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The - present invention generally concerns the .iprinciples of reading/writing the

information from/on multilayer optical media and deSign of reading device which can

realize this function.
BACKGROUND OF THE INVENTION

There is a growing demand in a cheap and reliable storage systems of digital information
for_computers, video systems, HDTV, multimedia, etc. To improve recording densities of
optical disks according to demand for recording long term high definition video data or the
like a multiplayer optical disk having two or more information recording layers is under
development. |

| Optical pickup devices and methods use recording/reading of data on a recordable
plane of an optical medium having at least two recordable planes inside disk and an-input
plane of protection substrate of the recording/reading disk.-The optical pickup -devices
usually use a semiconductor laser beam spot focused by an objective. Exact focusing of the: -
spot the recordable plane is assured by special focusing servo system that utilizes focus
error signal formed with the help of the said recording/reading laser beam. h

The multi-layer optical medium contains a set of recordable or data carrying planes

separated by intermediate transparent layers-spacers.

During reading from such multi-layer optical medium, some noise is present due to

interference of laser beams reflected from the said recordable/data carrying planes which

drastically reduces quality of reading.

Recording/reading involves a reading spot formed by a laser beam focused on the
data surface. The mentioned objective and other additional optical elements assist in
creating laser beams to form focus and track errors.

Conventional optical pickup devices for focusing and tracking control use so-called
discriminating S-curve detection (see Fig. 5); Detection of S-curve signals for controlling
of servo éystems of the recording/reading device shall hold the focused beam on the data
surface and on information track. Since multi-layer disks has several information layers to

be distinguished and captured by focusing system, multilayer disc must have several such

--S-eurves-each- of-theniisucorrespond-ing-to-own—»infonnation—layer—.‘ To-this-end;-dependence - -~ - - -
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- of error signal vs objective moving perpendicular to disc plane looks like a few S-curves,

as illustrated on Fig. 6

Accordingly, various focusing and tracking methods and systems for multiplayer
disks are used. Patent US 5,513,158 discloses the use of a piezo-ceramic deflector to form
10 the signal of 'narrow' focus sensor. The major weakness of this solution is that it requires a
powerful high-voltage generator to form pulse for PZLT plate; the former includes
transparent electrodes to change the plate's optical phase fast in different areas of obj ectivé
pupil causing slight flicker of focus point. The PZLT plate is very inefficient and requires a -
-~ highly powerful generator which will create strong interference too..
15 Also, active wobbling of micro objective focus to read from mﬁlti-layer disks.is: -

disclosed in Patent US 5,740,145. Focusing system is modified in such a way that the:
micro objective wobbles continuously along optical axis at frequency Jo . To forh signal

of 'narrow' focus, the frequency Jo must be > 5 kHz.
Since the sensitivity of the mechanism that moves the objective along focus is
20 limited, it becomes practically impossible for this method to assure focusing in layers -
having spacer thinner than 50 pm and in DVD or other disks of similar density. Another
" example of opﬁcal disk reader focus servo system is disclosed in Patent US 4,695,158.
In this case, the system contains an eight-sector instead of traditional four-sector
photo receiver in order to shorten the astigmatic focus sensor. This solution allows
25 substituting the known aigdrithm of forming a discriminator:
F= (A1+A2) - (B1+B2)
with a new algorithm:
F’ =(A1+A2) - (B1+B2) +B[(A1+A2) - (B1+B2)].
However, this solution shall shorten the focus sensor by 20+40 % at best,

30 ,,_Af_ultth,e,rmqrg,‘si'gnal-to-noise ratio gets significantly worse.
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It is known that the aberration of light beam caused by increasing the numerical
aperture NA of tlie objective lens and multiplayer structure of disks makes it difficult to
read/write information. An executive unit of beam aberration correction may be introduced
into the recording/ reading apparatus in order to correct such beam aberrations. Such unit
may be based on liquid-crystal or piezoelectric effect, for example. Patent US 6,628,589 -
provides a method of correcting aberrations.similar to the one described above. A value of
data signal amplitude value serves as a sensor for correcting tilt aberrations or spherical
aberrations. A device based on liquid crystal cell with transparént electrodes serves as an
executive unit or, to be more precise, an adaptive corrector. The cell is divided into several
zones with the help of transparent electrodes along the area of an objective input pupil. The
type and shape of the electrodes depend on the type of aberration corrected, e.g. radial tilt
and spherical aberration.

Under the action of electric field, liquid crystals begin to orient along the electric
field line and create a local érea of changing refraction index, the shape of this area being
determined by the electrode configuration. Degree of the change in refraction index-and so..
the local changes in fhe phase of beam’s wave front depend on electric field strength, i.e.
the.'vbltage applied to the transpérent electrodes.

- The system of automatic compensation of wave front aberrations described in the
mention Patent operates in the following manner. If any beam aberration is present, the .
amplitude of data signal decreases. This change is registered and serves as an error signal

generating a control signal for the said liquid crystal compensator.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an optical pick-up method and
device capable of accurately reproducing an information signal storage layers of multi-layer
optical storage device, e.g. disk. |

It is another object of the present invention to provide an optical pick-up method and
device capable of conducting a focusing and/or tracking control with desired accuracy for

multi-layer optical storage device.

