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Device for reading from or writing to an optical

recording medium

The present invention relates to a device for
reading from and/or writing to an optical recording
medium which has at least two information carrier layers
spaced apart from one another, according to the preamble
of Claim 1. .

A device of this type is disclosed in
UsS-A-4,908,813. What is disadvantageous in the case of
this known device is that the optical recording medium is
provided with layers sensitive to different wavelengths,
which consequently makes it necessary to provide the
recording device with a plurality of lasers of different
wavelength. Depending on the wavelength, these lasers are
relatively complicated and cost-intensive.

The object of the present invention is to propose
a device for reading from and/or writing to optical
recording media having a plurality of information carrier
layers spaced apart from one another which permits a
plurality of information carrier layers to be read out
and/or written to simultaneously using light of a single
wavelength.

This object is achieved by means of the features
specified in the characterizing part of Claim 1. This has
the advantage that simultaneous reading from or writing
to or simultaneous reading from and writing to the
optical recording medium is made possiblé using light of
a single wavelength. The different propagation behaviour
enables the two partial beams to be focused onto two
different information carrier layers by means of a simple
optical unit; the different polarization enables simple
separation of the partial beams in the detection unit.
The device according to the invention may be suitable
both for reading from or writing to and for reading from
and writing to an optical recording medium. The optical
recording medium may be in the form of a disk, such as,
for example, a CD or a DVD, but a recording medium in the
form of a tape or a recording medium in another form with
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two information carrier layers lying one above the other

and spaced apart from one another is also within the
scope of the invention. The 1light source serves to
generate a light beam used to rezd from or write to the
optical recording medium. The said 1light beam |is
generally reflected from the optical recording medium,
but the use of translucent recording media 1is 1ikewise.
within the scope of the invention. The optical unit
serves to focus the light beam generated by the 1light
source onto the optical recording medium and to direct
the reflected or transmitted 1light beam onto the
detection unit. The latter serves to detect the light
coming from the optical recording medium and to forward
for example electrical signals, on the one hand for
obtaining the information stored on the information
carrier layer and on the other hand for obtaining
parameters which are necessary or useful for the
operation of the device, for exacple a tracking signal.
The partial beam generating element is advantageously a
birefringent element which can be introduced into a
convergent beam or into a divergent beam. )

The  invention provides £for the partial beam
generating element to be a birefringent lens. This has
the advantage that no additional element is required in
the optical unit, since the latter contains lenses in any
case. A further advantage may be seen in the fact that a
lens composed of birefringent material separates an
incident light beam into two partial beams which, on the
one hand, are polarized perpendicularly to one another
and, on the other hand, are divergent or convergent to
different extents, depending on tie type of lens and its
arrangement.

The invention ©provides for a polarization
direction-rotating element to be arranged in the beam
path upstream of the partial beam generating element.
This has the advantage that a variable distribution of
the light intensity between the two partial beams 1is
achieved by rotating the polarization direction of the
incident light. This is advantageous if it is necessary
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to match the intensities of the partial beams to what may

be different reflectivities of the informatiorn carrier
layers. Moreover, the solution is advantagecus' when
recording information items onto one of the information
carrier layers. In this case, a higher light power is
generally required for the partial beam with which it is
intended to effect recording, while the power of the
other partial beam, with which it is not intended to
effect recording, may be very low. A further advantageous
application of this inventive 1idea resides in the
possibility of allocating 100% of the availakle light
intensity to the respective partial beam for the purpose
of reading out either one or the other inZormation
carrier layer. This is practical for various
applications, for example when it is intended tc operate
with a reduced power of the light source or for the
purpose of achieving noise suppression by masking out the
respective other information carrier layer, or in other
suitable applications. All these different divisions of
the intensity between the individual partial beams make
it possible to use a cost-effective light source of
relatively low power, which, moreover, does not need to
be wvariable in 1its power output. The polzarization
direction-rotating element is advantageously a =rotatable
pole filter. It may likewise be advantageous tc arrange
the light source, which is in particular a semiconductor
laser, such that it 1is rotatable, or to rctate the
polarization direction of the light, for example from a
semiconductor laser, by means of a A/2 plate, a Xerr cell
or in another suitable manner.

