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(54) OPTICAL READ-OUT SYSTEM

(71) We, THOMSON-BRANDT, a French
Body Corporate, of 173, Boulevard Hauss-
mann — 75008 Paris — France — do
hereby declare the invention, for which we

5 pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and
by the following statement :

This invention relates to the optical

10 reading of a record comprising a support
in the form of a disc or tape on which a
succession of information items of non-
uniform length and spacing have been re-
corded along a narrow track of substantially

15 constant width. This succession of informa-
tion items may be used to represent a car-
rier-wave angularly modulated by the in-
formation to be read. It may be in the form
of a relief impression in the form of a string

20 of micropits or in the form of a layer of
which the reflection of transmission co-
efficient has two separate values, the alter-
nation of these values enabling a string of
dashes to be materialised. In order to store

25 video-frequency signals, it is standard prac-
tice for the track to be composed of adja-
cent elements separated by an interval of a
few microns. Thus, in the case of an infor-
mation support in disc form, a spiral con-

30 figuration is adopted for the track, the
width of the track being of the order of 1
micron. When a recording such as this is
read by reflection or transmission, the track
is illuminated by a reading spot of which

35 the dimensions are comparable with the
width mentioned above and, in order to
produce this quasipunctiform illumination,
a projection lens is associated with a source
of coherent light of the laser type.

40 During reading, the point of convergence
of the beam illuminating the information
support has a tendency to move away from
the reading surface containing the track
and also to move on that surface by stray-

45 ing from the longitudinal axis of the track.

This results in focussing and tracking de-
viations which have to be detected and con-
trolled by means of suitable feed back loops.

The use of a coherent light source of
which the highly reflecting emissive sur- 50
face forms an optical cavity with the sur-
face of the information support results in
the appearance of undesirable standing
wave fluctuations in the intensity of the
reading signal which are attributable to 55
dimensional variations in the optical cavity.
Accordingly, provision has to be made for
effective optical decoupling in the optical
reader.

It follows from the foregoing that an 60
optical reading apparatus, whether operat-
ing by reflection or by transmission, must
of necessity comprise the reading means
incorporating the light source, the projec-
tion lens and the photodetector element de- g5
livering the reading signal, in addition to
which it is necessary to provide sensors for
the deviations in focussing and tracking
and also effective optical decoupling means.
Analysis of conventional optical reading 70
apparatus reveals the fairly considerable
complexity of the solutions hitherto applied,
because the use of optical elements can be
troublesome, and the need to make adjust-
ments which should always be avoided in
any mass production process.

An object of the present invention is to
provide a reading device in which the dis-
advantages which have just been pointed
out are substantially reduced, even elimina- 80
ted, by virtue of a particularly simple struc-
tural arrangement. This simple arrangement
uses inexpensive elements of which the
positioning does not involve any problem
of regulation. 85

In accordance with the present inven-
tion, there is provided an optical read-out
system for optically reading a recording in
the form of a support carrying a track of
substantially constant width arranged in a 90

75
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reading surface; said track being made of
a string of information items having non-
uniform length and spacing; said informa-
tion items ensuring by an alternate modi-
$ fication of a physical characteristic of said
reading surface, the transcription of an an-
gularly modulated waveform carrying the
information stored in said recording; said
optical read-out system comprising: a
10 source of coherent light, a lens arranged
for causing said coherent light to converge
into a reading spot illuminating a single
area of said track extending across said
width and photodetector means arranged
i5 for collecting through said lens, a fraction
of the modulated light emerging from said
single area; the spatial distribution of the
luminous intensities of the light beam in-
cident upon the aperture of said lens being
20 rendered asymmetrical in a direction coin-
ciding with the direction of scanning of said
track by said reading spot; said photode-
tector means comprising four cells arran-
ged respectively along the quadrants of a
25 detection plane; the crossed lines of separa-
tion of said quadrants forming a rectan-
gular trihedron with the optical axis of said
lens; one of said crossed lines of separa-
tion being oriented in said direction of
30 scanning; each pair of said cells pertaining
to two contiguous of said quadrants being
electrically connected to a summation cir-
cuit; said summation circuit belonging to a
set of four summation circuits delivering
35 four electrical signals representative of the
light energies respectively collected on each
side of said crossed lines of separation;
said electrical signals being applied to first
and second subtraction circuits; the first
40 of said subtraction circuits having two in-
puts fed respectively by those of said cells
situated on the two sides of one of said
crossed lines of separation; the second of
said subtraction circuits having two inputs
45 fed respectively by those of said cells situa-
ted on the two sides of the other of said
crossed lines of separation.
It should be noted from the outset that,
although the reading device according to
50 the invention may be used for reading a
support readable by reflection, it may be
completed by an auxiliary photodetector
device enabling it to read a support read-
able by transmission.

