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This invention relates to a process permitting radial followw
ing of a track of an optical information medium, particularly in disc™
form, by a beam of 1ight'energyJand'a150'focusing of this beam-onto a
given plane of tthesmedium. Thé invention also relates to a de&ice for
implementing this process. )

Many processes for radial following of tracks'ha&e been
described in the known art. When it is a queStiqn of- recording informa-
tion in sequential form, for example ﬁidéO'infermatiop,.the tracks are
generally not materialised in ad&ance'butxrather'created in real time
at the moment of recording. _The information is ;ecorded along tracks
ha&ing the form of a single“spiral‘extending from the peripheral zone of
the disc towards a central zohg'or Qice-@ersa, or else having the form
of concentric circles centredion the axis of rotation of the disc.

In the simplest systems, reliance is placed on the accuracy of
the components for ad%ancing the recording head to create this track.
During reading, data, recor@ed"for example in the form of micro-reliefs,
interfere with a readingbbeam focused iﬁ'the plane of-the.recording face
of the disc. The running of  these micro—re;iefs under: the focusing spot
modulateé the beam and this modulation is detected by means of photo-
electric cells conQerting the Qariations in luminous -intensity 'into .
electrical signals. These electrical signals may also be gsed for a
track-following purpose.

The process which has just been described.necessit;tes the
advance of the recording head-to show a Qery high degree of mechanical
stability, this in order to pre@ent'tWO'sucbessiQe grooées'from oﬁer—
lapping or at least from being poorly discernible during reading. With
a Qiew to impro&ing the system which has just been described, a process
was proposed in the French patent application published-under the number
2,366,636,.uéing the last track written or one of the tracks previously
written as reference. - To the system for mechanically advancing the ’
recording head .is added a system for optical defleqtion'of thg recording
spot. The reading qut is caused to keep following an alrea@y written®
groove of the track by a conﬁentional'position control sgstem. By means
of the optical“deflection'sysfem! the recording'gpot is maintained at a
distance which is constant and equal to a whole-mﬁltiple of the pitch of

the track, from the reading spot.
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Howeﬁer, when'onehwishesito record information in a random
manner,  for example in applications relating to data .processing, it is
no longer' possible to use the processes’ which have'jugt been described
or similar processes. It .is in'genergl'necgssary';o materialisg before-
hand the tracks with respect to which-information may' be recorded. To
do this, it is customary to.create'aupre—engraQing.in whatever form it
may be. In one constructional example deécribed:in the French-patent
application published under the_number"2,365)854; during the'@anufacture
of the medium, the tracksﬁa;g=ma§érialised‘in the form of a ‘smooth
groove' created -in an'auxiliary:layer'of this medium. The;e trqus’may
be detected'eQen'in the absgnce of gpy'xecording of information, this
recording being performed in a subsequent phase in a photpsensitive or
thermosensiti@e layer  in contact with the.auxiiiary'layer;l

In a;préfermed'Qariant of the known art, the pre—éngraved
tracks may be ierged with the regions in which the data are recorded.

A system termed single-track:-.is then. cbtained.-

In other processes, the. pre-engraved track or tracks are -
distinct from the tracks along which- the data are recorded. Systems
termed twin-track are then obtained.. To distinguish these two types
of track, it may be arranged for the pre—éngra&ing.to consist of a
signal decomposable into a first spectrum of frequencies and thé
information decomposable .into a second separate spectrum of frequencies.
During fhe writing, the.reading beam may be used to follow the pre-
engra&ed track .as in the abo%e-mentioned second French- patent applica—
tion.

The main disadvantage of ‘the process which has just been
described is thét it does not allow a maximum recording density since

it necessitates, at least, one additional’track of pre-engraving for

-

one pre-engraved information track. Furthermore, it necessitates the
use of two beams, one for the radial® following of the pre-engraved
track- and .the other for the.writing or the reading of information on
the track 1n£ended'for the:recqrding.' _ _

Neither are the media bfi;he”type termed ‘single-track,
comprising a pre-engraving, for?example such .as those'described:in the

Japanese patent application J.A.5,622,227, without'disadvantages. They
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generally necessitate theruse:of two beanis, one for recording and the
other for radial track.ihg,. In _addi;ti-on, if the .pre—engraw-red track is
easily _discernible' from the remainde; of the disc (intertrack zones)
in the absence of recording of information, the same is no longer true
when the data are recorded. If precautions are not taken, this may
result in re\-refsals of contrast leading to tracking errors.

Therefor_e, to alleviate these disadvantages, it is proposed
in the European patent application filed by the Applicant, on the same
day as this application under the No. 83 ,'400‘,{127".'7 '(E_:P'-—A;-B'g:,'z'63')', a
radial tracking device making .use c_>i_:‘ an information medium comprising
a pre-engraving used for radial  track 'fo];i'owing constituted solely by
"flags” distributed regul'arly_,or otherwise along.- the tracks.

According to. that patent appi-ication, the pre-eng_r'aving is
constitut'éd by a succession of .r_mn-c':ontigudus' discrete elements
materialising the average’ centrelines of the tracks. The spatial
distribution of these discrete elements may or may not be uniform.
According to a fir.st ﬁrian_t, ‘each discrete el'ementr.comprise_s ‘several
portions defining a particul'ar code. -Acéording to additional: variants,
each element comprises, apart from a portion centred on. t_he -average
centrelines of .the tracks, one or several portions offset with respect

to the average .centreline. In fact, each of a'.th_e_fpre-engravings may

- itself be preceded by an auxiliary pre—engraving element used with a

view to synchronisation. .The ‘track following device comprises photo-
detector means, measurement circuits comprising- sampler-blockers or
memory-type integrator circuits and sampling circuits. . A radial
track following error signal is prepared‘from:the changes in the
signals detected during suc'cessiw-te pas.ses into an illuminated zone of

the surface of the disc by a .track following spot.

-

In addition to the correct radial tracking ensured by the
preferred process which has just been-."_descr-ibe'd,. a second requirement
associated with the reading or writing of informat;j.on on an .'optical
medium, relates to the focusing of the beam or beams of light energy
1_J.t'i.lised'.' These beams must be focused on the medium'.in_a spot which

must continuously follow the fluctuations if any in level of the tracks.
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To do this, it is known that correct focusing of the beam .is
generally obtained by means of a focusing contxol device comprising a
feedback loop keeping the dig;ance between the optical. device and the
engraved surface of the mediumiconstaqt. The acquisition and the
holding of the;coﬁtfol'de&ice are achie%ed by detecting the fluctuations
of an electrical signal éeri%ed:in a first variant, from the reading of
the recorded information and;'in a second Qariant, from the detection
of the pre—engra&ing.materialising'the tracks, for example in the form
of a smooth groove. _

The same difficultiescare then encountered as those mentioned
aone in connection with radial  tracking. .