According to another advantageous refirement of
the present inventicn, the partial beam gsnerating
element comprises an arrangement of two light sources
which emit polarized light and are situated at different
distances from the optical unit. This has the advantage
that a birefringent partial beam generating element is
unnecessary. The light sources are preferably lasers, for
example semiconductor laser diodes, which emit linearly
polarized light. The light is coupled in, for example, by
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means of a semi-transparent mirror or a polarizing beam
splitter.

These light sources are advantageously integrated
on a single carrier element. This has the advantage that
the carrier element is supplied in a manner adjusted to
the assemkly of the device, with the result that no
adjustment is necessary during assembly of the device. It

is particularly advantageous if the carrier element is an

integrated semiconductor -component. A device of this type
can be produced such that it is already correctly
adjusted.

According to the invention, the detection unit,
that is tc say the detection path of the device, has a
birefringernt prism-type beam splitter. This has the
advantage of requiring less physical space, since the
sensors for the two partial beams can be arranged in one
plane. A birefringent prism-type beam splitter has
different path lengths for the various polarization'
directions and consequently makes it possible to transfer
the focal points of the two partial beams, which focal
points are situated one behind the other in the optical
axis of tke propagation direction of the beam, into two
focal poinzts lying next to one another in a single focal
plane perpsndicular to the said optical axis.

The detection unit advantageocusly has a detector
plane in which a plurality of detector elements are
arranged. This has the advantage that the detector
elements z2l1 lie in one plane and can therefore be
produced cost-effectively as one component. Furthermore,
it is not necessary to adjust the individual detector
elements when they are being installed in the device.

The invention provides for the detection unit to
have a po-arization direction-dependent semi-transparent
mirror. This has the advantage that the latter can be
realized in a cost-effective and space-saving manner, for
example as a polarizing beam splitter cube. It serves to
divide tke ©partial beams coming from the optical
recording medium_between the various detector elements.

REPLACED
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The present inven:tion furthermore relates zo an
optical recording medium, in particular for use in a
device according to the irnvention, which has the feztures
specified in Claim 9, namely that the optical reccrding
medium has an information carrier layer Laving
prerecorded information i<ems as well as an inforration
carrier layer which is spatially separate and spaced
apart from the former layer, 1is suitable for reccrding
information items and has no prerecorded information
items. This has the advantage that the said prerecorded
information items, which are necessary or at least useful
for readihg from and/or writing to the optical reccrding
medium, do not have to be prerecorded twice, that is to
say on each of the information carrier layers, since both
information carrier 1layers can be read from znd/or
written to simultaneously by the corresponding device.
This enables an increase in the memory space available
for useful data recording, a reduction in the
manufacturing costs of the optical recording mediuvm, an
increase in the signal-to-noise ratio and, in particular,
enables the recorded information items on Dboth
information carrier layers to lie-exactly one above the
other, since the device, during the recording of both
layers, 1in each case refers to the information items
prerecorded 1in one layer. Useful data is a term
encompassing video, audic and other useful data as well
as pure data. ' The optical recording medium can, of
course, also have a plurality of information czarrier
layers, at least one of which has prerecorded information
items which are not prerecorded on the other layer or
layers.

The present invention not only relates to the
expressly mentioned exemplary embodiments ~and
explanations, but also ircludes all configurations lying
within the scope of the invention.

Further advantageous features and refinements of
the invention can be found in the following description
with reference to the figures, in which
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Figure 1 shows a device according to the invention with

a birefringent prism-type beam splitter,

Figures 2 shows the detection path of a device according
to the invention with a polarization direction-
dependent sémitransparent mirror,

Figure 3 shows part of a device according to the
inveztion with a polarization direction-
rotazing element in a three-dimensional
illustration, - -

Figure 4 shows part of a device according to the
invention with two light sources in a first
embcdiment,

Figure 5 shows part of a device according to the
invention with two light sources in a second
embecdiment,

Figure 6 shows a detector unit of a device according to
the invention, and

Figure 7 shows a detail of an optical recording medium
acccrding to the invention.