For a better understanding of the present
invenfion and to show how the same may
be carried into effect reference will be made
to the following description and the accom-
panying drawings among which:

60 Fig. 1 is an isometric view of a reading
device according to the invention;

Fig. 2 is an isometric view of a variant

of a detail of the structure shown in Fig. 1;

Fig. 3 is a diagram illustrating the

65 operation of the device shown in Fig. 1, as

55

a defocussing sensor;

Fig. 4 is a diagram ilustrating the opera-
tion of the device shown in Fig. 1 as a sen-
sor for tracking deviations;

Fig. 5 is an explanatory diagram; 70

Fig. 6 shows a variant which is applicable
to the arrangement shown in Fig. 4;

Fig. 7 shows another variant of a struc-
tural detail applicable to the arrangement
shown in Fig. 1; 75

Fig. 8 is a diagram showing the response
characteristic of the defocussing sensor ac-
cording to the invention;

Fig. 9 shows a variant of the electrical
circuits connected to the photodetector ele- 80
ments of Fig. 1;

Fig. 10 is an explanatory diagram;

Fig. 11 shows a compatible optical read-
ing device adapted for reading both by re-
flection and by transmission. 85

Fig. 1 shows parts of an information
support in the form of a disc 40 which, by
way of non-limiting example, comprises a
transparent substrate 17 coated with a re-
flective layer 18. The layer 18 comprises 90
a relief impression in the form of a spiral
track of which part of a turn is shown in
Fig. 1. This fragment, seen by an observer
situated below the disc 40, is compossed of
a series of micropits 19 having a substan- 95
tially constant width in the radial direction
p- The length and spacing of the micropits
19 in the scanning direction 0X of the track
are non-uniform so as to ensure the tran-
scription of a carrier wave angularly modu- 100
lated by the information recorded on the
disc 40.

The reading device according to the in-
vention comprises a motor 35 of which the
spindle rotates the disc about the axis 34. 105
It additionally comprises an optical read-
ing assembly which includes: a source 1 of
coherent light; a condenser lens 2 which
projects the light issuing from the reading
source 1 to the point of convergence S; a 110
semi-transparent plate 8; a return mirror
10 which is arranged to pivot about an axis
11 parallel to the direction 0X; a projection
lens 41 with an optical axis 0Z and an op-
tical centre C; a movable lens holder 14; a 115
quarter wave plate 7 traversed by the light
passing through the lens 41; motors 12 and
13 respectively controlling the pivoting of
the mirror 10 and the movement along 16
of the lens holder 14; a cylindrical lens 20; 120
an assembly of photodetector cells 21, 22,

23 and 24; summation circuits 25, 26 27
and 28; circuits with differential inputs 29
and 30; another summation circuit 33; and
finally two control loops 31 and 32 which 125
ensure that the point of convergence of the
beam illuminating the disc 40 remains cen-
tred on the track 19 and occupies such a
position, relative to the reading surface 18,
that the reading spot only illuminates a 130



single area of the track.

It can be seen from Fig. 1 that the source
point S is situated on the axis 5 which cor-
responds to the return direction of the opti-

5 cal axis 0Z so that it arises out of the re-
flection at R on the mirror 10. The axis
0Z can thus pivot in the plane p0Z under
the control of the motor 12. The lens 41
forms an image of the point S at 0 and this

10 image is able to move radially to ensure
following of the track 19 in dependence
upon a signal ep representing the tracking
deviation. Since the track is in the form of
a spiral, the optical assembly has to be rad-

15 ially displaced relative to the disc, although
the means intended to produce this move-
ment in synchronism with the rotation of
the disc are not shown in Fig. 1.

The reading surface 18 behaves in the

20 same way as a flat mirror perpendicular to
the axis 0Z and returns a divergent beam
towards the lens 41. The beam emerges
from the lens 41 and, after having been re-
flected at the mirror 10 and the semi-
25 transparent plate, it forms a secondary
image of the point S in the detection plane
p1 Xi. This secondary image is stigmatic in
the absence of the cylindrical lens 20, but
the presence of this lens gives rise by ana-

0 morphosis to the formation of two oblong
spots 38 and 39, one situated in the plane
p1 X; and the other beyond that plane. The
two oblong spots are centred on the axis 9
which is the image produced by the plate 8

35 of the direction 5 passing through S. Hither-
to it has been assumed that the reflection
at the disc takes place when the surface 18
contains the convergence point 0, i.e. when
the reading beam incident upon the disc is

0 focussed in the reading surface.

