1 ' ' S 2091028 " READI NG OPTI CAL RECORD CARRI ER"
The +nvent|0n relates to a nmethod for reading a record carrier provide

with infornation in an optically readable information structure of
trigck-wrse arranged information areas which alternate with internediat
areas. In the case of a-'circul ar di-sc-shapqd record carrier t ﬁggﬁgglon
5 tracks may be concentric tracks, or alternatively, quasi- entrlc

t acks |inked to each other and tituting a spira track Such a record
ca%l er is described in the %ﬁb‘?ﬁ@a P??@hcgg%t Speci fication No.
2,018, 489A. The known record carrier may contaln a television prograne, the
|nfornat|on bei ng encoded in the 10 frequency and/or dinensions of the
information areas i'n the track direction. The information areas may
conprise pits pressed into the carrier surface or hills projecting from

this surface Aller s ixfntiod Re1ddds 0L a! hitlod b 1RaB1}0L ekl |
form in which casg Eeﬁl nf?)'?matlon areas and mfl(}(r:erare at e areas mafgth

have a const ant P SRfemation 4 FBORFLFTAY| m@%%@oeﬁm%pon
- of sinformati on of dzxackamilse atzanged iiafermatids abdsaNwiichr fTefateawiheci fi C
conbination of gidihadigErasanNd ones.

i For optical record carriers a maxi mum i nformatl on density is desirable,

which in the case ofndhesfasef g HETREnEiss-shared icerert SeFsiesdigning
maxi mum pl ayisngttd<Re . malyOe t:hmaﬂrdoeﬁaa:kh%rl AftRERR LY, t itk Scombantrdcbe

arranged as cl oge e her . er ance between
the informati onéﬁ;gélg'g'"ﬁ%é]%g eaﬁg ‘%&85 ag? EJJF_‘O?@’QSW#SFQF Hown record
carriers, in which S arregoyrhicaxnienrisadessiribey in dhe Appiicamts! Snitdshcks
have the sane geQuERtSpectrictBion/ . blAsZ4sodl MRS | 1RBwh Tebh® LaRakr dlalyeCt i ON,

all the informati on, ar eas fluence t he read-beam radiation in | ar
manner. The rea glr%gs 5h PIREETREE t{"gﬁrﬁ*?ﬂ'ctbﬁ Sﬁdﬁgﬁb beam
has a specif ?Uc,fﬁeuuem:yaqﬂ/er@.mians of nthen $nfoymatiion radeas iionthel heack

hal f-val ue di angi e, Sand ABGImatiof arbllf nd} ToRRISe HAEYGRAsL into the

di anetrical ly opposite 30

2 points in t heCAFHET FHEFISe M hitiscPRaiesting fromathisosyrfaceyys Alfernatiyely,
i nt ensi ty i Nt hehee titfdrmationtiay 5o @hcoded din 8ivAtal defm,0fin whdch icade the,

information areas and intermediate areas may then have a constant
15. dimension in the track direction. A specific combination of information
areas and intermediate areas then represents a specific combination of
digital zeros and ones. ’
For optical record carriers a maximm information density is
desirable, which in the case of a carrier containing a television
20 programme means a maximum playing time. For this purpose the information

. ‘tracks should be arranged as close as possible to each other. However,
. the distance between the information tracks cannot be made arbitrarily
¢ " small. PFor known record carriers, in which the information areas of
N adjacent- information tracks have the same geometry, except for the

25 dimension in the track direction, all the information areas
influence the read-beam radiation in a similar manner. The read spot
formed on the information structure by the read beam has a specific,
for example Gaussian, intensity distribution. The half-value diameter
of said spot, i.e. the distance between two diametrically opposite

30 points in the spot where the intensity is equal to 1/e of the



or greater_than, the width of the information areas, hereinafter referred
to as 't he track width. This neans that even in the case of correct tl’kl ng
of “t.he read spot, an anount of radiation will fall outside 5 the tr and
Ray be incident on adjacent tracks. The ampunt of radiation on the g cent
tracks increases as the track distanze decreases. The track distance is.the
di.stancé between the edges of two radially adJ acent information .areas.

ks di st.apce.|s t he. wi dt h of .t he orrratlonl ess lands situated "’
f ween tiﬁge'fsf'l*"% #Teoﬁe'l ®{¥a W’ce?t‘ﬁh“’p ek tdde K on which is
| nci dent cgngeabem thage bhe wididk of the idfodlatrien mdaé,aheﬁibgfﬁehe:eifafﬂarrat i on
areas of ghhesend HL0REAQ] t:ﬁ&ﬁ ergéagﬁg;b a5 tive
e radl at | on no t

detector provided to receive t track to be

read. Thit€apaaf the,read §aQhsafk awpytcpf radiakian widlt 1rﬁ“r"i§1~ﬁﬁn di stance 15
bet wees) tthe traéiorandinagrbe dacident loh &fjatértth tRaiet TAS ittt bﬁn No.

2,d 8, 48%§,Fm g?g L g QQE I IS proposed to
i ncrease the ?'&Pormatlo ensi ) VI n ﬁ‘e&ﬂgﬁ%ornad?l on pits of adjacent

~ tracks dilpFREasete (B ﬁ‘éacésnéiﬁ*é%ﬁ A§ hetwesn thesedgesiaf g ferent 20
manners. ﬂtnuyfaagawntomfbmk&\uee& l‘nfiQrdﬂthﬂfé 35 e@alagerya first depth

are read de m the varlatlon otal .intepsity of the

radi at i on re ﬁérﬁt:i‘ng @égﬁtgaebmg? @P t he pupi l
of t hadr &xrikse) écFﬂ#@inm qfsﬂma@@ti-m which &s dgcidentcadtheet hod. The

i nf or mat b@h&@&k&a@&&@whmpw%um&a%sat@!sfmﬁﬁcms%% depth are

read by ter I ng .t ensrt i ffer e.in two, tang ntlaIIy di fferent
hal ves o %ﬁf‘%‘ﬁ’ %B%eé’;’f\f@ng'ﬁs{'%s ek e d

differ enpmdeteé;é mhwthﬂ\yxediarbeanhmguhtbdrwt thenoackato e teaddek Wi th -the
one readmiy BEfLcR) @i AGRBa1kNEALER! i@ &ﬁaﬁgﬁengmﬁa&%t&the ot her

read method i s hardly observed, so 30 that the. information tracks can be
ar r andedPeHEER Shei infepmatdee RS y to each other w thout excessive
crosstal k. Fim areathmgatmemppummduearzr,bm,mssuhmbhysa:da.pt ed read

P Eneur St So iR WiAeki 50 Aokl SOURRLAR 9 0 2 O0
have 35 #hformrtdan W?%Wt?im &he ripfermasion pits afi add peamtTiRaekS or
Funct i ondiffebdit’ jegthe @ldl PédlRhe sdS® 10Foimaidn\RrdcRadinTal fradenttay be
SSLE?at | Bicfiekl. hd IRectdffin WhRD ndst!thkdfiatlon REGIURST QeikDE "o
‘depth are read by determining the variation of the total intensity
of the radiation returning from the record carrier and passing through
-the pupil of the read objective. This is the so-termed integral read
method. The information tracks whose information areas have the second
25 depth are read by determining the intensity difference in two
‘tangentially different halves of the pupil of the read objective. This
is the so-called differential read method When reading a first
information track with-the one read method an adjacent information
track to be read with the other read method is hardly cbserved, so
30 that the information tracks can be arranged substantially more closely
to each other without excessive crosstalk. -
N\ For reading such a record carrier a suitably adapted read apparatus
must be used, that is to say a read apparatus which can be switched from
the one read method to the other. Since the two read methods have
35 different optical transfer functions ("Modulation Transfer Function":
"MIF") the alternate use of the two read methods may be perceptible in



Mor eover, the information areas with a |lower spatial frequency cannot be
read i'n an opti num manner by neans of the differential nethod. Furthernore,
the .transitions between track portions with deeper information areas ang
tthe track portions with shall ower informegion 5 areas nust be opticg

mar ked -in the record carrier itself, in order to provide an indicat or
the read apparatus when switching over is to take place. The tracki ng servo
SQ,S'[ emis sen&tﬁils?ignilf)wﬁm dembidﬁf:eiﬁgrdadhfced regrt tmréd’da?ﬁparl_hﬁ’ .efore, this.
servo system shou a ust e en o p

shal | ower i nf gkr’%’tvle%’n tgr e1§g° an ilvlll cgea\?er'ys\% I]tswe$ sga?&% EYS)etquo‘?c% ﬁaem%?esent

i nvention to bacteedsi ahepitifusy nemepd rbydosasist of jthe aiiféemmdiaéamqhe# for

I n;orrrat i on s]ys&h%m&et edtﬁvhﬁingﬂtﬂhgg%ﬂ%ﬁ c?&:ka?@thrQr emamga.& digital

i nform |on 0 exa rom an or a.co er uj rlng
switching of CREPTRREEPR, %&Faﬁﬁsmﬁe %np?ﬁ'téﬁ'fgw B?‘% ?‘Bf%mgf %t aspect
of the presentreasvewsti be dphigadly snapkesi\/ﬂ.uler!hearermtdr@drtﬁerriaqaerbﬁudnnrg'der
information steradyidd gn rﬁapéaqi&arfar%el rbahhsppfapmsoéheansﬂerzﬁf@ bver’ gadabl e

i nf ormati on structure In one I nformation l'ayer of trackw se arranged
i nformati on aF%an‘kG\/rﬁléﬁe'al ?‘%?r RERELRR tsl‘F‘Y‘htséfﬁ’é‘d?'%rtsé“a‘r‘é&% LocHifp AERGNBE
scanni ng a trask infddhadidpateast ahetrefake atlifiseovw afstsavsioabdtdis erer] e,

