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METHOD AND DEVICE FOR RECORDING/ READING INFORMATION ON
- A MOVABLE OPTICAL OR MAGNETO-OPTICAL MEDIUM

The present invention relates to a movable

information medium, in particular in the form of a disk

intended for recording/reading of information along

tracks. :
The medJ.a currently used are "equipped with a

structure hav1ng preformats produced during a pre-

etching phase. _

- These preformats are used to generate service
signals allowing the recorder/reader to operate:
physical representation of the axis of the track,
focussing, synchronization, addresses, etc.

Numerous pre-etching methods have been
proposed. Among these may be mentioned the method as

‘described in French patent application No. 82 04218

filed on 12 March 1982 and | published under
No. 2,523,347 on 16 September 1983. _
‘The method described consists in providing,

along virtual tracks of an information medium,

discrete, non~-contiguous elements - physically
representing the mean axis of the said tracks and
framing = areas intended for the recording of
information. These discrete elements, called "flags",
must, naturally, be able to be discriminated by some
means from the elements.representing so-called "useful”
information. | _

' This method is, moreover, in accordance with
one of the solutions currently adopted at the present

~ time for producing optical or magneto-optical disks.

In reality, two main formats exist, whlch have

‘been described in ISO standards. IsO 9171, 1 and 2, in
‘the case of media of the read-only, or "Write Once"

type according to the'termihology, or in the ISO 10089
standard in the case of magneto-opt1ca1 disks.

They are referred to as the A format and the B
format. _
is known as
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‘continuous, pre-etched _grooves,_ possibly interrupted

fromfplace to place. These grooves serve for guiding
the beam during writing or reading of information. The

-pre-etched grooves may be arranged centred between two

information tracks, or, in contrast, be coincident with
the information tracks. | ) '

_ The second fermat (B format) is based on a
method of track following with sampling. The
abovementioned French patent application belongs to

~this format class.

According to the ISO standard, each circular
track includes 32 sectors numbered from 0 to 31. Each

sector itself includes 43 segments each of 18 bytes.

The first segment is called "Header“'according

to the terminology, and may be compared with the flags

described in ‘the abovementioned French patent

'application.

In effect, it includes a certain number of pre-
etched elements the functiens of which are detailed by_

the standard.

Among the main functions fulfilled by these
pre-etched elements may be mentioned, in particular,
track following, focussing and synchronization. They
must also carry out the abovementioned discrimination
function, also called recognition function. |

One of the problems encountered during the
phase of recording data relates to exerting control
over the form factor of the etched elements.

In fact, use is made of a thermal effect,
produced by a laser beam, for recording an information
element. Physically, this action translates into an
alteration in the sensitive thin layer of the medium.

This alteration may take different forms: ablation,
_that is to say disappearance of the layer, deformation,

for example in the form of a bubble, or also a
crystallographic phase change. The heat may also, with

- the aid of a mﬁgnetic field generator, bring about. a

modification of the magnetization condition of the said

layer.
- This Sheet-Has Been"Rerlaced
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In reading, a laser beam is'also,used, of lower
power, for reading these'alteratione.lIt can thus be
‘envisaged that use is made of non-linear effects. Below
a certain heating,threshold, there is no alteration in
the layer. _ |

For 'varlous reasons related, for example, to
the quality of the material constltutlng the layer, to
‘the conditions of setting up the etching laser beam and
especxally to the power settlng as well as to the
focusslng, the dimensions of the alteration will be
more or less well controlled.

To these causes the so-called 'thermal effect
must also be added.
Since it is necessary to exceed a temperature

' ‘threshold so that there can be an alteration in the

sensitive layer, it can be seen that the physical

- conditions for recording are not the same according to

whether or not there is a prior recording in the
current recording space. If there is, the rise in
temperature will be more repid and thus the threshold
more quickly reached. _ '

- In order to alleviate the latter problem,
solutions - have been proposed in French patent
appllcatlon No. 90 08542 flled on 5 July 1990 and pub-
llshed on 10 January 1992 under No. 2,664,420.

| These spurious phenomena have an impact on the
form factor or duty cycle, that is to say, eventually,
on the transitions between the logic "0 and "1* of the
recorded lnformatlon. '

_ Various types of lnformatlon codlngs have been
‘used. A first class comprises the codes which are not
very sensitive to the form factor: NRZ code, etc.

The drawback of these codes is that they offer
less economic performance if the reoording density
aspect ls considered. | |

In order to increase this recordlng density,
recourse has been had to codes of the pulse 1length
modulation type, or PWM, for "Pulse Width Modulation®.
More generally, these are codes in which the



(8]

10

15

20

25

30

35

~ information is represented by the posztlon of the

tranSLtlon fronts of the signals.
"It can easily be envisaged that, due to this

characteristic, this type of codes is especialiy

sensitive.to the quality of the form factor.

In order to illustrate the 1nventlon, in a more'
prec1se way, in what follows, lnformatlon will be
represented by_" an etched element the length of which
varies in increments. It is therefore evident that the
smaller the dincrement, the higher the density of

information which can be written onto a disk.

Referring to what has been recalled, the
precision in the length of an etched element, and thus
also of an increment, is limited by a oertaih'nomber of

.parasitic effects. It 'is; furthermore, difficult to

obtain good reproducibility of these 1engths.

It follows that the maximum density of
lnformatlon which can be written on the medium is all
the more limited.

The invention aims to alleviate the drawbacks
of the prior art which have just been recalled.

In order to do this, the method acoording to
the invention makes provision for writing etched
elements serving'es a length reference from place to
place along tracks intended for the recording of data.

These etched elements are written at the same
time and in the same conditions as the information

. proper is written. -

Although particularly adapted to the recordlng'
of data according to the so-called sampled format, the
method according to.the invention applies equally well

~ to the so-called continuous-composite format.