When the point of convergence 0 of the
reading beam moves away from the read-
ing surface, the device shown in Fig. 1
supplies a signal e; which represents the

45 defocussing to the reading spot. To this
end, the device shown in Fig; 1 is arranged
in such a way that the distribution of the
intensities of the light received by the aper-
ture of the lens 41 from the source 1 is

50 asymmetrical in the direction 0, in which
the track is scanned.

According to the invention, this result is
obtained by laterally offsetting the emis-
sion axis 3 of the source 1 by a translation

35 of ampltude 4. Under these conditions, the
source 1 provides, in the plane of the aper-
ture of the lens 41, an illumination of which
the point M corresponds to the maximum
intensity and of which the circular contour

. 60 37 represents an equal illumination line.

The distance A, between the point M and

the optical centre C of the lens 41 is deter-
mined by the distance 4 which separates the
axis 3 from the parallel direction 5, and

. 65 this distance A, gives rise to asymmetry in
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the illumination of the aperture because
the hatched area 15 receives less energy
than the complementary non-hatched area.

Without offsetting the axis 3, it would
also be possible to contain asymmetry of 70
ilumination by means of an opaque cover
partially intercepting the light received by
the aperture of the lens 41. The cover does
not have to follow the shape of the zone 15,
although it should encroach in such a way 75
that the asymmetry of illumination takes
place in the direction Ox.

So far as the defocussing signal ¢z is con-
cerned, the operation of the device ilus-
trated in Fig. 1 may be more readily un-
derstood by reference to the simplified dia-
gram in Fig. 3.

The principle elements of Fig. 1 are de-
noted by the same references in Fig. 3.
However, the configuration adopted differs 85
from that shown in Fig. 1 by the omission
of the return mirror 10, the quarter wave
plate 7 and the lens 20, because these ele-
ments do not play a part of any signifi-
cance in the detection of defocussing. In 90
addition, to illustrate a variant of the op-
tical arrangement, the semi-transparent
plate 8 reflects the light issuing from the
point S and transmits it towards the photo-
detectors 21, 22, 23 and 24. 95

The source 1 emits a beam of radiant
energy of which the intensity maximum is
situated on the axis 3 which is offset rela-
tive to the direction 5. The diagram I, X,
represents the distribution of the intensity
radiated in the cross-section of the
beam by a bell-shaped curve 46. The beam
6 shown in dash-dot lines corresponds to
the intensity maximum of the curve 46.
This beam 6 passes through S and, after
reflection, impinges on the lens 41 at a
point which, in Fig. 1, is the point M. The
illumination received by the lens 41 has an
asymmetrical distribution, as illustrated by
the diagram I, X; and the bell-shaped curve
47. The difference A, visible in Fig. 1 is
situated in the plane of Fig. 3 and the scan-
ning direction of the support 40 is situated
in the plane of the figure. The convergence
point of the reading beam which emrges
from the lens 41 occupies the position 43
which, in the absence of defocussing, co-
incides with the reflecting reading suiface
18 of the support 40. In the focussed state,
the beam reflected by the surface 18 passes
through the lens 41 and the semitrans-
parent plate 8 and converges at 52 in the
detection plane. The reflected light falls
into the gap separating the two groups of
photodetectors 21, 22 and 23, 24. The re-
sult of this is that the voltage supplied by
the differential circuit 23 is on average zero.