[err]e being Lthe eff GaLl % %18@1‘3@%%’29& NheQbed BS dndth dbt qugﬁinatcta‘é‘qb 398 bop of

the i nformabi on” structure etecting radiation no erecord
carrier to 25¥ieepyeEss-t he i nformation, wherein the record carri er conpri ses
paral | el adjacent IE ri3Ck® oibﬂedmhbshhbh&eismcewm&mne:ariaaSeafe tdee tracks are

pl anar and ar nar {1 ne or ot.her rall nes at
di fferent Ievg'i“‘?° | n°\'/\'/h"1"2 ! e ntrg‘r")rféidc%rtrge%rfgﬁsﬁg oﬁg‘L rs‘é%k Bottion lie

in one of sai delsvision prrgramme,isn enddodpragsanmec oy ddgital| taformedipngFordj acent
track porti oneka.ﬁlé Necbl €an@t B a Cdonpéded, PLRRGS, reﬁimigwiﬂaﬁn&geraar&u on

bet ween t he'Stwo planes defines a first effective depth and hence a first
phase depth i ®3%PBRATARUS BeF9EFP %25t which the informati on areas have the
sane geonetry in Aueprdisgecdiofisrgrengpeadi afukbe presenheidventdiondilregetfison, in

whi chwi thi N SAGK ALd ACKedhOh {de0PeBBud i8] LFBLLRAToRLERRAALE alkedolig_Sa®

| evel , in Whl he information areas an ntermedi ate areas in a track
portion defi nEaEFigEcddnthefrEterf i@ BREICAILIngeHahte tafardabing pIASE TSt h i n
rel ation t(%uxeue ddfbrmwatidal LdyekN6E trackwise arranged information areas which
alternate with intermediate areas, comprising scanning a track with a
spot of'optical radiation of wavelength Xe, Ae being the effective
wavelength of the radiation at the location of the informationm
" structure, and detecting radiation modulated by the record carrier to
25 provide the information, wherein the record.carrier comprises parallel
adjacent tracks in which the intermediate areas of the tracks are
~ planar and are coplanar with one or other of two parallel planes at
different levels, in which the intermediate areas of one track portion
lie in one of said.plaﬁes and the intermediate areas of a laterally
30 ad jacent track portion lie in the other of said planes, in whicp the
separation between the two planes defines a first effective depth and
hence a first phase depth in relation to A,, in which the information
areas have the same geometry in two directions perpendicular to the
track direction, in which within each track portion the information
g5 areas are at the same level, in which the information areas and
intermediate areas in a track portion define a second effective depth

and hence a second phase depth in relation to A, and in which the



4 first phase depth is a. fraction of the second phase depth whereby t
optlcal ;radiation fromthe read spot when centered .on one track porti nd
i nci dent upon the laterally adjacent track portion is not nodul ated b e
iinformation areas and intermediate areas of that 5 laterally adjacent Track
portlon OhM ng to the different plangs of the adjacent information track .
portlons the side portions of a rea spop scanning a specific information
ck, which side .portion passes over laterally adjacent information track,

'are not npdyt ainade bnépemslmffqaémhq& @wtsaamdpﬂagel&péﬁ“ﬁe@@hyaeﬂﬂ
information trac been taken to ensure that tfor a sSpecific read

k
met hod, tPELERY Fé‘?jé%??“alfrﬂ’f the FepthtAPGF HheRetemberedt o 0Bt ERtHr cannot
di scri m nedreidreand dncidenti upoor thet Laerallgasd jakeidtheradk aeriiba i af astrat i on

track andmotdnfaﬂeﬁtﬁyr qgg'i%k@m@f:ﬁﬁ!s apéast Qﬁ LE&E diatL Jéa%\loofbgh oted that,

inter alia fromUiited States Patent 15 peC| I cation 55, 426, record
carri efs ateTa i3 i JAfenth fEaFk: PRFEAPRor nation is arranged at different
| evel s. Hommxabg dohelsee di Bfpedk GAindsCHS thoNiddadent ﬂ{fuh’iit:libij tehek Nf or mati on

| ayers, aéorti tkP& t%ﬁ‘ikés o@ eq,ggd |sn£é)r rrgtt{ion cifgel ng situated at
t he same eve e rnvention may be enp a voth WPHretord carriers to
be 20 rea’d‘fPﬁ“r’»é?# dEacionviieh vﬁdshmréé@n @aeﬁSr P‘Fﬂfslif(ﬂbb‘-yr adiscent

ttansni SSﬂnQBmaEH!Bﬁ head®)r Bre tube noBYRItkd Oy awmﬁ:ussﬂnbewaaim fecord
rea y the integ net hod and record, carriers

carriers a
adapt el t¥ dﬁé’é g“ffﬁﬁ" °Ff5§|a§]h‘t i §f* f*h&’aen TFRE®Y AP SPHREES SRSt ructure in
t he i nf orﬁmt#mec#féckeeaﬂagetbodhshe pBdffenehtiad or the L2Gegnwl| me¢thdé, structure.

For an i nfnerdeteb 0t Shddde! dilsr LARREd SbB%eh NiH! IBHoriL 136 GA%ak oet e fOr m of
pits in the information tracks the concept of effective depth- may be used.

This ef f AAIPRRtGEFORmatdop etk rd Rscirtermeddots apeas @bt A A% vr mat i on
areas and t hetti né eapnedinatel ahegSimerodNaer fwe nictedestidbtes Patknteam The

'nforﬂﬁt'sg.@cﬁicyefow@oﬂ@yaﬂe sJCoRL el Q3cfeddl Lid Pﬁ%‘)n ﬂ%%@éﬂ Rfe Whi ch splits

t he read aminto a zerd or’ er’ subbeam a plura I Fst-order
subbeans RASFTREHIULS| dTrgRas A g‘ﬁé?“-’-’GP'éléle"sh’obéHWS"eﬁshéhefEr’EﬁceF%Ier subbeans
and, int Qi’arﬂidra cdnR@id iar siuramgr of Uabemab1diavayeds d1¢| Aiforeatpbase

di fferen acks S%Se%cﬁ'if for c‘i‘on 13§e:d f{%;eptuﬁfbftge nh%aheegd, - order and

first-order subbeans occur ce spot c0|nC|des
with the The invention may be employed both with record carriers to

20 read in reflection and with record carriers to be read in
transﬁission. Furthermore, the invention may be used both for record
carrieré adapted to be read by the integral method and record carriers
adapted to be read by the differential method. The information
structure in the information tracks may either be a phase or an

25 amﬁlitude structure.

‘For an information structure comprising information areas in the
form of pits in the information tracks the concept of effective depth-

" may be used. This effective depth is the differenie in léevel between - -

. the information areas and the intermediate areas as observed by the
- 30 read beam. The information structure may be regarded as a diffraction
gratiﬁg which splits the read beam into a zero—order subbeam, a
plurality of first-order subbeams and a plurality of higher-order
subbéams, the zero—order subbeams and, inter alia, the first—order
subbeams having a relative phase difference. The specific phase
35 difference between the zero~order aﬁd fifst—order subbeams which

occurs if the centre of the read spot coincides with the



centre of- an information area is called the phase depth. For optinmm

- read-out of. an information structure in accordance with the integral @
or the differential nmethod, said phase depth should have a first or a
second’ val ue respectively. A specific, neasured phase 5 depth corresponds
to a spetific value of said effecti've depth of the information areas. |f an
i nformation area has perpendicular walls and the width of the information

a%ea i s great egedtianod B8 9EbS@LNE aes/ ¢k ex11én Rhe (phese @astHiearse t he
fective depth of said area is-nainly determ ned by the 10 geonetric depth -

of the infor rraPPﬁ'P“ar‘@&d"q“F ofh anj informakion, staictuce An\Accerdapee wikh e
st eepness and ihtegrallmtidd &b ahe rdigremhtin ﬁéteaaa, isaid iphadie deptthe Ehculld have

magni tude of o égg I r Qanf effectlve ggmﬁ f igg 83 g Q am the-
effective dept% oc%ep ends o?gtune s?e‘d‘i 'n an ’steepness and on
the pol arizat | Septhi earzespondsftot Acspeckfilchemine off saideeffertivendenth off &b& have

t he form of hlhkﬁ &egiect fromthe |nforrrat|on track the term

ef fective hei ght of effective depth shoul d W th:-
t he foregoing,. the g'EF"B?etm g'FF\,%‘B?‘FQ i ﬁ ?"gv’é'félﬂg‘{%e‘éﬂxf'ﬁe )
i nformation trazﬂosﬁatiay dreaudsisdgreahers than tthe éﬂechifréemm:mm b \tbe mead
observed Dy t hgednfathed gt &é&féﬁwwik% ﬂfq-.hﬂy the

S 0 wal | s. of

geonetrlcal difference in. |evel, .the st eepnes

i hf or mat i on 18 r SP9REtEiG denth of &he ipformation, prracy E, ?F‘%ﬁ‘?@a E\mian: ’F?Ft he
effective waveheng&lmﬁallhetaepaekdamdnth&&idth ofk&eeiﬂfenﬁaﬁmdep&bisfoﬁ bhe

