen, intansity, distribition . the (ranstaiRey 2era-Arler REame lrading o1,

beam wi t{} a4 ifitrealed jHEr IR I rdall SEHAD FioNF e At inforAbtivATIGRYy | aver to a 30

b[err]st focus on the first innfofmation:layer. The best” focus is the axial
posi ti on where the inltdsantopjest of the inventiondo pyovide mdevize Hos opticallyescanning a

| Wien t he.best .f.ocus shouyl d b itioned the second J nf i
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in sight that the second information .Ici?/er may be properly scanned by the
aber r at ddethod fgu ssanning different types of optical record carriers without the above-mentioned

PCT/ 1 B9 Q/&gm | :

The first object is met by a device as &g;cribed_in the :openirig paragraph,

25 v hich device is cha'racterized'according to the invention in that it comprises means for
- prsitioning the best focus of the radiation beam subst'anti'ally' on the first information layer
a id the paraxial focus of the radiation beam substantially .'on ﬂje second information layer.
The objective lens in the device accofd_ing_. to the ii)ventiOn is designed for
c inverging the radiation beam with a sihgle. vergénce thr_ougﬁ the ﬁfst transpatent_ layer to a
30 b st focus on the first infomaﬁon layer. The best focus i the axial position whe_re. the
in :ensity of the converging beam reaches its maximuiﬁ value. When the_. best focus should be
P isitii:med on the second informétioh layer,' the. sécond_transparent -iayer will introduce
s herical aberration which gives a low quality of the focal spot The invention resides in the
in sight that the second information layer may be properly scanned by the abemté_gl



ce‘nvergi ng beam if, instead of the best focus, the paraxial focus of the
convergi ng beamis positioned substantially on the second information

| ayer. The pRodhadigf ocus is the axial position where the int FEfl‘lﬂs\éoﬁ{ t he
convergi ng beamreaches a sub-optinum val ue, 3and where rays close to

optical axis of the beamcome to a proper focus The optlrrum position of 5

t he second i I | I
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spheri cal

aberration has a strongly reduced | nfluenge on the ual i e
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and the paraxial .focus. The first radiafion-sensitive defector may- al so use
radi ati on f cepondneadiativhrsensitivesdetecrar for sletermining atfocusrasforcofithel parxial fanus out of

deriving the focu error ec odi e _dey,

sel ection i ?ﬁ@ﬁé“ (’f?’ ?tg'e °é$5e58?‘§%{' g@%ﬁéjﬁr’ﬁ%@ é‘ﬂgea %ﬁ‘és %5‘5%
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ot her one out. of the central area of the refl ected beam |n anot her specl al

embodi ment tqfcsaig-fosus ergors; A fagye eryr is t&lp@mé dtmcqésev,epem frcus aadtheng t he
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beam the otdemre?ﬂlmeiesmfal areac The umrx]uia- mftlgsaﬁeagmdhbeﬁmﬁﬂ aélxaaend@i c%centnc
cross-section,, T t rne the refl] ecte am on t he de or e
eanni g 1 hvigh o A DRRFG RIRHOD oL e Y e whick 3pR,used fop EeRering 2
SP %?_} ISBQ 2 . B'Orlﬁééusséﬁﬁr &ridbiE8 Shdevice 10 UeHVeZBidths error for both the best focus and the paraxial -
focus. The first radiation-sensitive detector may also use radiation form the entire cross-

25 section of the reflected beam for deriving the best focus error.

' In a special embodiment of the device the selection is made by dividing
the reflected beam into two beams, one beam formed out of at least the'annular_outer area of
the reflected beam, the other one out of the central area of the reflected beam. In ariothef
special embodiment the selection is made by dividing the detector intercepting the reflected

30 beam into two sub-detectors, one sub'.-detector capturing rays from at least the annular outer
area of the cross-section of the reﬁeeted beam, the other sub-detector capturing rays from the
central area of the cross-section. _

_ The spot formed by the reflected beam on the detector when scanning the
second information plane may be regarded as composed of two 'spo_ts, a first spot formed by



4 radiation fromthe central area of cross-section of the reflected beam
and a seGppdsagq formed by radiation fromthe annular out The
first spot ?g re{:atively restricted in size, whereas the sggﬁ%‘@ﬂ
substantially |arger due to the spherical aberratlon If the size of the
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scanni ng sphaﬁcahabe!ranod canrbei mduced(bydemﬂoymga:small informationhdetéctar that tdptires
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Chin subé’{’i ai“mr%tge%% for %&ﬂlnnl he recg{d carrtgﬁgﬁlbﬂg‘/t he

the thi chnfsihatigndétedtr SRR B& agaae@lampmrw ?adﬁt{oihxiréh dtQease tef arin@PRlouter

quality. The device according to the invention-'is preferably designed for
scanni ng agea ofj the crossfsectian: ¢fthe [reflastedrbeanh gThe amrangementeftheiinformation detegtors
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" the secondlboaifnwnmbﬁma foeusadetéctorsead by the best focus, the resulting

information signal wll have a reduced quality,, because the spot size of
t he best focus is too %W"d(%f%%smﬁéweaﬂmﬁﬁy )leﬂd&rt@émﬂﬂﬁfsmbmeﬂs et he

spot si zg,PfphBe with 'tl‘unr g{bgﬁﬁ:eé Ravk ipbr Rlerafies YaSthe

f ocus because of s?ﬁée resi uaI sp er| cal aber
»ptical path, the optxcal path of a compauble device for scanning such a record carrier and a

25 ‘ecord carrier havmg a thicker substrate is preferably deslgned for scanning the record
~-arrier having the thin substrate wnh the best focus The more tolerant record carrier havmg
+ he thick substrate is then scanned thh the paraxxal focus of lower quality.
The device according to the mventxon is preferably designed for scanning
¢ first information layer having a hxgh mformatxon densuy by the best focus and a second
30 iiformation layer having a low mformanon densny by the parax1a1 focus If information
s iored in the form of pxts in the second information layer is read by the best focus, the
1 :sulting information signal w1ll have a reduced quahty, because the spot size of the best
f)cus is too small to read the relatlvely large pits. However, the spot size of the paraxial
f scus is slightly larger than that of the best focus because of the residual spherical aberration.
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5 Hence, the_paraxial focus is nore appropriate to read the rel atlvel

| agge pits. 628%18nd obj ect. of the invention is met by provF’GTTW‘ﬂ’“h@t hod
for optically scanning a fi rst type of record® carrier having a first

I nformation %Fane and a Il rst transparent | ayer of a fji rst t hi ckness or a
second type B5en¢é the gaxial foaus s 110k 2RProRTalA do sead theselatively farge PiHS. and a

second transparent |ayer @fpe &ge&mf(iﬁé'ﬁﬁr‘én@dﬁ {3%&“5,{ %{09{&@;5 n’iétﬁ&ff
t hi ckness, conprising the step 0 nverging a radilati eam
an obj ecti veopmaﬂytshmmmalﬂm type of recorthegrriee havihgadirstt information piametmd a ﬁrst

substantial l ontheflrs tion.layer canni,ng a recprd carrier
of the first TEyPerent fyer o8, spemmed Tine O TeFORY REmies iRy foand
of the objseciigy, grlﬁ) IHH ﬂi&i‘s&%ﬁ Eei%gedérlii&%%%od@ﬁéh&ﬂ diffdfent from the

par axi al focus nt lrally on t I'nformati on [ ayer when scanni ng

a record car ﬁmﬁhloheshecmmm ﬂ\?m ofnonverging: 2 tadiation| beam /by, meanssof arbobjestive

Fjure 1Al el M A5 AR Fot€ LSRRG, B o it

carrier of thx? wheéit séanping £ regoidcdrbes bo R first Q?G,F ghd-thestepy ofoddon¥
type; Figure 1C shows the radiation intensity on

t he opti cal aX| S Wnen
20 scanni ng radiatioprbea wymwfwn@bwammwgk%yqﬁo traRpAEen layer to a

beam di v t,

Fi gure 2 WCWWEP% ?\ég%g& oégﬁga%érhrelg Si gna%daﬁln—ﬂg re S%arn
a beamdi vi dohgxedeecmmtype.nd detection systemfor the 25 Foucault nethod,
Figure 4 shows a beam dividing el emrent and detection systemfor the

‘beam si ze method; Figure 5A shows a device according to the invention
scanning a record carrier of the first type; 30 : Figure 5B,
5C and 5D show enbodi nents of a detector of the device in Figure 5A for the
astigmat i c rret hod; Fi gureT&Almunuﬁﬁ%mHmmw be described by way affexamplecand with

accordin he i nve tion scanning a.record cgrri er of the first type;

Figure 6 Rofeto the Jecompanying SRAWINeSyMWAICE ang the detectors of the

WO 96/ 28816 Figure 1A shows a device according to the inventioff sdarinfifo4 Petbre
carrier of the first type; '

Figure 1B shows a record carrier of the second type;
Figure 1C shows the radxauon mtensxty along the optical axis when
20 scanning a record carrier of the second type;
Figure 2A shows a beam-dividing element and detection system for the
astigmatic method; | |
' Figure 2B shows a circuit for deriving a focus error signal;
Figure 3 shows a beam-dividing element and detection system for the
25 Foucault method; : - |
~ Figure 4 shows a beam-dividing element and detection system for the
beam-size method; | | ,
Figure 5A shows a device accofding’ to the invention scanning a record
carrier of the first type;
30 | . Figure 5B, 5C and 5D show embodiments of a detector of the device in
Figure SA for the astigmatic method; |
) Figure 6A and 6B show two embodiments of the device according to the
invention scanning a record carrier of the first type;
N Fxgure 6C shows the layout of the grating plate and the detectors of the



6 enbodi nent shown in Figure 6B; Figure 7A shows an enbodi nent of the

device a ' to the invention; Figure 7B shows a top-v| of a ring
hal f-mvﬁfﬁsgﬁand Figure 7C shows part of an enbodi nent l!(') #OY8Yi ce
according to the 5 invention. Figure 1A shows a device for scanning an

opti cal . Ler. l.. The .xecord carrier conprises a transparent |ayer
2, on onéﬁg%&eg'fgt\%ﬁ:w gﬁ_"f%?%f-n’&ti_oh I'ayer -3 is 10 arranged. . The side of
the information |ayer FigwreMA shéws 4rl enibbdithent of theadeRitle dcavidling o theJhamtion;
from environnmental influences by a protection |ayer 4. The transparent

layer 2 acts as a subdigwedB showsitopeview of aring balftwaveplate andg nechani cal

support for the infor ' : i | ' t [ r may
have the sole functi o%*rgpwrdo?gﬁsl%dglPﬁ??#é&%?féﬁmea@?g%ﬁ%é @Ie&e
mechafi civestignport is provided by a |ayer on the other side of 15 he
information |ayer, for ‘instance by the protection’layer 4. Infornmation can
be stored in the ecord carrier in the formof optically detectable marks
arranged in substantially parallel racks, not indicated in the Figure. The
marks may be in the formof pits areas with areflection coefficient or a
direction of nmagneti z&liguse & shawsendevies fori scanning an wptical yecordrcazrier 1. The
conbi natjan ‘ff t.hese fa ' anni.ng _devi c

oot | oS CarkiBt Sambaiel, twktsparent layRe, 2., Am ons; side, ot WIBER A0 Dt fayer 3 is
eni t 10N Yarfarbied ¢ THE Ride oFdhe irifOfimdtRa Tafer ﬁci%%'ﬂa?ﬁ&ﬁuﬁe RRh€arent Gayetis 7

having an optical axis 8 transforns the radiation beam 6 to a converging
beam 9 wprotastedofram epviroamentahinfluences by ;pratection Jayer ¢k Theytzansparent layetglactshe

5o conprt Ered foR e Refif bt By rfbia tedblicbtiubpnf Tar Bl PREmasioh, ne
a hol ogr ageropeterhdtively, the trankpatens layer afay'iRive €8 $o)é furtion of'prétetiing tie
coupling radiati ?%n%ou-t of a wavegui de carrying the radi ati on beam