Thus the subject of the lnventlon is a method
of recordlng/readlng lnformatlon along tracks of a
movable medium given a uniform drive speed comprlsinq a

- phase of recording the said information, this phase

comprising a ' step of forming variable-length

~alterations in a layer of material of the medium with _

T

the aid of means for converting variable-duration
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pulsed information signals, the transitions between
altered regions and uhaltered regions of the said layer
representing information, characterized in that the
writing phase comprises an additional etep of forming a
series of sequences of alterations in the said layer,
of different lengths and at least equal to two in
number within each sequence_with the aid of conversion
means, each sequence of alterations being associated
with a particular area in which are formed the
alterations representing infermation and forming length
references for this area; and in that it comprises a
read phase, this phase comprising a step of reading the
length~reference alterations and convertihg them into
duration-reference pulsed signals, for the associated
area, a step of reading the alterations representing

 information formed in the said associated areas and

converting them into pulsed 519nals and a step of

.reproducing the recorded ‘information by comparison with

the duratlon-reference pulsed signals. _

The subject of the invention 1s also a device
for implementing such a method.

.The 1nventlon will be better understood and
other characteristics and advantages will appear with

' the aid of the description which follows, with

reference to the attached figures among which:
| - Figure 1 is a timing diagram illustrating a
laser write pulse, | ' _
- Figure 2 diagrammaticelly illustrates a track
portion of a movable :Lnformatz.on medium according to
the prlor art,
- Figure 3 is a tlmlng diagram lllustratlng
modulation signals, _ _ o _
- Figure 4 diagrammatically illustrates. the

'detall of an etched element,

- Flgure 5 ls a tlhlng dlagram lllustratlng
read signals, ' o

- Flgure 6 diagrammatically 111ustrates a track
portion of a movable information medium according to a

_variant embodiment of the invention, .
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- Figures 7 and 8 diagrammatically illustrate

" the thermal effect appearlng upon the recordlng of

data, .

- Figure 9 diagrammaticaily' illustrateé an
optical diék recorder/reader apparatus,

- Flgure 10 illustrates a device allowxng the

.lmplementatlon of the method of the invention,

- Figure 11 is a timing diagram relating to the

main signals used by the device of Figure 10,

10

15

~ Figures 12 and 13 relate to embodiment
detalls of the device of Figure 10. _

' - First of all, with reference to Flgure 1, the
process of recordlng an information element on a
movable - optical or magneto-optical ‘medium  will be
recalled briefly. It will be assumed in what follows,
in order to eStablish the ideas and without that being

- limiting, that this is a disk. Moreover, it will also

‘be assumed that the structure of this disk is in

accordance with the so-called sampled recording scheme.

20

In Figure 1 is represented a laser pulse Py

‘allowing recording of an elementary information item,

25

30

that is to say a write pulse, of substantially
;ectangular shape, to within the rise and fall times.
On the ordinate is represented the power P transmitted
to the medium and on the abscissa the time t.

It is assumed that writing'is effective from a
certain threshold Pg. This is representéd, for example,
by the ablation of the sensitive layer of the medium.
This. ablation is effective during the time interval t1-
tz. T .

If, at flrst, all parasltic phenomena are set

"aSLde, the dlsk turning at constant speed, an ablation

35

length of the’ layer corresponds, in a perfectly one-to-
one manner, to the time interval‘(ti-tz)."

As has been indicated, if a so-called sampled
structure is ﬁéed, succéssioné of two types of areas
are found along the circular tracks of the disks: areas
which will be called "flags" in what follows,

containing pre-etched elements, and post-etching areas,
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intended for the ':ecording of the so-called useful

information. 3 .
Such a structure has been represented
diagrammatically in Figure 2.

The Z; area is the*"flag" area. It comprises,

in the'example_deecribed,1three'pre-etched areas ej to
e3, of generally circular shape. The elements ej and ej

have _been etched on ‘either side of the hypothetical

axis of a track Piy of arbitrary rank x. By way of
indication, a value usually adopted for the distance

separating the centre of these elements from the axis

of the track is of the order of a quarter: of the
distance separating two tracks. These elements e1 and
ez are usually utilized to provide track following_ﬁpen
writing or reading. _

The element e3 is centred on the track Plx and
serves as synchronization element for the read or write
clocks for the data read or to be recorded in the Zz
area. '

The dlstance separating the elements es and e3

is such that it allows unamblguous recognltlon of the

"flag" area with respect to the other areas. It ls‘

spoken of as "single distance".

Other methods may be employed to prov;de thls
recognltlon. _

The area Z3 is intended for the recordlng of

so-called useful lnformatlon._ In Figure 3, three
information elements d;, d; and d3 are represented,

centred with respect to the track Piy but of different

lengths. .
It will be assumed in what follows that coding
of the information based on the modulation of -the
duration of a pulse is used. '

More preclsely, it is assumed that the
modulation is of the incremental type. '

Figure 3 illustrates the electrical modulatlon'

SLgnals used for write control. The shortest pulse.Io

has a duration equal to To. The duration of the other

pulses I; to Iy is given by the general formula:

: This Sheet Has Been Re
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Ty = Tg + NOT, a formula in which »T is - the time
J.ncrement. '
By way of example, for Iz, Ty = Tp + 2DT.

These modulation signals are converted into.

laser write pulses of equivalent durations and
therefore into etchings of lengths proportional to the
duration of application of the laser pulses. |

If the minimal length of the etching element

which can be written, and which c_orresponds to Ip, is

by the formula: ly = lp + xpl.
To establish the ideas, a typical value of 1lp
is 08 lm. The increments pl in these condition [sic]

‘will be chosen to be equal to 0.3 or to 0.4 1m.
In this formula x represents the number of
_i_nc:ementé and pl an increment whose length is in one-

to-one relation with DT in the absence of parasitic
phenomena. | |
Figure 4 diagrammatically represents the etched
element dy. ' : '
" 'When such an etched element is going to be

called 1lp, the length of any etched element dy is given .

read, by -an optical route, there is obtained, after -

optical-electrical conversion, a bell-sh'aped' electrical
signal Vj, including a plateau more or less extended
along the length of the etched element.