I nfornmation ar% | ﬁ%ﬂé ggt&vgnﬂh Ghe!dks QL VQ 12C¢he

information tr e case of Iectlngln ornmati on strueture, nay

be expressed i Feadehenm, Gthe ﬁgﬁ#‘@ct’m Meﬂ‘wﬁ%fﬂ‘ﬁhﬁiﬁe‘%‘%é&‘ﬁ\ waile
| ast - ment i onedswﬁsr\mﬂmfﬁlwaﬁweflmmmt he

i nformation struct I.f .t he Qr tru 4 VSE&? Wtha :
t ranspar ent 1ﬁrot ec |\%le'eliéx§%£rhﬁg?/"| ﬁgia re r%g |§ve % mf.%e eftecti-ve..

wavel engt h [ erfjom the dnformation: trackhhe| mt#fﬁﬂﬁv&cmg{l%riﬂ?%lﬁ ded by n.
For a record CeffetivehdapthOshidul® beasdeldg phase structure which'is read by

the integral methglgm?j();he‘%1 f gtlal Tg]edthe opti nu effect deth
of the information 3 ) %’tfu ‘%érr‘% /ely.
I n accordance s lavelhbetween the information trac'kS"maybeused This isthe
20 difference in level as cbserved by the read beam, This difference in
level is determined by the geometrical difference in level, the
steepnessofthewallsoftheinfomtimt:ad:sandthewidthofthe'
information tracks relative to the effective wavelength of the read
beam. . -
25 The effective depth of the information areas and the effective
- difference in level between the information tracks, in the case of a
reflecting information structure, may be expressed in terms of the
effective wavelmgthofthereadbeam. The last-mentioned wavelength
| ”isthewavelaagthatthelocatimoftheinfomationstructure If the
30 infomationstruclmreiscoveredwithatrmsparmtp:otective layer
having a refractive index n, the effective wavelength h is equal to
the wavelength in vacuo Ao divided by n. Porarecordcarrierhaviné
a reflecting phase structure which is read by the integral method or
the differential method the optimm effective depth of the information
35 areas is equal to Ae/4 and Ae/8 respectively. In accordance with the

AN



6 invention the effective difference in |evel between adjacent information
track portions in such record carriers is [err] e/ 8 and Xe/ 16 respectively.
An effective depth of [err] e/4 and [err]e/8 nmeans that the zero-arder
subbeam and one of the first-order bbeans 5 exhi bit a phase
difference *of . [err] rad. and [err] /2 rad. respectively. If the

I nformati or | ' e strycrure t I nf.ormati on areas and
te inter m&?gé%%grg%sL%reggisv%{rgg[%ggné:te %’hg‘?%%ngefwtel\%}'ella%ﬁcﬁnnﬁei r tracks. Such
a struct ur enfprnesien 3ack pprrdensiilnf eychneesond dqasridrsy il M oS arkn t he

zer o- or der supmﬁm@ag:ﬁ@@ypf Aﬁruzfé&ivg delpE® torON Q’&_ﬁdﬁbheea'ﬁ?nlléﬂﬁ?_ W t hh
respect to |t ase behavioyr it y be conpared w a reflecting phase
structure vﬁ%‘ge | n?egffn%'fd%ns“;é?’%%aa%\?gea% Eﬁgéfﬁt\/gr‘%ﬁé‘pf‘ﬁ’b&?ms{ errle/4 In
accor dance ephititaasphesedliffereoce of t nead nwadt 67 rads omepebtdvekyi.er i s

provided in theref prdmugfordle QR i SRk EYre’ 824a04p11Rude sdAEALBLRON StTuCtuUre
in one infornati o?%ulr%\éer of trackw se arranged I nformation areas which

al ternate vitfPr9as s;ed the Jatermedigfiec Araageates ghfugted ot &€ conpri ses
paral | el adjamedriel riackteiritradkd.c hsddhea istrecdiedi Mitoducefa phadehe tracks are

pl anar and ar. Wit o[, 0 . t ral l.el pl at
di fferent nggge&ﬁg%g)?s? r}mri]' &ﬁ?ﬁ%nt Fﬁae %%t%(raf’rg{ae i g@’é’g%rl eaztius1 ‘%) %ﬁgg?r ack
porti of | i Eirst-onderopukbepts 9nd fEsh regpedte to riiter phade debawhosnsitofhay | ateral |y

adj acent t rackonpardd @ptH iaCrdfleddiag OfHaE Rbudtaird Wbad18aformacyéy Ch the

separation b en the two planes defines the first effective depth, in
whi ch t he ialr%?%s\r,vr%ﬁﬁ Sh %_fﬁfgﬁtsip‘)'ﬁa e(ﬁf‘h% s’%ﬂé'geomet ry in tw 25 directions
per pendi cul ar tl9 tdrerdangekvithr ecetend, aspechinic bheriippéntiem@hreqoadk porti on

the i nf or MelkPferai £38odlatd Al LS £5AITRE | £V Bbo1caI) kLadiBieh the information
ar eas g_nd mger.rre late areas . in a track portion define the second effective

dept h.® | n ABEYPRERT: SHIEAUE LR W HHgruatian (1ager of thagltiei on a 30
record car raresnged infovmagtdch \ahheasc whidhheltemhavenat tho Intsirmediiatié aaress, 2 phase

structure, ihhicR! HeBddo0d ALPAS Lohpdsds?fdealPUd '8t WaBld, S 12 X! ENdI NG

bel ow or projections extend ng abov e Interne e areas df "that track
portion by “hheh &bt dnleediate 3keaactft Khe jtRacksi afe Phenari and agg f ecti ve depth
i S appr oxi rapEdngrhdlth dlecoBDther s8£ Wb Uparhi Bt brusmedeqtt BiffAkak i N accor dance

with the SE]‘_QQQ% afrp %ﬁichot: et qg ér%‘égp;[tieogfeag ergt%r (éraccqcr rpciarq:rimiu SliQrPnVi ded
wherein the | RTOrmaLIOn StFUCtUre I8 an
: one of said planes and the intermediate areas of a laterally
adjacent track poréion lie in the other of said planes, in &hich
the separation between the two planes defines the first effective
depth, in which the information areas have the éame geometry in two
25 directions perpendicular to.the track direction, in which within
each track portion the information areas are at the same level, and
in which_the information areas and intermediate areas in a track
portion define the second effective depth. '
' In éccordance with this second aspect of the invention a
30 record carrier is provided wherein the information structure is a
phase structure, the information areas in a track portiom being
pits extending below or projections extending above the
intermediate areas of that track portion by the second effective
depth, in which the first effective depth is approximately half the
35 ‘'second effective depth.
Also in accordance with the second aspect of the invention, a

record carrier is provided wherein the information structure is an

amplitude structure, in which the first effective depth has a wvalue



arrplltude atructure in which the first effective depth has a value 7
bet ween .approxi mately [err] e/ 8 and approximately [err]ed. Further
accordance with the second aspect of the invention, a record carrie

pravi ded which s circular and di sk-shaped, wherein the information tracks,
in the two paral lel planes together constiftute.5 a first and a second

spiral information track respectively, the read direction of the first

syi.ral |nforrrat|ontrack extending fromthe centre of ¢ record carrier
t%’war ds its ci rRSiHFe éﬁ%ré’xé‘l“ﬁfeg ' qTe}aﬁd“ﬂ‘ﬁ PRRT A Y ¢ r@pgecond spi ral
information track eBurgheli iy decordanhe with cunef second mspéctt be thechivdncminii£r to

its centre. 10 record ciPfied! {se(f);:?]ﬂr&e&)fwhﬁgﬁ akl Qﬂ:c%{ll ad 084 'a§ —sqage%r r erﬁtls

t hen reversed bet ween readin e secon ct’ O
i nvention al so Peolafgsratiop efcraﬁle éarrheerwmtq%l% pérawur-asetam cgratdtstmped,
wher ei n congecu if¥est Bfidrameédoad .a.pniask iRfddma 016 WEdcRi PespBEriiveBEK th&MRbaIt | ON

are situated 15 | f I t el.evision 0 i s.stored
in the record cde{'rr?%tei(rgne%fg%gpfﬁf r%‘r‘a(’f%anti Fad 01f)oerlgr f%ﬁggﬁ Bt ain
t e i nf or mat i orfe86¥e € peedrergrd ozaesn%:ext spwaris | iss ¢ir|qemeEﬂtmdrawerths reRdt he

i nvention will ﬁe&\éda.end&'seﬁé lae@bddnsﬁm}raf QnQorndﬁR@d |cra&y eXPohdPhg E¥EIMRLE, W th
reference to th any?l)p dravmn ure 1 shows a part of

réymE e M =Gl °2r71§r %3?%5&8 i%e view of a snall

a‘record carrier TH plan v
part of thewecord Thardirertivh ¢ gararidp §fSthe recordi ganrdes iisStienr evdrsed

appar at us whi crteltsegﬁnpmilgzgrmgeuwo&ﬁ%gs4 represents different diffraction
orders of the read beam Figure 5 represents the variation of the

i nformati on si gnal 128 $EPRhASPETH Of thRclgysatiengeisenproypdes a recprdyre 6 is a
vect ori al representent witichofs kcheculaf mnﬂadﬂsnﬁst&rpgmalwheﬂfuint&wseia%et al k

signal, Figure &fma@i&e@mcwﬁorg e &n mg Péro&up{on aéee%%'

enbodi nent of a record carrie aving an arrp itu structure, |gure 8
is a plan vieewasf I IPERNS de%edfrier in which information