The inventiontis'intenaedtto allg%iatg the'disadﬁantages of
the known art and proposes an information medium and de@ices utilising
such a medium to perform the radial tracking or the focusing Whiie
eéquing the difficulties due to the losses of contrast in-the
con@entional_systems. | _

The object of the in%ention is ‘therefore an- information medium
comprising in at least one optically recordable réference surface a
set of adjacent track elements along which is arranged a succession of
non-contiguous sites set apart for the storage of the information in an
optically readable form, the said storage sites being separated from one
another by interstitial sites comprising patterns for materialising the
non—sinuous'aéerage centreline of the said track elements, "this line

représenting the ‘ideal path which the means for transcription’ of the said

information has to follow; the said patterns appearing in the disczéte:sand

pre—-engraved form of non-contiguous portions with closed' contours of
the said reference surface, chaiacterised in that the said patterns are
patterns arranged along two off-centre alignménts*which materia}ise B
the trans%erse position of the said average centreline by a symmetric;l
framing. action; each interstitial“site enclosing at: least bne.of the
said pre—engraQing patterns; the law of distribution of the_said pre—
engna&ing:patterns between the said alignments being.sgqh that'a pre—
engra&ing pattern.occuPYing:One'of the alignments. in one'of'the_inter—
stitiial sites has as a corresponding part a.pre—engravingfpgtte;n
occupying the other alignmént in the immediately peighbouring_inter—

stitial site to the exclusion of any pre-engraving pattern centred on



the centreline;  the said law of distribntion being: a law indexed by
means of at least one'recurrent:encédeo'structnré uniting at'least
two pre-engraving patterns, -the pre=engra§ing patterns being such
that'thelr length and/or their spatial distribution represents a
selectively detectable code.’

The-lnventlon has as: a further ohject, optlcal dev1ces for
focusing and/or radial- tracking,’ the optical Qev1oe5'for;focu51ng
being usable either with an'informetion'mediun:such:aS“defined.abooe
or such as describediin tne Euroneanipatent. application filed by the
Applicant, on the same day:as:kthis application under the number
83,400,427.7 (EP-A-089,263).

The invention will be better understood and other character—
istics w111 become apparent w1th the help of the following description
referring to the attached figures, ‘among- which:

— figure 1 shows a disc of the known art and a dev1ce for
track following on such a disc and for focusing; :

- figures 2 to 5 show a pre-engraving of a disc -according
to several constructional'nariants in accordance'with-the invention;

- figures 6 and 7 show -the electrical diagrams of radial
track following derices according-to-seteral constructiénel“variants
in accordance with the innention;

- figures 8 and. 9 are dlagrams explaining the operatlon of
the devrces,

- figure 10 shows the essential elements.of a* focusing
device according ‘to :the invention:

~ figures 11 to 13 are diagrams explaining the operation of
this detice; . '

- figure 14 shows an electrical diagram of a deyice:pernittjng,
according to a preferred variant of the innention,isimultaneous'radial
track- following and focusing.

Since the invefition relates to an 1nformatlon medlum and a
dev1ce for radial following of one of the tracks on-an 1nformatlon
medium of pre-engraved type-and_a}so_focuSLng, a remlnder of the
main constituent elements of'a'system for recording ana/or'reading of

information media particularly of media in the ‘form of optically



readable and writable discs., .is.useful.

Figure 1 shows an information medium 5 of the known art in
the form of a circular disc rotatable in a plane XOY about an axis
parallel to the third axis of a reference trihedron XYZ. The lower
face of this disc is here assumed to be smooth; the upper face which
is parallel with it is also ‘smooth, but comprises a.pfe-engrated'track
7 in the form of a smooth'track:the'approximately"constant width of
which is of the order of or less. than one -micrometye.’

Such a disc may be used, either to write 1nformatlon at a
given point of one of the 'smooth.tracks written beforehand, or-to. read
information written at anyrpoint ofathis track. The aise,:fqr example
of a diameter of about 30 ‘om,:'is driten with a rotary'motement'communi—
cated by a dr1v1ng motox ‘securely attached toithei:'chassis ‘of the optlcal
recording-reading system. In this construetlonal example, the device
for access to a given track of the disc comprises a fixed part comprising
two sources of light energy (not shown in figure 1) and a motable part
constituted by the recording head. As -is known,-theulatter*coﬁprises
an objective of the microscope -type 05' securely.attacheatto an electro-
magnetic coil B moving in the magnetic field of. a permanent magnet
(not shown)-protiding the terticai control or the focusing and a

galvanometric mirror 'M, providing the radial control.” The sources of

light energy,_as.is'alio-knowp,'comprise'laserﬁsourCee, fer"example

He Ne gas lasers or semiecnﬂduetors; Gas lasers'dehiter'ajpolarised
parallel beam the section of which:‘is very small. The laser beam has
to be magnlfled so as to cover the 1nput pupil of the objective, this
whatever the position of the objective along the optical axis. To meet
this requirement, "it was proposed in French patent:application L e
FR-A-2,462,758 to interpose between:'the sources of light energy and the
movable recording-reading head an afocal-type optical'system;

For the reading, a parallel“laser'beam'fl;produced”byfa laser
source (not shown in figure 1), .is maqnified by'means:oﬁ an afocal, the
magnification of which- is such that the emergent beam;taISijaralle;,
eoters the.entry pupil of_the.objectite Ob; The'mirret Ml”detiateS'the
rays which are propagated'parallel'with a directieq'parallelrw;th the

axis OX. The objective'ob“focuses‘the'reading“beam at the point 3 on



the information medium disc 5. This disc is drifen with a rotary’
mo?ement symbolised by the arrow 6. Thé objecti&e and the mirror
are securely attached to a movable apparatus constituting the
recording-reading heaa. The_ad@ance;of-this movable assembly may
be obtained by.any.known means.

' The ‘same afocal 1is then.uséd for the reco;@ing beam fe,
this having been modulated beforehand. In orxder to:differentiate
the tasks of reading and-of recording on the disc,  the recording
beam'fe is inclined §ery_slightl§ with respect to_the reading beam
f1 so that the.off7gentering of.the'xecording'beam'op.the_entry pupil
of the cbjective .is very lini?e@ and'softhat'the'displacement of the
beam during a radial'displacemeqtcdfhthhmhéad=can'be disregarded.
It follows that whate&er the position'bftkhecobjecti;e along the -
optical axis, the writing beam.is focused at the focus of the objective.
The writing spot is focused at the point 4.

The pre-engraving of the track in the form of a “smooth“-
groove 7 may appear in- different ways. It may for example be a
question of a recessed pre-engraving,’ accordlng to a set of elements
of tracks arranged along concentrie ecircles or organlsed along a
spiral. The width of the track elements is chosen slightly less than
the diameter of -the luminous spot and these elements are separateéd
by intertrack areas the width ofvwhichfiS'élightly'greater than the
width of the track. The upper surfaee of the médiumfrecei;es a thin
layer adapted to writing by a thermo—-optical procesé.' This afrangement
of elements enables the track to be explored before: wrltlng, sxnee
the .interaction of the reading task with the track provides a. disper—
sed radiation, vhereas the’ intertrack-areas do not generate any -
dispersion.