By contrast, if the reading surface 18
occupies the position 42 further away from
the lens 41, it can be seen in Fig. 3 that
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the reflected light seems to come from the
image point 44 with which the focussing
point 50 is associated. In the detection
plane, the diagram I, X, supplies the inten-
5 sity distribution represented by the curve
48. In the final analysis, the photodetectors
21 and 22 receive more radiated energy
than the photdetectors 23 and 24, result-
ing in the delivery at the output of the dif-
10 ferential circuit 29 of a voltage of which
the average value is not zero and of which
the amplitude increases with defocussing.
Similar reasoning applies when the sup-
port 40 has moved towards the lens 41. In
15 this case, it can be seen, taking into ac-
count the point of convergence 45, its con-
jugate point 51, the diagram I, X; and the
curve 51, that the mean voltage at the out-
put of the differential circuit 29 has chan-
20 ged sign. Accordingly, the signal supplied
by the differential circuit 29 does in fact
contain the information relating to the ex-
tent and to the direction of defocussing.
In Fig. 1, provision was made to feed a
25 summation circuit 33 by means of signals
emanating from summation circuits 25 and
27. The output 31 of the summation circuit
33 delivers a signal representing the infor-
mation transcribed along the track because,
30 when a micropit is illuminated by the read-
ing spot, the light reflected by the reading
surface is diffracted and the fraction col-
lected by the lens 41 is thus reduced.
In order to detect the tracking deviation
35 ¢p, the arrangement shown in Fig. 1 is
equipped with four photodetectors cells and
with a cylindrical lens 20. This lens intro-
duces an astigmatism of the beam illumi-
nating the photodetector cells so that the
40 tracking deviation is detected by the so-
called “far field” technique. In Fig. 1, the
cylindrical lens 20 is a divergent lens. It
reduces the vergency of the beam passing
through it in the plane which contains the
axes p; and 9. A similar result could be
obtained with a convergent cylindrical lens.
In addition, Fig. 2 shows a detail of em-
bodiment which represents another method
of introducing the astigmatism required for
50 operation on the “remote field” principle.
In this variant, the detection plane X,, p,
is remote from the point of convergence of
the beam reflected by the plate 8. The
cylindrical lens 20 is positioned slightly
ahead of this convergence point and re-
duces the vergency of the beam in the
plane X;, 9 so that only a convergence in
the detection plane is obtained for this
plane. In this case, it is also possible to use
60 a convergent cylindrical lens which is posi-
tioned slightly beyond the convergence
point mentioned above.
The variant illustrated in Fig. 2 has the
advantage of supplying an oblong spot which
65 is fairly elongate in its minor dimension on

45

55

the photodetectors, which facilitates the for-
mation of a photodetector group of which
the cells may be less close to one another.

The operation of the device as a sensor
for the tracking deviation e¢p may be un-
derstood with the aid of the diagram shown
in Fig. 4 to which the arrangement shown
in Fig. 2 corresponds. In Fig. 4 the refe-
rences used are the same as in the previous
figures, although to make the explanation 75
clearer, the light source S is disposed late-
rally and illuminates the lens after reflec-
tion at the plate 8, whereas the return
beam passes through the plate 8 in a straight
line. Due to the fact that the plane of the 80
figure is the plane which contains the axis
p and the optical axis Z, the micropits 19
are seen in profile and, in order to illus-
trate a tracking deviation, one of the micro-
pits has been shown in dotted lines adja- 85
cent its centered profile which itself is
shown in solid lines.

It can be seen at (a) in Fig. 4 that the
beam illumininating the reading surface 19
gives rise to the formation of a return beam 9¢
which converges at the point of conver-
gence 53 but which, due to the cylindrical
lens 20, projects into the line detection
plane p; an oblong spot 38 such as shown
at (b). When the reading spot only illumi- 95
nates a flat portion of the detection surface
18, the return beam has a wave front 55
which is symmetrical in relation to the op-
tical axis Z. Almost all the energy received
by the surface 18 is taken up by the lens
41 and the oblong spot 38 is intense and is
made up of contours of equal intensity
centered relative to another. The result of
this is that the mean value of the signal ¢p
at the output of the differential circuit 30
is zero. When the reading spot illuminates a
micropit 19 without any tracking deviation,
the return beam has a wave front 54 which,
although more open, is still symmetrical in
relation to the axis Z. The oblong spot 38
still has the configuration of Fig. 4(b), al-
though it is less intense. The mean value
of the signal ep is still zero.

By contrast, if the reading spot illumi-
nates a micropit such as shown in dotted
lines offset to the left, the return beam has
a wave front 56 which, although more open,
is disposed asymmetrically in relation to
the optical axis 0Z. The result of this is
that the oblong spot 38 has the configura-
tion of Fig. 5 which is characterised by
contours of equal intensity offset towards
the group of photodetectors 21 and 24. A
signal ep, of which the mean value in terms
of magnitude and size is dependent upon
the tracking deviation, is obtained at the
output of the differential circuit 30.