Such a  signal \41 is illustrated
dz.agrammatlcally on  the upper part of the tJ.mJ.ng
diagram of Figure 5. If a threshold Vthresholds is
applied to this signal, it is possible to convert it

into a rectangular signal. This type of processing is

well known. _ _

In Figure 5 it has been assumed implicitly that
the etched element correésponded to the minimal-duration
modulation signal Tg (Figure 3). The length of -the

etched element is thus equal to 1g (Figure 4).

The appl:.cat:.on of the threshold Viphresholdr as

illustrated by the lower part of the timing diagram of

Figure 5, means that the pulse I is a pulse, marked |

I’g, of duration T’g = (t’s-t’1).
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The instants t’; and t’) correspond to the
intersection of the threshold 'Vthreshold and of the
curve Vj. ' -

In the present case, the curve Vl.reduces'in
practice to a bell-shaped curve. The duration T’o' of

- the pulse I'g is different from To and in general lower

than the latter. However, ' a one-to-one relatlonshlp'
exists between these two durations, in the absence of
any spurious phenomenon; _

This is, however, not.the case in reality, for

the reasons Which have been recalled.

'For the same duration Ty = Tp + NDT of the
modulation signal, different lengths of alteration are
obtained, on writing. In other words, there is no
reproducibility.

In readlng, the phenomenon may be accentuated._
A certain number of causes of malfunctioning exist:
defocussing, imperfect following ‘of the track,
fluctuation in the speed, etc. It results therefrom

that, for the same ablation length, the duratlon of the

signal read may fluctuate. )
It is the same for the lnorements. The time
lncrements pT (Flgure 3) are represented by length

.lncrements pl (Figure 4) whlch in their turn are
represented, in readlng, by t1me increments whlch will =~

be called pT’ in what follows. The reproduclblllty of

- these time increments is thus equally difficult to

obtain.

It can, however, be envisaged that if only
limited time intervals or equally limited recording
lengths are taken into consideration, there is a chance
of obtaining a reproducibility of the varlous
parameters, sufficient for an application in question.
The two abovementioned',conditions are, 'noreover,
counterparts of ' one hanother, since, on a movable

medium, driven at constant speed, there is timeéspace

ratlo whlch is also constant.
In fact, in the abovementioned conditions, the
variations in the characteristics of the material, the
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drive speed variations and variations in the ether
parameters recalled remain limited, except in faulty
operation. The latter case falls, naturally, outside
the context of the invention. .

| The invention takes  advantage of  this

- observation.

Accordlng to one of the main characterlstlcs of
the invention, concurrently Wlth ~the writing of
information data, etched elements will be written,

which will, in what follows, be called reference marks.

These reference marks will be associated with limited-
length recording'areae.

More precisely, these marks will be etched at
least equal to two in number for each information area
and will serve as a length reference. for [sic] all the
etched elements recorded in the latter. They will
differ by at least one length increment pl.

: In a lpteferred variant, illustrated by
Figure 6, the reference marks will be post-etched in
the area which will be called "flag" area: area Z1 in a

"~ space left free in thls area.

In this flgure, as well as the elements whlch
are common with those of Figure 2, two marks M1 and My -
are represented, post-etched into the area zl. Thelr
precise positions in the area 23 and the spacing which
separates them is not critical. It is sufficient that
the functions fulfilled by the other etched: elements'
are not disturbed by their presence.

Still according to a preferred variaht, it is
desirable for one of the marks, My for example, to be a

 maximal- -length - mark lnax- For the latter
" lpax = 1lgp + Nbl; N being. the maximum number of

increments of the modulation signal. This arrangement
ensures optiﬁal precision, in the general ‘case. The
other mark Mj will have a minimal length 1g.

The order of occurrence of these two marks is

not critical either. Its sufflces in general thawill

have ‘a minn advance. o '
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The arrow f in Figure 6 indicates the direction

of drive of the track Pjy.

Referring again to Figure 3, the parameters Ty

and pT can be kept under control with great precision

and are preproducible. It suffices to employ 'cloek
sighals produced'by oscillators having great precision
and great stability. Such oscillators are well known.
The value N is an item of data known in advance.

On the other hahd, the etched elements, dj to
d3 in Figure 6, representing some information, are

‘produced in an area (area 37) contiguous with the

“flag"-area (area %j) and concurrently with the writing
of the reference marks, to within the time of movement.

‘"It is therefore possible to use these marks M; and My

as a length gauge for the contlguous area: area Zj.

To establish the ideas, it is assumed that the
mark M1 is the shortest recordable and has a length 1g
= 0.8 lm. _

It is also assumed that the maximum number of
increments N is equal to 10. In these conditions, the
length of the mark My is equal to 4.8 1m, if the’
increments have a 1ength'equa1 to 0.4 1m. However, it
should be. clearly understood that, with the exception
of the value N = 10, the other values, that is to say
the lengths, fluctuate from one “flag“ area to another.
They serve_ as reference only for the assoclated
information area, that is to say the information area
which has been recorded at the same time as the marks
and in the same conditions as the latter.

On reading, the lengths associated with the

- marks M; and My, respectively 1lg and (lp + Nol),

will be converted into duration information. A time
interval T'y = T’g + NDT’ will correspond to (lg + Npl).
Knowing N, it is possible to deduce bT’ therefrom by a
simple calculation ellmlnatlng T’o. In fact,

(T'y - T'Q)

(T'y - T’g) = NDT’ and DT’ = ' . T

This Sheet Has B
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The process for determination of DT’ is thus
simple. It suffices to detect the transitions of the
signal I, at the instants t’; and t’; in Figure 5,
dur:l.ng the read:l.ng of the marks Mj . and Mjy. WJ.th the aid
of a reference clock s:.gnal, for example, the durations

| T’p and T’y are deduced therefrom. N being known, any

approprlate calculat:.ng means makes it possible to
calculate DT’.