As far .as.the recording phase of the disc .is concerned,
the il;umination of the.sensitivg-laYe:'ser&ing.for the.writing.is
performed by a spot the intensgity.of which .is modulated' for' example -
by an electrical'signaltig square waves of Qariable.or constapt
widthS'depending:bn the applications which’constitute the information
medium. The incorporation of thg information into the modulat;ng
sign&l is performed as the case may be, by frequericy or phase modula-—

tion or by any method of encoding capable of supplying an encoded



message by pulses; the information may also be itself directly the

- modulating signal.
.To detect the reading beams reflected by the disc, there

is interposed, for example, a semi-transparent plate M2 on ‘the path

of the beam fl' The reflected beam is then sent towards photodetector

and signal processing means which can deliver on the. one hand an
error signal whereby the motor 2 may be controlled'eﬁabling the
position of the mirror Mi
control system, and on the :other: hand an error signal €', which enables

to be controlled, thus forming a radial

the coil B, securely attached-to the o?jective OB, to be controlled
thus forming a focusing control system. All".of.these techniqués are
well known to the specialist'énd are'outSiGE"thé scope- of “the in%ention.
The processing means can also ‘deliver a‘ 51gna1 S(t) represen-
tatlve of the useful 1nformatlon recorded on the disc. In fact during
the runhing of the elements' recorded on. the tracks 7, -a signal S(t) is
picked up'in reading which faithfully translates the,$ariations in
time of the signal'recorééé-on*the-track.

In writing phase, the reading beam £ is.used to provide the

radial control by means of ‘the pre-engraving bit'may'also be used

with a view to checking'in real  time.the’information being reecorded,

or "monitoring"” aecorddng'fo the English expression in cﬁrrent.use.
Although necessitating'oniy=an'area corresponding_witﬁ the

width of a single track, unlike the processes which utilise cne or

two pre-engraved tracks adjacent .to or.surrounding the useful track,

the process of the. known art-which has just been summarlsed 1n connection

with flgure 1 does’ however have dlsadvantages

Everythlng happens,. from the detection point- of v1ew, as

-

though for certain known thermosens;tlve materials the "tracks-were
darker than the intertrack zones. Any track following'de%iation can
therefore be easily detected by means of this amplitude .contrast.
When' the ‘layer' covering the medium is Subjected to the writing radia-
tion, the written zohes may be lightened for certain photosepsitive
materials, this contributing to the creation of a gobd.contrast along
the track.’ Howeﬁer'these lightened zones tend to become merged with

the lesser density of the neighbouring intertrack zones, and this
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leads to radial loss of the:contrast necessary to ensure good track
following.

With other materials, the opposite efféct'is found: the
intertrack zones are darker thén the-tracks but there- is also loss
of contrast during'the writing. .

It will be seen therefore that the writing impairs good
rédial identification of the tracks in all of the areas:wheré the
layer has stored data.: o

These disadvantages great1y limit the technological choices
as regards the possible media. ‘ )

Furthermore-tﬁo diffexen;'beams haye'to be uséQ;'at least
during the writing periods:. .one writing beam and .one: reading and/or
radial tracking beam.

To break free of these limitations, it is proposed in a

French patent -application mentioned above No. 82 94214 to use, fox

purposes of radial control, a pre-engraving of a special type.

In that patent application, an-optical -disc of:pre*engrafed
type is proposed offering, among other adﬁaﬂta@es,'simultaneously, a
single—-track configuration, reqguiring the use of only. one beam,. and
this without interference of the-pre-engraéing with the engraQing
representing the useful information.

According to. the main char;cteristic of the invention, the
pre—engraving appears in.the form of discrete elements or flags which
alone ‘define the average centreline of the track fo be-followéd. This
track.is'therefore-@irtual. . Taking into account the rotation;speed of
the disc, the spatial distribution  of' these pre-engraving elements
must be sufficient to:meet SHANNON's criterion: typically on a disc
of 30 cm diameter, an 8 ‘em ring of whichfrepreseptszthe.uséfulirecording
zone, about 40,000..tracks are a&ailable, each comprising a number of -
flags of the order of 3,500. '

In the following, the recording of numerical data being the
main application envisaged in the context of this invention, without
this being limitati%e, a medium will.be ‘described on which- the tracks

are distributed along concentric and equidistant circles.
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The;usefu}'infoxmation.isrrecoFded betweenztwo.sucbessiQe _
flags.. In this framework,'if-a'recerding configgratien_ingbleek-form
is required the spatial distribution of the flags'is preferab}y uniform:

The use of discrete pre-engraving enables the ‘difficulties
associated with radial tracking t0'beao§ercome.

By making a choice-betyeen_the'constructional“aariants
proposed in the abo&e—mentioned‘patent'application,'details~of which
variants will be set out 1n the follow1ng, A 1s -also pOSSlble to obtain
information necessary for correct focu31ng of the beam, or vertlcal
control, from these same flags.

Figure 2 1llustrates ar flrst example of a flag usable 1n the
context of this 1nventlon.. The p;e-engrav1ng appears in the_form of
sections of smooth tracks'7I_defipingithefaverage'centrelineS'70-of
tracks along which the information can be ‘recorded. ﬁetween twe flags
71, there exists a zohe 72,ide§oid of any information before recording.
The direction of rotation of the disc’'is shown in figure 2 by the
arrow R. '

It must be clearly understood that the track 7'shown-§n the
figure is a wvirtual track,itheuaaerage centreline 70 of which ‘represents
the ideal path which a writing beaﬁrmust follow.

To be ueable inithe.ppecific context of this invention, the
flags have the common charactetristic. of each comprls1ng at least one
pre-engraving section offset with respect to the average centreline 70
of the tracks 7, this being:so that two successive offset sections are
arranged on either side of this centreline. |

In a first aarian;, the.simplesp, illustrated by figure 2, a
first flag 7I:comprises“a.seetion.710—n-bffsetrto.tpe.1eft of_;he.a%erage
centreline of the track. 'The following flag 71' comprises a ‘section
710-R offset to the right of the centreline.” This succession .is . )
repeatea. The separation between ‘the offset sections and: the 'centreline
70 of the track .is of the order of a fraction of the .width of the
tracking ‘spot. . ‘

In a second variant, each - flag COmpriaes-at'}east one:aection
offset to the left and one' section offset to the.right; This-%ariant

is illustrated by figure. 3.



11

It may be advantageous to associate with the main flag 71,
comprising sections offset on either side of the average centreline
70, a second flag 73 used fqr ggnexating a synchronisation or flag
start identifi;afiop signal. Preferably the flag: 73 represents a
special code which enables:it'tO'be selectively -identified with
respect to the-other'information:recorded;' Such a ‘configuration .is
1llustrated by figure 4

" The precise. manner in Wthh the data are recorded falls P
beyond the scope of the invention.: Any- ‘known process may be used.
The flags 71, 71' and the useful ‘information recorded in the zones 72
may, to gi§e a clear'ide;,tand:withogt_thiS'being;limitativg, be
constituted by recesse@‘or projectiggigicroreliefs,“for example by
ablation of a superficial layer by means of the'w;iting.laser beam.
Preferably, the portions of flags all have the. same width and the
offset portions 710-L and 710-R haée the same length and the same
offset. '

All variations and comblnations startlng'from basic configu—
rations of the flags remain within the scope of the 1nventlon. In
particular, each flag 71 (or 71' } may comprise more than one section?
offset in the same direction to the right and/or to the. left

Furthermore, the zones 72 reserved for ‘the recordlng of
useful information data may also be pre-engraved in the form of a
smooth :groove, this.in order to ‘improve the.contrasﬁ depending on the
layer of heat—sensiti%e material used.