Fig. 6 is a diagram which corresponds to
the arrangement of Fig. 1. The convergence
point 53 is situated in the line detection 130
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plane p,, although the oblong spot pro-
jected has the same appearance as that
shown at (b) in Fig. 4 and in Fig. 5.
Thus, far the description has concentra-
5 ted on the operation of the arrangement
shown in Fig. 1 both as a defocussing sen-
sor and as a sensor for tracking deviations.
It is obvious that the operation of the ar-
rangement as a defocussing sensor is asso-
10 ciated solely with the reflective character,
even partial of the reading surface. By con-
trast, the operation of the arrangement as a
sensor for tracking deviations depends
directly upon the existence of the track and
15 its structure. When the spot is suitably
focussed and centered on the track, a read-
ing signal 36 may be obtained for example
by connecting the output terminals of the
summation circuits 25 and 27 to the two
20 input of a summation circuit 33. In the in-
terests of simplicity, however, because a
subtraction circuit 29 is already available
for forming the defocussing signal e, it is
possible to collect a differentiated reading
25 signal by connecting a band pass filter 101
to the output of the subtraction circuit 29.
This solution is shown in Fig. 9 where the
references used are the same as in Fig. 1.
Fig. 10 is an explanatory diagram which
30 illustrates the relationship between the en-
graving of the track and the differential
reading signal S,. The differential reading
signal is represented by the curve 102
along the axis v.t where v is the scanning
35 speed of the reading spot and t the time.
It can be seen that the passing of a pit 19
is marked by pulses of opposite sign which
are centered on the input and output steps
which define its length in the scanning
40 direction. When the passages through zero
of the wave form 102 and the rectangular
wave, of which the transitions coincide with
these passages through zero, are borne in
mind, the duty factor which determines the
45 width ratio of the crenels is substantially
unchanged in relation to that of the en-
graving. By contrast, if the reading signal
is extracted at the output of the summation
circuit 33, the duty factor changes to an
50 extent which is greater, the more closely
the pitch of the engraving approaches the
size of the reading spot. If the engraving
comprises both the low-frequency com-
ponents and also the high-frequency com-
£& ponents, it is perfectly possible to mix the
signals supplied by the summation circuit
33 and by the filter 101 to give a reading
signal which most effectively translates the
engraving carried by the track. In that case,
60 the reading signal is in the form of a wave
of rectangular appearance with transitions
having a finite gradient, irrespective of the
inscribed frequency.
With regard to the nature of the physical
65 characteristic of the support which may be

used as a base for the transcription of in-
formation, it is known that there are two
possible choices. The case where the sup-
port behaves like a phase object has already
been contemplated, although it is also 70
necssary to consider the case where the sup-
port has a smooth structure made of lines

of which the reflective power differs from
that of the adjacent surface portions. The
operation of the defocussing sensor remains 75
the same and a response curve such as
shown at 70 in the diagram of Fig. 8 is
again obtained. However, to enable the
track to be read and for detecting the radial
deviation, it is necessary to resort to a g0
slightly defocussed reading mode, such as
iliustrated in Fig. 7.

Fig. 7 shows an information support 40
comprising a layer capable of modulating
the intensity of a beam when it is reflected 85
there. This layer acts as an amplitude ob-
ject and, in Fig. 7, is made up of hatched
adjacent areas 58 which represent adjacent
track sections. Along each track section, the
information is in the form of a succession 9Q
of lines of non-uniform length and spacing.

Fig. 7 shows certain elements of the pre-
ceding figures with the same reference
numerals, although the focussing control
loop is regulated in such a way that, in g5
its ideal reading position, the lens 41 pro-
jects a beam of which the convergence point
60 is displaced by the amount Az relative
to the reading surface 58. The defocussing
Az produces a slight enlargement of the
reading spot so that a track section is il-
luminated along with its two edges. To this
end, a comparison is made in the focussing
control loop between the deviation signal
¢z and a reference voltage « which, in the
diagram of Fig. 8, corresponds to the or-
dinate of the rest point K. In this same
figure, the deviation Az is the abscissa of
the point K.

Referring to the return beam which
emerges from the illuminated area of the
track 58, it can be seen that, in the absence
of defocussing Az, this beam would con-
verge at the point 62 of a plane 64 because
the point 62 is the conjungate of the point
60
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Taking the defocussing Az into account,
the reading surface 58 reflects an image 61
of the point 60 and this image 61 is conjug-
ated with a convergence point 63 of the re-
turn beam which is situated in the plane
65. In order to enable the amplitude infor-
mation contained in the reading surface
58 to be read, the photodetectors 21, 22,
23 and 24 are situated between the two
planes 64 and 65 in acordance with the in-
vention, because it is in this intermediate
position that a clear image of the illumi-
nated portion of the track is projected by
the lens 41 onto the photodetectors. By 130
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means of the circuits shown in Fig. 1 or in
Fig. 9, signals similar to those obtained
with a phase object are again obtained. In
addition, experience gained by replacing the
information support of Fig. 7 by the in-
formation support illustrated in Fig. 1
shows that the arrangement of Fig. 7 may
also be used for reading a support of the
phase object type provided that the depth
of impression supplies an optical phase shift
of less than . It can be seen that the depth
of impression is considerably less than one
micron and that the defocussing Az is of the
order of one micron. It can also be seen
that the reading arrangement diagrammati-
cally illustrated in Fig. 7 does not use a
cylindrical lens. These finding have resul-
ted in a final simplification of the arrange-
ments illustrated in Figs. 1 and 2 which
consists in omitting the cylindrical lens 20.
Experience has shown that, when the focus-
sing control loop is in operation, the track-
ing deviation is still suitably detected de-
spite the absence of the cylindrical lens.