Figure 1 shows a device according to the
invention with a birefringent prism-type beam splitter. A
laser diode 1 which emits a linearly polarized light beam
2 serves as light source. This light beam passes through
a phase grazing 3, which produces +/- first-order
secondary beax [sic] required for tracking according to
the known three-beam method. This method is discussed
only to the extent required to describe the exemplary
embodiment. It goes without saying that the invention can
also be advantageously used with other tracking methods.
After passing through the phase grating 3, the light beam
2 falls onto a birefringent collimator lens 4, which
represents ths partial beam generating element in the
exemplary embcdiment. The birefringent collimator lens 4
splits the light beam 2 into two partial beams 5 and 6
which are polarized perpendicularly to one another. The
partial beams 5 and 6 pass through a non-polarizing beam
splitter 7 and are focused by an objective lens 8 onto
different information carrier layers 9 and 10 of the
optical recording medium, which 1s indicated only
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dizgrammatically here. For the purpose of focusing, the

oblective lens 8 can be displaced in the direction of the
op-ical axis, in the left/right direciion in Figure 1.

" Fcr the purpose of tracking along the tracks in which the

irZormation items are stored on the information carrier
lavers 9, 10, the objective lens 8 can be moved parallel
tc the information carrier layers 9, 1C. This is done by
a Zens drive 11, which is indicated only diagrammatically
here by- means of double arrows 1in the respective
direction of movement. In order tc¢ illustrate che
pclarization direction of the partial beams 5 and 6, <he
pclarization directions are represented symbolically on
tk2 information carrier layers 9 and 10. The partial beam
5 1incident on the information carrier layer 9 is,
accordingly, polarized in the directica of the plane of
the drawing, while the partial beam & incident on <zhe
irZformation carrier layer 10 is polarized perpendicularly
wiz respect thereto. The partial beams 5, 6 are
reflected by the information carrier layers 9, 10, pass
tkrough the objective lens 8 and are deflected downwards
ir. the figure, in the non-polarizing beam splitter 7, and
reach a focusing lens 12. They subsequently pass thrcugh
a cylindrical lens 13, which is used to carry out :the
aszigmatism autofocus method, which is not discussed here
irn  any detail. They subsequently impinge on <the
pclarizing prism-type beam splitter 14. The latter has
two reflective layers 15 and 16, which each reflect light
oI one polarization direction. The parzial beam 5, which
is polarized in the direction of <zthe plane of the
drawing, passes through the layer 16, which is reflective
fcr the other polarization direction, and is reflected by
the reflective layer 15 onto a sensor 51 of the detecror
arrangement 17. The partial beam 6, which is polarized
perpendicularly to the plane of the drawing, is reflected
by the reflective layer 16 onto the sensor S2 of the
detector arrangement 17.

According to the invention, the polarization of
tte 1light along the optical axis of the device 1is
utilized to produce two mutually separate focal points on
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the information carrier layers 9 and 17. The focal

points, which are separated in the longitudinal
direction, are produced with the aid of the birefringent
collimator lens 4. This facilitates, in the detection
path, the separation of the signals originating from the
different information carrier layers 9, 1%, by using a
polarization-sensitive optical arrancement, the
polarizing prism-type beam splitter 14 in the exemplary
embodiment. According to the invention, iz 1is likewise
possible to design the objective lens 8 as 2z birefringent
lens. In this case, the separation in the detection path
cannot be realized as easily as in the manrnsr illustrated
in Figure 1. A recommended birefringent mazterial for the
collimator 1lens 4 is quartz, for example, whose
refractive indices ne = 1.5533 and n, = 1.5442 at a
wavelength of akout A = 700 nm, the wavelength region
usually used for corresponding devices, =nables ([sic]
focal point separation which is sufficient for the usual
dimensions of the write/read head.