The invention therefore has the fundamental characteristic
of offsetting alternatély the zones comprlslng recordings intended to
be .used by the means of radial and- vert1ca1 (or focusing) control

As far as radial control is concerned,'the251gnals which-

Platd

are derived from the détection_of'the offset sectiens:enaple an error
signal to be obtained by comparisen. This procesS“maifpome'close-to
the method -known .as "wobbulation of the trackihg spot” whereby a
high  frequency ;adial'oscilla§iogtof constant amplitude about a mean
position centred on the.a&erage“centreline:of.the track:hhen‘the

tracking error .is zero, .is ‘imparted to the tracking beam. It does,
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howeﬁer) ha&e the advantage’ that the amplitude of the relative spot-
track displacement is not ;imited“by the rate of modulation of the
high frequency signal-;ead5 Typically the peak amplitude of the
oscillation is abou;'O.Z ﬁm} this for .tracks the width of which is of
the order of 1 ﬁm. .

In the context of the'invention( the amplitude_of the
equi?alent oscillation dug'to the_offset‘may“be much greater and is
limited only by the size of the_rgadipg.spot. The amplitude modulation
generated by the oﬁfsetiof the ;ectionS"not'affepting the high frequency
signal of the post-engraQed'datar _

The comparison of_twg_siggals;deriVed from the ‘successive
detections of tw0'sect@on5'of§§et-@n oppqsite directions, .is made by
sampling, provided that Fhe'rate'is knawn at which th&se sections are
running in the spot, i.e.'tha;'tbese sections can be differentiated.
This differentiation can'be'perfdrmedzusing three main methods.

. According to the first method each section .is recognisable
from its shape which indicates. whether it is to.the right or to the
left of the a&erage centreline 70. Instead of a.single section, se&eral
sections can be recorded, the'respectife lengths and/or the spatial
distribution of which represent a selecti&ely_detectable codé. Again,
there can be associated with each'flag'71, in a manner similar to what
is done in the configuration shown ‘in figure 4, an additional flag:
representing a code indicating the'diréction of.offset of the section
which follows, or optionally there may exist a succession of sections
offset on either side of the.a&erage gentreline 70. The relative
amplitudes of the signals deriéed'from the detection of two sections
offset in opposite directions by p?;o—electrical'meansy details of which

will be given below,may thus be- compared without ambiguity- .

According to the second method, the. information wmedium .is
sectorized. For example, in the case of a disc, typically, sixteen
sectors are provided per'reQO}utiqn;_ A pre—engra@ed-flag'of special
configuration .is recorded’ then,:according to this Qariant, which

enables the start of a sector to-be detected.



12a .

Such- an’ arrangemént:.is 'illustrated by figure 5. The start
of each sector is ma;ked‘by’an encoded flag 74 followed'byla repetitiQe
succession: for example right section 710-R, useful information data
recording zone 72, left section 710-G. These different sections,
offset alternatéiy in one direction and in the othex, define tﬁo'”

successions of'analysis windows, Fl' F ... P and F2, F

3’ 2n+1. 4’ °°°
Eﬁ respectively, (2n+1) being. the total number of analysis windows,
i.e. the total number'of'offset sections 710-R and 710-L.’ In the

example shown in figure 5, the zones 72 are constituted by sections
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- of smooth grooves before recording. In another variant construction,

as in the case of the configurations shown in figures 2 to 4, the ~
zones 72 may be merged with the intertrack zones before recording.

The radial tracking signal'e;ror is obtained by integrating
the signal detected by optoelectronic means during the analysis
windows Fl to an + 10 on the one hand and F2 to F2n7 on the other
hand, and by comparing them.

An electronic circuit enabling a radial tracking dévice '
according to this wvariant to operate .is shqwn in figure 6. The system
for recording-reading of data on the disc nay'be similar to that
whiéh was described in connection_with'figure 17 The identical elements
will not be described again. Only the circuit marked 1, preparing the
focusing and radial tracking error signal is specific. _ _

It comprises an opto-electronic deteqtiﬁn element which will
be described in detail later. This element comprises at least one
photodetector -generating an output signal VD transmitted to.circuits
11 for preparing the radial tracking error signal e. This signal is
also sent to sampling circuits 12 adapted to authorise the operation
of the circuits 11 éélely during the time intervals corresponding to
the analysis windows. To do this, these circuits comprise fiag
identification circuits 120, a counter 121 for example of binary type
and a decoder 122. The flag identification circuits comprise a first
circuit detecting the specific sector .start flag 74 (figure 5) and,.

in response, generates a zerc-setting signal for initialising of the

_counter 121 sent to a resetting input, and a second circuit detecting the

passing of the offset portions 710-R and 710-L and generating at

9ach passing an incrementation signal Sh of the counter 121. On the
various outputs from this counter are permanently present the bits of ™
a binary word SB sent to a decoder.. The latter generates, at each
incremeptation, pulses sent altérnately on two control links S1 and
Sz.activating switches 110 and 111 during the analysis windows

corresponding to the series Fi) F3, eees F , and on the output S

2n+1
pulses defining analysis windows corresponding to the series Fz, F4

sosy F

2

2n’
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The switches 110 and 111 each receiQe the .signal VD and
. send it conditionally during the analysis windows to an integrator
with memory 112 comprising two differential inputs (+ and -) so as to
nake suctessiQe comparisons between the ‘signals due to the inter-
actions between the.trackihg spot and the sections offset respectively
to the right and to the’leéft.

The selective—identification of the sections 710-R and 710-L
by the circuits 120 can be done ip different ways..'Each section can
for example be associated-with an“adgitional'flag“for synchrqnising
the start of sampling in a manner similar to whatris'done in
figure 4 (flag 73). One can also record several ‘sections 710-R (or
710-L)" the distribution and/ox the'respectiQe lengths. of ‘which define
a special offset section code distinct'from those:uséd“for the
recording of the other data.

If the medium~reading head speed is stable enough and the
lengths of the zones 72 accurately defined, it is sufficient,:onee thg
counter 121 is reinitialised, to generate aisucbeséionrof*incrementéticn.
pulses by means of a clock, for example an:osciliator'of the Qo;tage
control type (better known by the initials from fhe English terminology
"y.C.0."). Figure 7 shows this'variant'embodiment'diag;ammatically.