Radi at i offasmainn laysr, while the weehantral sunpoxt is provided, by adaysrien theotherside of

f or i - : : . 1t trl, £ - d
convergi R EREREAGFIEES Tor hatahfs by M Brfikiion jier 1 Thfofia 6 faf be bldfod B

i nst ance eeomdi dafrriercini the formof wgtically detectable markoarrangedriafsubstantihllyeparallel out

f the 30 optical th.of t f d d.fgrng a detecti o} 13.
Radh at 1 ofi pridndBREd iR o Bk L Tarie By By in dacious GBI JEesanins. wni ch
convert s siBgtionédefitient QPR dite2tiBh OF inidghelizatiofl WifférentEmOits StfeimdiigdNat & 1S

an information signal 15 the val ue of 'which represents the information read
f r om t he omirinatiant of theseafpams.3. Anot her  signal. is a focus error .signal 16,

e 31 ue, of W0 Ch 1 CRHESEfnig By LAl e s AR lE
PCT/ | BO&/ MQiéier faser, emitting a diverging radiation beam 6. A single-focus objective lens 7
h aving an optical axis'8 transforms the radiation beam 6 to a' converging beam 9 which
firms a focal spot 10 on the information layer 3. Although the objective lens is indicated in
te Figuré as a single lens element, it may also comprise a _cqmbinatioﬁ of a collimator lens
25 ad an objective lens, a holbgram operating in trazismission or reflection, or a grating for
c lupling radiation out of a waveguide-carfying the _.r'_adiatidh..b_eam. Radiation of the
¢« nverging beam 9 reflected by the information layer 3, foﬁrﬁh'g a refiected beam 11, retumns
o1 the optical path of the forward conv‘erging beam 9. After the objective lens 7 a beam
st itter 12, for instance a diffraction grating, splits a part of the reflected beam 11 out of the
30 ortical path of the forward beam and forms a detection _beam 13. Radiation of the detection
be im is captured by a detection system 14, which converts the optical power in electrical
sig nals. One of these signals is an information signél_ 15 the value of which represents the
ini >rmation read from thé inforrﬁation 1ay¢; 3. Another signal is_ a fo__c._us: error signal 16, the
va ue of which represents the axial difference in height between the focal spot 10 and the



iﬁfornation | ayer 3. The focus error signal is used as input for a focus
servo.contr ' whi ch controls the axial position of th | iye

| ens 7, the?%%§&%% rolling the axial positign of the focal gﬁﬁﬁh%@&"¥%e
part of the detection systemused for generating the focus error is called
the focus errpr detectio st.em _The .f ocus 0.S em faor. positioni

the obj ect | JeOEmARLyst 3, THE RO ohbF staBal B0 YEimblF R R el BV cbfoilid 10,
servo contr ayHiel conteols theddiialapaiitionut the vbjettivelendh] eRidbyconardling fthe axial position
objective lens 7 _has been designed to forman optinmum focus on the -

i nf or mat i on afdhefocal spotd0. The pertsofithe detaction systen used Jor genesating the facusresror is

aberrat 1 on e PSR e @b 9T TR JAGAIENG ohin 1k poaltfue e chiectve
layer 2 of tless comprisds ey focas erfor détectivavsyhteny) theofoct$ eereo vurttrolisrgind esnractiatore

to the focal._ spot,k 10 is suhstantially spherical. Figure 1B shows a record
carrier 21 dpr mwetoﬂfét‘%ﬂ?"ﬁg an information |layer 23 and a transparent

llayer 22 of a thickness dfﬁé-ﬁﬁj‘ééﬁveﬁé@i‘?%b&éﬂ&éﬁ 5&@?0&&‘&58%%3@1‘0@@ on the

| ayer 2. When the same device'Is used for scanniig this record carrier, the
obj ecti ve | dnformation layen8, he. x focus stithda Strehicnatip approaching tlh For this seasor the

| 22. The.f trol ler .17 wil] adjust the .0osit] f the . -
by ect | ve | AMISTHVE Tk 1 ek beeh soffpupl S e sphefiah Bigrraned hEaed B e onpiraing
beam neafq t hRam\vRenPdssiAB thé wahsparent 148t 8 JfthE kdcord catiePq. The wavefroatrofithe -

val ue over the cross-section of "'t he béam The renai ning spherical
aberration xonvergingdicam ¢aseoto the dogah spatnkd issubstangially spherical Figure 1B shawsont

strongly und i NQ. over tire j es. 4 -

o be 20 sPotlipert of bRl AR b ormbltlon 1 30 & fsh fne B8 22
scanni ng t hefrachivkdessadifferent #dm the ehickness of die ' layert 21eWhen itlgghsaniedévice
the information | ayer 23 may be scanr]edrtgqrqo erly by neans of the convern%klng
beam 9 when i§ H§ed 1oF SFanRing iy regesd casrier, the,g lgns ¥ willinos beicpEregisd ProRsly

of the bast FA 'E&ﬁmmlf i . '
range arﬁnffﬁ%%@ﬂ%%gﬂ%a%%%? ocus t gﬁm‘g\i}e _ on?‘eoé’&t“ﬁ)f%b
aberrat ed 2Wobjestive tepis Ygsuch dhatithe averagendeviationyof<thé swaivefedntiof the beam medr ther t

f the t, . The f pot ¢ | | J tral ' of hi.gh
"ntenai 1y r dSORERTRR IYEES SPEY B ADRSTEAL SHPP T 3 qHITBE RIS EF e oS seftigh of
| arge regi oRjhOpedndVThe E&ﬁﬁhihg sghkéﬁd&!‘ AskrRfiion ke tReBhditidresf @i iRfoRmassH ldyki ebsults

fromrays outside the centra art. The quality of the central region of

the focal spn® wavefroshstearigly unduatingoovep thspentirs aperturn; whichieausestthe 8pot to be

| ayer 23,,while .the outer_regiqn _can he. nade not to affect the .

scanni _ngz.o Fistfﬂp%lyf%egﬁ@as Spﬁga ?%fﬂ? 30tdH lﬁsﬁf@@?ﬁ _{Pr SFHMRG ﬂ’@ tS"ﬂrldc%fn%g L of

the objective lens 7 whenTgeaventith Rsides i ﬂﬁeqﬂﬁght%aﬂheﬁxiﬁnﬁmlﬁ?émpﬁglbe.

the case that the record carrier_ of the second pe has a substrate whic
W&Y

i's 0.6 _mm t isFanned propesly: by mearssef the copyerging - when, the inforsation dayer is;arranged
type. The V%g%ﬁ_lf'aﬂot A ine EJ&% &ﬂﬁe 'ﬂggt%édszlﬁlq n'éﬂdfhgtﬂogi'&on of\ﬁ% _Wf'&us. Ina
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small range around the position of the paraxial focus the wavefront of the aberrated
25 converging beam is substantially spherical in a central part of the aperture. The focal spot
comprises a small, central region of high intensity resulting from rays in the central part of

the aperture, and a large region of low intensity surrounding the small region and resulting
- from rays _outside the central part. 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

30 not to affect the scanning. | _ '
Figure 1C shows the radiation intensity aiong the optical axis of the

‘objective lens 7 when scanning a record carrier of the second type for the case that the

fecord 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 radilation'



intensity | of the converging beam9 and the horizontal axis shows the
distance z fromthe paraxial focus away fromthe objective | ens, neasured

i n m cror¥0®sR881dhe best focus, i.e. theré)oi nt al ong the opcraBdeé/oxs2s whi ch
a scanning device would nornally positiorPon the information |ayer 23, is

| ocated 24 [err]maway fromthe paraX|aI focus, as indicated in the 5
Fi gur e bintensitydtof the connvesging beamd amhthe hmnnhmsshowswdmmezfmm:ﬂwre

Co!« e=PORlish ek 34R) A IR B A Ayt ARSI e R 13-

along t hﬂxd’pd'mtzﬂai@theaéﬁtﬁal fds which§ Béaﬁnﬁigsdd\ridetﬂmﬂﬂ nofmally p6diién oA the Pl ane

per pendi cuI ar to the tical axis shows rings. havi r;g arelatively strong
i nt ensi t infermation %%tls lgsptedﬂ@xara“@yrfrgn mnafq foopsy agin

t t
: 2 gn?ma reg? 82‘;°;§§%’n zg%cl:]xﬂg E%E?n e‘g'hrrlg‘r’rlglfist}ﬁal\h/lg{l %&ésﬁ&dg%q
| ar ge r albcatiorf where the radmﬁombf thei mnml@mmmmunmm small sbgion qear

ar T angedEORICIb oAt PR 18FEgS IRSEDE ?'egpotrgt%'”fﬁmm‘é‘;?&h% uon. L3 o

proper | Yspol tin aSplarie aﬂartﬁﬁhe loptical kR oW’ Ving'a QD
| axi 15

correspondtoama mlnthelnten5|t alon%at tlca

case t heintensity asoundcthe optical @xisner a high, oﬂamaly) bmkgrmmd.mtenmy;'rhath oﬁwiuohhe

opt; o0 Sisfeo M seahiing of i, ity tayed! 14,8 Sl EeisSpidt sl 1 6 1 e
Wi th therf ha\a‘e%umsa largradiudSfeomthe opfica AxRCindviie ibaBroiRDevalSs BerbAxly 2!

f ocus posi Thus the preferred position of the information |ayer 23

shoul d b@duwdthoueam:ann dnvsntioncthednfosmation) layen:33 §s ammengetira thishe

aver r on?oSHa BRE A HRIcER ofidCe Tafer 5 5%, sbihri sibrcel 01 N F (e ud ol s gy
part of bﬂ&fermdepdsw@n does ob doirespond to aafaxifiipi fisthedntehsity dlbhg idicotical axis.

di fference of 6 mmfor the twy types of record carrier is_about four.
Wien18hen m%suhsﬁaqeaqféhe serond tuaﬁspi resaedicasrien is thinner thanghe subsirate,af)ther om

oni b (5 B8 3B Mol iy st E oblER ax RNk 555 gl A0k Y

system ldne sfhwnrmfhgurechc,t buttumh thesbest focus fposition giusex toathefobjectivia densitharh teow
I S supposed .t e a reference to the preferred position. The flattening of
the cent I’aéf‘xlﬁlg@"%i’oﬁlﬂﬁnwavefront when scanning the ii formation |ayer 23

of record carrier TRis ufe@@fafmaﬂusﬁianmnﬁeémﬁﬁe mgl na:?a.dmd/behlfe&} f8kal30

the outer part of the front. Therefor rays 1n the outer
part 20f (t&pdlsapfeﬂ'te ¢onverging beams9 gway fitome therwabfocus)ands tomrardshthebest=foaus ine| y

far renov romthe araX| The best. . fqcus. of .t berrated beam
o beienle Titizs BR iVelinn G5iiition, die 18 eridhal Sphesial hBFrR LI hE Cprfed
di stancg diﬁbﬁ\ﬁﬁrhpbhﬁrdoqfl@ﬂﬁbe@'w focal depik foroMe ThCRI@S diﬁeras&softo 8 nﬁxﬁ foP
ercept the marginal rays before detection, thereby renoving a major part of
t he di sttueivadypes ofecayd xaerie is about four When the information layer 23 is posmoned at
PCT/ 1 B9 6'/ Omzloeauon away from said preferred position, the quahty of the focal spot reduces

25 rpidly, leadmg to a reduced quahty of the signals generated in the detection system 14. Any

r :ference to the posmon of the paraxlal focus herem below is supposed to be a reference to

P

tl e preferred position. _
" The flattening of the central part of the wavefront when scanning the
it formation layer 23 of record carrier 21 is éccom'panied'by an increase in the deviation'of
30 tt = outer part of the wavefront. Therefore, the marginal rays in the outer part of the aperture
cime to a so-called margmal focus which is relatxvely far removed from the para.xlal focus. .
T te best focus of the aberrated beam is in between the paraxial and the marginal focus The
1€ ’auvely large distance between the paraxxal and margmal focus makes it poss1ble to
in ercept the marginal rays before detection, thereby removmg a major part of the dxsturbmg



9 i'nfluence of the unconpensated spherical aberration fromthe signals
generated by the detec- tion system It is to be noted that the paraxial,
begt and nar gig\edasgRCUS coi nci de when scanning record carri erg}:.m?psﬁo genown
focus error detection systens position the b&st focus on the I nformati on

| ayer. Therefore, in the device according to the invention neasures are

pref erably t hifieendecofethe wneompensated Sphieeithl Abeetation Tramm the signas goieratdd by the detec-
information layer 3 of record c ‘earrler 1 and_ the paraxial focus is

posi ti oned atoR BYSEM¢ r‘FrﬁR P%ﬁO t the; pamaxiab,chestiand; marginal focusenincide, wher es

can be divi d%ﬁﬂl . In the first and second cl ass separate
focus error de ecgors are prov’i ded for capturing rays fromthe central and

outer part 10 of the refMm&dohndmuswmgleteoﬁobeﬁmﬁp&lﬁamﬂﬂamcfwﬁswlthe.

the first _.cl ass and qQne ndt etectors |nt e second class. In the
third clads i Bq@@énﬁ?f& %dﬂ!*geﬂ QPN MEasyTRS e
aberrated ra ﬁ:férﬂbl hﬂceh%renﬁmeltﬂ at thgb&a ﬁé E?B?I bﬁegﬁatatﬂéhﬁfoﬂnidd?ﬂiag afn

and focus er or defector are use ut t rays are renov
the far fi el vecotd cartiend apdithe pataxlabfmuahs p:ismdmdab&emfarmanaq:iayenmmfmd
field and the f.ar

d h 15 f h
per f or mance BﬂmFﬁ&iu ?sfé%‘x'%’ Euc@'% %ﬁﬁﬁﬁfﬁ?‘grg % MS’F? of
the first cl @éi)ﬁraté'fddﬁg efrof aéteét‘oﬁil &eqﬁbﬂaéd ot @bmt&gnrg 2%@&519&!16%%&&' and 6lter part

out er part of the reflected beam The beam split conbi nes

f unct i ond0of ofthggefientedbgam, d:smgqéwaéwaem twe sletegtors bf thefisstclass apd angdeam

ot eat i on ooai. S Béteforsn the'Wlian 3dse oo Hird Ofisd € MrEfe BSpLERTHIE Beebt®
annul ar out edetédtéParé used) @hivvingabefratederagefii thelnedr feldanstie ushiclkds Iagaxhhesmgle ,
annul ar outer area each forma first and second detection beam 28

respect i vel ybeagyand, foous erroe deteetor areneseds !zqt thméem &RYs| are semgyed: Fcthe far field.

gratings int | on
beans. The bLit fof ub R B R LR it i e AP B Bylahnk 67 6484 B6be 2
el enent, 18. gsubaﬁanﬁadly:tm -samie ceffaft o:stimmfmmaﬁwusﬂmgdemetm .detection beans.