1f a television programme 1s stored in the record carrier each
of the information track portions may contain the information
corresponding to one televisioh line. )
Embodiments of the invention will now be deseribed in more
20 detail, by way of example, with reference to the accompanying
drawings, in which: _
Figure 1 shows a part of a record carrier in plan view,
Figure 2 is a perspective view of a small part of the record
carrier of Figure 1, _ -
25 Figure 3 is a read apparatus which 1is known per se,
Figure 4 represents different diffraction orders of the read
beam, | '
Figure 5 represents the variation of the informatiom signal as a
function of the phase depth, .
N 30 Figure 6 is a vectorial representation of the information signal
and the cross—talk signal,
Figure 7 is a perspective view of a small part of a second
embodiment of a record carrier having an amplitude structure, and
Figure 8 is a plan view of a record carrier in which information
35 can be recorded by a user.
As is shown in Figure 1, the information structure of the
record carrier 1 comprises a plurality of information areas 5

arranged in



35 can be recorded by a user. As is shown in Figure 1, the informatio#
structure of the record carrier 1 conprises a plurality of informatig
areas 5 arranged in - information tracks 2 and 2'. In the track dir
or_tangential direction t, the information areas are spaced from ead
by internedl.ate areas 6. The informagion structure nay be a reflectim
radi ation-transmtting phase structure. The information areas 5 are then,
fQr, exanple, constituted by pits pressed onto the record carrier surface or
by hills pafsraetiongtracemsand) 28ur facde Wackrdizectiohy ort tangemfial mat i on

struct ur eqfeéeelm @) tAEDIrebiihl@ 164 fabedd bfe shBced BEQ BRI Sthead RAS are then for
exanpl e ngn ref|e trn areas in a surface which for the rendinder is

reflectin %s PAf IPRe BP0 & EIHUES Y (ReJ2 FPERSEARI of t he

record caer iredistion-cramsmeétingnphdse stanctaireon Thé inlfermattas aréast he t angenti al

di rect igon Q_]qé,y 0 in the record
carri er5 a{:le um ﬁéﬂ'{]c ?ghlqmgatﬁg%dsgg%ogégg‘gg%e vari a%?%arf of the

spati al f FUFHERSEERCe P-mjﬁ?ta%és% saidl supfacenr ddteraativednd 15
audi o si gtsd infbrinhﬁouaﬁtlra&t\m& fidy bé enl ﬁﬂﬂlhﬂeoét:%ab.d:eaf RE. inFBendteaer d

carrier ngy alle con information.  The ecific
conbi nation %f I nTor ma?r &xa?r eas"s"%ﬂa‘%ﬁ?eﬁfﬁs&’ﬁt% %355 g’ﬁ‘gp}l’) %Esents a
speci fi c Eharseerdntiem isfreflegting. ones and zeros. The record carrier can be
read bys neansmed M@hawsevmséuhatéﬁ qdae&aabrcaiel ye&e&rém&ed in

Figure 3. Abe wh ch_i tt by | aser for, exa Iea

Hel i um Nebh ??P i #’Eff%%‘?gg“t B;gﬂ Eg?‘?"vg‘eswgﬁﬁ#jf& FrFegtitPy 1 or

I n the patlend¥. t & a aoloauri memjpl‘owmemsl sturydl.‘entheli"eeardarranged

whi ch enseiesed Nete higiAAHR: lsi%taltnfyg j ehtddse £Y $he Valfe e# t fid. On the
e Lnformati o

mforrratroasitructure a read ot Vis forned nstructure
i s schenaTi3Ealt FEPRISPEs ofit B W SRR B theycReominance apde [ ecor d
carri ef® bsidlg silgoadn ihntheavkrahtinn0ss the Qlehgths Jfl&aimfaeéiﬁit i ™He Sédow@t Ure may

ang{/telrjat%ftg%bfng’? ag'g&?? s‘ﬁ&g/n g12‘?C"'gurej'wgc"%{;he I"nfor ma% @gﬁ&%?ruct ure is

| ocat ed oFPTPHRE ?H@fo*“f%tﬁ%(ﬂfﬂa%ér?ﬂde@maﬁs arend Serepreasntse | aser,
so ‘that tdepeciFne teopibiriaitesn oS digBehll briedigh Lasod,r ansparent substrate 8 of

the record Cafh[ei ?édorlh&rier can be read by means of an apparatus which is
20 schematically represented in Figure 3. A beam 11 which is emitted by a
gas laser 10, for example a Helium-Neon laser, is reflected to an
objective system 14 by a mirror 13. In the path of the radiation beam
11 an auxiliary lens 12 is arranged, which ensures that the pupil of
_ the objective system 14 is filled. On the information structure a read
25 spot V is formed. The information structure is schematically represented
by the information tracks 2, 2!, the record carrier being shown in
radial cross-section.
The information structure may be situated on the side of the record
carrier which faces the laser. However, suitably, as is shown in
Figure 3, the information structure is located on the side of the
record carrier which is remote from the laser, so that the record carrier
-1s read through the transparent substrate 8 of the record carrier. The
advantage of this is that the information structure is protected

against fingerprints, dust particles and scratches.
35
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advantage of this is that the information structure is protected agai nst
fingerprint's, dust particles and scratches. 35 9 The read beam 11 j
reflected by the information structure and, as the record carrier isgéi )
rotated by nmeans of a turntable 16 driven by a notor:15, it is nodul in
atcordance mith the sequence of the information areas 5 and the

I ntermedi ate areas 6 in an information track 5 being read. The nodul at ed

read beam agai n passes through the objective stem 14 and is reflected by
the nirror 13. |n of@ereadobesdy H&Fe“?f}‘récﬁ?ﬂo‘m ﬁ%ﬂ%ﬁ?@aﬁ#& ?fgit
non- nodul at ed r@@dweaaardac&eaa& 3l ddthesd by meansrof andechtianl¢ N6 drddembiron

path. The beam spl rggggﬁgg the"seQlienc ldeknativel y,
a polarization %gﬁbﬁ ébn%olsbg?gpgggg [:')-{?I sm theg}gég nment | gnﬁ case a
quarter-wave plinfornation raaﬁgﬁaé sk bhe Anterpedigite Arpd® SsiR EBIERAten &
splitter prigm rdes maana.hmemea@ b%mﬂ‘*@éixﬁbaﬁéesthﬁ-cwehemgjétwfet he

read beam 11. The tter I S, a rt Lead
beamto a radi aﬂsﬁﬁn gg]n?%t Hée&’e?%ﬁ%x S?y'&remga]& \C/]\Jﬂl c for e@a gT the
conprises 15 a midaljitedpreationandtron: Hengesmodnleked spad beam,aibeamspl 'é‘eFead
system The out pyt Sig0HeqSin ehe A8 A20E Halli. 19nd Sl dpiitkas! naf rrcaor dance

vmththeinformatlon storedinthelnformatlontracktob read. ‘J‘jtiu
iaza. itive

pri nci pl e of opfemiairangRRreRt miFeor ety AHIRERHY Y 8 PAURFAEFIN PFFE
Techni cal Revi egpligfer pfisn, IIn. the lpstgeentiSfed] 84sennduartdr-wane biate(is

di scussed in no ¢ Ny fradadl %m;;, len@f s2DO0kuattes- Of
the order of na?j%a?%@: 0 r%‘?g% er '%’Hesr.i\gjt ér?z;gg sv’ﬁtlgt&r%eg% t hat art
of the read radWavei thenfmeans guartes qfhthe WRYRIRRILAT the Je2d\iFER tine Tack
di stance is SnmbpdamdspldtterOl7 fe€1dckach bmsmammaagbmftq st 25

I nformation track,,i nci d r 36K en 10 Pdmpr4s
this part of thEHa g’r"&f’f’ﬁﬁgﬁ'ﬁ &B:eec rr%%ﬁgtléd I n ac?gl? ancetevm th theE
sequence of |‘hferaia01®nh®°meamam&depné‘éﬁaﬁpéi%ﬁ1ea’siﬁ ff tthe scead) syston-
information tragle ohiifitaslicAsel de. @?é(%eﬁé&oﬁﬁ@aﬂﬂﬂﬂd@atﬁh ﬁhexdaﬂfddrﬁdeliml n

Wi oh ahows o SHA ERtRmetion THEe] dpors THDFMLSR (radt s e pefh-, M TLOULC
the line I'l-11" peihciplguoe optidaherdadimitiihs idescribed in inter alia "Philips®
Technical Review" 33, 1973, no. 7, pages 186-189 and will not be
20 discussed in more detail. |
The half-value diameter of the read spot V is of the order of
' magnitude of or greater than the track width, so that a part of the
read radiation falls outside the information trad:._ When the track
distance is small a part of the read beam using for reading a first
25 information track is incident on an adjacent track. In order to |
prevent this part of the radiation from being modulated in accordance
with the sequence of information areas and intermediate areas in this
adjacent information track, the adjacent tracks are arranged at
different levels in accordance with the invention, as is shown in
30 Pigure 2. .
' In this Figure, which shows a small part of the record carrier in
a sectional view taken on the line II-II' of Pigure 1, the information
tracks are designated 2 and 2'. The difference in level between an
 information track 2 and an information track 2' is h. The information
35 areas 5 all have the same depth d. For the sake of clarity d and h are
shown exaggerated in comparison with the thickness of the substrate 8.