The elements identical to those of figure 6 bear the same references and

will not be redescribed. The'Eggo-sétting signal supplied.by tﬁe cir-
cﬁits.lzo, which now comprise.gnly‘oné-séctof"stgrtniflag 74} detector cit-
' cult; .is also .sent.to. clock:circuits. 123 for its phase toﬂbe.resét with the

passing of the flag 74. Then the ‘clock .eircuits. generate a succession

of pulses ha%ing a repetition ﬁrequeﬁcy:equal'to'1/?,'T being,the time

required for a zone 72 to run'unaer.;he.expLoration spot. . To.a@oid

any risk of excessive .phase displacement which would lead to the -

generation of an analysis window urisynchronised’ with ‘respect to the

passing of the offset sections, it is possible to mltiply the number

of type 74 flags per sector. A ‘typical configuration.is.then:obtaiped
by way of example - one flag:7¢”followed”by sixteen offset{seétions.

In the two Qariant'embodiments described in connection with
figures 6 and 7, it is possible“tO'replace the counter 121 with a shift

register or any equiValent'means;.recording'a'logic m{" at the passing
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of each flag 74 and shifting this bit at each fresh passing of
offset sections.
‘In both variant -embodiments the signal at the output from

the integrator €_ is a signal in the form of steps of a staircase,

the amplitude othhis signal being. memorised between two offset
sections as tﬁéy.pass. To be usab;e this signal must.be "smoethed".
To do this; a low-pass filter'113 may be .used on the output:of which
the radiél'trackihg errdi sign&las.is.a%ailable.

_ The diagram of figure 8 ‘illustrates the fhree_characteristic
possibilities of the position of. the track-following spot with respect
to the average centreline .of  the traqk-?d.' In the upper.pgrt-of the
diagram, thelcurQe Vl.illuétrateS'the case ‘in which™ the track-following
spot is offset to the left of the average centreline of the track, it
being understood that the direction of rotation is the one indicated
by the arrow R in figure 5. 1In this case, the interaction of the
section 710-L on the track—foilowihg beam is greater than that of the
section 710-R. The curve V1 shows a greate:‘ﬁar;ation'in amplitude,
during the analy51s window F (i being any number between 1 and 2n)
which corresponds to the pas51ng in the zone illuminated by the track-
following spot of the portion 710-L, than the variation in amplitude
during the analysis window F +1 which corresponds to the pa551ng of

the portion 710-R. The dlfferences 1n amplitude and in sign.between
fhese two signals AV are representative of the direction and of the
amplitude of the offset of the spot: with respect to the a;erage centre-
line of the track. Outside .these windows, the signal’ supplied by the
detection means .is not sent- to the circuits 112, the switches being
open. : _

In the middle part of the diagram, the cur%ezvz illustrates~—
the case where the track-following spot .is centred on the average
centreline of the track. 'The variations of the signal' supplied by the
detection means 10 in the windows F "and. F, i+l are-i@entical.

" In the lower part..of- the dlagram, the curve V_ represents

3
the case in which the track-following: spot is offset"to the -xight with
respect to the average centreline of the track. The value of the

signals thus sampled is then memorised until the next analysis window.
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The circuit 112 supplies on -its output a signal'sN'in the form of
steps- of a staircase representing.the radial tracking error. To be
genuinely usable, it is useful to smooth this signal by means of a
low-pass filter 113 the output from which supplies the radial tracking
error. '

Pigure 9 represents an example of Qariation in offset 8 of
the radial tracking spot 3 with respect to the.aQerage'qentreliqe 70
of a track, in terms of time. The lower part of the same diagram -
shows the corresponding Qariation.ofthe error signal € in terms of time,
by means of the broken-line: graph. The Qariation_in the d;gitai radial
tracking error signal eN.is also shown in this same diagram.. Tbe latter
signal varies at the rate of the passing of thg sections of the offset
flags under the radialitrackihg spot'aﬂd it remains constant between
two sucbéssive passes.

According to the third method, close to the second‘Whiqh has
just been described, between ‘two zones 72, a.flag is recorded compri-
sing at least one pair of sections of opposite:offset. - The configura-
tion is tﬁat already described in connection with figure 3.

As prefiously,.these“flags may be self—identifiable oxr
associated with encoded -additional flags, in a mannex similar-to the
configuration described in connection with figure 4.

According to this.method,  the operating'éi:cuits are
simplified since it is no longer.necessaty to-distinguish-between the
two successions of analysis windows. Each time a flagjpasseé“it is
sufficient to send the signal Vb alternately'tohthe:differential
inputs of the integrator 112 by means of a two-way-switgp,:;his in
relation with the passing. of the sucbessiQe'offsét:seétions.

Lastly, if the runhing speéd_is stable énough and the length
of the zones 72 well defined, it is alsoppossible to omit the flag
detectors and to-synchronise:the'geperatibn of analysis windows by
means' of an external clock, which may be derived from thaﬁ conéention—
ally used.to supply'synphropisation_signals during thg.writipg_;ﬁd/or
the reading'of.uséful'information data. The repetition.frequehcy.is
that known as bit freqpehcy,_i.e{'equal to theiiﬁ%erse of the Fime
interval required for the ﬁriting/reading of an elementary item of

information or bit. Tracking spot position situations-are encountered
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similar. to those shown. in the'diggrém'of figure 8, with the .exception
that the 6utput'signa15'of the'optOéelecpronic'meanS'of detection
associated with the sections offset in opposite directions are
contiguous in time and not situated in analysis windows separgted by
the time required for fhe inter-flag zone 72 to run in the tracking
spot. B )

Iﬁ all Qf the Qariants whiqh”haQe.just_been“described, the
integratibn system'(figufé 65_ intgg;ator 1¥2) may be ‘replaced by a
peak detection system or a samplingdblbckihénSystem}“alsq'follewed‘by
a comparison of one pulSe_with:thedamhe;, qéneration'of a signal in

the form of steps of a staircase e and smoothing to obtain:the final

N
signal €. )
According to a fundamental characteristic of the in%ention, '
the ‘flags may also be used to generate the focusing error signals
necessary for the vertical control of the writihg and/or reading head.
To do this, two photb—detgetor cells must be placed on'either
side of the optical axis of the focusing objective. -
Figure 10 shows diagrammatically such a canflguratlon reduced
to the essential. An exploration beam which may be the readlng ‘beam
f1 of:the device of figure 1 is focused in an exploratlonlspot 3 on
. the average centreline 70 of the track 7. It.is assumédtinfthe'gxample
shown that' the radial tracking is correctly performed by’ one of the
dev1ces which have Just been deseribed..- The main elements :described _
in connection with figure 1 are also found again: focusing. obJectlve
ob, focusing solenoid B dr1v1ng thex objectlve, radial. tracklng mirror
M1 driven by a motor 2 about the.axis AY under the control of the
radial tracking error signmal'e; .all elements which will not be
redescribed.” . -
Also found aéain in the figure are two photodiodes DA and
DB on either side of the axis Z;. passing through the optical axiw of
the objective Obf These diodes are'ar:anged in a plane: XOY parallel
with the plane of the disc bearing. the track 7 and on either side of
the a#is OX'pérallel with tﬁe direction R, a&erage running direction -

of the pre-engraving in the exploration spot 3.
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‘Although shown .above'the. :mirror M,

it must be clearly understood that the photodiodes may be securely

here semi-transparent,

attached to the circuits 1 as shown in figure -1, this by a set of

redirecting mirrors M, and M22. These photodiodes may again be -

~ situated under the diic; if the latter is read.by transparency. The
output'signale'of the photodiodes are sent to the electronic processing.
circuits comprlsed in the circuits 1, which will be explained later.