Knowing pT’ and T‘g w111 make it poss:.ble to-
reproduce the recorded lnformatz.on precisely, by

comparison with these values or with derived values. An
example of embodiment of a device for mplement:.ng the
method of the invention will be described later.
Although the pos:Lt:Lon of the reference marks M3
and My is not critical, it is riaturally necessary that
it be fixed in advance so that they can be recognized
unambiguously upon reading. ' -
Instead of being recorded in the "flag" area
(area 1), the marks M; and My may also be recorded in
the area Z3 or data area. It is then necessary to

implement a method of some sort making it possible to
- identify them ~ among the other etched elements. It is

possible, by way of example, to post-etch information
elements used for this purpose or to reserve a f:Lxed
pOSltlon in the information area.

Up until now, only the so-called sainplinQ
format has been considered. For the 'so-called
continuous-composite format, it is a solution of the
abovementioned  type th.ch preva:l.ls since the "flags”
areas are absent.

Although offering greater precision, a priori,

it is not necessary for the marks Mj; and My to
represent ' respectively the shortest mark and the |

longest mark repectively. | _ |

It is sufficient to record two marks M; and Mj
differing by at least one 'length increment b»ol. This
increment, it 'should be recalled, corresponds to the
time increment ot. ' ' '

- This Sheet Has
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 If two modulation signals of duration T; and T

are considered, there are the following relationships:

Ty = Tg + N1pT.

T2 = TO + NooT

in which N3 and Nj are known constants, equal
to the respective numbers of lncrements, .and DT the
time increment. ' | .

It is assumed that N2> Ni. :

It is deduced that »pT is glven by the formula.

In reading, after . conversion,_ a similar
formulation is again found: |

(T2 - T'1)

DT’ = _
(N2 - N1)

The value of T’o can be deduced therefrom by
calculatlon. '

(T3 + T’g) - (Ny + Np)oT’
T'g = -———- -—
~

Finally, in order to refine the process, it is

possible to use more than two reference marks.

My way of non-llmltlng example, it 'would be
possible, in addition to the marks M; and My of length
lp and (lg + Npl) to record a third mark Mg,
representing a mean length. Assuming N to be even, the
length of this mark would be (lg + bl).

It.'has'_been assumed up'_to now that the
fluctuations in .the length of the reference marks
faithfully reflect the local variations in the etching.

This Sheet Has Been Repi
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conditions, among other things the local variations in
the characteristics of the sensitive material.

Normally, from one site to another, the

reference recording conditions undergo only 1limited

changes. It may be that limited changes [sic]. It may

- be, because of transient parasitic phenomena, that the

fluctuations in lengths of the marks become suddenly
"anomalous" or may be considered as such. This would be
the case, for example, if, for the same modulation
signal of duration T3, the mark M; varied in length
from single to double.

The position of the marks may also fluctuate

abnormally. Due to their natures, the fluctuations of
this type should not be taken into account since they
do not correspond to fluctuations in the local
parameters but to external parasitic phenomena.

_ In a preferred variant of the method according
to the invention, the variations in the parameters
related to the reference marks M; and'Mj, and, in the
first place, the length fluctuations, are stored in
memory. It is'poseible, in order to do this, to use a
memory-storagedmethod of the FIFO or “Firet In First

Out" type according to the terminology. At each

instant, a certain number of values among' the most

recent ones are available. It is therefore possible to

produce a mean and reject an value greater than or less

- than a defined percentage of this mean value.

In this latter case, the last valid value
adopted for M; and/or My will be taken, for example. It
is this value (or these values) which w111 serve as a
length gauge for the contlguous ‘data area (Area zz) and

"not the current value or values.

Other methods can also' be used. Without
producing a mean, it is possible to reject the values
which are greater or less than two _predetermined
llmits. ' N

- It is also poseible_to proceed by interpolation
between the values (n - 1) and (n + 1), n being an

arbitrary number relating to one of the pairs (Mj-Mj).
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- increments is obtained'with greater precision.

- 15 =

(n-1) and (n+l) relate, respectively, to the pairs of

marks (Mj~-Mj) which precede and which follow the pair
of marks (Ml-Mz) of rank n. This assumes, however, that
the data area 2% read after the passage’ of (M;~-Mp) of

rank n is placed in memory.

- Finally, it is posslble to declde that, if the

.hparas1t1c phenomenon perslsts or is reproduced with an

abnormal frequency fixed in advance, an alarm signal

‘should be generated.

In every case, it is necessary for the
frequency of occurrence of these reference marks to be
sufficiently high so that the time 1nterva1 separating
the readlng of two series of consecutlve marks is, for
its part, sufficlently small to make the drifts in the
recording and/or reading parameters acceptable.

A priori, in a sampled-type format, such as has
just been described, the frequency of appearance of the
"flags" is sufficient for this condition to be

~ fulfilled. If that were not the case, for example for a
particular material forming the thermosensitive layer,

it might be necessary to post-etch the reference marks

in the "flags" areas and/or the data areas, in a

greater number than the "flags". .

The method according to the invention requires
only a small amount of additional information which is
not directlf usable. In the preferred variant of the

method, this additional lnformatlon, that is the say

the reference marks, may moreover be recorded in areas

(area 21) which are not usable for recordlng so-called

useful information (area %3).

The method thus makes it possible to overcome,

to a large extent, the parasitic phenomena which have
recalled and thus to obtain better reproducibility.

In the final analysis it makes'it possible to
reduce the 1ength increment and, by this means, to

. increase the recording density. In fact, with an

etching element being read by comparison with a valid
reference for_a'low—amplitude region, the length of the
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It remains the case, however,_that, even over a

short distanCe, the so-called thermal effect may give

rise to fluctuations in the 1length of the etched
elements. These fluctuations could partly destroy the
advantages afforded by the invention. '

This paraSLth effect can be alleVLated by
epplying ‘the teaching of the abovementioned . French
patent application No. 90 08542.

