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PHILIPS ELECTRONIC understood to mean a carrier body provided AND
ASSOCIATED    INDUSTRIES  with a radiation-sensitive layer in which an
LIMITED of Abacus House, 33 Gutter  information structure can be written. A
Lane, London, E.C.2., a British Company,  record carrier is a record
carrier body pro- 5  do hereby declare' the invention, for which  vided
with information. In the case of the  45 we  pray that a patent may be
granted to us,  record carrier body the information surface and the method
by which it is to be per-  isthesurface  the radiation sensitive layer,
formed, to be particularly described in and  and in the case of the record
carrier the sur- by the following statement:-           face of the
information  structure. 10    The  invention  relates to  an opto-    An
opto-electronic focussing detection  50 electronic focus detection system
for use in  system  as described  hereinbefore  has apparatus for writing
information in an  already been proposed, for use in a read information
surface of a record carrier body  apparatus, in British Patent
Specification as an optically readable radiation reflecting  No. 1,435,922.
In this previously proposed 15  structure, or in apparatus for reading
infor-  apparatus the detection elements take the  55 mation contained in
an information surface  form of photo-diodes. The outputs of said of a
record carrier as 'an optically readable  diodes are connected to an
electronic circuit radiation reflecting structure, said apparatus  in which
the diode signals are processed into comprising an objective for focussing
a  a control signal for correcting the focussing 20  beam of radiation onto
said surface, which  of the objective, for example by moving said  60
system is provided with a radiation source  objective. adapted to emit a
narrow focus-detection   The pull-in range, i.e. the maximum beam, which
focus-detection  beam  is  deviation between the actual and the desired
arranged to pass eccentrically through the  plane of focussing that can
still be detected, 25  objective of the write apparatus' or the read  is
determined  by the dimensions of the  65 apparatus  respectively  and  with
two  diodes. If an extensive pull-in range if radiation-sensitive
detection   elements  desired large diodes would have to be used. arranged
to intercept the focus-detection  However, large diodes have a high capaci-
beam which is reflected by the information  tance and as a result the
focussing will be 30  surface and which passes through the objec-
corrected less rapidly via the electronic cir-  70 tive for a second time.
cuit. In the present description a focus-    An object of the present
invention is to detection system is to be understood to  provide an
opto-electronic focus detection mean a system for determining a deviation
system which initigates said drawback and 35  between the desired and the
actual position which has both a large pull-in range and a  75 of the plane
in  which an imaging beam if  high sensitivity for small focussing errors.
focussed. A focussing beam is to be under-    The invention provides an
opto-electronic stood to mean an auxiliary beam of radia-  focus detection
system for use in apparatus tion which is employed for the detection of for
writing information in an information 40  said deviation. A record carrier
body is to be  surface of a record carrier body as an opti- 80  



1,515,177                                      2 cally readable radiation
reflecting structure,       lens' 13 ensures that the entire entrance or in
apparatus  for reading information con-  pupil of the objective 10 is
filled.The record tained in an information surface of a record  carrier is
for example a round disc which can carrier  as  an optically readable
radiation  be rotated as indicated by the arrow 14. The 5  reflecting
structure, said apparatus compris-    read beam  6 is then modulated in
accor-  70 ing an objective for focussing a beam  of  dance with
theinformation structure-which- radiation- onto said surface, which system
successively appears in the beam  cross- comprises a radiation source
adapted to  section. After reflection at the  information emit a narrow
focus-detection beam, which  surface 12 the modulated read beam passes 10
focus-detection beam  is arranged to pass the lens 10 for a second time and
is then  75 eccentrically through the objective, and two incident at, for
example, a semitransparent radiation   sensitive  detection  elements
mirror 15. Said mirror reflects a part of the arranged to intercept the
focus-detection modulated read beam  to' the radiation- beam which is
reflected by the information. sensitive signal detector 16. From the elec-
15  surface and which passes through the objec-    tric output signal S of
said detector the orig-  80 tive for a second time, characterized in that'
inl information  can be recovered, for in the path of the reflected
focus-detection  example picture and sound if a television beam  to the
radiation-sensitive detection  programme is stored on the record carrier.