The process w1ll be described in greater detail w1th the .
help of the diagrams of figures 11 to 9.° it is assumed, to.glve a -
clear idea, that the case .is:that of a pre—engraring as'waS”illustrated
by figure 5: alternate. sections-to right and left,. from.one pre-
engraving  zohe' to.the. other.

If the focusing. 15 ‘correct,’ the 1nc1dent exploration beam
f1 being assumed to be para;le;, rhe latter is focused at the focus
of the objective'invthe'plane‘?d“merged with. the plane of the disc
comprising the track 7 to be followed.  In this case, the pre—
engraving, for example the section 6ffset to the left'7IO~L,’interfere§
. with the beam f1 and, according to the laws of optics,. a diffraction
results, produ01ng orders of interference. distributed’ symmetrlcally
with respect to the plane ZOY. The energy refracted is detected in )
equal shares by the phoi;odiodes“DA and DB.: The same will.apply during. -
the passing of the next offset section:710-R-and so on.

In contrast, if a position away from the .focusing: plane .is .
adopted, the symmetry is no longer respected. Depending on whether
the pre-eﬁgraring section .is offset to:thexright (710-R) ‘or-to the
left (710-L), the effect of one of the;half;beams,:thatuis to say the -

parts of the beam f, - to the right.or'tO'the left of the plane of

- symmetry ZOY, becomis‘prepanderant; It also follows that the'eqergyL;
detected by rhe.cerls-pA‘and DBZis no longer identical:dependigg'on
which pre-engraving: section‘'is ruqhing in the.explbration'beam.. .

If the: track Z”te“pe followed is inclqdedfin a plane:?I:_
included between'.the objeetive‘agd_itS'focus'(planeiPO), the signdls
detected by the photodiode‘D-'dutho the sections: offset’ to ?hefright_'

(710-R) are- greater thamn- those ‘detected by the photodiode b, The oppo-

B
site.oeccurs during the passing of section offset :teo-the left (7104L7;
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If the track 7 to be followed is included in a plane 'Pn

further away from the objective than the plane 150, effects are -

observed which are compiementary in all respects to what has just

been described. The three cases are shown together in the diagram of

.figure 12. The analysis windows 0 1 and 62 are determined by the

passing times of the offset sections in the exploration spot in
accordance with the processes which were described in connection with
the determination c_>f the radial trackj.'ng ‘error. More precisely in the
context of the example_chosen in the manner described in connection
with the dex.r:i.ce of figure 6. To determine the focusing error signal

', the sigals V, and VB detected during the windows:

A
61 : VAI and V131 respectively, and .
62 : VA2 and VBz respectively are integrated or sampled, and
the algebraic operation:
(VM + VBZ) - (VAZ + VBI) (1)

is performed. - The result is proportional to the focusing error
signal, in sign and in amplitude. | |

Apart from th_e particular advantage of being ahle to break
free of the effects.bf \.rariations:':in :cohtrast due to the recording__of
useful information along the tracks, whether or not materialised by a
pre-engraving (smooth groove for example), effects which were
mentioned above, the process according to this invention, wh:.ch
consists of also deriving the focusing error signals from non-
cont:l.guovus flags, offers an additional advantage, namely that of not
necessitating operations foy precisely setting the positioning of the -
cells, this positioning operation generally being difficult to put
into effect.

In fact, if for one reascn or another the cells are offset ..-
with respect to the axis 0z (figure 10), one of the photodiodes, for
example the photodiode DA detects, all other factors remaining constant,
le.ss energy, the other, DB receiving in this case more energy. This

case is illustrated by the diagram of figure 13.

¥ if vAl to V32 are the pulses d(-:tected at the correct:
positioning of the photodiodes and V' Al to !V'Bz the pulses detected

at the actual positiori, whatever the state of the focusing, the -
following relationships are’ true:
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Va1 V'Al 2)
‘-:"AZ > Va2 (3
‘-’m < v"]31 ' (4) an(.i.
Vg2 < V.B'Z (3)

If the calculation is performed according to relationship
(1), it ﬁollows that there is total'or at least partial compensation
and that the focusing error signal'doeS'nof vary much .even if the
pair of photodiodes DA and'Dé'are off centré. In the majority of
cases it is possible to-omit-al} setting mechanisms except for an
initial'position.setting'performed'once-and for all.

Although the.processes of generating radial tracking and
Qertical control or focusing error signals starting from non-
contiguous discrete pre-engravings can be ‘implemented autonomously,
according to a preferred const;uctional variant of the in&ention
these two control functions are performed simultaneously. To do this,.
in the context of the example chosen, the dé%ice.of.figuré-G has to be -
modified and added to. .

A device.of this type permitting correct focusing is shown
diagrammatically in figure 14. The circuits common to figures 6 and
14 bear the same references and. will not be described.

The detéctor comprising the two photodiodeS"DA'and DB'
(figure 10) supplies the two output signals VA and Vé. To*be  used by
the sampling circuits 12 these signals may*be merged.into:a_single
signal Vb, for example, by_means'of-a summingzamplifierr100,.wnich-
signal is also sent .aspreviously described to ;he circuits 11 for
preparation of the'radigl't;aqkihg.error signal. These circuits__
receiQe the two saqpliqg signals 51 andrsz, deﬁefmining'thg windows -
61 and 62._ The device further comprises -circuits for preparation of
the focusing error signal e'. To do this, it may: comprise four
meﬁorising integratofs 130 to 133;_the operation of which .is:authorised
respecti%ely in the window 81.(si§hal'sl) for the: integrators. 130
and 132 and in the window 92 ﬁsignal'sz)_for the. integrators 131 and

133. These integrators supply' the signals VAl' and'VB

B2’ Va2 1’
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respectively at the outputs of. the integrators 130,. 131, 132 and 133.
The outputs from the integrators 130.and 131 and. the output§”from
the integrators 132 and 133 are sent, for example, to the inputs of
two summing amplifiers of unit gain, 134 and 135 respectively. The
signals at the outpﬁts'of these two amplifiers 134 and 135 arxe each
sent in turn to the differential. inputs of an amplifiexr' 136, for
example- of unit gain, the inputs "+" and "-" respectively,;whéch
supplements the calculétibn:according to the relationship (1). In -
reality the output signal-.is a s1gna1 .in the form of steps of a .
staircase a'N, he results being memorised between two calculatlons
To be usable the signal e' has to..be "smoothed" by a:low-pass filtexr
137 the ocutput from which- supplles the analog-~type fgcu51ng error
signal €'. . . o ' .