Each det ection beam 28, 29 conyerges o a ra Jat Lg@-sensmlé/ uadr. ant.
detector of detection sysFighEe 34 331 d & T3 RIRsS¢ using a

2 Tocus or r ot ARl sl Bo LA g pered caﬁ’f'*eﬁT’siﬂy%‘ﬁa%%ﬁ?@t TR ©

a focus error signa of t
from United spliter25 pambntesrﬂm fuhci@B @f3xDuplifg pant ofi the reflecttd beam dniit of the pdth of

Lne resul 1 e FaaLo bl ot dudigaditon of i efesiel Bk lpuPBASEOR g
31 are cogbi fidhst Q'héb%ﬁ hﬁéﬂé&m@is@?ﬁ'ceh&alaarﬁé’ﬁb'aﬂ?'&ﬂ aﬁhﬁlﬁi‘b&te?ﬁr&\%?%the

record carrier 21 of the Second type is scanned ocus error signal
from det ect | gmting in the @dtraksares and agrating.in therannuler omnarea@aobfmarﬁmstlaad

17, thereby %‘é‘ %}’9% he%éﬁ-gz?,rg FRpeckivaly) buedt &gréﬂx%dtbﬁm £1! #RE SSvRT Rks of

11 which-fal
the gratings introduce a predetermined amount of astigmatism in the detection beams. The

beam spiitter may also be a refractive instead of diffractive element, e.g. an axicon-like
25 structure forming the two detection beams. Each detection beam 28, 29 converges on a '
radiation-sensitive quadrant detector of detection systems 30 and 31, respectively. The four
output signals of each of the quadrants of a detection systein are used to generate a focus
error signal by means of the so-called astigmaﬁc method, known from United States patent
no. 4 023 033. The method involves addition of the signals from diagonally positioned quad-
30 rants and subtraction of the resulting two sum signals. The signals of the detection systems
30 and 31 are combined to a focus error signal in a combining circuit 34.
When the reéord carrier 21 of the second type is scanned, a focus error
signal 32 from detection system 30 is used as input for the focus servo controller 17 , fhereby
deriving the focus error from that part of the reflected beam 11 which falls within the central
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PCT/ 1 B96/ 00182 10 area 26. The servo controller will keep the best focus of
t he cent Q9628816 of the convergi ng beam i% correspondi ng tRCIIBE6/6EAL I al
part of the reflected beam on the information |ayer 23 of the record
t focus of_the, rf of the convergi ng beam roughly

ier. The_bg tral
Cor 1 eapcfER 260 1B ey anitaier Wil E<gr e et fopuA.otin GomiEHl st oF e gomyrBing

oot s rd ] g b .
giugﬁgl : S&I'he g’er VO @oﬁé}rﬁ%lﬁ?g?%7 ke ps%ﬁlté@par axi al -iggﬂgﬁ%ﬁghe cg';l\il%erq‘glgr)lg
beam on eofttbe iredosd warriesn Thepest fodys afsthe equtralart’ of the copeergingbeaimpughlya
Lype 1's e toyte piasal tany BF te Siryetsine BE 9o JHibx e culiud sigsal 32 of e

annul §ir - quiécEion 3y §BMB0 B%é-bﬁ%kiﬂ!fbdﬁs%r%ggsdtal.]?glﬁl %c&?ﬁolggye%?ﬂgh% ng .

reflected beamin order to position -the b f s
on t he iparavialfocenof theconvergingrheem or thecinformation dayer 33, a1 requined\fos proper
radi ati on.f.r: r r ected beam the signal- of
detecti 8%""2@‘@ e?ng‘gﬁ"od#rjow s&fttﬁés%ée@g t%“ldus error signal. Alternatively,
the signals of both dWhentthe tecoyd carier doof the fizstroppé ixscanned)ithé foduberrogst
focus error signal.. &5 . . ' Figure 2B shows a circuit to conbine
the two shgelddedansiedfrom spdiations pf the annulay outer ase ofeshbsiantially the qnsice erass-
f ocusgp er ' I 3 L Rk S 3 Hack FER e T @hid QLI :
el Ehorf b el Ber BB e S ks P nd LB BRARS) g,
syst em 3he informationslayerf hcSincetheadetection aystaift Herecsiees fadtationfromethe ourk party s

of the ref]ectged am 11 .and further signals 33.1 which my _be conbi ned

o th T hot e fefiected beaimy ghe SERRILRS deiiesing SYSTRl BroYes Heohashfacon egrog Ensknd
a radi al : ' fal [ |13 . | an
2 t1 on i RAbRty, 15¢ Hlgndly 4 Hoth, B stakidbal e Shplpintd fo oprpin WEBE TR

f ocus errror signghal 34.2, derived fromradiation in the entire cross-section
of t reflected heam dl.. The conbining circuit 34 al so coppris a..
selettor 34.3 to g‘&?’?c S o‘?’%gﬁl}'ﬁg‘ét‘?(‘}g@g{'ﬂ?&gei‘f’%i%“smt%?isoﬁiﬁtﬁmf‘he
focus enpaemsiGDgetesatessthe pavixidfodls ériér ﬁ%ﬂl& B fufflef AERAS 82, Pised'Ter | S

input to the focus error controller 17. Wen the type signal 1ndicates that
t he recdpHmiagramangstethers anciaformatips signal and 1 radial emer sigaal. Detegtiomr r or

he oo bribma sditbed £ A8 eFRR el 55 el HOR b Moachindl Blys Ao s} 1L -
error sitgaml 1vard furthet signalst33.1 vbichomby bklcombiredewithn tife sifrals 32An% ford
together forma_ first focus error, detectjqon systemfor formng the best

f ocid edrmongsipthers gadntosmation sigaaloand & radial tacking emprisigaals dher@mbiring Cirevibr
det ecti Wg% : ' : D ' ; 510 : ans
for pos?’pi oni'ng &Ig%%éélsf)mfggﬂ% Bg'rl’%jgmgar a‘}(s?a' fgé{iég 8?1 agﬁﬁsnﬁtz)frorn%{l?%éng?
| ayer dd« ousterrarisignab8%.2i, derivérk fronr radliationdn the entirei cvossssgetionrof therrefledtedit or
for moving the,objective |ens, gnd .the associated servp system but may al so
conpr i ;b‘ %Pe‘gt F@ﬁl@"&’b@ﬂl CHFYL St 2l CRMPRSSS ar%&ﬁ?’%":gw .Q?‘ifdf‘d?smﬂ% t he
radi ati gyhesdipial 35' WHitE 3tle of the focus error signals is provided at the output of the selector
25 ardis input to the focus error controller 17. When the type signal indicates that the record
ca Tier being scanned is of the first type, the best focus error signal will be input to the
co itroller, and when the signal indi.catesl that the rec_ofd carrier to be scanned is of the

sei ond type, the paraxial focUs-enor_signal will be input to the controller. Elements 30, 31
an . 34 together form a first focus e:rbr detection system for f_o_rhling the best focus error

30 sigial 34.2, whereas element 30 forms a second focus error détection system for forming the
pai ixial focus error signal 32. The meahs for posiﬁoning the be;sf focus or the paraxial .folcus
on m information layer do not.o__nly comprise the fot;’ui error detection ."systems, an actuator
for moving the objective lens and the'a#sdciate_d se'rvd_-sy'ste'm, but may also comprise
ele: tronic focus offset adjustment means or an actuator moving the'radialtion source instead
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11 of or together with the objective lens. The addition circuit 34.1 nay be

omktted fronyplogageebi ning circuit 34. The sel ector. 34.3 thenpepimeheis:
bet ween the focus error signals 32 and 33, ille. between the paraxial focus

error signal derived fromthe central part of the reflected beam 11 and the

best 5 f ocusofeorrtogethergwith thieobjectivellensn t he annul ar -outer area of the
refl ected beam 11. Th ;o ‘gs eryor afi‘gnal 4.1 .cap.al so be derived h

addi ng the output sig fioR gurcyil 54 Jmay, be omitied, fromnthe com ciguit 34. The
det ecti on sy, - > b '  dery

focus error SR T3 B stechiUoeliodh e Foc s MReBlONT i 39, L6 hefieg e

si ngl e det ecparaxialsfpstisenror fignal derived from the centfilepary pfothei regfiedted3beans 41l and the best
input for_the selectqr 34, 3 be obt.ai ned in sev | s.,.The sjgnal is

ot of er abi §. AP B0% RERAI Jerel SoRL e ARBAT OHS? AERARdhe JHieHed beam Pl the

sel ection is made aut PREFdcSetror m:g?iﬁlc{alﬁg%ﬂ afse' el derived by @adig ttﬁﬁ oBtpuP Signals of

that can be read i.rrespectlve of [ '

OCU§ IS posLtLoned at e
i nf or mat i on thegerresppndingcquademntssefsthe two idatection systems 30 and 3 @and use thecfour sem

dort ved f r orer B BENRE KR0S chr 4K it P Tbe BEndlh O o0the om Wf Gty g o
devi ce conpagimsle deeBtiém systengini t ude for both focus positions, and sets the
type signal at the value belonging to_ the focus posjtion which gives the

|a_rg|e_st_Aan_itude. The usThefypersignal 33 wsed avinpubiarithe selector Jhd Hayhe pbiaied in
t t 0 : '
o, any scanrdRg husyt TR Al ¥ pEfoal et hifus R Vbl ne ionf Kt S0

tO any scanni ng dev or=scan _
di fferent 2Qthat thecklectioeis mide sacvaativalins Theyerosd carfier gnaytdontprise af dode aliatidanbe

outer area 27 of the beamsplitter 25 nmay extend, qver the ceniral, grea 26
so that the %@mmwfcwﬁﬁh facas i pesinoned,atithein daverTiibe deviem yses the

detection b Q.. i adi-at d ' r '

Che et | ot aosmation G efeVORE 3 5. he oyt igthl of (P dopforiad (auE RS 0E Slgnll'md)
syst em 315 salschberderinedifiear antasséssment afi the magnitude of thednfohmatien sighalr The device
sel ects between the,focus error, signhals. 32 and,. 33. Fiqure 3 shaws ,anaot her,
onbodi ment . GO beh e mARGide J6bolh decis Rstigns; and Y G hgpe, Sgnal AL i Valie
splitter 36%' i sitfoR v ' ﬁg-igs % Qe e} < 30k s
sgb-grati ngs 37 adr%%?fg%‘ﬁﬁg secod(\'g&é?g,telg% I n tﬁe ﬁ%&'léé?hgt?tgirgrgﬂrée%&q“ fqr
di vi ded i n Sformingrthe typessigital asdotdlimitechtonthgscanning deMiceyaceording to therigvention, but
symetrical ly wi,th respect. to, a. diyidi ng. 30 |.ine . The first.gratin
PUTTe L TR, ek B Y Rhine dsfice, F seadfling dwolshPe ot peoayireattiée iufl ifere, .