elements a lenslike element is disposed of    When reading the record
carrier whose 20  which only the outer zone has a lens action, 'optical
information structure  has very  85 whilst the central part of said element
does  minute details, for example of the order of 1 not affect the
direction of the focussing  [err], it is necessary that small variations in
beam. The  use of the. lenslike element  the position of the information
surface can ensures that even  for substantial focussing  be detected, so
as to enable the focussing of 25  errors the focussing beam. always hits
the  the objective to be corrected. For determin-  90 detection  elements.
In the case of small  ing said variations use is made of the part of
focussing errors the  focussing beam passes  the radiation  beam  2 which
is  reflected at through  the central part of the lenslike ele-  the face 5
of the beam splitter 2. Said part, ment, so that for these small  errors
the same  after full reflection  at the  face   emerges 30  sensitivity  is
attained as in the case that no  from the beam splitter 2 as a second beam
7.  95 lenslike element would be provided.         The beam 7 functions as
a focus-detection - Embodiments of the invention  will now   or focussing
beam  and passes through an be described, by way of example, with refer-
opening 8 of a diaphragm 9. The focussing ence to the  accompanying
drawings, in  beam enters the objective 10 at a compara- 35  which
:                           tively great distance from  the optical axis
100 Fig. 1 shows a previously proposed read  00" of said objective. After
refraction by the apparatus provided with an opto-electronic  objective the
focussing beam 7 hits the radi- focussing detection  system;  -
ation reflecting information surface 12  For Fig. 2 illustrates the
operation  of said sys-  the focussing beam the information surface 40
tem,               -                        functions  as a mirror which
reflects said  105 Fig. 3 and4showparts of opto-electronic  beam  to the
semi-transparent mirror  15. focussing detection system-s embodying the
Said  mirror 15- directs the  beam 7 to an invention,
;:  assembly of two radiation-sensitive detec- Figs. 5, 6 and 7 show the
electric signals,  tion elements 19 and 20, which are sepa- 45  obtained
with the systems of Figs. 2,3 and 4,  rated  by a very narrow slit 21.
110 as a function of the  focussing  error,        The path of the
focussing beam includes a Fig. 8 shows an alternative lens  element  lens
17.Said field lens focusses the beam 7 for use in the system of Figure 4,
and       in the back focal plane of the objective .10, Fig. 9 shows an
embodiment of a write  so that the focussing beam emerges from the 50
apparatus provided with an opto-electronic  objective as a parallel beam.
Thus, a  radia-  115 focussing detection system embodying  the  tion spot
18 of constant size is formed at the invention.
information surface 12, so that the radiation In the prior art read
apparatus shown in  spot in the plane of the detection elements Fig. 1, the
reference numeral 1 is a radiation   19and 20 also has a constant size. 55
source, for  example  a  laser which emits a    The detection elements 19
and  20  are  120 very narrow radiation  beam 2. Said beam   arranged so
that when the position of the 



enters the beam splitter 3 via the face 4. The  information  surface  12.
is correct, as is face 5 of said beam splitter is partly radia-  shown in
Fig. 1, the image of the opening 8, tion transmitting, so that a part of
the beam   formed by the information surface and the 60  2 is transmitted
as read beam 6, whilst an  objective, is  symmetrical relativeto the ele-
125 other part of the beam  2 is reflected to the  ments 19 and 20.. The
detection elements 19 -   face 4.                                    and
20, which may be  photo-diodes, then The read beam 6 is focussed on the
infor-  receive the same radiation intensity. When mation surface 12 of a
schematically shown  the information surface 12 is moved to the 65  record
carrier 11 by an objective 10. The  left or the right, the distance between
the  130    3                        ,              1,515,177
3 location where the focussing beam enters  in the arrangement of Fig. 3,
the pull-in the objective 10 and the optical axis will range has been
extended  substantially. decrease or increase respectively. The focus-
However, the sensitivity has decreased sing beam will then be refracted
through a  appreciably; [err] is substantially greater than 5  smaller or
larger angle respectively. As a    [err] of Fig. 5.