This paraSLtlc effect and measures allowxng it
to be alleviated will nOW' be recalled brlefly w1th
reference to Flgures 7 and 8. '

In Flgure 7 an information medium 10 is
represented in vertical section, moving in the
direction of the arrow f. In the case of a disk turning

~about a vertical axis, the movement is in concentric

In order to write information elements on the
tracks of the medium 10, a laser beam 11 is provided,

'concentrated onto the surface 12 of this disk. As has

been seen, the effect of the laser beam is locally to
heat the medium 10 so as to give rise, in the heated
area, to a physical modification which will then be
optically readable, in general with the same laser
beam, but of lower power. _ | |

The surface of the medlum 10 includes, in the
example, a thin layer over which the heat brlngs about

-an alteration consisting, for example, of an ablation.

- The laser beam 11 is of circular cross-section.
With respect to the direction f of movement of the
medium 10 it exhibits a fromnt extremlty 13 and a rear

' extremlty 14.

In the example of Figure 7, the laser beam is
applied to the medium 10 between the points A and B.
More precisely, at the start of the writing'sequence,
the front edge 13 of the beam 11 is at the point A and,
at the end of the writing sequence, the rear edge 14 of
the beam 11 is at the point B. :

It is noted that the etched element 15 written

onto the medium 10 exhibits a front edge 16 which_does_'
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not coincide with the’ point A, and a rear edge 17

The main offset d is between the points A and 16. In

'what_follows, reference will be  made, above all, to

this offset.

| These offsets mean, on the one hand, that the
etched element 15 does not exactly have the desired
position and, on the other hand, that the length of
this information element 15 is 'different from the

‘desired length.

_which, likewise, does not coincide with the point B. 8

The corresponding time offset ps may be’

expressed by the follow;ng formula.

Ds = sg + Dsj

in this formula sy is a constant-value term for
the same recording medium and the same type of recorder
and ps] is a term whose value depends on previously-

recorded patterns. More precisely, sg is the value of

the offset when an isolated element is written, without

an element preceding it. In these conditionms, it is

shown that psj has a negative value.
The characteristic parameters of the recorder
which play a part in defining sp are, especially, the

dimensions of the write spot, its power, and the speed

of movement of the information medium w1th respect to
the writing beam.

-The spatial offset d is due to the fact that a
delay exists between the start of the application of.
the: beam 11 to the medium 10 and the moment when the

. temperature of the site illuminated by the medium

reaches the value which is sufficient for ﬁriting
information.

In Figure 8, at the lower part, is represented"

the etched element 20 which has just been written, in
solid lines, and, in broken lines, an etched element 21

which is to written. The upper part shows the

temperature tg of the'_substrate along the track on
- which the marks are being made. The temperature tgp is

the temperature of the medium 10 in its entirety in the
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absence of heating, that is to say the ambient
temperature. | _—
The curve 22 of Figure 8 shows that,
1mmed1ately after the formation of the etched element

- 20, the temperature of the medium 10 at the site of
" this etching element is still substantlally higher than

the ambient temperature and that the temperature at the

adjacent site 21 is also higher than the ambient

temperature tgp although lower than the tempereture at

the site of the etched element 20.

From these considerations it_results"that the

delay ps is smaller when an etched element has just been
written at a preceding.site than in the case in which
the medium 10 is at the amhient temperature tgg. It is
the (negative) term ps which expresses this dependence
of ps with respecthto the previously written elements.

This term psj depends on the length 1 of the etched

element 20 and on the distance 11 separating the etched
elements 20 and 21. The writing of the etched elements

-written before the etched element 20 thus makes a

contribution to the term ps]. However, it has been noted
that, from. the fourth precedlng etched element, the

contribution becomes negligible ‘for the modulation

formats and codes widely used at the present time.

The abovementioned French patent application
proposes several embodiment variants suitable for
correcting ps; and/or sg.

In the context of the invention, it is the
first time offset, Dél, which is the most troublesome

since sg is substantially constant for one medium and

one recorder/reader appliance.
It w111 thus be same for the reference marks Mj
and M) (F:Lgure 6) and for the other etched elements

‘whatever the zone in questlon.

Only the principal _arrangemehts making it
possible to correct the_ ps; term will therefore be
recalled, which arrangements are the subject of one of

‘the embodiment variants described in the abovementioned

application.
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According to this embodiment variant, during
the recording phase, the two terms sp and bpsj; or the
single term ps; are corrected. In 'order'to correct this
D8] t'erm, there is pro?iéio_n for recording, in a memory,
which may be one of the areas of the information
medium, the variation law of the offset Dpsj, or of the
offset sy + ps; as a fuxiction. of the previously written
information elements and of the time separating the
writing in progress from the previous writing.

The temperature at a site on the medium also
depends on- the 1length of the previously written

' elements and on their _paciﬁg from the place in

question. _
' Hence, a memory is provided with values of nsll
as a function of the length of the previously wr:.tt_er_x'
elements and of their seperation from the element to be
written. It is possible to take account only of a
single preceding element. For better precision in the
calculation, several elements which precede will
brought into play; in any _e_vent, it will 'not, in
general, be necessary to take account of more than four
preceding elements, as has been indicated.

_ These value tables are determined in advance in
the factbry by the medium  and/or recorder/reader
manufacturer. - :

For preference, the table 'is inserted into
memory of the information medium in prerecorded data
areas, when a so-called. sample_d format is involved.
This table will thus be specific to the medium in
gquestion. However the values of Ds} w:.ll poss:.bly vary
from one type of recorder to another. _

When dealing with a disk turnirig at constant
speed, the dimensions of the 'i.nformat:_i.bn elements vary
as a function of the radi_us of the track '_on. which the

" element is found. In this case, the law (or table) for
determining the values of ps; will take account of the .

radius. In general the psj values vary linearly with the
radius. —_—
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For further details as to the device allowing

the method which has just been recalled to be

implemented, reference will usefully be made to the.

abovementioned patent application.
A device allowing the method accordlng to: the

'J.nventlon to be implemented will now be described.
In order to establish the ideas, without that |
- being a limitation on the scope of the invention, the

operation of an optical disk recorder-reader appliarnce
will now be recalled briefly, with reference to F:Lgure
9. o '