beam 11, 2ghi thitkA@E&CHf PihspaeAl lafersNCi dent on a first detection system The
grating lines of the sub-gratings 37 and 38 are oriented such that the

first detection beamis sPhe gratingtindherannular/muterszea 22 of thscbeant splitter @5mayn

respect | vel it % Sl bied 205 37 i € et pred By i ibdrmined ertings.
The second detection beam 29 then comprises radiation from the entire cross-section of the
reflected beam 11. The output signal of the focus error detection system 31 is then the best
25 focus error signai, and the selector 34 selects between the focus error signals 32 and 33.
' Figuie 3 shows another embodiment of the beam splittér and detectors of

the first class. The beam splitter 36 comprises a first grating in the central area divided in

two sub—gratings 37 and 38, and a second grating in the annular outer area divided in sub-
gratings 39 and 40, each pair of sub-gratings lying symmetrically with respect to a dividing
30 line 41. The first grating forms a first detection beam by diffracting radiation out of the
- reflected beam 11, which detection beam is incident on a ﬁrsf detection system. The grating
lines of the sub-gratings 37 and 38 are oriented such that the first detection beam is split in
two beams 42, 43, each beam converging on the dividing line of a radiation-sensitive split
detector 46, 47 respectively, the two detectors making up-the first detection system.
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12 Likewi se, the second grating forns a second detection beamsplit up in
two beandv@26/288% whi ch converge on a second detection syspenisgspiszsi ng
two radiation-sensitive split detectors 4& 49 having division lines. Each
detection systemgenerates a focus error signal according to the single or
doubl e Fddkewise, thesecond grating: farms\asecondrdetection beann splitaurtin tyocbeants 44145t

applicati he., ' tem forns the focus errgr

si gnal b)}'ﬂgﬁﬁF%%&%gg%gggfﬂnﬁs&é%gﬁg%&#tg@h%w v Vé‘?‘,nogif&?ﬂ A ﬂg‘ out put
signal s detectdes 48149 hivihy ddvisibn lines. ichtdetition spstém edetatidsi afbcli rror signal
di fference of the two, sum val ues. The first.detection system 46, 47 in

Fi gure 3areprdingdathe singlesor double Boycault anethed, asqs knpwnifram inter alia the Evropean
h N : . ; S _
yot ord o $a5h abatGh BE: 6 S55l035 PPHE abbitn S/fllf Form e otud B G B shdile

r eH) ect eqhdt)ew?ut ﬁgmlm of maolgéngVesp?ddihg-t?@omtpdt sighals of t_h;: ign&t Rdlves ofathe
conbi nati o the oytput s S .0 e first “second detection systens
forms a BE&&‘%% rtgﬁnllté%gﬁemﬁﬁ%"% tYq Wﬂé-g'ﬁ-en the output signals
may be made by a circuyfe ﬁﬁi‘ﬁéﬁ&t&xﬁg’s&xﬂ h6, 7% F%‘P@S'iﬂteﬁ%egwﬁdﬂﬁov%a

e outer ar - centra

second grating 39, 40 in t ea nmay exte over -t ( area,
15 ki wentrdlpaouofithe reflepted beaim, thereby genefating 2 paraxial fomiserrartsigrabsTheé ocus

error,.Signal_. gure 4 sho not her., enhodi ment- of the beam splitter and

det ecd%r d qetex P?é?s@“é‘g:@fﬂé"ﬁggﬁﬁgf’g?@m3‘8%‘8&(‘&? puter c‘éftrf_g?al area
51 and a@eﬂ!éi@rb@hﬁarh%?outﬁutfﬁ%n%l of k! deB8nd BetbétfonC§Blehor & cBMbEABA 'of Bfe VO

i nterm xed sub-gratings, one Torm ng a beam53 out of the central part of

t he ref| outpytisignalmof the:first and senond detegtipn isystersst forbs\asbest focusermd signal. The

Dol ow s aPeegtc et Ben ok Sienh ALY B gl WL Rk ARt o Bhe Sown
radi ati oin Figfuse QBvqhd%muograﬁﬁ%sa,ﬁm ﬁﬁwwhwg dxéenld olet @sd Gdntral area,
conprises a circular central sub-detector 59, 60. and an outer sub- etector

61, d2. muking theroutpyt signal efothe secand: detection systemysthe best fogus ¢reon signalet ect or s

57 and 58 generates a: | al. r | : ' '

beam si ze net hod, knOmﬁ@%ma{%‘{é%&&ﬁﬁogwyéﬁsg%gh@aﬁ%%hr@%tqﬁ:?f
The det ectel finst class. Thectibdm splittep 50 compsisesacentrdl asedd51 dnd an outer apéh S20A Gitst
and the out put, sd\%nal s.of sub-detectors 61 g‘rd 60, .and subftara:ts he two
s[ err] m $Ta4Ag 1R thecentral area Gamprises tha jntermized surgmtings, Qne I9pmings peam 53 out

aral |l el i ' Welk ldN@smddh 8 Gt { 1
Bonver gi i e feafi 66 Bf the deifertq eqth M drd WRudeh a1 Rt RS 0e. 1 1o
out e20det:eroprisisg idetentprs; dhie dtheSfarming adreamyss facused atr 2 poidt §6 beloswd saié plahe.
sensitivity Lo changes_.in wavel e of the radiatipon. Likew se., a
second g#ﬁ%ﬁﬁ%ﬂ PEgFﬁES g%la.gé %Srl%éf-“ _ Vi@@ég?qu‘ﬂvgr#f%‘%s g&@“aréﬁ i ngs,
form ng hapesiively. Fach Abtedior Rompte&sad ciralii cetY SubLastettst S0, 50 Andl &h Vuted sub-

pl ane respectivelg. A second focus error detection system conprising two
radi at i oneteesas 61 62 The Brst focys €Fror gletegtiom system forme thetwodetecters &y7 and 58

i € P rirarSe R Pt Bods CHHbE sigral .Ecc%ir@iﬂglto the beam-size method, known from the
25 Uinited States patent no. 4 724 533. The d'etection'systgmf adds the'output signals of sub-
¢ stectors 59 and 62 and the ou_fput signals of sub-detectors 61 and 60, and subtracts the two
s 1m signals. Each detector may have the form of three__a_quaceht, parallel strip detectors, its
d viding lines directed towards the converging po__in_f of the reflected beam, and the output
si znals of the twb outer detectors being-added._ Such a conﬁg_qra_t_iox{ provides a reduced

o~

30 sensitivity to changes in the wavelength of the radiation. _ o
' Liicewise, a second grating in the_.ohteruarea 52 comprises t_wb intermixed
st b-gratings, forming beams 63 and 64 with a focal point above and below the detector plane
re ipectively. A second focus error detection system cdmprising_ two radiation-sensitive
de tectors 65, 66 each having a central and outer sﬁb-dete_i:tor generates a focus error signal,
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13 which, possibly conbined with the paraxial focus error signal, forns a
best focus ewigde/Bamnal . |1 nstead of conbining the focus error penwBsddoass he
out put signals of the sub-detectors may first3be conbi ned and then used to
formthe best focus error signal. The sel ection between the focus error

;:3 gn$lhs may hxg:mﬁq:esdiblya:ombhwmmmaopa:rmhbfdcﬂs elror agmﬂ’ormh 4 best f&fusl?armrre :
e secon e outer _area may, exte over t he, central area
meki ng t he oassglr ?e%‘e%aq’fn Q?ﬁrna g $he focus gerpr signals, &9 t signalscofithe suhrdetectors

error si gnal t

position di an”e r.égwgmoﬁﬂy%g%%g Wlﬁée% I ca >?iE:§s Wﬁg@m%%as#lrgg&n%y
be Iogat efl cbeweelnmmfdt?f]ehyr ?gnalltmayl‘hc gndef thbyl?oducnﬂd Eccompatabt k:rmhecmealhownm-
in order to cili e inteqra n o e et ect or |ne
substrate3 T% @m W\@Qﬁ“ﬁ%@r%m%@ |°§°’dé’F&eﬁF?|‘Z§e%y

st ray l'ight. %&tg% nsgﬁna!r%fﬂien&k:oﬂ@?l&eéﬁbnt W&E%E@Eaﬁ?&%ﬁ"fi?&éa record

carrier of the se type Is scanned Intensity of the s y-light is
det ermined by the nuneri calthovgh Figuwend antlet shopetheipairs lof detegtopsith a pesition

carrior. - The Ao Vi Romsh o s OER 08,8, B i ay B Traled b Battner by

system 46, 4gividpthepratimBlirds DotHes ohbﬂtanbiilemf(ﬁﬁekstoefaémtat@ i@ integeftivar oftthe by
the first detection systemis affected by the stra The di vj di ng

gh
line 41 i1 anteet@rssomamgén sHbstratgn Jhe minimima ﬁhsmca?éa \tm fletesterscistdetermined by
direction of s:ﬁ}?hgﬁt %Qﬂe H%?% afa {Bi tggf}ﬁﬁ&gt&f béath Whef%s é&:&%& ¥ BE Sacond
I al or t he ocC

tal k bet ween err |gna an us error signal,

_cli_ﬁscrl bed :c nt)giaas Ewmaulleamhﬂ)hﬂmﬁty @gltﬂe i\tﬁy#lﬁghtﬁ@ﬂet&;hﬁe&ﬁ? ﬂﬁBfﬁuméﬁcal aperlture_of
e Sslze O 1 eqentra ar ea nust e Cchos uc { at the In ormalon ayer
of a record @&rqm%qﬂvsmh‘é%%rmﬂwg@ %ﬁm i ?zf{f

i s made too | t f
par axi al focus t oo wchﬁﬁ%ﬁ“fﬁ%et%g@aeq{es&ﬁaw* ggﬁisﬁrrlglqt“&he sma}'?ieﬂ 4, bﬁ
nuner i callSaps7; 38 to avoid that Mfucumetrbemgadtgeabmsedehy thel ﬁrstrwedtmmaystam is affected
apparently | e paraxi,al . Jocal .spaot, | d|n |Is
SPPer ety 8% BENHUR, ThOHBheaR Hos TS B g A0 S S e
formila for g @Hb&wecmreb &st fife tka6RS lonGhe (dBimatidn 1&&& m'lfr&ét”iﬁtxb@ﬁbe' &Bﬁ"—
for the paraxi aI ocus: [err err WO 96/ 28816
PCT/ MB96/ 0016k between the radlal error sxgnal and the focus error signal, as descnbed in the Europwn :
patent application no. EP 0 583 036. .
20 , The size of the central area must be chosen such that the information layer
‘of a record carrier of the second type is scanned properly. When the size is made too large,
the spherical aberration will affect the quality of the paraxial focus too much. When the size
~ is made too small, the small numerical aperture of the beam in the central area will result in
an apparently large paraxial focal spot, making the mdmg of small details difficult. A
25 compromise may be found by using the following approximate formula for the modulation

transfer function (MTF) at the information layer for the paraxial focus:

Ky

. . | 2 2 |
30 (1) MTF@) = 2 |arccos(2) -2~ ll-(l)z 11+2 [v-.".f] [.2_] ce-2e
Ve P Ve 2 1P



W th - v=1/p, [err]= 2NAlerr], [err] = 4[err] /180, [err] 5 and
with v the spatial frequency, p the period of the mninumdetails in the
i nforma r 23 which should be legible, [err] the sp of f
frequengy, ﬁé@“%he nunmerical aperture ofi4he radiation bea |ncﬁ§gﬁt on the”
record carrier and passing through the central area of the 10 beam and
[err] th@l vel ength ? the radiation beam [err] is the spherica
aberratlon in Seldel etnms in units of [err] at the information |ayer 23
and at the edge of sagguyaﬂlatlon beam n is he refractive index of the
transparent |ayer 22 and [err]d t he absol ute val ue of the thickness

di fference between tra rent layers 22 and 2. The left-hand termin
square brackets i & Td‘ éb’ls the MIF of an ideal inaging system the
right-hand termin square brackets is 15- a nultiplicative factor taking

I nto account the effect o herlcal aberratidn in the radiation beam
The opti num val uew {se cm ing a record carrier of the second type
can be derived fromfor 1)7\by |nsert|ng the values for [err], p, n,
[err]d and finding the aI ue“of [err] .which gives the highest val ue of
MIF(v), for instance by taking the derivative 20 wth respect to [err] of

for a (1). The size of the central area is now equal to the size of th
entire cross-section of the reflected beamtines said value of [err] over
the nunerical aperture of the entire reflected beam ‘As an exanple, a

devi ce imddwith grthel spatiad tfmqumcye pahel period iof theominimmni details iy thee information layer

'Ereap]sggr nt lcg‘ng“’NHIbFﬁf@ esd’; [%gant}%l%h r adi at| .b arr?ag%. vel engqt Hg
entire %ﬁ? xs(gaeéd Béark 3Acitent b dﬁ%&dsaeaadaﬂ Iayer t‘ﬁglht ﬂxes&ﬁﬂaﬁafeﬁcdfrtﬂe

carrier o e second type having a transparen ckness of 1.
([ eriQ d=@am amj )\ thefwavelength oﬁdm(raﬂiatrbnﬂ&mndw thessphericali dberration lin Setdein