70 result of this, the photodiode 19 will receive    The sensitivity for
small focussing errors more radiation or less radiation respectively  can
be increased whilst maintaining a large than the photodiode 20. By
comparing the  pull-in range, by cancelling the lens action of electric
signals supplied by the photodiodes  the central part of the lens 30. This
can be 10  19 and 20 the magnitude and the direction  achieved by grinding
the central portions 31  75 of a deviation between the actual and the  of
the curved lens faces plane, as is shown in desired position of the
information surface  a second embodiment in Fig. 4. In the case can be
detected. In an electronic circuit, not of smaller deviations between the
actual and shown, which is connected to the outputs of the desired position
of the information sur- 15  the photodiodes a focussing control signal face
the focussing beam which is reflected by  80 can be produced in known
manner.         the information surface will fall onto the To ensure rapid
focussing control the  photodiodes without being refracted by the
photodiodes must be as small as possible. At lens 30. Small deviations of
the information increasing focussing errors the focussing  surface will
result in comparatively large 20  beam  will then rapidly fall beyond the
excursions of the focussing beam over the  85 photodiodes, as is
illustrated in Fig. 2. This  photodiodes, so that the sensitivity for said
Figure only shows the radiation path of the  small deviations is high. In
the case of larger focussing beam 7 from the information sur- deviations
between the actual and the face 12, the semi-transparent mirror 15  desired
position of the information surface, 25  being omitted. In Fig. 2 three
positions d, e  such as for example, occur during focussing   90 and f of
the information surface relative to  just after a record carrier has been
placed in the objective 10 are shown. These different the read apparatus,
the focussing beam will positions result in different paths of the  be
directed at the photodiodes by the outer focussing beam, designated [err]
and [err]. zone of the lens 30, so that there is always an 30  Position d
is the desired position, and the  indication about the direction in which
the   95 focussing beam  [err] is symmetrically incident focussing is to be
corrected. The focussing on the detection elements 19 and 20. The  beam
[err] in Fig. 4 corresponds to said large angle a between the chief ray of
the focus- deviation, whilst the focussing beam [err] is sing beam 7d and
the chief ray of a differ- partly incident on a plane and partly on a 35
ently oriented focussing beam, for example  convex part of the lens
surface.        100 beam [err] is a function of the deviation s be-   Fig.
7, which represents the signals at the tween the desired and the actual
position of output terminals of the photodiodes in the the information
surface  12. When the  arrangement of Fig. 4, shows that the information
surface is in position e or f the  arrangement of Fig. 4 combines the
advan- 40  focussing beam [err]or 7 will fall beyond the  tages of the
arrangements of Figs. 2 and 3.  105 range of the photodiodes.
The pull-in range of the arrangement of Fig. Fig.  5 shows the variation of
the electric  4 is large, whilst the sensitivity is satisfactory signals
[err and [err] at the output terminals of ([err] is approximately equal to
[err]) the photodiodes 19 and 20, and the differ-   The plano-convex lenses
shown in Figs. 3 45  ence signal [err] as a function of the devia- and 4
are merely given by way of example. It  110 tion s of the position of the
information sur-  is alternatively possible to employ a bicon- 



face 12 from  its desired position. The pull-in  vex lens in the apparatus
of Fig. 4. Instead of range is comparatively small, whilst the sen-
grinding plane faces 31 on a lens, it is alter- sitivity which is inversely
proportional to [err] natively possible' to use an annular lens as 50  is
comparatively high within said range.    shown in Fig. 8 for the lens 30.