With regard to the optical decoupling re-
quired for the operation without any cavity
noise of the reading system, the solution
which has proved to be the most simple con-
sists in using a non-polarized laser as the
source of coherent light and in arranging a
suitably oriented quarter wave plate in the
optical path.

A non-polarized laser has a simpler
structure than a polarized laser and sup-
plies a beam made up of several rays of
circularly polarized light. The frequency
shift of the rays emitted is sufficient not to
produce any noticeable interferences at the
level of the photodetectors and the circular
character of the polarization emitted avoids
having to attend to the orientation of the
source during the assembly operations.

In order suitably to orient the quarter
wave plate arranged in the path of the
reading beam, it is necessary to take into
account the modifications in polarization
introduced by the reflective optical ele-
ments. In Fig. 1, the reading beam under-
goes reflection of quasi-normal incidence
at the information support 40 and also
oblique reflections, especially at the semi-
transparent plate 8 and the return mirror
10. It has been found in practice that each
oblique metallic reflection introduces a par-
tial polarization of the beam and a diffe-
rential phase shift in two directions, one of
which is perpendicular to the incidence plane
whilst the other is contained in the inci-
dence plane and is normal to the direction
of propagation. When the different inci-
dence planes associated with the obliquely
reflecting elements are selected parallel to
one another or orthogonal, the two direc-
tions with which the partial polarization
and differential phase shift effects are as-

sociated retain homologous orientations at
any point of the optical path. The principle
axes of the quarter wave plate may thus be
oriented along the bisestors of these two
directions which are associated with the
arrangement of the mirrors. In Fig. 1, a
quarter wave plate 7 intercepts the reading
beam between the information support 40
and the reflective element 10 which ob-
liquely returns the beam towards the in-
formation support 40. For this path section,
the two directions in which the partial
polarization and the differential phase shift
are analysed are respectively the direction
p and the direction X. The principal axes
of the quarter wave plate 7 are oriented
along the bisectors of the directions p
and X, so that the wave reflected towards
the source 1, after a simple outward and
return passage, is a wave of circular polari-
zation, but directed oppositely to that of the
wave emitted by the source 1. Accordingly,
there are no interference phenomena be-
tween the wave emitted and the wave
returned a first time towards the source
1. By contrast, the wave returned to-
wards the source 1, after two outward
and return passages, is in danger of
producing optical cavity noise. In or-
der to obviate this advantage, pro-
vision is made for heavy attenuation along
the optical path which joins the support
and the emissive surface of the source 1.
If the information support has a relatively
high reflection coefficient, the transmission
and reflection coefficients of the plate 8
are selected in such a way that the attenua-
tion introduced is preponderant along the
optical source/information support path.
With the configuration adopted in Fig. 1, it
can be seen that a low transmission coef-
ficient and a high reflection coefficient,
amounting for example to 20% and 80:%,
respectively, have to be selected for the plate
8. In the case of the configuration adopted
in Figs. 3, 4 and 7, it is the transmission
coefficient which has to outweigh the re-
flection coefficient of the plate 8. If a
polarized laser is used, its polarization plane
has to be oriented parallel to one of the
two directions with which the above-men-
tioned effects are associated.