0. 3l or 1) i VR O el nfpPmiion daier 2 ), heCodel A sl ity biamop i

the enti pe refraGivesimabl of e utahepa&a{tl R tﬂam'ﬁ@%bﬁblﬁé {aud) of 46 tikness

The tol erance on the value of [err] d the 30 size of the central area is
rel at i velifferencey between usanspirent dayetsu 22 candc 2i Theelefteliand terms jrh square| bracketypin

Sberr ot N IFMYAICANiS thg MTE.f 4 ideal ispaging sty the fight-hand, srin i Siipn® fdont 1

di f f [ct: erulnplicabive eRE@a Sakingh éntd Paicotint théMeffact Of I8 Séphgribalnabéreéstion in the -
aperture. For | ow performance devices the tolerance is 40 % for nedium -

per f or mandistieebeards the tol erance is 20% and for high- performance devices
the tolerance is pre}:ﬂ@%bﬁmu}lpv{fue of NA_ for scanning a record carrier of the second

t pe can be derived from formula (1) by inserting the values for A, p, n, Ad and finding the
v: lue of NA, which gives the highest value of MTF(»), for instance by taking the derivative
20 w th respect to NAC of formula (1). The size of the central area is now equal to the size of
th: entire cross-section of the reflected beam times said value of NA. over the numerical
ag °rture of the entire reflected beam. As an example, a device is designed to scan a record
ca rier of the first type having a transparent layer thickness of 0.6 mm with a radiation beam
of wavelength A=635 nm and NA,=0.60, NA, being the m_mierica.l aperture of the entire
25 raciation beam. The device should also be able to scan ‘a record carrier of the second type |
hay ing a transparent layer thickness of 1.2 mm (Ad=0.6 mm), refractive index of 1.58 and
sm. llest details in the form of a track pitch having p=1.6 um. The optimum value of NA, is
0.33 and the diameter of the'.central area is equal to the diameter of the entire cross-section
of ' he reflected beam times 0.55 (= 0.33/0.60). The tolerance' on the value of NA,_ and the
30 size of the central area is relatively large because of the counteracting effects of spherical



5 : The quality of the scanning spot on the information
| ayer 23 is sufficient for values of [err] wthin the central area up to
ong wavel en Fromthe expression for [err] in equation (1), one can
derive that g‘Vﬁé 6/@8846r i cal aperture [err] of fhe converging beBGI/BANS? ng
through the central area is preferably snmal ['er than or equal to [err] 10

{he ref 1 ect cenalin | wiishomereass, M, spoto K28 fih AeERnF SosPhard andBltriblicd which
[err] (max)/ Nfdcfeasds ihe(r?at ke ﬂuﬁm&&@&mgfndrﬁ&;@nhpmre eﬁbﬁrdwge&amca deVRes the

pl ane of the.cross-se NA[err] is the nunerical aperture of the entire
conver gi ng Hokmarge isist4Q %5fqrhmeqhanapqurmane@ dchSf theHolemaneayis et 2%t and for high-

previ ous paragraph, this S to e of NA[err] equal to
0.39. The co?%ﬂ“ d ?ﬁgﬁ?@ @ron of bits [err] on the
i'nformatign |ayer Wmch CThe Guali &feméesam%@galonmemaubﬁ 1aper\ 23 is sufficient
[err]/(4NA[err]), i.e..0.42 [errImbit |engt or 650 nm wavel ength and

NA[ err] equafor fvelues 95 Wphwithindhe certenl \a5¢a, up ¢ ongwavelergth\Fam rﬂ}f( gnressignsfor W4o |

O ey T eialitn () L Bt It i hinrietapethule’ B, of the conyerging beam

the opti numpussiﬁg ithrolgln ey ¢entral afea tli$ preferablyasmatier thansor(eqial toThe val ue of
NA[err] is preferably larger than [err]/(4d[err]) in 25 order to be able

to read details on the information layer having a tangential dinmension of
dlerr] and larger. \Wen the smallest tangenti, mension is'0.6 [err]m
and . [err]é is _equal- to 650 nm then NAlerr] is| prg{gtably |arger than 0.27.

The pref Or e@a bosi tion of the i nf or Adi{meax | Ay the optical axis in
Figure 1C can al so be expressed in terms of tn ters of e‘quation ().
The optinmum WD 96/ 28816

PCT/ 1 B96/ 00182 16 position can be found by setting the def ocusi ng :
aberration [err] equal to [err]. The resulting defocusing z away fromthe

par axi al focTie diametezrof tB9 central area in a cross-section of the reflected Heanr is preféfably smaller
NAerr] is egual nis 1,58 and [err]d e to,0.6,mM . the .

def ocusi ng, thapor Fﬂ!aolpﬁoey‘éé(m)/ Hémqm%ﬂl%s‘{lﬂllf@ g?%%%’ﬁ?ﬁﬁ?“’%i’%r‘&@ﬁlplme
focus. This NS d u it e
conver gi ng bée}gﬁ E‘cz\'%rgeaso(;nl{a)lblla% ggﬁnﬁ’g&a‘% ty casnfogitélw?ﬁe obt%lhg b Usmg
t he posi 15 orthe :padme;unvalueshoﬁtm exampte inr the: preetops paragraph, pln5|ammmt5rnma|snax1mum

Q?Ie; ? 01? hfeo\ﬂf %e 19 o th?)(#?a dfheteo?'rresg(% in écﬂesp thr %a?gnﬁ@n%m%e&t bx%l dyon the
' information layer which can still be read properly is equal to about M/(4NA), i.e. 0.42 um
bit length for 650 nm wavelength and NA, equal to 0.39. The preferred value of N4, i.e. '
NA _(opt), is obtained when W, is about equal to /2, or |
20

'4An3

2 N (opt) = | 3
@ s |

Whexi n is equal to 1.58 and Ad to 0.6 mm and A to 650 nm, the opﬁrﬁum numerical
aperture of the central area is 0.33. The value of NA, is preferably larger than M(4dy) in
25 order to be able to read details on the information layer having a tangential dimension of dj,
and larger. When the smallest tahgential bit dimension is 0.6 um and A is equal to 650 nm,
‘then NA, is preferably larger than 0.27. |
The preferred posxtlon of the information layer along the opucal axis in
Figure 1C can also be expressed in terms of the parameters of equation (1). The optimum



plus half the focal depth. The focal depth is equal to [err]/(2NAlerr]),
which is equal to 3 [err]mfor the given paraneter values, |leading to a
range fro%?{,ﬁg g9 7.5 [err]maway fromthe paraxial focus. P'é"lﬁﬂ shows
a scanni ng ev?ce according to the inventgen in which 15 'neasué"zqséo " the
second cl ass have been taken, using a near-field selection of rays in the

central agckigHl @in B8 ouk by Bewing the ebméuling Therfilfod WS WGBA GNWL T estiffg

best focus of the converginhg beam 9 1s posTtione "I nfor ion layer
3 of a redefocusingrz away frony the paraxial fosyscisahen t.he paraxi al. focus is
positioned on the information |layer 23 of a record carrier of the second
type. The radiation beam6 fromthe laser 5 is reflected by a beamsplitter
70 20 towards the objective lens 7. Theg refl ected beam 11 is partly
transmtt@) by the beam splitter 70ztodhrdsmudiagtion system 71. A
substrate of the beamsplitter, oblique#gdarranged’in the converging
reflected beam inparts astigmatismto the reflected beam which aberration
is useg for generating the focus error signals. The detection system 71 as
shown Tn Figure 5B conprises two quadrant detectors, one formng the
central pahenaV4} e eqidien. 0.8B¢ noist £/582and dudaéquaid tto AR 6emby ! theodafoduling, i.e. the
sub-detectors 72 to, 75, the - inne uadrant ,det ector .conprises ub-detectors
76 to 79.pr¢f¢§=mmﬂqwa UPY AN g’oﬁhei us. 'Lhis goirespoRds 1A 3 defasusing of

entral p hﬁacﬁl[e ' : Uce? St fr@%ﬂ r ' \/

for det efir%bgffg%&t e gérlriegfiﬂ%gﬁns&é%nrlér ofrés t eﬁ%lﬂénsgéngﬁ% ﬁg%m?@ou HSE%
si gnal s adbtaihed when thd pdsitiert isochosem wdthiin acrangle from thehpreferred position miraisshalf a
t hen in opbi ne o fgrma, focus error signal accqQrding to 30 the .
knownt0s (PRGN ob the FAIAar benth PRsuOR roPeH 6k CEREAl GHER Ja i regerred. position
determ ni ' 0 ' ' 4h | I

onl y ¢ ho iy half REERSE OkpthTHE feal Weplt 41\ Ghuaf T RIOREL ") it B qual &3 om for
accor di nghe giveneparametpnavalues,nieating. tofa sangecfrom 4S5 to 7\ uKAWSB fiidm the paraxial
PCT/ 1 B96/00182 17 shown in Figure 2B may be used to sel ect which one of the
two focus®®tor signals is routed to the servo controller 17. The inner

quadrant detector 76 -Figré SAFslibwsa SBantifig Hevick Gecarding! 6> the® fiiRntid n which
performance of the quadrant detector may be inproved by nmaking the outer

edge B r aneasures| of theasecond glassyhave heeg 1talsen,t using) @ nearrfield selection ®f rayoim the

-

o"the <ieepie) $itDuE i ool 1ARGRl bl 'TH St Bl i lest TR of

of the asongsrgingCbeani 9eist pekitivhed) onl theninforemitionnlaydre3 At £ ebodrd cfric@ovthe fifse
radi ati on-sensitive arge as then,a mni h that the | ength qof

_ m size suc (
the focalYPs ARd the; pamxial fogpsads Rositioned |°@%Hn€ﬂm@ﬁen da¥eg A3apk 2 gecqri carrier of
rect angl edmat ¢ trﬁﬁ' : bégm ; F‘Wseﬁl ; | l?easﬁ |1
shown in%Fel gurealdx,sal fl’i].mﬁll’ll C mﬁe ea?nr}g%rﬁ% er ngsog@eg%.adbsjp?i \ébﬂt?era’fﬂ
r ef | €21 edowardmthe) objectieejeas &t Theéaefiedted bedma diisispartly srapsmitted dy the theam splitter
70 towards detection system 71. A substrate of the beam splitter, obliquely arranged in the
sonverging reflected beam, imparts astigmatism to the reflected beam, which aberration is

1sed for generating the focus error signals. The deteétibn system 71 as shown in Figure 5B
:omprises two quadrant detectors, one forming the central part of the other. The outer
25 juadrant detector comprises sub-detectors 72 to 75, the inner quadrant detector comprises
ub-detectors 76 to 79. The inner quadrant detector intercepts radiation mainly from the

.entral part of the reflected beam 11. A first focus error detection system for determinir: he

“iest focus error forms the sum signal of the output signals of the two sub-detectors in -ach
ruadrant, the four sum signals then being combined to form a focus error signal according to
30 11e known astigmatic method. A second focus error detection system for determining the
] araxial focus error sigﬁal combines the .'output signals of only the sub-detectors in the inner

cuadrant to form a focus error signal according to the astigmatic method. A selector as



grating inparting astigmatismto the diffracted detecti on beam 13. Figure
5D shows an _enbodi ment of the focus error detector according to the

astigmatic WRMABBIGr use in the device shom} in Figure 5A arfFHRPIRS
t he advantage 15 that, when scanning a record carrier of the second type,

the i nfluence of .t nal .rays.on the detectio f th araX|aI f ocus
error has bSBawpdRJd 8\!?35‘&) ‘gfﬁi EF'S cﬂ? 18 routed

-inner quadr 3gtnegledro6 (cBhtrblti 179 .Sub- det ectors 180 to 183 and an outer
guadrant detector having sub- detectors 184 to 187. Divi di ng lines 188 and

189 of the inner quadrantThbumwrcquadmt rdateatosd7&>ve79 415 [Figure SBthaSrae§pvulartuuter

di'vi di ng I|nes 1 190 of t.he ou rant 20 .detect s '

of det ect or $98 ig?lpﬁ e of the, qua T, T3y, 1"?@%%%?‘?%? eoutt&'pedge

i ntroduces %ﬁnﬁﬁﬁ)%'sh@wﬁ% | 1&Pg sfeiethoa stétf Wmmlmﬁ gty SCSM that case

I nstead of %t he béam splitfer 70. The el errent rtK¢§h a co S|te cyl irnder
ghily.