115 In a first embodiment of the invention, the    The  description has
been related, so far, pull-in range can be increased by using an  to
apparatus for reading a record carrier additional lens 30, as shown in Fig.
3. Fig. 3 with a radiation-reflecting information sur- only shows the path
of the focussing beam  face. Said surface is employed as auxiliary 55  from
the focal plane F of the objective 10. imaging element in an imaging system
in   120 Provided the focussing beam always falls on  which a radiation
source is imaged onto two the lens 30, the radiation spot 18 (Fig. 1) is
detection. elements. It will be evident that always imaged at the assembly
of the photo- the invention is applicable in all cases where diodes 19 and
20. By disposing said. photo- the position of a radiation reflecting
surface 60  diodes at some distance from the focus [err] of relative to an
imaging system  having an   125 the lens 30, the focussing beam moves over
objective lens is to be determined. For the photodiodes 19 and 20 when the
infor- example, an opto-electronic system accord- mation surface is moved.
As can be seen in ing to the invention may also be employed in Fig. 6,
which shows the variation of the elec- an apparatus for writing information
in a 65  tric signals at the outputs of the photodiodes record carrier body
for determining the pos-  130    1,515,177
4 ition of the information surface relative to  beam. After reflection at
the radiation sensi- an objective with which a write spot of radi-  tive
surface 51a the  focussing  beam ation is formed on the information
surface.  traverses the objective 10, the element 48 An embodiment of such
an apparatus is  and the [err]/4 plate 56 for a second time. Since 5  shown
in Fig. 9.                          it has passed the [err]/4 plate 56
twice the plane  70 In said Figure the reference numeral 40 is  of
polarization of the reflected focussing a radiation source (for example a
krypton  beam is rotated through [err] relative to that laser) which
supplies a radiation beam 41 of  of the beam which is emitted by the source
high intensity, the write beam. The beam 41  52, so that the reflected
focussing beam is 10  is successively reflected by the prisms 42 and
transmitted to the radiation-sensitive detec-  75 43 and subsequently
passes  through an  tion elements 59 and 60. electro-optic modulator 44. In
said  mod-    Before the detection elements 59 and 60, ulator  the
polarization  of the incident  in accordance with the invention, a lens 57
is linearly polarized beam is switched to either  disposed whose central
portion 58 of a 15  of two alternative states, in accordance with
spherical surface has been ground plane. It  80 the signal to be recorded,
which is applied to  is obvious that said lens has the same func- the
terminals 44a and 44b. After the mod-  tion as the lens 30 of Figs. 3 and
4. The ulator 44 a polarizer 45 is disposed, which  detection elements 59
and 60 are connected depending on the state of polarization of the  to an
electronic circuit 61, in which a control 20  beam 41 transmits or does not
transmit said  signal for the displacement of the objective  85 beam. A
wavelength-sensitive  reflection  is derived from the detector signals.
Said element 48 reflects the pulses thus obtained  control signal is
applied to the loudspeaker to the radiation-sensitive surface 51a of a
coil 50. record carrier body 51. The radiation is    Furthermore, a field
lens 62 may. be 25  focussed to a write spot of very small dimen-  included
in the path of the focussing beam   90 sions (for example of the order of 1
[err]) by  53, which lens has the same function as the the objective 49.