Taking into account everything that has
been said in the foregoing, it can be seen
that the arrangement shown in Fig. 1 and its
variants supply all the desirable detections
with a very limited number of constituents
of which most are relatively inexpensive and
may readily be implanted in the optical ar-
rangement. '

In conclusion, it should be pointed out
that this strict economy of means is main-
tained in the case of a reading arrangement
compatible with readinig by reflection and
by transmission. o
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Fig. 11 diagrammatically illustrates a
reading arrangement which is the same as
that shown in Fig. 1 in regard to the ele-
ments situated below the information sup-

5 port. In addition, this reading arrangement
is capable of reading a non-opaque disc by
transmission by means of an additional set
106 of photodetector cells. The pivotal
mounting 105 of the supporting arm 104

10 enables the photodetector cells 107 and 108
to be arranged above the support in such a
way that they receive the beam which
emerges from the illuminated portion O of
the reading surface 18. The cells 107 and

15 108 are coupled with the optical assembly
situated below the disc and their separa-
tion line passes through the extension of the
optical axis of the lens 41. Focussing of the
reading spot 0 and tracking are entirely de-
2o pendent upon the elements which ensure
reading by reflection. In order to obtain
the reading signal, the separation line of
the cells 107 and 108 is perpendicular to
the direction 109 in which the track is
25 scanned. A differential circuit 110 supplies
a reading signal similar in shape to that il-
lustrated in Fig. 10, and a band pass filter
111 transmits the useful components of the
reading signal towards an output terminal
30 36 which is connectible with a similar ter-
minal situated in the reflection reading ar-
rangement when the reading mode is chan-
ged. It can be seen that the hinged arm 105
may be formed by a stabilizing plate which
35 covers the disc 40 during reading.

WHAT WE CLAIM IS:
1. Optical readout system for optically
reading a recording in the form of a sup-
40 port carrying a track of substantially con-
stant width arranged in a reading surface;
said track being made of a string of infor-
mation items having non-uniform length
and spacing, said information items ensur-
45 ing by an alternate modification of a
physical characteristic of said reading sur-
face, the transcription of an angularly
- modulated waveform carrying the informa-
tion stored in said recording; said optical
50 readout system comprising: a source of co-
herent light, a lens arranged for causing
said coherent light to converge into a read-
ing spot illuminating a single area of said
track extending across said width and
55 photodetector means arranged for collect-
ing, through said lens, a fraction of the
modulated light emerging from said single
area; the spatial distribution of the lumi-
nous intensities of the light beam incident
60 upon the aperture of said lens being ren-
dered asymmetrical in a direction coin-
ciding with the direction of scanning of said
track by said reading spot; said photodetec-
tor means comprising four cells arranged
65 respectively along the quadrants of a detec-

tion plane; the crossed lines of separation
of said quadrants forming a rectangular tri-
hedron with the optical axis of said lens;
one of said crossed lines of separation
being oriented in said direction of scan- 70
ning; each pair of said cells pertaining to
two contiguous of said quadrants being
electrically connected to a summation cir-
cuit; said summation circuit belonging to a
set of four summation circuits delivering 75
four electrical signals representative of the
light energies respectively collected on each
side of said crossed lines of separation; said
electrical signals being applied to first and
second subtraction circuits; the first of said 80
subtraction circuits having two inputs fed
respectively by those of said cells situated
on the two sides of one of said crossed lines

of separation; the second of said substrac-
tion circuits having two inputs fed respec- 85
tively by those of said cells situated on the
two sides of the other of said crossed lines

of separation.

2. Optical readout system as claimed in
claim 1, wherein an image of that portion of 90
said reading surface illuminated by said
reading spot is formed by said lens in said
detection plane.

3. Optical readout system as claimed in
claim 2, wherein an anamorphosis of said 95
image is carried out with a cylindrical lens
intercepting the beam incident upon said
detection plane; said anamorphized image
being in the form of an elongated spot: the
major axis of said elongated spot extending
along that of said crossed lines of separa-
tion in alignement with the direction per-
pendicular to said scanning direction in said
reading surface. :

4, Optical readout system as claimed in
claim 1, wherein an image of that portion
of the reading surface illuminated by said
reading spot is formed by said lens in a
plane separate from said detection plane;
an anamorphosis of said image being car-
ried out with a cylindrical lens intercepting
the beam incident upon said detection
plane; said anamorphized image, as seen
in said detection plane, being in the form
of an elongated spot; the major axis of said
elongated spot extending along that of said
crossed lines of separation in alignment
with the direction perpendicular to said
scanning direction in said reading surface.

5. Optical readout system as claimed in
claim 3, wherein said cylindrical lens is a
divergent lens. '

6. Optical readout system as claimed in
claim 4, wherein said cylindrical lens is a
divergent lens.

7. Optical readout system as claimed in
claim 1, wherein the output of the first of
said subtraction circuits is connected to a
first control loop acting on the focussing of
the reading beam incident upon said read-
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ing surface; a low pass filter being provi-
ded in said control loop so as to block the
transmission of the components of the read-
ing signal transcribed along the said track;
the output of the second of said subtrac-
tion circuits being connected to a second
control loop acting on the position of the
reading spot in the direction of said read-
ing surface perpendicular to said scanning
direction.