'Figure 9 diagrammatically illustrates ”an_

example of an appliance for recording/reading on a
medium by an optical route. A disk 90 turning in a
plane around an axis parallel to the third axis of the
three-axis reference system XYZ includes, on its upper
face, a laYer of thermosensitive material in whiCh
information has been recorded along tracks 91. These

tracks also include flegs_ 21 associated with a spec:'i.fic-

code in accordance with what has been described and
areas %, intended for the recording of information. The
disk, with a diameter of about 30 cm, is given a
rotational movement, imparted by a drive motor 'in.tegral

with the chassis of the optical _recording-reading_
system. Typically, the tracks, for example 40,000 J.n
. number, are written within a crown centred on the axis

of rotation and of width equal to about 8 cm. The
number of flags written, per concentric circular track,
must be suffici_ent to overcome parasitic phenomena

related to the nature of the medium or to the

fluctuation in the rotational “speed. Typically  between
1300 and 3500 flags are written per tracks |[sic},
hav.mg regard to the preced::.ng data. o

~ In the embodiment example _illustrated by
Figure 9, the_ device 'f,or access to a predetermined

track of the disk -comprises a f.ixed part including an
' energy source (not represented) generating a beam of

parallel rays Fg and a movable part consisting of the

_recbrdin_g/read head proper. As is known; the latter
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comprises an objectlve lens of the mlcroscope type Op,
integral with an electromagnetlc c011 B moving in the
magnetic field of a permanent magnet (not represented)
providing vertlcal slaving or focussing and a
galvanometric mirror Mi1'providing the radial slaving.
The galvanometric mirror Mij is movable about an axis

'Dy parallel to the axis OY of the three-axis reference

system so as to provide the said radial slaving. The
beam Fp is focussed into a spot 5 at a predetermined
place on the disk onto one of the abovementioned tracks
91. It is assumed here that the system is of the single

beam/single track 'type , that is to say a system in

which the single beam Fj serves elternately for writing

~and reading as well as for providing the functzons of

radial track follow1ng and of focussing. This aspect is
outside the scope of the invention.

In order to detect the read beam reflected'by
the disk, a semi-transparent plate Mij, for example, is
interposed on the path of the single beam Fp. The beam
reflected by the disk is then detected by photodetector
means D which generate the signal V;. The latter is
transmitted to signal processing logic circuits 1O. |

| These latter circuits, in addition to the
circuits which are common to the'ptior art, incorporate
circuits which are specific to the invention and which
will now be described. | _

The reading of an information element, such as
dj, dy or d3 in Figure 6, gives as information, after
conversion, after 'conversion, one of the pulses of
durations which will be called T‘y. It is necessary to
relate these dufations read to the initial durations of

the signal used for the modulation. In other words, it

is necessary to deduce therefrom the number of
associated increments. It has been seen, by way of
example, that a duration T’ corresponded to the
duration Tq, and that DT’ corresponded to a time
increment pT. o o |
Accordlng to the invention, comparisons of the

‘direct or indirect values read will be carried out with

“ﬁﬁiiﬂ‘ti’iitﬂiﬂ“ il




10

15

20

25

30

35

-22 -

- reference values which are valid for an area Z9 of

limited extent. These values are those derJ.ved from

' read:.ng the marks Mj and Mj.

In the preferred var:.ant it is the area 23
associated with a sxngle'"flag area whlch contains the
marks M1 and Mj.

Various methods may be empl'oyed to arrive at
this resulﬁ. By way of non-limiting example, a circuit
for 1mp1ement1ng the method of the invention w111 be
descr:.bed with reference to Figures 10 and 11.

Figure 10 d:l.agrammata.cally jllustrates the

“circuit used. Use is made of a clock signal which is of
* high frequency compared with the frequency of

occurrence of the pulsed signals represeziting the
information,' as well as the duration reference s:l.gnals
derived from the marks Mj and Mp. '

It is, naturally, necessary for the frequency

of '1__:he' signal HR to be very stable. Moreover, the

higher the frequency, the greater the precision
obtained in the process of ,i:eproducing the information
signals. Typically, a ratio .h:i.gher than 10 between the
frequency of occurrence and _the' frequency of the clock
signals will be used. '

The t.utu.ng diagram of F:Lgure 11 :.llustrates
these various slgnals. The clock signal is denoted HR
in the figure and the duration reference signals T‘g
and T‘y. _

An information signal, denoted T’,g has also
been represented. S T

_ Referrlng again to Flgure 10, the main element
of the circuit for implementing the method of the
inven‘tibn, in t'his. embodinient variant ¢ is a counter C.

It receives the clock sighal Hr on one input eg
via a logic circuit LOj. The latter performs the logic
"AND" function, by combining the read signal I and the
c;_l.oc'k. signal Br. The signal I is obtained from the
signal V; (Figure 9) 'in the way which was explained

' with reference to Fiqure 5. The counter can therefore

count the clock pulses Hp, as illustrated in Figure 12,
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only  in the presence of the pulSed signals read:
perlods T'o [sic], T’y and more generally T xe.
This counter C . successlvely delivers, onto a
bus Sc connected to a parallel output, an image binary

word the counting states [sic]: Cpy, Cn2 and Cpy

(Figure 12). These states are expressed by binary words'
ny, n2 and ny. . _
In other words, the: counter C converts the

durations T’ or T'n and T'x'into-a series of numbers nj,

ny and ny proportional to these durations.

It is assumed that the logic circuit LO of
Figure 9 generate a signal W during a ‘time window
encompassing'the-pulses T’g and T’ﬁ. Taking the context
of a recording format of so-called sampled type, it
suffices to detect the position of the flags in order

'~ to generate such a signal. In the general case, the

position of the marks M; and M; being known, the
generation of such a signal W presents no difficulty.
The signal Syony is also rieeded, generated upon
detection of falling edges of the signals T‘p, T’y and
T'k; In order to do this, a monostable MON may be used,

-triggered on the falling edges of the signals T’p to

T’%. The latter delivers the pulsed signal SMON as

This signal is used first of,all to reset the

zero-counter to the initial state. Preferably, it will
be reset to the zero state. The signal is transmitted
to a zero-reset input provided for this purpose.