tracks are designated 2 and 2'. The difference in | evel between an
information track 2 and an‘information track 2' is h. The information
areas 5 all have the sane depth d. FO{ the sake of clarity d and h a@5
shown exaggerated in conparison with %e thi ckness of the substrate

10" Now t he physi cal background of the invention will be explained. The

i nformation stru r e - ﬂg’ feh 52 Gl +’igngi ch splits
the read beamk%%gfixg%éwg "Sz}er%ze-gxr'1 er sub ieg%egé’lésp' uraTi_t of
f I'F st - or d&he dofermabirng ptrustiste py Pe\regprrdadgie @- S¥derction grpeqmbichor
§ ead-out, sbiiﬂs;ﬂ@%éﬂd%(béﬂﬁiﬁ&bbb&mdighff&ear&r&&ﬁéﬁmarn d Ee ]E_rack N

i rection_wphi ar rtange._an t ea inly.the first-order
subbeans. P ﬁfﬁr@?i%ﬁf"%@?’t ﬁ'r?}%’eﬁ“st e %BF%%F&%Q%?% he wavel ength
of the §esublizemsa aF e chabeuti Atris maindy the subbeapsnwirichorrs diffrpeted
i nformati Qf Slef tiGakkl ' & rbOriSH Glhicn Wa¥ ddlpdrbndai sltebs thOsdbdas subbeans

mainly fall oqutside the pupil of the objective systema 0 t .reach the
det ect or . RS ?qsﬁ@‘%ﬁglm'ofﬁfm%r%%&&s‘d&gﬁ@g Y2 smal |
rel ati ve bosteacaranieé wavkiengith o) ¢he aread drednrarsudiivsemiancelakionf ko dheor der
subbeans. ,Fi 4 . td fyl < r
afehlidheof %Bé?xggérnggmf €050 8h 4R Rby lehSe fihb SHigREde

subbeans, are ted inthe track direction 26, i'n the plane

of" t he Wxprdesypikbepns patnlypfaldt oursids £he pupih of the pRieohiv f¥stem @dire 21
represent gotrdde fogich théPddtectidt,.S Mirésvet, aiheOanipR iR I4fS the dighe®ss- sect i on of

the zero-aorder bbeam'b (0, 0). girgle L ] %Q@ spective
centres Zﬁrg‘?fd%e?'gsp?@%g%%l %ﬁ%;;%%gtg-@éec%%%g@% %{:gﬂ%i rst- or der
subbeans Istbdeat)andnthepfitstayrdepspybbedmgel y. The arrow 26 indicates the
track directi @fquig rdpSdsBRES the Sl sbO oh € HE Ehel £1:3t-bdRr Z&ibBeant3), der

subbeam.and. t he centres 23.a 5 of the first-ord subbea i s determ ned
by _[erpﬁa/ HM%E‘F% f(’?’é’éedF?"b&gﬁz*f)adf é’éf%%téﬁ?}%fﬁé‘ %P@%“% g?‘ﬁ% areas 2 at
t he | ocat iegit piipilhef rthecbbypcitive. sy8bem. THeorindle 3¢9 withna gentre @l of

descri bi ”%e,m BT P LREE Sty Y s NSl d18d)RkoddiBnd 15 cRbsLREeUBROANT
overlap the z%?'lci)- o?’ﬁr su%%%am andsi nterfe[en?gpoccurs iyg#h&ﬁhatched ar eas

in Fi gur e°f, thepzergrerdes spbbeareb (0,81 o iR FLESH A End 3f e read spot
nmoves rel gespeetive t@fresior &l R represeits Ale xrosssbetiohs tdfi the fhmsti-ntensity

of the 400L2her3QuRldRUIb (HY, 06 Aha™b (20 VBLELAARIGS 'rhL B, LB LnRiLALeBUP! | OF
t he obj ectrve Ssystem an ich reathes the detector 19 w Il vary.
the track direction. The distance between the centre 21 of the zefo-
order subbeam and the centres 23 and 25 of the first-order subbeams is
determined by A/p, where p (see Figure 1) represents the period of the
areas 2 at the location of the read spot V.

25 ' For the present method of describing the read process it may be.
said that the first-order subbeams overlap the zero-order subbeam and
interference occurs in the hatched areas in Figure 4. The phases of the
first-order subbeams vary if the read spot moves relative to the
information track. As a result of this, the intensity of the total.

30 amount of radiation which passes through the exit pupil of the objective
system and which reaches the detector 19 will vary.

' If the centre of the read spot coincides with the centre of an
information area S, there will be a specific phase difference ¥, called
_ the phase depth, between a f_irst—order subbeam and the zero-order
%5 qubbeam. If the read spot moves to a following information area,the

~



| f the_centife‘of the read spot coincides with the centre of an information

area 5’ there will be a specific phase difference [err], called the p
depth, between a first-order subbeam and the zero-order subbeam b%
r@d spot noveseto a follow ng infor matlo? ar eat he phase of the S

b(+l,0) increases by 2[err]. Therefore, the read spot noves in the
tangential direction, the phase of this subbeamrelative to the zero-order

S-%Qbeam valr | es phyisd of . theesubbéan fb(él ,0b lﬁ&é&ﬁﬂ y%mhg&ef&eﬁe{ﬁ%?g negs by ]
t e spati a t n are and hy the velocity Wlt
whi ch the readﬁgo?‘g}r‘rebs\?ég %\%e#a"g t:’{gik 5*5‘ ) B gSEPeam o) ” of

t he subbeam b( ¥elahivarke the zexdrordan E(bbea@)vampbmtwvel flerechnls wctime the
zer o- or der” sublzeaqaeRép WHicHTRY deRSRARE Vg M\ebepart@ﬁ% ¥ trleeixiéonﬂa&m(?)

= [err] +w, and 1 err] -

err
the case of §h&THt gﬂl”é&ﬁvﬁem%?é ﬁaﬁ ?jd'Péfeﬁ OVER & Eﬁ?‘*s of
the first-ordeffhe rbbse#f+1n83 sindgdt-1, QL Gl tlhesrmbpacbltm%yaﬁemambeaﬁbl ned

with the zero- gidfb) SEPEATVOR, PRIl 261 e Jetod: @Ap? out put
signal of this detec or y t hen be 15 represente f cos

[err] cos ( W®F be reeepitef dreases at |ncrea5| ng val ues of [err].
The anplitude A([err]) cos [errg (ei (I)he Bi-gaa, &d i s therefore a maxi mum

for a phase gepth of [err] —[er I 21%) Inthe case of differential

read-out a detector is arranged |n ehch of the areas of overlap which are

shown hat ched Fh Ybeqgase of ﬂménm&treeﬂgwm-oﬁs Meﬁ@‘@lé@e&m Jar the

subtracted fropaaachs @hd FirstorididbulibeSing pak |tHr:8u h is given

by: Si —B([err sin Si w t) re [err decreases at
decr easi ng val s%s Br e ?#%#1 m%ﬁﬂ%"‘ﬁ% \AF'AY;%“" ‘é‘l ?ﬁ‘%‘? 1?

signal S is aTheutimendependenthouttwkssichebtdf fhiisr detecfar mily Zhemlle | n general ,
the signal S5 ggprasintadtiyen of the phase depth Y will vary as shown in
Figure 5. The maxi of is signal are situated at 30 [err], 3[err] etc.
and the mnim at gﬂf[ér ) »es ? = [err]rad for the integral

met hod and [ er where A ¥ |detressesfair indreashingf enaes ioffl Yrethe dmplithde REFNQW
assumed that, é&s ] éﬁ.p%ﬁé fé.i&:é.ln§£ qgt theg‘gfgrgfgrwnfor a phase depth of
¥ = t rad,
- 20 In the case of differential read-cut a detector is arranged in
~ each of the areas of overlap which are shown hatched in Figure 4. The
output signals of these detectors are subtracted from each other, so
that a signal S'i is cbtained which is given by:
s'i=_B (¥) « sin ¥ . sin (wt)
25 where B(Y) decreases at decreasing values of Y. The amplitude
B(Y) . sin ¥ of the signal S isama:d.mnnforthephasedepth
= /2 rad, . i
Inqmeral, thes:.gnals .as a function of the phase depth ¥ will
' 'va:yasshowninPi.gure Se Thema:dmaofthis signal are situated at
30 ¥, 37 etc. and the minima at 0,2¥ etc, where ¥ = nrad for the integral
method and ¥ = n/2 rad for the differential method.