Further, it is an object of present invention to provide an effective aberration

--compensating-for-reproducing-an-information-signal-from-storage-layers-of multi-layer - - - -~ . -

optical storage device.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates laser beam propagation through multilayer disk;

FIG. 2 illustrates dependence of reflected light power PR vs. spacer thickness h;

FIG. 3 illustrates dependence of semiconductor laser radiation wavelength vs. power
of radiation (infonnétion is taken from Hitachi HL6323M6 Laser Data sheet);

FIG. 4. illustrates graph of power modulation of laser HL6323M6 that gives

AL =1.63 nm =5mW

and average power %

FIG. 5 shows typical discriminating S-curve; detection
FIG. 6 shows discriminating S-curve for multilayer (three layer) medium;
FIG. 7 shows tracking unit layout, and

FIG. 8 shows graphically the degradation coefficients of frequency-contrast

parameter for spherical aberration and comma.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, there is shown reflecting signal from multiplayer reflective-
optical medium, having two layers in the present example. As shown in FIG. 1 thefe are
two reflecting light beams, one reflecting from the layer of interest (layer to be read) I and
another beam I; reflected from the édj acent layer (back-reflected Eéams).

Due to interference, amplitude modulation of read signal aﬁses. This interference
disturbs both information channel and servo tracking and focusing systems.

In accordance with one aspect of the present invention a method of suppressing of
interference noise is provided. In order to provide suppressing of interference noise
coherence of reading light beam should be “destroyed” or at least decreased up to
appropriate levels.

Various techniques may be used for that purpose. It is known, for example, that high
frequency modulation provides multi-mode laser generation (Ay = nAA) instead of single-

mode generation (Ag). This decreases laser length of coherence and thus, interference.
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However, the number of modes (n) and the value of wavelength difference (AL)
between modes do not assure complete suppression of interference from layers,
particularly, if the inter-layer distance becomes smaller than 50pum.

It is known replacing laser with a super -luminescent diode, its radiation spectrum

5 being similar to radiation spectrum of LED (A0 £ 20 nm). Nevertheless, such solution is
" not optimal for this case: although the radiation spectrum become wide, the power drops -
fast ‘'when the wavelength changes from the central one. The mentioned diodes are
characterized by low efﬁcienéy, low power, high consumption and expensive price. Thus,
these solutions of overcoming interference noise do not provide its complete suppression
10 and thereby assure quality of data recording/reading.

~ In accordance with one aspect of the present invention, it is to develop a method and
an optical device for recording/reading of data with almost complete suppression of noise

on the basis of radiation with two wavelengths (2-frequency suppression methods).

The optical pickup device is characterized by use of two lasers with different

15 wavelengths, e.g. A; and A,, where preferably A, = A £ AA Value of A is defined bBy;the -~
following expression
R
dhn - 4,

where
Al isa waveléng’ch of the first laser;
20 vkz' is a wavelength of the second laser;
AM is a difference between the first and second laser wavelengths;
h is a thickness of spacer (interlayer distance);
n is a refraction index of spacer (#=1.57 for polycarbonate).
It is important that the difference AA remains stable.
25 As aresult of two-wave interference (see “Optical shop testing” edited by D.

Malacara. page 311) fluctuations of radiation power (interference noise) will occur along

b=
with changes in inter-layer distance not with a period of 4n but rather with an
. .
. = Fe Aeg ,_=_,,,l’ ]7_ ‘ e
increased period of 4n | where M- 37' , 1.e. the fluctuations of spacer



WO 2007/063353 PCT/IB2005/003628

thickness will no longer cause fluctuations of power (interference noise) or the latter will,

to some extent, be attenuated.

Numerical calculation for O = 0,64 Om and ncn = 1,57 (polycarbonate) gives result

presented in the table:

5 ,
 um | AL, um
100 0,65
60 1,09
40 1,63
30 2,18
20 3,28

In accordance with additional aspect of the present invention two lasers emitting
alternately, rather than simultaneously, depending on the value of thickness of interlayer
distances might be used.

10 Realization of such method will require:

1) an interference sensor, e.g. an information photo receiver with low-pass filter
to detéct amplitude of interference-caused low frequency noise signal;
2) a system of interference suppression with the help of low frequency switching
of lasers (in the spectrum of 0+100 kHz). To determine the phase of noise signal, it is-
15 possible to use a method of power modulation of one of the lasers.
In accordance with still another aspect of the invention single two-mode (multi--
mode) laser with two lines of radiation A; and A, with equal intensity.
There are several methods providing two-mode operation of laser with the required
value of AA difference.
20 a) Method with AA=const.
i) Distributed reflection laser (DBR-laser) where the first reflector grating is adjusted
for A; wave and the second one is adjusted for A, wave. ’
ii) Laser with a controlled external resonator which éllows adjustment for A; and A,

of equal intensity. _
g5 " ~B)Methods based on dynamically controlled difference-of wavelengths Ak of - - ===

single irradiator are:
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1) Using electro optical converters;

ii) Based on Zeeman effect;

ii1) Based on dynamic shift of laser generation wavelength caused by injection
current changing. This effect is found for closed heterostructure lasers with distributed
feedback. (Semiconductor injection Lasers, I. 1985. Volume Editor W.T. Tsang).