The reflective layers 15, 16 of the polarizing
prism-type beam splitter 14 are arranged pzrallel to one
another at a distance d. By suitable selsction of the
distance d, an optical path length is :inserted which
enables the twc focal points, which icpinge on the
information carrier layers 9 and 10 spaced zpart from one
another, to be imaged on the detector arrzagement 17 in
one plane. Assuming that the focal length ¢Z the focusing
lens 12 is 42 m= and that of the objective lens 8 is
3.5 mm, the resulting magnification factcr is n = 12,
which, assuming that the distance between the information
carrier layers 9, 10 is 8§ = 70 nm, results in a required
thickness d of

N

g=1
= ~ 0.3 mnm
242

Figure 2 illustrates the detectiocn path of a
device according to the invention, that :is to say the
region of Figure 1 which is represented below the
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cylirirical lens 13. After ©passing through the

cylirirical lens 13, the partial beams 5 and 6 coming
from “he optical recording medium impinge on a polarizing
beam splitter cube 18, which has a reflective layer 16’.
The rartial beam 5, which is polarized in the plane of
the crawing, passes through this reflective layer 16’ and
impirzes on a sensor S1’. The npartial beam 6, which is
polarized perpendicularly with respect thereto, is
reflected by the reflective layer 16 and directed onto
the sansor S2’. The two sensors S1’ and S2’ are adjusted
with respect to one another iz the detection wunit. In
this exemplary embodiment, it is possible to dispense
with a polarizing prism-type beam splitter having
reflective layers arranged at a distance d.

Figure 3 shows part of a device according to the
inverzion with a polarization direction-rotating element
20 ir a three—~dimensional illustration. The laser diode 1
and the light beam 2 emitted by it can be discerned. The
polarization direction is specified by the indication of
the rolarization vector E, of the polarization direction-
rotating element 20. In the birefringent collimator lens
4, tZe polarization direction for the ordinary beam is
indizated by n, and the polarization direction for the
extrzordinary beam is indicated by n.. The corresponding
partial beams 5 and 6 are indizated in the further beam
path. In the illustration represented, the polarization
vectcr Ep is shown having been rotated through 45° with-
respzct to the preferred directions of the birefringent
coll:mator lens 4 which are indicated by the arrows n,
and =,. By rotating the polarization E, of the light beam
2 wizh respect to the crystal axes n, and n., of the
collinator lens 4, the intensity of the two collimated,
polarized partial beams S5, € can be adjusted in a
cont:auously variable manner. The two intensities have
the same magnitude at an angle of 45°. Particulérly for
writing to a writable information carrier layer 9 and/or
10, it 1is practical to increase the intensity of the
partial beam 5 and/or 6 used for writing in comparison
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with the respective other partial beams 6 and/or 5, for

example in the ratio 80:20.

Figure 4 shows part of a device according to the
invention with two 1light sources in a first embodiment.
Two separate laser diodes 1’ and 1°’, which have a small
lateral offset as well as an offset in the longitudinal
direction, that 1is to say in the beam propagatiorn
direction, are provided in this case. This is illustratec
in a greatly exaggerated manner in Figure 4. Furthermore,
the laser diodes 1’ and 1" are aligned in such a way
that the light beams 2’ and 2’’ generated by them are
polarized perpendicularly to one another. A conventional
collimator lens 4’ is used in this case. The further bear
path corresponds to that described in relation to Figure
1 and in relation to Figure 2. With a suitable lateral
offset, it may be possible to achieve greater splitting
of the partial beams in the region of the detector
afrangement 17, with the result that it is possible tc
provide a less elaborate solution in this case.