It is now assumed that, at a specific instant, an information
track 2' is being read. This information track is flanked by adjacent
tracks 2. Since the read spot is not point-shaped but is a spot

35 having a specific size and intensity distribution, these tracks 2 will



track 2' .is being read. This information track is flanked by adjacent

tracks 2. Since the read spot -is not point-shaped but is a spot 35 hawinpg a
specific size and intensity distribution, these tracks 2 wl| 2 recenve
aipart of the read radiation and reflect a certain amount of radiafi
_ the obj ective system 14 and the detedfor 19. In accordance with the
I nvention,  the adjacent track is S|tuated at a different |evel than the

ck be| T ector, t S 5 two different gratings. '
T%% resul t1Ng Si gﬁa'Pg I"hetﬁ% dé Pﬂ‘g r} SEERARORN SFs: the nain
si gnal Si ragtptier terﬂ'@sdl’klckl\sﬂ gmemSM and Fhesletedtgnal®s ok wel I as the

conpl et e iceidbndll witiifie 1EPELRIEN! ¢e 335 Q{%%d? in Figure
6. The dir ion of Si is determhe byt e phase 5e§ftﬁferr As the read

spot V moVeErSERY 18¥el fheh Fe iefoReindassads' Thecde then t'wev'ee,s: or Si
and thus tthatdiﬁfedehe grati:m SiThé ﬂushitﬂ@rslgn@fﬁwltﬁé&ﬁtéchﬁrn@ﬂd' ation of

t he S|gnal::@=r, fol: Ogfet formatio eas and .

i nt er medi gte -ar eas Ir}@ee-'tl nfﬁn%%n Qizragﬁlegzdt 2 TR J‘P'ﬂ%isil oul d be

per pendi-c8idt tTesAes SOps &S Femp: tpjonales hytomemn represerBiedn i n

Fi gure 6. a‘srh@ci&srm udan@f'smriéﬁﬁnsﬁqmé%&&%i&g;;'?%? of Si to an
opti mum e)&&f%"ﬁ?h tggarfg,sé tg’ﬁB g erence in | evel Petween the
|nforrrat|on rac s gt d-bp Teat SPHad PUEHIIF & . This will
al so belleinfremationokrark ifr thes Leidth @f(tbemk:tonos ; andi trusrymatiatheé ack 2 to
the i nf Or GBMcRrETEAMN 1 2varkS Hotihdd thd o8l Riln 2P cSie: | s const ant

t hr oughout ition froman information area In an intormtlon track 2
to an int 5?%%*’%9{ TRt £9e isRavemee qf; infermafdon areas end dinteymediate)prRas hand,
t he phaseinept infoimdtienitxhek rzetttmveurtaﬁ s.n asmouni Bé NRRirp@iii biRrkts the equal

to the phgsaodeamt has' 1044, 1 pforngtion track 2
It follows that i{'heﬁ_l n? t|on ack ph%ﬂ fb%ltuated at a

dept h (Or ™RGS o6& o ther %ﬂ/sefh? H’ég'iiﬁ-f-‘@ﬁ NﬁtfrioﬁthnaeRﬂM @skendtapondi ng
to hal f tﬂaspiﬂeans thmt thed &iffkreﬁﬁﬂ&l mueaaebeweaﬁml GiFofhatdsn thaday d

i nformatign gy ﬁﬁ%%ed gp depth (or height), relative to
t he |nforrrat|on trac corres o I NQ ‘fho 3/2 [err]. The depth (or hei ght)
of the 30 infB¥fartidnatlsoabe eyidentafitopeFiqure rSac KTh@ crasdtaik efieni nf or mat i on
areas of Moiméﬁiaﬁltraae Ze@rﬁée.iﬂ&sgnéﬂio:{ QEsd 2t A3NRiA1GAT LR thel BidnbgUr e 5.
As stat@ds PLexlisl YonddlGe WLLIAIL TSR L3l S U«&Le”] o for a
maninfomationiz'ad:Ztoanintamediateareainthistrad:and
vice versa. On the other hand, the phase depth of the information area
in an information track 2 is equal to the phase depth ¥ of the
information areas in the information track 2'. It follows that the
% information track 2 itself should be situated at a depth (or height)
' below (or above) the information track 2' corresponding to half the
' phase depth ¥, whilst the information areas of said information track
sl'm:!.d be situated at a depth (or height) relative to the information
track 2' corresponding to 3/2 ¥. The depth (or height) of the
information track 2 relative to track 2' and of the information areas of
this track are represenfed by ‘1’ and ¥ in Figure S. |
As stated previously, the optimum phasge depth is ¥ = © rad. for a
record carrier having a phase structure read by means of the integral
method. For such a record carrier the effective difference in level
35 petween the information tracks 2 and 2' should correspond to /2 rad.

30



record carrier having a phase structure read by neans of the integral
met hod. For such a record carrier the effective difference in |evel
between the information tracks 2 and 2' should correspond to [err]/
13,1 f the i nforemation structure is a reflegjing structure, the phasq £
[err] [err] rad. is obtained if-the effective depth of the inforna
ar eas |f pits or the effective height of the hills, if ‘the information

ageas are hills, isel @id 1oéhnathbn Qihesitve QIJ&%&%& sebudtare) +hd phlge 5

|n"fornat|ontrac§h|sthen hal f _this value, hence [e e/8. If the

i nformation st FFERLTe= iMsT3f« 15 RRnEA L5, bk stEactivg GF A dhe ripfermation

substrat e havi rgreas Ai€fpikstdry the efifectinie Aathhtooe ithea hidd1d) aftthermsan'nmnton

Cerr] = [Vir'riy%&a;?é*%%%g% %“C“VG““%"%E%%%@“”%T "898 e
r

i nformation ar dgformetiqnof¥acks is then half vvavel ength in
vacuo. The effecti & ¢hef iesoeRftEonn ét.eue&.lu:é] i@fatda&xspaf@tnmeisansﬁruaak& Sror

e 1 05519 e ShIRED JASEAGL ARk, Lol 0ol 8, e oDLE] R 10
effective diffdrapsparent prarertiyet layen 'FHE"Q af xefractive W@P&I@Q- Xhgreptimumyn| y

correspond to tph&séja?tlih‘d AR0rddnes @b&éﬁe&mgeﬂwekﬁeeivéﬂdé@&ps&%y@tyoff t he
i Af or mati on fdreésé a i nf or rrgt i on Aor acks have ZOi%J%QGHdI cular wval |'s
and wi dt hs greater ?f’ea’éﬂs Ti 26 wayEl ehdthe % MEXABITNER n t he

case of non-perpendicular walls and widtfis of the order of the effective

wavel ength, thgau@l.| file"Raeefeditkebhihedl 1 Sivdinn U DR Ybcibin Qhackdle

read beam aI soTnrtuence the effective depth and the effective di faperence
in level . |n géREMEPimm,crsstalkshetvoen GERd . 5 thsme et a_(')'ETaz').
phase structure read in reflection or transm ssion, the phase depth of°the
I nformati on mreas should be [err] rad. and the phase depth difference of
the information tr3&kis §adegl rptied Yhatrthepeffggtivasdepth cofd $he; dnfupatiopr ageas

record carrier s &2@dnhé RFREA3LE W eferthid 1hNRave] Tethant 1 ihf-had ohhe-agbnise
depth shoul d be Y =: d and th
P Tt ve i Br BFbAL SR, PRRPOmL ERct SEh 4 Aa¢ rhe  BEreaeR dnchyet

correspond to respegtively :!.f the information areas and the information tracks have
perpendicular walls ahd widths greater than the effective wavelength
_of the read beam. In the case of non-perpendicular walls and widths
of the order of the effective wavelength, the wall steepness and the
direction of polarisation of the read beam also influence the effective
depth and the effective difference in level. In general, in the cases
considered in the foregoing of a phase structure read in reflection
or transmission, the phase depth of the information areas should be
) - ® rade and the phase depth difference of the information tracks should
. | be n/2 rad. B
' 'As already stated, for a record carrier read in accordance with
the differential method the phase depth should be ¥ =-’£- rad and the
effective difference in level between the information tracks should
correspond to 1;- rad.
If the information structure is a reflecting phase structure the
. phase depth ¥ = n/2 rad. of the information areas is obtained if said
areas have. a depth or height of kels. The desired effective difference
in level between the information tracks is then he/16.
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If the |nfornat|on structure is a reflecting phase structure the phase

dept h. [err] [err]/2 rad. of the information areas is obtained if sg

ar eas have a depth or height of [err]e /8. The desired effective di té;gn e

Q/Ievel between the information tracks is then [err]e /16. 14 |

t ranspar ent* phase structure, providedison a substrate having a refrad{iye

index nl and coated with a protective |ayer having a refractive index n2 is
.be read in_an gptimum manner in accordance with the differential mnethod;

tTTe i nf or mat | 3 2EARSPSRRN BhaseyBrRRtUree iRV dagcon @pFibsEFatechavilngd | st t he
effective rdffafceiﬁ’lﬁﬁdéxnn* anel cdaesd\vetth bhfrdtaétdvatiadyen Hatvriregksa shoul d be

Lerr]. Pl usa Lol tocl 01l b1 ASE- 506 0t fuslE . RALLagLe T ecord 10

carrier in accordance weht I nvention h ving an a StI’UCt ure. The

i nf ormat | ohﬂartéesdisfmwtuﬂommn&'e iﬂéemti@'e arenf alpquéﬁ hayeA™hi ng areas in
a refl et ieRfedtiids ldepltt of d, RREMEOHS ¥rreatPRaatrsdedide of 1badr] =

[err] rad. may be attrlbtﬁ‘énj"{ such a structure. This structure can only
be read by neans of the integral nethod. Tc, %rrectly separate 15 the
read- out betwees thefmﬁmﬁinnttradmsmtaﬁobﬁ? enof fective difference in
| evel should be at least X /8. In the case o nZanplitude structure e the
phase depth to a greater extent than in the case of l:;aﬁ‘_ghase structure,

dépends on 't hEL1GEENLIPPHR FHEAL FBFFSertiPRatfe 3saki Fn2t956°%¢ dt h of
t he ar efs cani-iat—:l mat@rahmeeﬁtmctme/enm\t&{ue hgtingodn tinst itedsl sPfadvern.