lens or a cdheshapecofihatinneg quadrant deteetor is-zdaptedde gulan Crdss-segtion of

o o BN e P 0 4 e,

central ar eaMoteover, tthe rddm@m-senmé ah'&?hﬁs/thehdtlmmimmnlsizeca&h thét the length of the

cylindrical elenent, makes an an e of 45 with the@? ection of_the

di vi di ng | i rfecalmes is gpus eqyaldo; Hhefcthg iagonals She gqgraggleo\pqgeqvgpaswsﬂs .
of a foc h '
el ement g‘?s?ﬂ% E{nggﬁir?u?gﬁgégjinngfggéthhﬁg“rlrgg?lgﬁfg@| %w&: maki ng litﬁr 12

angl e of 45 duoes mot Isplitrthen reflectedt beam 1194wnnsq:hmte:dabctmﬂ beams afd is prowded with a
Vﬂendscannl ng a recordggcgé{gln%rg l(p)'l];tpt & d rst }dﬁé‘e? tﬂe f%us error signg! of
t he detecti b@a%tagl T om correspondi ng
sub-detectors Of the inneg; fbdsﬁtghsgvs%aeiﬁewméﬁé@mﬁrfoaﬁsde&me@aaga&aﬂaﬂgco |

four signals in the usual y to a tocus error SI% t hereby usin -
radi ati on ofthe kstigmaticr method for ysecini tbe device ishown fin igurel Sheand .VJBJChW%r’(he advantage

scanni ng, 2 \}Eﬁ od qigc%%{n%{g £ recold cAEed bF the Btond pe) We'MABEAR of the irgthRY rayg on

derived
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The astigmatic el ement may cause radiation fromthe annul'ar area of t
refl ect ed b@ampm;ea anrmnar qmdmedetnmr hquaarsahidemﬁ%@ to 183 andran enfer wdrant

Cynmat a5t Al el AT 6 Diidng Rk a8t Bl s, guadran:

not di sturb debetdr 428 rotated! ovePass withr té&p&t ed dividinig dines ¢891kad 190 of thwouter quadrant
di agonal Ié/ posi ti oned sub-detectors of the outer guadrant detector on bot h
h

si des of 2@ hedetectare tFoy cthisy PR ofi deteqtorothe astigmatism: e the: Feflegted peame 11 is pesforably

The push puPORARES #y o RERPDEL kAL Rerhéd (1928 ol i IR, 30F RRIAATH e

relatively <eaml splittet 70aThe slemeat rrtayebeom:empesigec)dmathlens onasequis:tmgmtﬁg The
beam 11 will ,contr,i; o the 10 .

th flecte t,
si Sn;ﬁ eR;dlei?‘T‘% has 3 central Areg e CYV g Qaécﬁqbéﬁ“?ﬁgi ﬂl?os'rﬁ%fo @gt %gl[ arep of the
the error S'rggg %Oﬁk ﬁiébldéﬁﬁﬁpto?rtﬁevﬂhgﬁaﬁé RUéMntUTHE Bin GRBAIGH 194 of the

the error si
25 central area, i.e. the direction of the cylinder axis in case of a cylmdncal element, makes an
angle of 45° with the direction of the dividing lines 188, 189 of the inner quadrant detector

to allow generation of a focus error signal according to the astigmatic method. The

1'0)

astigniatic element also has an annular area 195 with a main di;ectioxj 196 making an angle
of 45° with the main direction 194 in the central area.

- 30 When scanning a record carrier of the first type, the focus error s_ignal of
the detection system 82 can be formed by adding signals from corresponding sub-detectors of
the inner ﬁnd outer quadrant detector and combining these four signals in the usual way to a
focus error signal, thefeby using radiation of the éntire cross-section of the reflected beam _
11. When scanning a record carrier of the second type, the focus error s_ignal may be derived



do not affect the radial tracking error signal. The size of the inner
quadrant detector in Figures 5B, 5C and 5D is preferably between one and

two timeswobsrshiemeter of the circle of |east confusion of prigedkRiers:
astigmati c beamincident on the quadrant t&8tector and originating %rom t he
central area of the reflected beam 11. The astigmatic focus |ines, having a

I engt h offrémithe sipralsiofittws four dfnersab@etectors 080 ko283, The hstipintitic élémeént! 192N may
still fit on the |nner quadranIa'rdetector. The dianmeter of the circle of

| east corflelss Gdiaton:Hom theannular|areaof ther eflgetedibeam] L tq fall ga the tinrgrequadrant
di , HIE T 0 of +f hegs .
Fef | oct ooty Howele Wl b e 40 Fuidn 3 heuifaig Bhed R, fliHE now fals

bet ween tsymmetficallyabnothel supedetectorst of thie inner iquadrant idetectof handv db Uotodisturb the
Car v o} RETERAL DS, ST iKmal 2T Slgpald SR e DAiagoRaly OSiHonEd sulrdesioRy of dhe
the focusouldr’ Qiadeiteddtecior Bl Bt sidd ot el eﬁ&ﬁvem&kngﬁsé&hi iﬁem&tﬁm&r&a

t he enmbodi nents of the device shown in Figure 5. The dianeter of the circle
of | east cawifruisi being seanned maynbe Msest ta penesate iagradial drackingserrom signalhascording to

above. vatieBusisail faeBy Wien. it radw! Bief of 49 Jebory aefied B4 ey 3ptal only
beam i s aibeust néawitiie obter ledg@ of theerdsé-beetion W thé nelledtédebeanndl kil EitBBEtLRS the
must be used to determ ne the_focus error. An inprovenent of the spatial

filteld ngadial tracking erros signalwnRadiation)in areas of the Grosgsectioncthat;donat negiriyteto

| 1ipti ' ' ef . b 11 . . 30 .
st o 225, ErBP SERATHIL oh 3o e B, GMICH A, ot 80 WP Borenfiind e error signal, gad
of the didepiutagfect the radisldracking errohsigaalt i gnatic 1ine of the reflected beam

| ocat ed between the dia -hragmgnd the detection system The | ength of the,
long axis is preferabl Yhé§izg obthe innes quadent ¢ TaifefFigures 5Be5€nand 8D is

Cength oPriEiabl vbhbeh e’ id o des fhe fimiief U B cite SRl RN of the,
ref | ek edstigmaticabeant incident 'O thé giadramt detector and originating from the central area of the
PCT/ 1 B96/ 001 9 di ‘af th tife cross-sectign.  Fi 6A sh

B o B TS B L 5 5 ko, SV e b Bt e
ensure t f&ﬁ-&le%ﬁﬁ%bnﬁﬁﬁiﬁ will théiestIP BY 8h Thé thnief QiRdtanSdetQtdr. ITHaCSaMBtet BE the

information | ayer of a record carrier of the first type and the paraxia
focus i s cpelei of inastd cenfusion tib cequali to ddf iINAy/Mawith AF the astigowticddistancs, VA othe

he nese WineHEa sRERLHE ¢ Shenl il B TRIRInP bl S50 pERTRE P
beam2gpl iﬂe_t ﬁagﬂiﬁcﬁﬁbﬁﬁb&@e&ﬁ%@hﬁﬁﬁﬁdﬁﬁﬂ la?él‘saﬁ ﬂlé*ﬂ&ébtfoﬁriﬁtehﬂerﬂé)%hg %P(NAC
10 on the infornation |ayer. The beam 11 reflected fromthe information

| ayer 3 iSderived from formulan(l) in depgndence ordhs types of secosd carriprftorbesscaned. Ehge

i1 tor eo File TESF oy e 3RRLH et onb dpofh ARY BER ool SR8 shBlbe

‘hosen relatively large for the embodiments of the device shown in Figure 5. The diameter

f the circle of least confusion and the length of the' astigmatic focus lines when scanning a
25 ecord of the first type are about twice as large as'the above values, because the effective
‘wmerical aperture of the reflected beam is about twice as large. Then the inner and outer
( ,uadrant detectors must be used to determine the focus error. o
An improvement of the spatial ﬁlterihg in the device shown in Figure S5A
can be achieved by arranging an elliptical diaphragm in the reflected beam 11 between the
30 &stigmatism-introducing element and the detection system 71. The long axis of the diaphragm
i parallel to the astigmatic line of the reflected beam located between the diaphragm and the
¢ stection system. The length of the long axis is _prefefably equal or larger than the diameter
¢ f the entire cross-section of the reflected beam in the plane of the diaphragm. The length of
tie short axis is between the diameter of the central area of the reflected beam and the



arf i nformation detector 87. A beamsplitter 88 splits off part of the
filtered beam 85 in the formof a detection beam 89, which is incident on a
focus error n system The beamsplitter 88 may be a ' i ch

i nparts the re;u 63 properties such as asti tism di visio%r&hhgﬁw eans
or defocusing to the detection beam 89 for détection of the focus error 15

accordi ng tQq; ; | il Q! t or beamsize nethod, as described

above with re e?tgﬁé%hﬁ)@i[hk&ec |s"g%§h'2, 3 and 4. Wen a record carrier of.

the first ]Eypﬁ i 3 bei ng sE'%m’aadA shﬂwsizramﬁiﬁg dévicef 'Tnlcvdlhichpmallshﬁesabf theethird class

position of the diaphragm 84 is, sharp an as sma .ateral cross-, .

section. Thda¥® bgenfakepdo ghayre that e et paﬁﬁ%ﬁ?qvgrslas gam 3 i pesitionsd on the

of the | ater; tel : sPxa, : s o
la{?rﬁ.seéé layeP3 841Gl e%méfggf gfghﬁ’rsf %eﬁfdesysgxgwlﬂ RRAS if Positioned

di aphragm substantial’l y untruncat ed. tecti _ recelves
radi at i onS ofons thesinformation ylaydre2® of ia cecord sarriercefi the secomd ttype. 'Hid oeasues incinde

L oo L kRl Al B B e B0 54 b Bk s e 5

record carrimgflectéd by@ HeafSiplittéP83 téWards the objective lens 7, wiiehfofms &&Ofoal spot 10 on
carrier of the second type'is being scanned,  the inmage at the position’of

t he. di aphr aghe daformation, jaye ‘Fae heam bk reflestedpiremi thel information i layerc3 s artlyy trans-

The apert ur dUEPd (B DR uRer B3 anlt BHAE AR Bhagd o the Tocd 100t 16 1A O ki of 2
beam i nl@r aligphragm B4e Therspailly flvered deam 35aafterf the apérnreds cohverged by a lense86 on
of the reflected beam causing the blur of tge 30 inpage. The detection .

system 90 ndf W QB_dGPﬂcPr%;yéfm iP%é‘Sh P plits off, part ofthe filfered: beam 85 im the

and the out gyim f ”?étec%%) 9‘%&H'§9,S¥ﬁfcﬁr&‘ﬁ"nﬁﬁenl?%nta{]?ocﬁ§r %L%etécﬁ?ﬂﬁys’%xﬁ.oﬁ'he beam
signal. The controller NOw positions the paraxia ocus on e

i'nf or mat i on sphtgerr 883may beha grating dvhiel rimpartsfthe Irequisstio prbpesties. sush asilastigmatism, -
of a device of. the third class Ls that it does. nqt reguire a selector for

sel ect i ng bAIViSioR 1n fub-bRemH GE detognsing to M dftection eatnctd farcdeiestion gt ghe facus error
VO 96/ 28§41 6 according to the astigmatic, Foucaylt or beam-size method, as gemmﬁﬁtﬁ%ﬁgem '
20 made automatically by the tixed diaphragm Another advantage is that

only one fodwusheeFiguresditdkand 4n systemis needed. The dianeter [err] of the

di aphragm aperture is pr rably taken.to substant.d ally equal, to 5 (4
[err] = 10 [err] with a me%?r_fgwr#ﬁh@féfi’fﬁémrltﬁe imdgeof the
spherical  alfgdal 3pbON0i 4t Medsdsition of wdiﬁgmgamna&rsl sharpPland hifs) 4 'shvdll lateral cross- -
information signals also in this case. NAlerr] is the nunmerical aperture of
10 the cent segtioar dhedize ofctheaperutecef Weliaphregm dnilarger thar thpige of the lataral cross-
NA[ err] id]atseéi{ont, NS %Y’ the reflected beam passes the diaphragm substantially untruncated. The

detection system 90 receives radiation of substantially the entire cross-section from the

reflected beam 11, and the output signal 91 of the system, connected to the focus servo
controller 17, _'will be the best focus error, as required for scanniﬁg a record carrier of the
first type. .
25 When a record carrier of the second type is being scanned, the image at
the position of the diaphragm 84 is blurred because of the spherical aberration caused by the
- uncompensated thickness of the transparen_i layer of the record carrier. The aperture of the
: diaphragm passes only the central rays of the reflected beam, intercepting the strongly
aberrated rays from the anriula; outer area of the reflected beam causing the blur of the
30 image. The detection system 90 now receives only rays from a central area of the reflected
beam, and the output signal 91 of the system will be the paraxial focus error signal. The
controller 17 now positidns the paraxial focus on the information layer 23 of the record
carrier of the second type. An advantage of a device of the third class is that it does not
require- a selector for selecting between the two focus error signals, because the selection is



reflected beam [err] the spherical aberration at the edge of the central
area and M the magnification between the information |ayer 23 and the
di aphragnw% val ues of NA[err] and WA0 are derived fr la (1).
When usi ng tdgﬁlezz{oigr ameters of the enbodi mejy described bel o%&jﬁ%é