Figure 5 represents a second embodiment of =
device according to the invention with two light sources.
In this case, too, use 1is made of two separate laser
diocdes 1’, 1’’, whose light beams 2’, 2’’ are combined by
means of a semi-transparent reflective film 19 and are
directed onto a conventional collimator lens 4’. The
distance x; between the laser diode 1’ and the semi-
transparent reflective film 19 and the distance x:
between the laser diode 1’’ and the senmi-transparent
reflective film 19 are selected to be different, thereby
producing longitudinally displaced focal points for the
two light beams 2’ and 2'’, corresponding to the distance
between the information carrier layers 9 and 10. The
advantage of this embodiment over that described ir
Figure 4 resides in the fact that the light keams 2’ and
2’’ are not laterally offset with respect to one another,
since both laser diodes 1’ and 1’’ can be arranged
exactly in the optical. axis. In this case, too, the
further beam path corresponds to that described in
relation to Figure 1 and Figure 2.

THIS SHEET HA

REPLACE

L}

3
o7
i
(52

=




10

15

20

25

30

35

PD960062+Th This Sheet Has Been Replaced

»
-
~
A3

Tigure 6 represents the dstector arrangement 17

of a device according to the invention. The sensors S,
and S; cn which partial beams 5 ard 6, respectively, are
imaged czn be discerned. In the exsmplary embodiment, the
sensor S: is divided into four giadrants consisting of
the detector elements A, B, C, D. This division makes_ it
possible to form a focusing signal FE in accordance with
the astigmatism focus method. This is illustrated in the
right-hand part of Figure 6. FE results from the
difference between the respective sum of two diagonally
arranged detector elements: FE = (A + C) - (B + D).
Further detector elements E and F serve to obtain a
tracking signal TE in accordance with the three-beam
method. The light beam 2 is split by the phase grating 3
into a zeroth-order primary beam znd two +/- first-order
secondary beams, which is not illustrated in the previous
figures for the sake of simplicity. In Figure 6, the
light spots originating from these beams are indicated in
each case as a circular spot on the detector elements.
The zercth-order primary beam falls onto the central area
of the sensor S; and of the sernsor S;, while the +/-
first-order secondary beams of thke partial beam 5 fall
onto the detector elements E anc F. Since no detector
elements are provided for the +/- first-order secondary"
beams oI the partial beam 6, tze correSponding light
spots are indicated by dashed lines. The tracking signal
TE results from the difference between the signals
emitted by the detector elements E and F. The partial
beam 6 falls onto the sensor Sz, which consists of a
single cdetector element G. The inZormation signal of the
partial beam 6 consequently corrssponds to the output
signal of the detector element G, and the information
signal of the partial beam 5 corresponds to the sum of
the outprut signals of the detector elements A to D. This
is likewise indicated in the righ:-part of Figure 6. The
imaging, described here, of the two focal points, that on
the information <carrier layer 9 and that on the
information carrier layer 10, oaxto a single detector
arrangement 17 is possible due to the use of the
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polarizing prism-type zeam splitter 14. It goes w1thout

saying that corresponding detector elements to <those in
the region of the sensor 1 can also be arrangec in the
region of the sensor 2, if appropriate, in crder to
improve focusing anc tracking. Furthermore, it is
possible to use other Zocusing and tracking methkads, the
detector arraﬂgement 7 having to Dbe constructed in

~accordance with these =ethods.