Dependi ng I sggﬁig%e &idd-6n [err]e
/4 shoul d e se %gtgg or t e%gf:‘%gtlve |f§a§e%¥:§e§?‘?ﬁ evel . éébﬁlsbg to be
not ed t hafreafein A gekleshing FIREFEate-t At statedgRTaYdcYsI¥» 1 ehaser deRth\&F dept hs
of the infosmBradmay BASattBiinited tohsudf & aftiottrd) f tRILBEMAICHEd ewel Dbet ween

the i nfor I r t strl 5 es r ead- out
can al s? |%\?§§§;Pgﬁe ef%cif‘l \g/%a%emet\élfnélandkf é‘e’%‘?‘%@t@%&% fference in
-level dPfthe @M—gﬁtl%f the) frformatinnc tfacks| a/amme?é thet effestiver diffprensen
proposed, iﬁOIever%EBJxﬁ berhtBiésslts;h /Bat e:atuﬁpesdefw&hl Sip1Nude 2st0-hBtube4A t o

ot her” ¢ iRt B PSR, Sty Saediea ' TR 2 R L et Vi h oy
store inf etrm:thm pemdslem the gemetiy jofiethe irforpatihn srees, nélyeoranpl e, be
i nformati Qﬂe 488 b8V areas relative to the effective wavelength of the read
" 20 beam._ Depending on this geometry a value somewhere between Ke/8 and
A e‘/4 should be selected for the effective difference in level.
_ It is to be noted that the values specified in the foregoing for
the effective depths of the information areas and for the effective
difference in level between the information tracks are not strict
5 values. A satisfactory read-out can also be achieved if the effective
depth and the effective difference in level differ slightly from the
specified values. :
It has already been proposed, for example, in British Patent
. Specification No, 2,016,744A to employ an optical record carrier as a |
. 30 storage medium for information other than video information and
specially as a storage medium which may store information provided by
the ultimate user. This may, for example, be information supplied by
an (office) computer or radiograms made in a hospital. For this use the
user is supplied with a record carrier which is provided with a so~.
called servo-track, which for example, .may be a spiral which extends

over the entire record carrier.
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an (office) conputer or radiograns nmade in a hospital. For this use the
user is supplied with a record carrier. which is provided with a so-. 3
called servo-track, which for exanple, may be a spiral which extends
the entire record carrier. 15 During the recording of information
user the radial position of the wite spot el ative to the servo-track—s
detected and corrected with an opto-el ectronic servo-system so that the

iof ormati on can be r i t - n - pi 5

s%f{r al track or in cgﬁ%%%hg Hl 3%2’%\??%8%%%5% gbrfta tﬁ?é‘%ﬁ%&%@’%"%& The
servo-track is diRrasdetPn af Fhe wrike ispaelcreddtiyectorhe spepvo-ERakple depertsdr

t rackdr evol uti OP-arﬁi W&c&d_sbﬂédﬁa?i_ﬁﬁhoélé@&@hgc GaFvo-8ystdd, Edﬂibﬂd#i alga t he
second aspect o e_inyention. e.concentric servo tracks are |C

oo Gnated 41 andTREMEERY 58 e, eREFE NI AR SSERe S8 SoMGabiisan &
track portion 44,snimalftiratk ionfior penceotricarraghs wich taenogatdnta tseek or addr ess
43, "in which, in addifd.0NrHe0sd Ml BRlck CRNGIAlded NF@E PRE QA cudd8f AddESSS Of
the associated track portion 44 is encoded, for exanple in digital form in
address i nf or mat i Hif Psemple 28 per tepck teyaiwrdany nformati on areas are spaced
from each other in theEiguradksithwsesichon deyordnterutedisst enbadplrg. theheseaadr ess
information areas,gQLe i L12b yvem#o%.prﬁgsggmggg thevs _etq.gglg Galrier surface

o hills projectin romsaid surface. In accordance with the iInvention the
radi al |y adjBcentdesdenated ddoprf fhe F6FEITSndrepfesigratedr 4% t FarOks2MteT si t uat ed
at different |evelomprildee aIXehck POATIBALL44QNIA Whidhe Dnfodfia A NGnebs @eDft@dad by
mel ting pits into the blank seryo Ly agk LONLi ANSaabe oAt SenlPofRTP! €.
coated with a telfurfdm ayer. Bi f30r I NSCT ’bi'ng or Feadi ng sai g record
carrier use is neddopmtionofthe address| dfeghelisppesiened srack aewlng 4dystem t hat
is a systemin whifebddd)esst LEkaip@0CR BAIWEE Fobhe 1h MdAP&ds! ifforhikcfowo radially
di fferent halves of the ﬁupi | of H;e regd objective is determ ned, the

bl ank servo ®racktT5BFti ONS FPESEIFE AR I2FHa FEe FPRFs - W SR SFher 1@
appr oxi mat el y 110che| trrackadireasiont bye infdraediave atiedsor Bmr@ddres8Qinforndtdem|

bet ween adj acent Jhg¢krROGdik S sHQULEESRE 3RPS AhE NRLELY chfFiel &lrkbee o

hills projecting from said surface. :

In accordance with the invention the radially adjacent
20 recording portions of the servo track are situated at different
levels. The user information is then for example recorded by
melting pits into the blank servo track portiomns, which are, for
example, coated with a tellurium layer.
If for iascribing or reading said record carrier use is made’
25 of a so-called differential tracking system, that is a system in
which the difference between the intensities in two radially
different halves of the pupil of the read objective is determined,
the blank servo track portions themselves should have a phase depth
of approximately 110°. In that case the effective difference in
30 level between adjacent track portions should be approximately
A e/l6".
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35 16 In the record carrier shown in Figure 8 the radially adj acen

sector "addresses are also situated at different levels. The infor nin
sai d addresses takes the formof a phase structure and can be rea ans
f the integral- mnethod. The effectiVié 5 difference in level b en the

sector addresses should then be [err] for a reflecting structure. A record
carrier in accordance with the invention with a video and/or audio
peggranme can B8 R EPERAAUFEEIET ShPThdn riH8HT % & ERfored i@t ¥ i%d2 4598y in whi ch
an i nf or matsectdregddresaek ard dlhe siotanedf ata differentgrevals.wiThe a conparatively
large pi thnkm%&aeqn sallf§ MQ&%&&%Q&@UPA& b1OHIRE! A RkDE Wi tten
into a first trac coinci di roove i'n a second track

si tuat ed bepheEn %ée%rbmsmwsmfetbe éamrﬁh "&thﬁ?ne'FheasffiE‘éé‘ﬁ bed in the
articlge: "ldasfdrebea Ml RAQL Heigeddf thd GROHISLidredidsk Shodld chdRPhd €d Optics” 15
Vol . 17, Noad3, Da esfﬁfg 200 The pre-grooved track may be fornmed in a
record carrier bddy HEEF T PRE“Fachni ques described in said article,

the intensity qf ré&%dvur&eezbqamctzschmh@aaeh@eﬁnvggﬁﬁa 5 Mﬁgyd carrier

in accordance with the 1 nvention provid deo and/ or audio
progranme @aH/°4 E‘EFiBePE?GF%eEF‘byetWéuﬁﬁcéubﬂd argqtdpre fron |4 HPRAT4t i on
sequences, chfrielrhBodyons alidh ¥e- Infafdactenleksitiradls idueiengodan6f aCt Ual

i nf or mat i on r&cording grocrea%§Vef nlasruch Jay, thg;teddu |hngvi% first track
revol ution on?y T of nBLFon -ar eas ard guri ng a Seeond "Erack®revol ution both

track and 28d/or ayfigr inforeatige aay bmwshqtgnt#r&eka dlesty gtankded. 30 35 . 17

CLAI M5 1. Aomtilappg QitH Qaé cgéuswgaﬁm@rmuaﬁ BiRkesh chlicd bo&GREA carrier in
theformof nan. o (éa ey dalelnformatlonf ugtuLe
tur o) hi groov n a manner as described in the article:
“Laser beam recording of videomaster disks"” in "Applied Optics”

15 Vol. 17, No. 13, pages 2001-2006. The pre—grooved track may be
formed in a record carrier body by means of the techniques
described in said article, the intensity of the write beam being
maintained constant. '

A record carrier in accordance with the invention provided

.20 with a video and/or audio programme can also be obtained by the use
of different illumination sequences, for the consecutive track
revolutions during the actual information recording process, in
such a way that during a first track revolution only information
areas and during a second track revolution both track and