ME5, the value of [err] is 51 [err]m The value of [err] is not very 15

B or 1 M ROYE, MiSAetG B i xPURRRRERT aRRbeCadi@hnte 1 doly one fpeys popr

and seconigtectipre systém risnesdédcarrier. The tol erance range for [err] is from5
to 20. Values of [err],.Jn §he range from8 to 13 have, apart_fromthe
advant age of |owji tteﬁ‘? Mﬁﬁ’f %@é%ﬁ@i‘% apetinte %ﬁe@%t'&g@ de be
| ar ge axisghstaimlyicadali ¢! €r ance of he di aphragm 20 _ When

t he size g‘% t he geétqect@on system 71 in the device shown in Figure Ais nade
substdntially equal to the above value of [err], the device will operate as
t he device hown in Figure 6A. The detection systemw || intercept radiation
from over4y he entire cross- ectiongok Id”IW4§ ep,ed beam 11 when:scanning a
record carrier of the first type.and it wilINAntercept radiation mainly
fromthe central area of the reflected beam when scanning a record 25
arrier of the second type. The detection system 71 may then conprise a
singl e quadrant detector, the size of which is about equal to the val ue of
[err]. Twdthaaomiimum amldegoﬁwﬂm?rfokﬁmalh}sphérkﬂl tabetritionr ¢fi | order do latlom the
must be so small at .the,length of, the astigmatic -focus ]Jines pertaining
to the eSERGTRNCHQ Eovs@&fﬂ _mfow?ahpﬁeﬂ% 3 2150 4 U sase. .48 dhes g £3] apeEprecef
t han {oer i f . iftiledt MR dtiedive" - leBfita
Vo 9 6;0; 8 fGCéHtral afea®o ﬁlré%h@ctetf’g&&n_x 1_&1& 61:13 1éns 7, NA@&WI%Q"&? otits)
21 The f ceflectedt peamsiWipathe spherical gberrationt ati¢heedge ofsthebeentrahidrexdindoM the

yield the fogus.error signpal, .the:. pugh- radj-al,.error sjgnal and th
Y F or it FASRUICAHIGH DORED DG HRMEGHEh JRIE? 4% 20 tbF djsDhiB J45 i Fnes OF NA,
scanni Ng .44 M'wCOafe b8! frh Pﬁ}g f\'mﬁh“ -' y Lol : LchBi
maki ng a%@dc%gﬁejes In t ef Waymg] -o,:la'ng-t e sl 'ntgﬁs__ en ¢ ?ﬁg‘f‘ﬁ?‘get V\g‘g!rl\t
types 5 described betbwe formiuda 1) dndoMi=Fethebalve efidriplSdsumt The valuecofcPdamot Nesty

S5 e B e o 0 M 5
to this, sdieforamame combinttionsOsr it And becdhdStypes B FécORE Garridy. Thé REMRHdnce range

value of [err]d, and is not v%t ol.erant for thickness differences. Figure -

6B shows QB dsrbem Feat20:fValues iim gheieange drom 8ta &3 have; apenfrom(the advantage
o et g Kt S AR SRAS e addBEial dake . nBE SEA etiamoidtadas o
beam 95, herdisgtiragmy a first - or der o ' '
20 When the size of the detection systém 71 in the device shown in Figure
JA is made substantially equal to the above value of &, the device will operate as the device
hown in Figure 6A. The detection system will intercept radiation from over the entire cross-
.ection of the reflected _b@m 11 when scanning a record carrier of the first type and it will
: ntercept radiation mainly from the cqntrai area of the reflected beam when scanning a record
25 (arrier of the second type. The detection system 71 may then comprise a single quadrant
« etector, the size of which is about eqixal to the value of &. The amount of astigmatism AF
i nparted to the reflected beam must be so small that the léngth of the astigmatic focus lines
1 ertaining to the _éntiré cross-section of the reflected beam is substantially smaller than &.
Or, in a formula: |
30 |

(D

sz( 1) and -

H



beam The higher-order beamis intercepted by a focus error detection

system 96, which generates the focus error by the Foucault or beamsize

met hod. The wose288i6t he radi ati on- sensitive surface of deteceermoseisgm i S
substantially equal to the value of [err] & given in 15 equation (4).

Fi gure 6C shows a top view of an enbodinent of the grating plate 93 for the
Foucaul t nefThediour output signglst ofother quadraps defectdr8mayibe combisedhtos yitkd die focus error

di vi di | i 99..Th ' . 97 and 9 bout f the .
Cr oss. sact | 3Bk 1R PUEPRL P! SRR EnaL AR A FETALER. HERaFbesATEe Sgpalsare
detectors 9?@&%}@2% FateCfRC&dahiiRbYa rebir@Utarfies ot Btk the "Brst WAd Sthk! decond type,

detectors a o formthe focUs error signal according to the

doubl e- Fouc aithoub makingt danydchaiiges invthe avdy off firming theasignalypvhen ¢hanging between types
direction perpendicul ar tQ their dividing,li.nes,i.s sub Lally equal..to
the val o8 op PR iy Brom) e af0vE sramBiss of S bB Ieat1h e Bevibe ifiting.to,the
quadr ant defme@hfén 1d{dlerdmefos the Pdlué BE N taRd] hence] farsthe valudcoffthe thidkid$ diffefence
can be used to forman information signal, The four out put signals can also

be used to g Hngoptastdp thisathei dryice: knownsframaFP &-61) @3nip designed fona specific value
call ed di aggpild’ Eﬂ?g&%ﬁg@%ﬁpﬁ@ﬂ@ﬁ@'ﬁﬁwget ection nmethod, in which

phases or tine- equency conponents of the output
signals are determ ned. THigeregsB ehiows am embotiintent af lacscanrning devige dn wiiicis t@gnabove

L R e e on s i s T g P53
b cknese. 300 FR0-OBH RIS SO SAY o 1edlt Rt MERToMer bihef 95 JrpRrbip's AR Brcer
the second beggm. Therkighereorder beam , istintercpptedt byta decuscdrror déléction pysteine 96| which
Chan si x| oBaeraien the fosid s G e, Fomcault 66 bearmraie, medoll Theci B ik Siasion-
to allow gegﬁfsﬁfﬁeoﬂ.\rgiece.tsﬁﬁt@éﬁﬁl systeRt 4§ "Hbg%ﬂt%glgtﬁﬁa% he the W%J‘ﬁﬁdb asPgiven in

di spl acenent shoul er thdn ten foc o still have
suffici dit equatioal (4).i Figuré G showsactopnvieiv ofcare embodiment\of digy gaging plate 93 for the

PCT/ 1 B96/ 00382 22 100. .The opti mum posi ti t he .det.ecti on systegm L00.iLS
i ght 1 ocal FRURmeRig. CoRHRHE R BRings 87, 88 bottar B Sids B At fng 957 The
grating pl agfatiags 97nGideo8! eaéh dover! bout Half T tHe lcesssisedtiony st ¥ refiected theam 11 and
al so .possible to change the position of the focaLgﬁQm nt of the higher-order

beam 95 by €achi digect taebepm towards splitedesestorss96.4 and

beam 05 o Bt BedS, € B84 18 JorlR A ock ert el Aol 7 AU Flcaut
proper @Qoi awtinkd. (e cverallt width of eadtosplit-detectr infa disetivh perpendiculae no itdis dividing
the detectoy, 100 to be, |l ocated the required substantially eight focal -

dept hs amy{im%sphﬁamélmeqw fRethe valye oh D of equragiogdbect ors 96 and 100 can
H‘]g” d;\e/i”gg‘ In the saiR RrABfder HREMIW isSintilent I AYqubdiant dtectdf 166 ¥hd séH dtithe
output signals of the four quadrants can be used to form an information signal. The four
output signals can aiso be used to form a radial tracking error signal according to the so-
25 called diagonal phase detection or diagdnai time detection method, in which phases or time-
delays between the high-frequency components of the output signals are determined. This
- genération of the radial tracking error signal requires that the quadrant detector 100 be
~ placed in the far field of the first-order beam 94. To that end, the quadrant detector can be

moved a small distance away from the_. focal point of beam 94. In case the substrate thickness

30 of the first type of record carrier is smaller than that of the second type of record carrier, the
quadrant detector 100 is preferably moved towards thé grating plate 93. The displacement is
preferably larger than six focal depths of beam 94 in order to be in the far field of beam 94
to allow generation of the radial tracking error. On the other hand, the displacement should
be sinaller than ten focal depths to still have sufficient spatial filtering by the small detector

1 gespertipely. COUIpHF signgsief the



The at | east six focal depths out-of-focus position of the detector 100 can
be used in any optical scanning device in which a-single detector is used
to gener an information signal -and a radial tracki ror signa
fron1theq%§5ﬁa%ﬁgquency conponents of thedetector signals?%Fﬁégﬂgﬁﬁént of
provisions in the device for scanning through substrates 15 of different

accor 6 n 0P 1R PRy o e AP elech Sl 00 sCupR, ocaP Uit el 4l e

t aken t o focatpeint ofi it beatre 84 towards thergmting plite @3t he generation of he focus
error signal. The peasures.ipclude renoval of aberrated rays ipn the far
field. The beam 11ﬂ§f€$ QEFEB%%&F@WBFWE% fé‘izr“is P{wﬁw&l&f tonchangs: the
astignati 1 a i SSri& s H"xﬁ T _t%s,--nr eg{ﬁg g@ﬁ? ?Sﬁﬁg
conver gegs(s)iﬁbg%g] rgb:é]?l et“grcat?gtﬁell{ggl:l OJll::lput-_ Sl g?njafag _ tgﬁ{eﬂed tece 0

ar e usked opticalestrengthe and farangingra sobstrage ghrryingothei dejectorst 96 and t 10§vsachcthat the
met hod. ring.hald.-waveepl ate, 107 has been.ar.r.anged between the a

opl 14t or Tacal FRintatcbeiy B3t detincourrmey Beusd Wil Sedptee 8 B depeetin, 56 A, proper
refl ect ednoRasflthe sHifiUsfotheBidealpoint to¥Pbeaint 950will Berl cabehthel datdtsr RDBS be
107. The plate comprises a central area .108 and 25 _ [err]n annular area 109

around i flocatedethei requised sphstantially gightcforadlndepths: away, fom the foral pointrof begam 94.

o ge.as TRkt S aft 080 SRR By i eheBNE Baok BRrehlCsibyiPlipk 358 ooR®
beam 10Thegtripétiineof the leeiget he direction of ol arization of radiation passing
t hrough the central area of thésel enent over- 90 with respect to radiation

passi ngdt hr ough tﬁ@‘%ﬁhm Sié_r ogal dW%PHW&@F“&PQﬂHQB _e@ﬁ detertas 400 cap be
05 ] Y A S PO 1, S 1 i

orientation arizer-is su at ransmts ra
t hr ough tinfermationr signalrand 4 @&dialf tradking error aighal\from (Heahigh-frifguencyheomporients of

scans a recqrd caryier of the second tvype,.the polarizer 110 [err]. arfanged
e r b6 ueci” sgnnls, Sdepandent of rovisipes it e B irofeaimns, trvukh Wby
out erysr eaf afffdréi m@ﬁ&%%ggg,%ggﬁ%f Q6P deteétefs, generated by the detector

fromonly radiation in _ ] _ _ . .
PCT/ 1 B96/ 00182 23 t he Figuter 2A showa aievibe acerrdingt todtheciaveritiont inewhidhemeasures

par axi al cus errqr. \Wien the device scans a record.carrtier, of the first
Pype. ¢ hat i Tprtoslass 1VE et G foraovin Aberabd SR oM Ao e, dengrpdon of
radi at i othedfocu§ @rroffsightl. cThe aivaniras irchie fenfovilEbf abéatdd FaysTinctheOfat ieRl. 'The -
t hen corresponds to the best focus. The ring half-wave plate 107 and the

pol ar i zepeamolk seflectedr from ther recard gatries| b iv pawsed rthraughran astigmatieselement 405,
t he ar | s . .ef | ect.ed D4 t ry..cri.Lical Onsequ e
mean?b:‘ orlhér%{?f‘ggasbgg’ag%ﬁaﬁ ;r(%r r@é?ﬁdﬁ%ﬁ?’ 8‘¥ Et%gg_%gé %ﬁeéd&%g?ﬁﬂa‘gwrg %@g
t ol er anc Sutpuaisignaknobthendetictorc1 06 arectgedabegenerate g focus/éirom sighalpmcbrdig @nthe
alternative enpodi nent of, the_ device acgé)i %gﬂé o.the invention in whi cﬁu
the adj udttigmaticomgidiednd Fingfalfowmys: plais T afranged between the beam splitter
33 and the astigmatic element 105, i.e. in the far field of “_the reflected beam 11. Figure 7B
ihows a top-view of the ring half-waye plate 107, The fplate'comprises a central area 108 and