" In order to be usable later, the binary words
nj, ny and ny must be stored in memory. To this end, a
memory MEM is used. For ease of explanation, it is
assumed that this memory includes two separate areas. A

' flrst area is intended for storlng permanent values,

such as the maxlmum number . of increments N, or semi-
permanent values, the numbers n3 and ny Whlch vary only

when a new area 323 is read, that is to say new

reference marks My and Mj.
A second area is used for recording the
successive values ny corresponding to the information
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elements dj, dy or dj. A logic routing circuit SW

receives the paraliel output from the counter Sc. The _'
routing betweén one and the other of the two memory
- areas is conditioned by the state of the time window

signal W. Moreover, the actual memory storage takes
pléce'on detection of falling edges of signals T'g to
T’x. In order to do this, it is conditioned by the
appearance of the signal SyoN- | _

Resetting the counter to zero must take place

-after the said memory storage. It is ‘therefore

neceésary to provide'a delay before actual zero-reset.
Such arrangements are known. o
In summary, there are thus two main phases: a

' phase of placing reference values nl'and ny in memory,

and a phase of successively placing the various values

These values will allow determination of the

numbers of increments attached to each information
elements, and thus their reproduction upon reading.

~ In fact, if the interval of time separating'two

consecutive clock pulses HR:is cailed_dt, the following

equations describe the implementation method for the

~ reproduction of the information:

for T’g [sic], T‘g.[sic] = njdt
for T‘y, T’y = nadt = T’y [sic] + NoT’
for T’y, T’y = nydt = T’g [sic] + NyoT’

. in which equations N is the maximum number of
increments and Ny the number of increments of any
information element dy. _

Simplifying, the value - of Ny is deduced
therefrom: ' '

Following inaccuracies in the counting, for -

'example inaccuracies due to”the_rglative instants of

occurrence of the falling edges and of the clock
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pulses s the number Ny thus calculated may not be an
lnteger number. In this case, the lnteger value of the
number N, will be taken.

In order to carrxry out the previously descrlbed _
calculatlon, any appropriate digital calculating means
is used, which means will be called computer CAL in
Figure 10, and Whlch recelves the values N, nji, nz and |
nx from the memory MEM. : .

It should, however, be noted that “the
successive calculations of the numbers Ny must take
place outside the perlod of acquisition of the values
n1 and nz, and between the acqulsltlons of two'
successive ny numbers. In order to do this, an enabling
circuit VAL has been represented in Figure 10.
| To this end, it receives the time window signal
W and the falling-edge detection signal Syon- -

In reality, the memory MEM may consist simply
of a series of reglsters. '

In another varlant, not illustrated, the memory
and the computer can be combined into a single memory-
based stage of the programmable read-only type, or
PROM, according to the terminology, in which the laws
making the calculations possible are recorded. |

It may also be noted that it is not strictly

- necessary to record the different values of ng. In one

variant, not illustrated, it _is possible to transmit
this value directly to the'computer via the router Sc.
It is the same for N, which could be a hard-wired value
permanently transmitted to the computer. f

The routing circuit SW may be produced with the
aid of combinational loglc gates. An embodiment example
is illustrated by Figure 12.

The circuit SW includes two series of gates,

‘denoted 1LO; and 1LO3 of three-xnput logic "AND" type.

The second gate, LO3, includes an 1nvert1ng'ihput es3
along its three inputs. :
“The two gates LO; and L03' receive on their

"inputs, ez1 and .e3] respectively, the time w1udow.t

—_—
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signal W and, on their inputs ejj and e37, the signal
SMON* ' _ | _ .
' It has been seen that the signal transported by
the bus Sc of Figure 10 is mumlti-bit binary' word
representing the state of the counter C. Each bit by of

‘this binary word is sent to one of the inputs ej3 and
‘e33 of the logic "AND" circuits L0y and LO3.

By this means, the bits of the word n; and nj,
representative of the respective durations T/ and.T’N,
are transmitted on the eutputs S1 of the logic circuits
of the series LO; during the time interval W
(Figure 11) of the timelwindew W, and the bits of the
words ny, represehtative of the successive durations

T’y on the outputs Sy of the logic circuits of - the

series 103, outside this time interval Ty.

 The eenabiing circuit VAL, as represented in
Figure 13, may be produced simply by an "AND" legic
gate, LO4 with two inputs, one of which is inverting.

‘The direct input receives the Smoy Signal, and the

inverting input the  time window signal W. The

' calculation of the values Ny is thus initialized upon
the detection of the falling edges and only outside the

interval Ty. The subsequent use of Ny is outside the
scope of the invention. The processing of thls value is
carried out accordlng to the known art. '

_ The invention is not 1limited only to the
embodiment variants of the methods and devices
described in detail. . '

Although more particularly .beneficial in the

- context of a so-called sampling recording format, it
" applies equally well to the so-called continuous- '

composite format. : - :

. Neither is it limited solely to the pulse-wmdth
modulation code of the type descrlbed, but applies to
all codes in which the position of the transitions

‘represents ,informetion ‘and thus must be determined

precisely.
- It applles more generally to every case for

| whlch recordlng relies on a method which doés not allow
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control of the form factor to be exerclsed with

suffxclent precision. This is the case: especlally when

use is made for the recordlng of a thermal effect, an

- effect which is non-linear originating largely from

phenomena which it is desired to overcome. In order to
surmount this problem, the invention provides for the
formation of reference marks with lengths associated
with a nearby area for recording information elements,