% information areas in said track are recorded.
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in“one information |ayer of trackwi se arranged information areas 5

which alternate with intermedi ate areas, conprising scanning a track with a
spot of optical radiation of wavel ength -gerr]e [err]e being the eff Ve
avel ength of the radiation at the |ocatidh of the information struct

and detecting radi ati on nodul ated by the record carrier to provide th

I nformati on, WnerEA fust he record 10  carrier conprises parallel adjacent .
tyacks in whi ch the Internediate areas of the tracks are pl anar and are

copl anar with one or lot Hemegpdtofo reprodheior pifarearion s¢prddeier® reeordl s, in

whi ch the intermedifike a eRS fofm amea:i b@@i@amr trbgdabhé an&nﬁﬂfotpgtﬁﬁ'tdrd)l Fmes
pOI’t i on I e

and the |nterrred| ate a f. a ater acent tra
in the other of 23i%®p {tgfﬁ’éné&im % %fy °g‘é ﬁr%ﬁraBﬁedbg?mufﬁe #H6 pl anes
defines a férst eﬁ#@c@lmnd@pmlamtmmta drieas;t cpdruxseinteptdnning rael ation

to Xe, in which rch@ckl ey HBJﬂogrbfaﬁﬁﬁ%af'aééﬁiﬁﬂgn%Wa&@@&%ﬁxr yalh
directions perpe cul ar %? the track direction t & n §ach track
portion the inf ogﬁ#ﬂg be sprectivg wavelepgth of (ghe Tadiation s the r}°€\?ﬁi€H the

i nf ormati on ar eashardfomaeioedimiceurs, easl detextivgaekdipdidd asdulatedidyacheecond

ffect dept h d
Tn i ch tho 111 ot oomiogae o6 BEGRIOLRTERE (BB, LR, (WL Bnd Rk Sl B

wher eby t helopt i E%’Triﬁ’écﬁ°3¥"f’t§ﬁsfﬂaﬁﬁlr]tel]readrjéa‘EP‘sﬁb%Ckﬁh’é‘n“E’éﬁt E‘P*Ed on 25 one
track portion andnteraediane dtpsd ofhehel Bifkaldre plhnaf el 5zreae£(pla@£zt kOEh i S not

rodulated DY L "CobdLOrIREE ) ALRRANG I ILELRE A Fe R A%, 0l Il QL e Al 1Y

adj acent track portio dcar
claimed in d ai nmthe inF?f“F#\’étFo?fW@fOfaﬂnﬂ)GF#%PW&FiPeddab#neOlimeGrMﬂl on

structure 30 bmﬂseaddniw m&:aéuilaauafreaé otfr@qkméﬁql ¢ ifkermation
areas which_al tern record carrier

e are |
conmprises pYrallB* aaTV%égnﬁn Ht’eac?ﬁ er ° Eﬁﬁgfc‘ﬁ’aﬁﬁé f“ht"’é'? ('j' ?itsépﬁ'raé 2 of the
tracks are pl anabetween the twopblanas dmfi-ttesonefimst effertivé depth pad dlehed apl anes

at different |evelfe phs¥deblh 3R relacidif b i Sl "RILALR AL Jeﬁfo%aﬂ%ﬁ track

portion lie in one of said 18 planes and €he intermedi ate areas of a
lateral |y adj acefte2frtR P 81%neteuetrh ipnootirertimms seargepdigntar, t9 Fhghi ch
the separation betaskedirebeidayoin bierebswithin rash tdrack ipostioal éiRCliftemsphh, in
whi ch 20 areas are at the same level, in which the information areas and
intermediate areas in a track portion define a second effective
depth and hence a second phase depth in relation to A.e,'add in
which the first phase depth is a fraction of the second phase depth
whereby the dptical radiation from the rgad spot when centered on
25 one track portion and incident upon the laterally adjacent track
portion is not modulated by the information areas and intermediate
areas of that laterally adjacent track portion.
- 2. A reco;d carrier, for use in the method as claimed in
Claim 1, in the form of an optically_teadable'information structure
30 - in one information layer of ﬁrackwise arranged information areas
which alternate with intermediate areas, in which the record
carrier comprises parallel adjacent tracks, in which the
intermediate areas of the tracks are planar and are coplanar with
one or other of two parallel planes at different levels, in which

35 the intermediate areas of ome track portion lie in one of said
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the informati on areas have the sane geonetry in two directions 5
perpendi cular to the track direction, in which within each track portion
the information areas are at the sane level, and in which the infgormation

areas and intermediate areas in a trsgack portion define the sec ffective
depth. 3. Arecord carrier as claimed in Claim2, wherein the
I nformation structure is a phase structure, the information ar In a

track portiigneh@Epdghsi inkersneddatl gedreiobve datenadleedianest esteeldi ng above the
et er medi ajdr 86 ase Gh Elabeidrask sROM piaReahyid RBideenndepddaRedd ve depth, in

which the first effective depth is proxi el y. hal f e, second effective
depth. 15 Petween t i.tw°ﬁﬁa8%%gapﬁfr%r fg tg%ffﬁéd'ei ﬁe‘é‘aiiﬁ‘i Bifherein the
i nf or mat i orhesinfiorpanionareas hamplthe ushmesgeometyr & twp dilvectionbe fir st

effective (optduibaar@ ey ahtCidatk WR2E.13BR! Q%I FRLR! M tX1L/eBcNdadPPr Oxi mat el y
[err] "e/4. 5 record carrier as clained in daim?2 or 4 which is 20

. A _ 3 .
Circul ar #PFCIANS KBS HAPPATIRTCPESAT £FFe oF 6 FATEI LRToLr A0 sin Mhidhe two
paral | el pitenbsforsgbhesresornati intbenedibte ateadndn &a ssingorapos al i nf ormati on

track respgeg%é/q#g,sewﬁd re?ﬁﬂ:t%é g%“,ﬁn of the first spiral information
In t

track exten romthe centre o e record carrier towards its
ci rcunf erence BndAtagsordesarder s ctaingd imhelalg 2, vhexsdpdthepi ral information
trackyext endbhgatisd Bt iued e UTpha e Gereitut e th€ GaEsrna8idn @fedsO itSs centre.

6. A record carrjer clai ned. .in aim?2,. 3 or_4 ich is circular and
di sk-shape{d‘, 2 r@?eipr?rg%’r?sg%ﬁ‘lgi Vs, %’?qc?P‘r’r{an i 8?1“%%%%%"%{??#%‘%5 within one
track revoingepdingghove|thgatntdrpadigtd fageasnpf IMhat trjagk/ gostion by Aheecord

carrier fofecad effedtife MRLENI1RASMELRIHR kil Crdddbide dohed gk the record
carrier, in certain recaord carri tIOI’l?, may be inscribed with further

r por
i nformat i OPPERHEPETY PHEFMREPY af&éﬁwep 8nt is servo information in
the f@grm of seet oA @Sord cacideesscslaimed UoieClaim 2,0 wherdeicathley det ect abl e

Servo tra%fom&_?omm&gjquagﬂras&ﬁ%ﬁdpfsta%%qpé,aﬁe%u@ﬁ Neeréfgd record car

portions containing a radiation-sensitive material. 8. A record carrier fo
use in therffREHIA dRPthIBESnRFaive GREfesR approximately A /8 and .
approximately A /4.

S. A record carrier as claimed in Claim 2, 3 or 4, which is
20 circular and disk-shaped, wherein the information tracks in the two
parallel planes together constitute a first and a second spiral
information track respectively, the read direction of the fikst
spiral information track extending from the centre of the record
carrier towards its circumference and the read direction of the
25 seéond spiral information track extending from the circumference of
the record carrier to its centre.

- 6. A record carrier as claimed in Claim 2, 3 or 4, which is
circular and disk-~shaped, wherein consecutive informatiom. track
portions within one track revolution are situated at different

30 levels.
7. A record carrier for use in the method as claimed in Claim
1, wherein the record carrier, in.cettain record carrier portioms,
may be inscribed with further informationm, wherein information
already present is servo information in the form of sector

35 addresses included in an opﬁically detectable servo track
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1, which record carrier, in certain record carrier portions, may be 5
inscribed with further information, wherein information already present is
servo information in the formof sector addresses included in an optically
dgt ect abl e serve track containing addresses19f associated uni nsc
T d

record carrirer portions containing a radiation-sensitive materi a
wherein the first 10 effective depth of laterally adjacent sctor
agldr esses i.s appr o¥rraindny Hidresisee/d. aocigtedpunioediiped aaernd| eaqrd

carrier substanti gokyichs m&smliasfprredﬁ@&wsbﬁams hat&figLence to and as
shown in Figures 1 and, 2 of the accq

n
optically readabl e r ecor d* FEFRHY Fafg-‘&gg%g t 1551 ? é\n% “%é'i“@*lﬁf)e‘f%f"ée‘idé‘é%k%d
wi th reference to lanehizh sdvowh canrierguine certain tdeeomsarpanwongi@sawamg&

11. An opticglly rgadakke Ji‘%ﬁofuqtﬁ&r Eﬁﬁmﬂi‘%ﬁt %Lkaln' ynf%mmsulb@id}r €
described with reference to and as- shown I n

u
acconpanyi ng dr awiRf§eenc1%s spEthdrfgmatian A r"rbe &‘if‘“ tﬁﬁes?FéPﬁd&d‘d%“EF ai med in
Caiml, conprisingchudedch. an@ltlld:ﬂllyatEteéﬂbﬂred;erfb anyckonentafinidgai s 2 to
ll<inclusive in c e t u i S
her ei nbef ore desc%l H(}% %g%%ﬁgeﬁggganggis&g?n%mg%ﬁg pg’llﬁ%’“ 25 of
the acconpanyi ng (PP&W’T‘F@%G a3ead1ation-sensitive material, and wherein the first

10 effective depth of laterally adjacent sector addresses is

approximately A o/8.

9. An optically readable record carrier substantially as
hereinbefore described with reference to and as shown in Figures 1
and 2 of the accombanying drawings. .

15 10. An optically readable record carrier substantially as
hereinbefore described with reference to and as shown in Figure 7
of the accompanying drawings.

11. An optically readable record carrier substantially as
hereinbefore described with reference to and as shown in Figure 8

20 of the accompanying drawings.

12. Means for carrying out the method as claimed id Claim 1,
comprising a record carrier as claimed in any one of Claims 2 to 11
inclusive in combination with a read apparatus substantially as
hereinbefore described with reference to and as shown in Figure 3

25 of the accompanying drawings.
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