8. Optical readout system as claimed in
claim 7, wherein the output of the first of
said subtraction circuits is connected to a
band pass filter transmitting said com-
ponents of the reading signal.

9. Optical readout system as claimed in
claim 7, wherein the input terminals of the
first of said subtraction circuits are con-
nected to the inputs of a further summa-
tion circuit at whose output said reading
signal is extracted.

10. Optical readout system as claimed in
claim 9, wherein said further summation
circuit is followed by a low pass filter selec-
tively transmitting the low-frequency com-
ponents of said reading signal; the output
of the first of said subtraction circuits being
connected to a band-pass filter selectively
transmitting the high frequency components
of said reading signal; said low-frequency
and high-frequency components being com-
bined at the respective outputs of said fil-
ters for forming a full range reading signal.

11. Optical readout system as claimed
in claim 1, wherein said spatial distribu-
tion of luminous intensities is obtained by
offsetting by translation the axis of the
beam containing the light emitted by said
source so that it does not coincide with the
optical axis of said lens; an auxiliary lens
situated betwen said source and said lens
focussing said emitted beam on the optical
axis of said lens.

12. Optical readout system as claimed
in claim 1, wherein said spatial distribution
of luminous intensities is obtained by means
of an opaque mask which marginally blocks
the aperture of said lens.

13. Optical readout system as claimed
in claim 1, wherein said information items
are formed by micropits.

14. Optical readout system as claimed
in claim 1, wherein said information items
are formed by dashes of which the reflec-
tion coefficient differs from that of the
surrounding areas of said reading surface.

15. Optical readout arrangement as

claimed in claim 1, further comprising a
semi-transparent plate arranged for splitting
the optical path section including said lens
into two optical path sections leading re-
spectively to said source and to said photo-
detector means; a quarter wave plate being
introduced into said optical path in its rec-
tilinear section entering said lens; the prin-
cipal axes of said quarter wave plate bheing
directed along the bisectors of the polariza-
tion directions respectively normal to the
incidence plane of said semi-transparent

60

65

plate and contained in said incidence plane. 70

16. Optical readout system as claimed
in claim 15, further comprising a return
mirror situated between said semi-trans-
parent plate and said quarter wave plate;
said return mirror having an axis of rota-
tion oriented in said scanning direction;
the incidence planes of said semi-trans-
parent plate and said return mirror form-
ing between them an angle having one of
the values 0 and = /2.

17. Optical readout system as claimed
in claim 1, wherein said source is a non-
polarized laser.

18. Optical readout system as claimed
in claim 15, wherein said source is a polari-
zed laser; the polarization plane of said
laser being parallel to one of said polariza-
tion directions.

19. Optical readout system as claimed
in claim 1, wherein said support comprises
auxiliary photodetector means arranged to
directly collect the beam which emerges
from the illuminated portion of the read-
ing surface through that surface of said
support opposite said lens.

20. Optical readout system as claimed in
claim 19, wherein said auxiliary photodetec-
tor means comprise two adjacent cells; the
separation line of said two adjacent cells
passing through the optical axis of said lens
and being aligned perpendicularly of said
scanning direction; each of said two adja-
cent cells being connected to the two inputs
of a supplementary subtraction circuit at
whose output the differential reading signal
characteristic of the information transcribed
along said track is available.

21. Optical readout system as claimed
in claim 1, wherein for driving a recording
in the form of a disc carrying a spirally ar-
ranged track said system comprises means
for rotating said support about an axis and
further means for obtaining a radial dis-
placement between said support and said
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reading spot. HASELTINE, LAKE & CO.
22. Optical readout system as claimed Chartered Patent Agents,

in claim 15, wherein said semi-transparent 28, Southampton Buildings,
plate has unequal reflection and transmis- Chancery Lane,

5 sion coefficients; the attenuation intro- London, WC2A IAT
duced by said semi-transparent plate into and
the optical path linking said source and 9 Park Square,
said reading surface being greater than Leeds, LS1 2LH
50%. and

10 23. Optical readout system substan- Temple Gate House,
tially as hereinbefore described with refe- Temple Gate, Bristol, BS1 6PT.
rence to the drawings. Agents for the Applicants.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1980.
Published at the Patent Office, 25 SouthamptonbeBuéldingg, London, WC2A 1AY, from which copies
may obtained.
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