The in@ention ;s not;limited sqlely to the-arrangemengs which -
have just been described. In pa;ticﬁla;, de%ices.simultaneously'
providing correct radial- tracking:and correct’focusingimay”be obtained
by modifying and adding to"theiradial'trackihg-devices,;this in a -
manner similar to what was done for the deQice of'figuré:S'to obtain the -
de&ice of figure 14.

The fundamental characteristic of the invention .is the: use of
discrete pre-engravings or flags, at least cne section.of which. is
offset -with respect to theta&erage'centreline of the tracks“;o be
followed, the generation of.an'electrical“signal'deriQedsfrom_thg=: _
detection of the interaction of a;focqséd beam with these.pre—engraQings.
and the processing of this .signal by means of electronic.qircuits.in
differentiated manner depending on whether one wishesvtOAgenerate a
radial tracking or vertical contreol. error 51gnal

The process according to- the’ 1nvent1an has the partlcular B
aﬁﬁantages of nece551tat1ng only one- cogrse.setthg.gfuthe pOSlthﬂSij_
the photodetectors, of eliminating all means of externals "wobbulation®
which-generally-proées necesgary}whentusénis.made of a conventiona;'
engraQing; and of eliminating'all:interaction between"the recording of
uséful'iqformation data and the radial' track-following and the -

focusing.’
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CLAIMS

1. Information medium comprising in at least one optically
recordable reference surface:a“set'of adjacent track-élements-(TY
along which is arranged a succe551on of. non-contlguous sites (72)
set apart for storage of the 1nformat10n in an optically readable form,
the said storage sites (72} being separated from one another by '
interstitial sites (71) compris@ng'patterns for materialising the non-
sinuohsfaﬁerage centreline-(TO);pﬁ the said track-elemegts {7), this.
centreline representing the:ideal';rajectqry which .the means for:
transcribing the said information must follow; the said'pat;ernS'.
appearing in the discrete and pre—engraeed'form of noen-contiguous .
portions ha&ing'closed'contours of -the said.reference-surfagéy'_ y
characterised in that'the“said”patterns'are pattexns arrangéa'along"
two offfcentre alignmehts:whiéh*materialise_;he trans%erse.position-
of the said average centreline (7@)“by a symmetrical framing';ction;'
each interstitial site enclosing at least one of the said pre—
engra&ing patterns -(710L,” 710R) ;- the distribution'law of .the said:
pre~engraving pattérns betweenithersaid'alignments;beingLSuch_that'
one pre—engraQing.pattern-occﬂpYing one'ofﬁthe;alignﬁent§:ig-one'qf
the interstitial sites has:.as a eqrrésponding;part-a pre—Eng;aQingw
pattern occupying the other:-alignment in the:immediately;ggighbguring )
interstitial: site, .to the exclusiqn of any pre~engraving pattern- -
centred on the centreline;  the:said-distribution law:being: a law
indexed by means. of at:leas;.one’recurtent encoded .structure. (74)
connecting at least. two pie—engr&%ing"patterns,.the pre-engraving =
patterns. being such-that'their length and/dr their 'spatial- distribution -
represent. a selectlvely detectable code. . | o

2.. Medium accordlng to" clalm 1, characterised.in. that the )
said encoded .structure being: contained- 1q each of-the.salé 1n§grst1§1a1:
sites (71), their spatial distribution“along-the'said.trackrélementgk'
(7) is unlform.

" 3.. Medlum accordlng to elther of clalms 1 ox 2 characterlsed

in that the sald.dlstrlbut;onmlgwﬁ;s a’ ;aw indexed bynmeans of .two.

recurrent and distinct encoded structures.
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4. Medium according.to any of claims 1 to 3, characterised
in that the said encoded structuré comprises at least one pre-engra-
ving pattern centered with respect to at least one of the said align-
ments.

_ 5. Meaiuﬁ aécording to -claim 1, characterised in that, in
the same intersﬁitial sité, the said encoded structure is present on
the said two alignmgnts. y

‘6. Medium according to glaim 5, -characterised in that the
interstitial sites (71) Which.enclose:the'said encoded structure (74)
frame a predetermined number. of interstitial sites not provided with
the said encoded structure CZ{).: e _

7. Med;uﬁ according‘?o'any of claims 1 to 6 characterised
in that the mediunibeiné'ip Qisc form, ﬁhe_said.averageﬂcentrelines
(70) of the said track elements (7) conform in the said reference
surface to the form of equidistant concentric circles or whorls.

8. Medium according to any of'the above claims, .character=-
ised in that the said pre—engraving'patterns.haQe'a constantrwi@th in--
the directidn perpendicular to the said a%erage centreline (70} . |

9. Medium according to anyoﬁfﬁéiaim3=1'to.8, characterised -
in that the said encoded structure is formed by fhe_connection.of two
pre—engraving patterns. ) |

10.. Medium according to'claim 9,' characterised.in thatithe' :
content of an interstitial site (71) does not exceed'fourﬁpre-engraQing
pétterns.

11. Medium accoxding:to any of the above claims,. character-

ised in that the said .storage sites .are provided with.a zone -(72)

constituted by a‘pre—engravingfpattern"of'lengthened“shape which -
extends parallel'with the average centreline (70).

——

12.. Medium accoxding. to claim-11,.characterised:in that the
said pre-engraving pattern of';engthened:shapeuis.centred'with respect
to the'average'cent;elinev(de.

13.. Medigm gccordingxtp'claimlii,'characterised?in'thgt tpe
said zone (72)Lis_merge§%with.the'inter—track zones before recording

of the said information-.-
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'14. Medium according to any of the above claims, character—
ised in that the said pre—engra%ing patterns appear in the form of
surface irregularities corresponding to the'saié non~contiguous portions.

15. Optical deﬁice-for foilowing of a track appearing in the
reference surface of an information médium.in'the form of a set of
adjacent elemegts (7) along which is arranged a succession of non-~
contiguous sites (72) set. apart for storage of ‘thelirnformation in an
optically readable form,. the said storage. sites (72)""being separated
from one another by interstitia1 sites (741_comprising.pre—engraving
patterns arranged-along two off-centre alignments-which’matefialise
by_a symmetrical framing action the_trans@erse position.bf the non-
sinuohs'a&erage centrelinéf(TQ)”;epresenting the ideal: trajectory
which the meanS“offqpticaI*egblaration*ofithe-said track must follow,
which means .is constituted by a luminous spot caused by the:said‘
device to keep following the said a&erage centreline (70); the said
patterns appearing in the discrete form of non-contiguous portions
haﬁing closed contours. of thefsaid reference surface; each of the
said interstitial sites (71) eﬁclosing at ieast=one of the said pre-~
engraving patterns; the distribution law of the sald pre-engraving
patterns between the said alignments being.such that a pre-engra@ing
pattern occupying one of.-the said alignments in one of the interstitial-
sites has as a corresponding part'a.pre—engraéing batterntoceuPYipg the -
other alignment in the ‘immediately:neighbouring interstitial site; the
said distribution law being a law indexed by means . of -at least one - '
recurrent encoded-structuré:connecting-ét least two. pre—engraving
patterns, which belongs to'the"igterstitial'sites-(Ji)};-the said
de@ice comprising photodetector means :(10). deli%eringtin’response.to :
the radiation emerginhg from the'portién'of.the saiﬂ'refexgncé=surface~
illuminated by the said . spot:an electxical‘gignal Sensitive_to the-—
trans&erse displacement of.the said'spot-with.respectntozéhe sgid track ’
elements;. comparator means ill)tusing Qaluesmdf:the said signal-
sampled'exclusively~during the exploration of ‘the said interstitial
sites to generate a compensating signal- (eN)) intended .to.keep the
said reading spot between'the:idealttrajgctorieS"of'the two track