25 i annular area 109 around it. The size of the central region corresponds to the numerical
iperture NA,, the outer diameter of the annular area 109 is at least as large as the outer
liameter of the annular outer area of the 'reﬂected.,béam. The plate roiatés the direction of
“olarization of radiation passing through the central area of the element over 90° with
. espect to radiation paésing through the annular area. A polarizer 110 has been femovably

30 :rranged between the asﬁgmatié element 105 and the detector 106. The orientation of the
jolarizer is such that it transmits radiation passed through the central area 108 of the ring
! alf-wave plate. When the device scans a record carrier of the second type, the polarizer 110
‘s arranged in the reflected beam, where it will intercept radiation from the annular outer
: rea of the reflected beam. The focus error generated by the detector from only radiation in



10 elenent 111, having a central area for receiving radiation in the
central area of the cross- section of the reflected beam and an annul ar
area surrourv0@é288i€ central area, conparable to the ring hal FCTIB9&0(IBAt €
107 shown-in Figure 7B. The el ement can be 3bntrolled electrically to
rotate the direction of polarization of radiation passed through the

annul ar ar ethevgentral atep of tthe sefiested hepmcisithen tre pasidal; foqus exyonf Wheniithe: deyice scans

Do oot "o 8 Haegr et B tne Y8 e, 1K pdirigde P B, e prdth SHE Ml v 11,
90[ err] whegnd @iinfadidtion bf Q¢ Ceflédted dearaf falls cors ahe Widteciare 106LNThe I focls Bffor then

means al so conprise a polarizer 112 arranged between the astigmatic el enent
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in the polarizer. The detector 106 receives radiation from only the central area of the

reflected beam and therefore generates the focus error for the paraxial focus. This blocking
means has the advantage that it requires a one-time adjustment of the position of the
components in the path of the reflected beam and no further mechanical motion for the
30" switching the blocking of the outer part of the refiected beam on and off.

~ The information signal representing the information read from the
information layer may be obﬁned from the detectors of the focus error detection system or
from a separate information detector. The information signal may be formed by summing the
output signals of the eight quadrants of the two quadrant detection systems 30 and 31 in |
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focus error signal when scanning a record carrier of the first type and to
t he par axntsrmwga@sn@gc dn the apesture,pta diaphragm, guch ascingthe device iof Figyire fife
second type. 3. _ Optical scanning device according to Claim 2,
characterized in that the neans for positioning conprise a type detector
for generating a type signal indicating the 20 type of record carrier

bei ng scanned, and a selector for selecting in response to the type signal
the focus error signal for control of the focus servo system

-




4. Optical scanni ng device according to Caim 2,
characterized in'that the nmeans for positioning conprise a first focus
eryor detectwovsaggisem for form ng the best f.ocus error signapcpipsbsofsecond
focus error detection systemfor formng th2§paraxial focus error 25
signal. 5. Optical scanni ng device according to O aim 4,
characteri z€LAIMS:hat the first.-and second f-ocus_error detection systens
conprise a first and second radi ati on-sensitive detection system

respectively, the second radiation-sensitive det e ) i ng around
the first radiation-sensitive detector. VO 963mu(m|§'mmmayi{l .

PCT/ 1 B96/ 00182 6. Opti cal scanni ng devi ce accor o Caim
5, in which the first radiation- sensitive detector conprises four
sub-detectors arranged as quadrants between a first pair of orthogonal
dividing lines, and the second radiation-sensitive detector conprises four

sub- delecters arranged Epiestafing d9lctoRR SR dirhoiype OF 8E4rANGRRA having

dividing lines, the lines 5 of the Tirst ‘and second pair “havi ng nutua

angl es of 48 firsthinforsvition layer ;andoanfirststrangparentolayes of @ first thickness and dorseanning a
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formng an angle of 45 err] with the main direction of the annular area. 10

7. 5 for genemting hradiationrbeam ard ap cobiective densydasigned SPrrconvesBing the iradjation
peam di vi dl Bt (fifRBh he'arkt WhiloRibnt Nyl 30" 21500 B R 'Hele. fiRdifitheioh MYdr) Charac-

record carrrer i rrst Secon etectron beanm a fi
radi ati on- sterized iivethde tiec tievice symprisesomeass forr positiohing) the bestafoous of tthe radiation
first detection beamand a second yadi ati opn-sensitive detector_being,,

arranged i nb%am sppstantiaily oRehe Bess informaten fayer srehihe Raraxili forus pfesaid sasfigtion beam

detecti on bgagan bt &% %@iﬂ%&n@% y fromthe central area and the
first detection bedm conprises radiatlo romat |east the annular outer

area. 310 2. OpQptiadl scanning ndevitey acoerding do dClaimtly cHaricterizedi in that the
whi ch t he beanm di.vi di ng el enent ha%(tﬁre addi tJi ?Png.l f-unﬁt l.op of coupl.i gﬂ trle ¢
reflected bBSARS £OF POTUPHRE Afe PRSTAUVALY 2HRRgsd,fP JOfMn3 D&sh fagls STERr;dighal out o

source. 20 rldpdtioh.in at least an annular Gdtér &r@h of €Y BloSPsédfivh OF adbeartl 6f Rididtion FefddiRd
2, characterized in that the neans for positioning conprise a focus error

det ecti on sfrometherseanned racord diami¢raandsa patakial docus tearor signpbout of radiagion in @ceantral
error signa ut..of radiation.in a refl.ected beam of .r.agi ation com frO
Che "scanneciPR i SF Pl e oE i FrE -8R, g B thil b8 o K dpasiiins
havi ng- n5ef ¢mfpriseca foous s@NﬁﬁgEtEﬁht for tpoSi@iBhing the oBjecavd s il dEBpBHdRsioathe bkt focus
the entire cross-section of 25 the reflected beam when scanning a_record
carrier of emer signal wherscangingta repond carrissof thedirst type and to the paraxial focus error
| signal when scanning a record carrier of the second type.
3. ' Optical scanning device according to Claim 2, characterized in that the

means for positioning comprise a type detector for generating a type signal indicating the

20 type of record carrier being scanned, and a selector for selecting in response to the type
signal the focus error signal for control of the focus servo systex_n.
4, Optical scanning device according to Claim 2, characterized in that the
means for positioning comprise a first focus error detection system for fofming the best focus
error signal and a second focus error detection system for forming the paraxial focus error

25 signal. , ' '

5. Optical scanning device aocof_ding to Claim 4, characterized in that the
first é_nd second focus error detection systems comprise a first and second radiation-sensitive
detection systém respectively, the second radiation-sensitive detector forming a ring around
the first radiation-sensitive detector. '
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el eme gt ﬁmmtghﬁomacﬁeabm&emdtdﬂxeerdehemuoﬁucuenﬁﬁwsmdel oftthe Adteetor taving
assed thro
P ﬂ%cuve size such that it captures radiation from substantially the entire cross-section of

25 11e reflected beam when scanning a record carrier of the first type for formmg a best focus
« rror signal, and radiatiori mainly from the central area of said cross-section when scanning a
12cord carrier of the second type for formi_ng a paraxial focus error signal.

10, Optical scanning device according to Claim 9, characterized in that it
¢ omprises a beam-dividing element arranged in the reflected beam for forming a zeroth order

30 team and a diffracted higher-order beam, and a detection system arranged in the path of the

2 rroth-order beam for generating an information s1gnal i'epresenting information stored in the
i formation layer, and in that the radiation-sensitive detector for forming the focus error
s gnal is arranged in the path of the diffracted higher-order beam. -

11, Optical scanning device according to Claim 2, characterized in that the



the central area of the el ement. Optical scanni ng device

14. . » -
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15. Optical scannifig device according to U aim 14,
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i nf or mat i onelemgat overdamasgle f % whes scanning & apeord ofarders of thedfitss typehand overs90°
differe fromthe first thi,ckness, .conprisi,ng the sitep.of converging a..
radi at | O bYEN KATRE,B T5PodCHED of (e SRd Pl OIORIRE NS 4ish, ShPrisie 2
layer to a pelafizdrofrnged betvien! die! liquid cfﬂﬁelfélérﬁént'ﬂlﬁ%g%bﬂ“eh_@b’ Qeteria s¥stem,
scanning a record carrier of the first type, and the step of converging the .
radi ati on btherpolarizes heingirientatedots) eansmitradiationtfnor (the: central aceaokithe element to the

transparent¢| raxial focus substantially on the second
I nformati onchg%//gx&o}zge&tgﬂi‘eﬁég@anni ng a record carrier of the second type.
20. . 13 Met hod @ptiesldscasning devivedccdiling MDIdif 10, thractéiisedoin that the

forming_a best focus error signal fromradiation in at |east an annular |
outer alBa ¥jusiaile blarking meansoeorprise ddalirwave,clement; havingea centralares doR raseiving

record carr] : anhi g, 2, fle € s
of formng ga{pa‘gpgﬁﬁa@gf ocus %@?odrfr?’%oéfnggrg;sﬂ?ﬁ §ﬁ%ﬁég{%{eiﬁ5§n€% Eagleang[rl@g area
surrounding the central area for rotating the direction of polarization of radiation passed
through the central area of the element over 90° with respect to radiation passed through the
annular area, the device also comprising a polarizer removably arranged between the half-

25 wave element and the radiation-sensitive detector for transmitting radiation passed through

-

the central area of the element. . |
14. ~ Optical scanning device according to Claim 1, comprising a first and 2
second radiation-sensitive information detector for generating an electric information signal
from a beam of radiation reflected from the record éarrier, in which the first information
30 detector intercepts radiation from substantially the entire cross-section of the refiected beam |
and the second information detector intercepts radiation mainly from the central area of said
cross-section. , | '
15. Optical scanning device according to Claim 14, characterized in that the
second information detector forms a central part of the first information detector.
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t type and in reesgonse to 1he pargxial focus error en scanning a
arrier of the second type. 1. ‘Met hod according to

96, conpri si ng Q?Sca?tﬁﬁmﬁﬁ w%aide&mxag téoclﬂéao'l”%gﬁﬁs@ giadiaham

nin substantially the en ire cross-section of a be ation
@densitive information rdgtestorrfor gendrating: ea information signalcout of ra beam)fof tradiation
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‘detektoRchaving an effective size such that it captures radiation from substantially the entire
cross-section of a beam of radiation reflected from the scanned record carrier when scanning
a record carrier of the first type, and radiation mainly from the central area of the cross-
section when scanning a record carrier of the second type.

17. Optical scanning devxce accordmg to Claun 1, in which the first thickness
is smaller than the second thickness. . ' | '
18. Optical scanning device according to Claim 17, in which the first

information layer has a higher information den'sityth'a_n'the second information layer.

19. 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
carrier having a second information layer and a second 'transparent layer of a second
thickness different from the first thickness, comprising the step of converging a radiation
heam by means of an objective lens through the ;ﬁrs't transparent’ layer to a best focus
substantially on the first information layer when scanning a record carrier of the first type,
ind the step of converging the radiation beam by means of the objective lens through the
second transparent layer to a paraxial focus substantxally on the second information layer
vhen scanning a record carrier of the second type.

'0. ‘Method according to Claim 19, comprising the step of forming a best
ocus error signal from radiation in at least an annular outer aree. of the cross-section of a
‘eam of radiation reflected from the record carrier when scanning a first type of record
« arrier, and the step of 'forming_ a paraxial focus error from radiation mainly in a central area
“ /ithin the annular outer area when scanning a second type of record carrier, and the step of
«ontrolling the position of the obJectlve lens in response to the best focus error s:gnal when
¢canning a record carrier of the ﬁrst type and in response to the paraxxal focus error when
¢ >anning a record camer of the second type.

1. Method according to Claim 19, compnsmg the step of generating an
i formation signal from radiation in substantially the entire cross-section of a beam of
1 diation reflected from the record carrier when scanhing a record carrier of the first type,
aid the step of generating an information signal from ‘radiation in a central area of said

¢ ‘'0ss-section when scanning a record carrier of the second type.