The lens 46 ensures that  field lens 17 in Fig. 1. the entire pupil of the
objective is filled. The    WHAT WE CLAIM IS:- element 47 is a shutter with
which the beam  1. An' opto-electronic focus-detection 30  41 can be
interrupted independently of the  system  for use in apparatus for writing
95 state of polarization. The radiation-sensitive  information in an
information surface of a layer of the record carrier body is exposed
record carrier body as an optically readable with a radiation pulses of
which for example  radiation-reflecting   structure,  or  in the sequence
in time and the duration are  apparatus for reading information contained
35  determined by the signal at the terminals  in an information surface of
a record carrier  100 44a and 44b. By moving the radiation sensi-  as an
optically readable radiation-reflecting 



tive layer in a plane perpendicular to the  structure, said apparatus
comprising an plane of drawing a track-shaped information  objective for
focussing a beam of radiation structure can be written.                onto
said surface, which system comprises a 40    The objective 49 is suspended
in a louds-  radiation source adapted to emit a narrow   105 peaker coil 50
so that it can move along with  focus-detection   beam,  which   focus- the
radiation-sensitive layer 51a in a direc-  detection beam is arranged to
pass eccentri- tion perpendicular to the plane of said layer.  cally
through  the  objective, and  two Deviations in the position of the layer
51a,  radiation-sensitive - detection elements 45  which is assumed to be
radiation-reflecting,  arranged to intercept the focus-detection   110
relative to the desired position can be  beam which is reflected by the
information detected with the system to be described  surface and which
passes through the objec- hereafter.                                tive
for a second time, characterized in that A  second  radiation  source  52
(for  in the path of the reflected focus-detection 50  example a
helium-neon laser) emits a nar-  beam  to the radiation-sensitive detection
115 row radiation beam  53 with a different  elements a lenslike  element
is disposed of wavelength than the beam 41. Said focus-  which only the
outer zone has a lens action, sing beam traverses an opening in a diap-
whilst the central part of said element does hragm  54 and subsequently
falls onto a  not affect the direction  of the focus- 55  polarizing
dividing prism 55. Said prism only  detection beam.                    120
reflects radiation with a specific orientation    2. An opto-electronic
system as claimed of the plane of  polarization. The polarizing  in Claim
1, characterized in that the lenslike dividing plane 55a of the prism makes
an  element consists of a single lens, the central angle with the chief ray
of the focussing  parts of the lens faces being plane. 60  beam which
deviates slightly from [err], so    3. An opto-electronic system as claimed
125 that the  beam passes the objective 49 at  in Claim 1, characterized in
that the lenslike some distance from the optical axis. On its  element
consists of an annular lens. way to the objective the focussing beam pas-
4 . An opto-electronic focus detection ses a [err]/4 plate 56 and the
element 48 which  system substantially as described with refer- 65 is
transparent for the wavelength of said  ence to Figures 3 and 6 of the
accompanying  130    1,515,177                                      4 ition
of the information surface relative to  beam. After reflection at the
radiation sensi- an objective with which a write spot of radi-  tive
surface  5la  the  focussing  beam ation is formed on the information
surface.  traverses the objective 10, the element 48 An embodiment of such
an apparatus is  and the [err]/4 plate 56 for a second time. Since 5  shown
in Fig. 9.                         it has passed the A/4 plate 56 twice the
plane  70 In said Figure the reference numeral 40 is  of polarization of
the reflected focussing a radiation source (for example a krypton  beam is
rotated through [err] relative to that laser) which supplies a radiation
beam 41 of  of the beam which is emitted by the source high intensity, the
write beam. The beam 41  52, so that the reflected focussing beam is 10  is
successively reflected by the prisms 42 and  transmitted to the
radiation-sensitive detec-  75 43 and subsequently passes through an  tion
elements 59 and 60. electro-optic modulator 44. In said mod-    Before the
detection elements 59 and 60, ulator. the polarization of the incident  in
accordance with the invention, a lens 57 is linearly polarized beam is
switched to either disposed whose central portion 58 of  a 15  of two
alternative states, in accordance with  spherical surface has been ground
plane. It  80 the signal to be recorded, which is applied to  is obvious
that said lens has the same func- the terminals 44a and 44b. After the mod-