Figure -7 1illustrates a detail of an optical
recording medium according to the invention in tke region
of the information <carrier 1layers 9 and 20. The
arrangement of two information carrier layefs —akes it
possible to accommodats about double the volume of data
on the optical recording medium. A further increase in
the storage capacity Is produced if further information
carrier layers are arranged correspondingly. #ith the
multiple-focus optical arrangement according to the
invention, two of thess information carrier layers can be
read out simultaneously, since the distance between the
focal points of the pzartial beams 5 and 6 corresponds AZ
to the distance [sic] zetween the two informatiorn carrier
layers 9 and 10. The information tracks of the
information carrier lavers 9 and 10 in this case lie one
above the other, with the result that not only are both
partial beams 5 anc 6 focused simultaneously on a
respective informatior carrier layer, but they zan also
simultaneously read usable information items thsre. The
information carrier layer 10 1is semi-transparently
reflective, with the result that the partial bezm 5 can
pass through it. Ar interesting application of the
present invention is when the optical recording zedium is
a so-called ROM/RAM disk. In this case, for exasple, the
information carrier lzyer 9 is a ROM layer. That is to
say 1t contains only read information items iz a pre-
embossed information track. The information carrier layer
10 is designed as a storage layer. This may be a phase
change layer, a photorefractive laver, a.magnetc-optical
layer or any other layer suitable for recording. However,
the information carrier layer 10 is constructed without a
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leader track which is wusually preseat in the case of
recording layers. An optical recording medium of this
type is read from and written to using a double-focus
system, i.e. the device according ts the invention as
explained above, for example. This has the advantage that
the information track and/or a 1leader track of the
informatior carrier layer 9 can be used for focusing,
tracking, disk control and the addressing of the areas of
the informetion carrier layers 9, 10. During the writing
operation in the information carrier layer 10, a data
track is avtomatically written in exactly above the track
of the information carrier layer 9. Since the information
carrier layer is a planar, uniform arsa without a leader
track or additional addressing infcrmation items, the
signal-to-noise ratio that can be =zchieved is higher,
since an acditional noise signal due to any roughness of
the edges cf a leader track or from addressing bits are
[sic] not produced. Moreover, the entire storage capacity
of the infcrmation carrier layer can te utilized for data
storage, since it is not necessary for any address or
servo infcrmation items, such as, for example, for
tracking, to be located on the inforzation carrier layer
10. Using the method, described in relation to Figure 3,
for rotating the polarization direction with respect to
the crystal axis of the birefringent collimator lens 4,
it 1is possible correspondingly tc adjust the 1light
intensity Zfor writing on the inforrmation carrier layer
10. For example, the intensity of %<he partial beam 5
reading on the information carrier layer 9 may be about
10% of the total power of the laser diode 1, and the
intensity cf the partial beam 6 usec for writing on the
informatior carrier layer 10 may acccrzdingly be about 90%
of the saic power.
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Patent Claims

1. Device for readin¢ from or writing to an optical
recording medium which *%as at 1least two information
carrier layers (9, 10) spaced apart from one another,
having a light source (1, 1’, 1’’), an optical unit and a
detection unit, characterized in thét a partial beam
generating element (4, 17, 1’’, 19) 1is present, which
emits two partial beams (3, 6, 2’, 2’%-) which differ in
terms of polarization direction and propagation
behaviour, thus having a focal point on both layers (9,
10) simultaeneously.

2. Device according to Claim 1, characterized in
that the partiél bear generating element is a
birefringent lens (4).

3. Device according to either of Claims 1 and 2,
characterized in that a polarization direction-rotating
element (20) is arranged in the beam path upstream of the
partial beam generating eisment (4).

4. Device according to Claim 1, characterized in
that the partial ©bear generating element is an
arrangement of two 1light sources (1’, 1’’) which emit
polarized light and are zt different distances from the
optical unit.

5. Device according to Claim 4, characterized in
that the light sources '1’, 1’’) are integrated on a
single carrier element.

6. Device according to one of Claims 1 to 5,

- characterized in that the detection unit has a

birefringent prism-type beam splitter (14).

7. Device according to Claim 6, characterized in
that the detection unit Las a detector arrangement (17),
in which a plurality of detector elements (A, B, C, D, E,
F, G) are arranged in one plane.

8. Device according to one of Claims 1 to 5,
characterized in that the detection unit has a
polarization direction-dependent semi-transparerit mirror
(167). R
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9. Optical recording medium particularly for use in
a device according to one of the preceding claims,
characterized in that the optical recording medium has an
information carrier layer (9) with prerecorded
‘information items, as well as an information carrier
- layer (10) which is spatially separate and spaced apart
from the former layer, 1is suitable for recording
information items and has no corresponding prerecorded
~information items. .
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