framing elements, characterised in.that means for decoding analyse the
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said electrical signal, so as selectiQely to recognise the exploration
by the said spot of the said recurrent encoded structure; the said
values sampled being selected in order to be compared two by two by
control ‘signals coming from sampling means (12) and deri&ed from the
recognition by the'said decoding means of each phase of exploration
of the said reEurreht encoded structure; eachZQalueisampled'in
accordance with the said distribu;ion law being significant of the -
optical interaction of the.said'spot'with-a_pre—engra%ing pattern
(710-rR, 710-L) participa;iqg in the said symmetrical framing action;:
the said compensating signal (eN) qhgnging in Qaluelin'a“discrete
manner' by changing the content of a memory circuit (112).

16. De§ice according to claim 15,'characteri$eduin that

the said control signals (S1, S2) act on two switching. means (110,. 111)

. receiving the said electrical signal on their respective inputs;. the

outputs from the said switching means (110, .111) being”connected: to the -
inputs of a memory-type comparator circuit (112).which-deli§ers the

said compensating signal- (eN); the said control.signals performing
alternate samplings of -the said'electrical"signai'ordered”by the"said
sampling means (12) .in accordance with the said distribution law.

17. Defice-according:to claim 16, characterised in that the:
said cohtrol_signals {si, S2). are produced by decoding (112) of the -
digital output (SB) from a counting.circuit (121).ha§ing aazerd—setting.
inpuf and an incremgntationiinput} the zero—séttingiof.tﬁé-said couﬁting
circuit (121) occurring at the time of the recognition byian,idenéifica-‘
tion circuit (120) of the. said@ recurrent encoded. strxucture; tﬁe '
incrementation (SA) of thé“said counting circuit (121) being: produced -
by a circuit. for generating of-pul?es*congordant.with:thé gxploration
of the pre-engraving patternsﬁ(710-3,i7IO—L)'arrangea‘alonghthe'said__
alignments. ' . | _ -

18;-.De§ice according to claim 17 characterised in that the
said'generating'Ci;cuit.iS'a circui?_(lZO).which.detects:the expLora-
tion by the said spot of thgng;e—enén%Qing patternslgTIO—g, 710-1.)

arranged along the said alignients.



-_—

. T O 0 o

19.. Deﬁice accoxrding. to claim 17, characterised in that the
said generating circuit  is a ‘clock (123). synchronised by the said
decoding means (120} . |

20. Optical device- for geﬁeration of an error signal of
focusing of a beam of light in the refe:ence surface of an information
medium; the said beam exploring a track appearing in the form of a
set of adjacent elements (7) along:which is arranged a succession of
non-contiguous sites (72) ‘set apart for storage of the information in
an optically readable form, the said storage sites_(72).being separated
from one another by interstitia}isites-(71) comprising.pre—engraQing
patterns arranged alqng two off-centred alignments which materialise
by a symmetrical framingraétion thgutrans%erse;positionﬂof the non-
sinuohs'aéerage centreline (76)“representing'the ideal trajectoxy which
a spot for exploration of the'said.a%eragehcentrelinenprojected'by the
said luminous beam must follow; :the said patterns"appearing in the
discrete form of non-contiguohsiportions'having closed. contours of the -
said reference surface; each of the said inteérstitial .sites (71)
enclosing at least one of the said"pre?engraQing-patterhs; the -
distribution law of the said pre—engra@ihg patterns beﬁween‘the'said
alignments being such that a pre-engra%ing.pattern occupying one of-.
the said alignments in one of-the”interétitial:siteS“hasnas‘a'qorre5h
ponding part a pre-engraﬁing pattern oécquingwthe other” aligniment  in -
the immediately neighbouringﬂinterstitial‘site;- the. said .distribution .
law being a law indéxed‘by means of .at’ least one recurrent. encoded _
structure connecting at least_pwo pre—-engraving patterns‘which-belong '
to the interstitial sites (71), characterised in that:. it comprised
two photodetector elementS'(DA;PHB)_arranged“to-interceptatwomfractiOQS'

of the radiation emerging’from-the portion of thersaid'rgference surface- -

dlluminated by the said ‘spot - separated by a'plane:(Z@Y)ﬂparallgl'with'

the exploration direction’(Y) and with the normal- (Z). to the -said
reference surface;’ decodingrmégngxtlﬂj; analysing: the gum'qf the : )
signals (VA, VB) produced by the said photodetector elements, in oxder
selectivelygto‘recognise'the.egp}grayion:by the;saia:spop of';he'said
recurxent encoded structuré;’fcomparator mea351(13).uging'Samplings:_

made in accordance: with the said:distribution law from the said signals
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(VA, VB) under the control of the signals coming from sampling means
(12) and derived from the recognition by the said decoding means of
each phase of exploration of the said structure; the said samplings
constituting four mgmorised_&alues VAl, VB2, VA2 and vB1 éignificant
of the double cpticél detection of the interaction of the said
luminous beam with two pre-engraving'patterns defining the said
symmetrical framing action; the qomparison of the said Qalues 
memorised by the said comparator means (13) producing the said focusing
error signal {eN) in accordance with the relationship

= (VAl + VB2) - VA2 + Vgi) N being broportional to the focusing error
signal, in sign and ip amp}itud¢( thg_indices A and B relating to the
two photodetector'elements-and'the indices 1.-and 2 to the two align—

ments serving to materlallse the said average centreline (70).

21. Device accordlng to claim 20 characterised. in that the -

said comparator means .(13) comprise four integrator: circuits (130, 131,
132, 134), a differential“amplifier'(136)'and two summing circuits
(135, 134) respectively connecting.the said integrator circuits two

by two to the two additional  inputs of the said differential-amplifier
(136). |

| 22. De&ice according to either of claims 20 .and 21,
characterised in that it comprises-means. (11) for measuring. the
trans@erse position. of :the ‘exploration spot with respect-to the said
.a\-rerage centrél:i.ne (70). sampling the said sum-of the .signals (VA,‘ VB) i
the said measurement means (11) belng controlled by the  said sampling
means (12). - N
23.. Device accor@ing-to-apy of the claims. 15.to" 22,. charac-

terised in that the said comparator means (171, 13);aeli§ering'a .
' signal in the form of steps: of a staircase (eN, €'N) the smoothing of -

e

which .is performed by 'a low-pass.filter (113,  117).