tion as the lens 30 of Figs. 3 and 4. The ulator 44 a polarizer 45 is
disposed, which  detection elements 59 and 60 are connected depending on
the state of polarization of the  to an electronic circuit 61, in which a
control 20  beam 41 transmits or does not transmit said  signal for the
displacement of the objective  85 beam. A  wavelength-sensitive reflection
is derived from the detector signals. Said element 48 reflects the pulses
thus obtained  control signal is applied to the loudspeaker to the
radiation-sensitive surface 51a of a  coil 50. record carrier body 51. The
radiation is    Furthermore, a field lens 62 may be 25  focussed to a write
spot of very small dimen-  included in the path of the focussing beam   90
sions (for example of the order of 1 [err]) by  53, which lens has the same
function as the 



the objective 49. The lens 46 ensures that  field lens 17 in Fig. 1. the
entire pupil of the objective is filled. The    WHAT WE CLAIM IS:- element
47 is a shutter with which the beam  1. An opto-electronic focus-detection
30  41 can be interrupted independently of the  system  for use in
apparatus for writing  95 state of polarization. The radiation-sensitive
information in an information surface of a layer of the record carrier body
is exposed  record carrier body as an optically readable with a radiation
pulses of which for example  radiation-reflecting   structure,   or  in the
sequence in time and the duration are  apparatus for reading information
contained 35  determined by the signal at the terminals  in an information
surface of a record carrier  100 44a and 44b. By moving the radiation
sensi-  as an optically readable radiation-reflecting tive layer in a plane
perpendicular to the  structure, said apparatus comprising an plane of
drawing a track-shaped information  objective for focussing a beam of
radiation structure can be written.                onto said surface, which
system comprises a 40    The objective 49 is suspended in a louds-
radiation source adapted to emit a narrow   105 peaker coil 50 so that it
can move along with  focus-detection   beam,  which  focus- the
radiation-sensitive layer 51a in a direc-  detection beam is arranged to
pass eccentri- tion perpendicular to the plane of said layer.  cally
through  the  objective, and  two Deviations in the position of the layer
51a,  radiation-sensitive   detection   elements 45  which is assumed to be
radiation-reflecting,  arranged to intercept the focus-detection   110
relative to the desired position can be  beam which is reflected by the
information detected with the system to be described  surface and which
passes through the objec- hereafter.                               tive for
a second time, characterized in that A  second  radiation  source  52  (for
in the path of the reflected focus-detection 50  example a helium-neon
laser) emits a nar-  beam  to the radiation-sensitive detection   115 row
radiation beam  53 with a different  elements a lenslike element is
disposed of wavelength than the beam 41. Said focus-  which only the outer
zone has a lens action, sing beam traverses an opening in a diap-  whilst
the central part of said element does hragm  54 and subsequently falls onto
a  not affect the direction  of the focus- 55  polarizing dividing prism
55. Said prism only  detection beam.                     120 reflects
radiation with a specific orientation    2. An opto-electronic system as
claimed of the plane of polarization. The polarizing  in Claim 1,
characterized in that the lenslike dividing plane 55a of the prism makes an
element consists of a single lens, the central angle with the chief ray of
the focussing  parts of the lens faces being plane. 60 beam which deviates
slightly from [err], so    3. An opto-electronic system as claimed  125
that the beam passes the objective 49 at  in Claim 1, characterized in that
the lenslike some distance from the optical axis. On its  element consists
of an annular lens. way to the objective the focussing beam pas-    4. An
opto-electronic focus detection ses a [err]/4 plate 56 and the element 48
which  system substantially as described with refer- 65  is transparent for
the wavelength of said  ence to Figures 3 and 6 of the accompanying  130
5                                          1,515,177
5 drawings.                                      7. An opto-electronic
focus detection   10 5. An opto-electronic focus detection   system
substantially as described with refer- system substantially as described
with refer-  ence to Figure 9 of the accompanying draw- ence to Figures 4
and 7 of the accompanying   ings. 5   drawings.
C. A. CLARK, 6. An opto-electronic focus detection                Chartered
Patent Agent,              15 system substantially as described with refer-
Century House, ence to Figures 4, 7 and 8 of the accompany-
Shaftesbury Avenue, ing drawings.
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