_fdrmation carried out in the same conditions as. for the
information elements. o
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. CLAIMS
1. - Method of record:.ng/ reading :Lnformatz.on along

tracks of a movable medium given a uniform drive speed
-comprLSLng a phase of recording the said lnformatlon,
this phase compr1s1ng a step of formlng varlable-length
alterations (dl to d3) in a layer of material of the
medium with the aid of means for convetting variable-
duration pulsed information signals (Ig to Iy), the
transitions between altered regions and unaltered
regions of the said layer representing information,
characterized in that the writing 'phase comprises an
additional step of forming a series of sequences of
alterations (Mj, My) in the said layer, of different
‘lengths and'at least equal to two in number within each

~ sequence with the aid of conversion means, each

sequence of alterations being associated with a

‘particular area (area 3%3) in which are formed the

alterations (d; to d3) representing information and
forming a length reference for this area (sz;_and'in
that it comprises a read phase, this phase comprising a
steb of reading the length-reference alterations (Mj,
My) and converting them into duration-reference pulsed
signals, for the associated area (22); a step of
reading the alterations (dj to d3)  representing
information formed in the said associated areas (areé
Z9) and converting them'into pulsed signals and a étep
of reproducing the recorded information by comparison
with the duration-reference pulsed signals. |

2. Method according to Claim 1, characterized iﬁ
that the pulsed information signals (1 [sic] to Iy)
being modulation signals digitally coded in duration,

by jumps of time increments (pT), the said length-

reference alterations (Mj, My) are distributed over the

- medium in pairs and formed by conversion of ‘pulsed
35 'signals of a first duration (Tp) and of a second
. duration (Tgp + NDT), these durati_ons ~differing by at

least one time increment (DT).
3. Method according to Claim 2, characterized in .

- that the said first duration (Tg) is chosen such that
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the alteration (M;) obtalned w1th the aid of the s;gnal
of this duration has a minimal length (1lg), this length

being in a one-to-one relation with a minimal duration

(To) of the modulation signals, and the said second

‘duration (To + NoT) is chosen such that the alteration

(M) obtained with the aid of the signal of this
duration has the said minimal length (lg), to which is
added a defined number of increments N of length (pl),

N belng equal to the maximum number of time increments

(pt) of the modulatlon signals; and in that the step of
reproducing the recorded information comprises the

determining ' of the durations (T‘g, T’y) of the

converted signals corresponding to the alterations (Mj,
My) serving as length reference, and the determination,
on the basis of these durations, of parameters in one-
to-one relation with the said minimal duration (Tg) and
the time increment (pT).

4. Method according to Claim 3, characterized in
that the reproduction step comprises the calculation of
the duration of one time increment by snbtraction from

the duration (T’y) of the 'signal resulting from the

conversion of the alteration (M;) of maximal length

(lg + Npl), of the duration (T’g) of the signal
resulting from the conversion of the alteration (Mj),
of minimal length (10): followed by the division by the
said number N, this time increment serv;ng as a
reference for the said assoc1ated area (area Z2).

5. = Method according to any one of_clalms 1 to 4,
characterized in that the fluctuations of the
parameters associated with the reference marks (M3, M3)

'are stored in memory and in that comparlsons are made'

with reference values in order to ignore the marks of
which the said assoclated parameters are outside a
predetermlned range. '

.6. Method according to any one of Claims 1 to 5,
characterized in that, the said medium being equipped
;with a superficial' thermosensitive_- layer,  the

alterations (dy) consist of a localized ablation of the
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said layer by 1rrad1at10n of the latter with the aid of
a laser beam. '

7. Method aecordlng to any one of Claims 1 to 6,

" characterized in that the said medium _lncludlng,

alternately, distributed along the tracks, areas of. a
first type (area 2j;) in which alterations are formed

- during a preliminary, pre-recording phase, and areas of

a second type (area %) intended for recording the said

information, the sequences of length-reference

alterations (Mj, M) are formed in a defined region of
the areas of the first type and are associated with a

. contiguous area (area Z31) of the second type (area Z3).
8. - Method according to Claim 7, characterized in -
that it comprises, in a preliminary phase, a step of

prerecording information used to compensate, upon
recording or upon reading information, for the offset

(d) between the actual site of each alteration of the

said layer on the medium and their desired site.

9. method [sic] according to Claim 8,

characterized in that the said prerecorded information

'coﬁpriSe data making it possible to calculate an offset

(d) as a function of parameters related to at least one
alteration (20) previously formed on the medium.

10. Method according to Claim 9, characterized in
that the parameters relating to the previously formed
alteration (20) are its length (1) and the distance
(11) separating this alteration from the alteration
(21) to be formed. | | |

11. Method accordlng to any one of Claims 1 to 10,

character:.zed in that the said med:.um cons:.sts of a
disk.

12, Device for implementihg the method according to

any one of Claims 1 to 11, characterized in that it

comprises means (D) for detecting length-reference
alterations (Mj, My) and alterations (d;, dz, d3)

representing the recorded information, and for

cenverting_ them into electrical signals (T’¢g, T’N:
T’x), means (C) for converting the lengths of the

_detected alterations into numbers (nj,_nj, Dy}
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proportional to these lengths, means (MEM) for storing
in memory at least the numbers (n1,'n2) corresponding
to the detection of ‘the said length-reference
alterations_(Ml,'Mz) and calculating means (CAL) for
determining the number of increments (Nx) associated
with each information element detected and converted
into an electrical signal (T’x), on the basis of the'
said numbers (nj, ny, nx) and of the maxlmum number of
lncrements (N). _ _

13. Device according to Claim 12, characterized in
that the said means for converting the lengths of the

‘alterations into numbers (nj, ny, ng) comprises a

digital counter (C) receiving and counting clock
signals (HR) of much higher frequency ‘than the
frequency of occurrence of alteration detection, a
logic circuit (LOjp) allowing counting only during the

-perlods (T’ T’ne T’x) of detection of the said
_alteratlons and means (MON) for resettlng the counter

(C) to the initial state after the end of the detectlon
of the said alterations.

14. Device according to Claim 12, characterized in
that it further comprises & logic circuit (VAL)
enabling the said determination_ of the number of

‘increments (Ny) only during the periods separating two

detections of alterations (d1, dz, d3) representing
information. ' |
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