If the controlled difference AM of two laser waves is employed, it is possible to
suppress interference noise almost to zero immediately in the process of reading.

In this case the sensor of interference noise value and phase is required, for this
purpose, one can use the method of changing wavelength A of laser radiation e.g. using
frequency modulation of pumping current of laser with distributed feedback.

In accordance with still another embodiment of the present invention, a for
suppressing of interference noise that arises at a time of reproducing information from
multilayer disc having multiple semi-transparent information-carrying layers high
frequency pulse laser radiation might be used. This method utilizes semiconductor laser
and high frequency pulsed laser power source that allows fast switching (turning of/on) of
output laser radiation power.

Interference “destroying” in that case is due to various effects. It is known that the
wavelength of laser radiation is depending on power of generation, to this end fast
switching of laser power provides generating several wavelengths by the laser. Also,
transient processes during laser switching leads to unstable parameters of optical resonator
causing generation of additional modes with different wavelengths.

The interference noise is suppressed due to superposition of interference patterns
produced by radiation with different wavelengths on the photo receiver.

In this invention is proposed method of suppressing of named interference by means
of laser radiation wavelength high frequency shift.

Let consider interaction of laser beam with multilayer disc having multiple semi-
transparent layers (see FIG. 1). Optical disc comprises several semi-reflective layers with
information pits that are separated by plastic spacer having thickness 20...70 um and

refraction coefficient ~ 1,49...1,58.

For phase thickness of spacer h it may derive follow dependence:
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hem —

4n,, cos®

Following this expression, power of reflected light I = 0 by even m (cleaﬂng effect)

- and I; =1 by odd m (mirror effect). Dué to spacer thickness is varying in real disks,

5 reflected light will be amplitude modulated when disc rotates (see FIG. 2.). Note that
clearing and mirror conditions are dependihg from light wavelength, hence, for single
spacer thickness, for one wavelength may be fulfilled clearing condition, but for second
one - mirror condition. '

It is known, that semiconductor lasers have not so stable light wavelength.

10 Wavelength of semiconductor laser may vary with temperature and actual power of laser
_generation. So, dependence of wavelength of generated light vs. output light power for
laser HITACHI HL6323MS6 is illustrated in FIG. 3 '

It is proposed to suppress interference by sequential generation of laser light pulses
with different power and, hence, with shifted wavelength.

15 Let define how should be difference of wavelength AX for spacer having fhickness h

and refraction coefficient ne, for to obtain clearing condition for first wavelength, but

reflective condition for second wavelength.

A A A, + AL
h=m-—2 =(m—-1) 2 =( —1) _1
ncn 4ncn 4ncn
A
Ad = L
20 hence: m — 1 Taking
4hn,,
, m=
into consideration that 4 , it may derive follow basic dependence:
2
Al = _ A
4hn,, — A1
25 Example 1. For more clearance, suppose, that we have two information layers

separated by polycarbonate spacer having h=40pum. Used laser is HITACHI HL6323M6. -

9
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For this laser 5 mW pulse has wavelength A, = 637,6 nm. F ollowing to the above
wavelength difference should be AA=1,63nm. So, A, = =639,23 nm. Following FIG.
3, this wavelength corresponds to power 25 mW. In order to obtain average powef of
reading beam 5 mW energy of 5 mW pulse should be equal to that 6f 25mW pulse, i.e.
-5 duration of 5 mW pulse should be 5 times longer than that of 25mW pulse. Finalized pulse .
- sequence is presented on Fig. 4. The repetition frequency of pulses should be more than
| highest frequency used for-optical disc information transfer. For actual DVD disks (3T
- pits) this frequency is 36 MHz. So appropriate pulse frequency is ~ 100 MHz. A method
of suppressing of interference noise that é.rises at a time of reproducing information from
10 multilayer disc having multiple semi-transparent information-carrying layers separated by
spacers. This method utilizes semiconductor laser and high frequency pulsed laser power
sourcé that allows fast switching of output laser radiation power. Said high frequency
pulsed pewer source provides repeated sequence of pulses having different power. Power
difference between pulses said repeated sequence consist of, leads to wavelength shift AL
15 of laser radiation generated during of pulse duration. Said wavelength shift preferably.
should satisfy the above-mentioned expression.
- Inaccordance with still another aspect of the present invention suppressing of
interference noise might be performed by using repeated pulse sequence consist of two or
more pulses having different power. |

20 A method of suppressing of interference noise wherein energy E of each pulse,

namely,

E=P‘T’

where
25 P - power of pulse
- pulse duration,
is constant for all pulses.
Preferably, the frequency of repeated pulse sequence should be at least two times
higher than highest frequency used in channel coding of storage device this method is
30 utilized in. '
In accordance with another embodiment of the present invention focusing and
tracking control method is proposed. Since multi-layer disks has several information layers

10



10

15

- 20

25

30

WO 2007/063353 PCT/IB2005/003628

to be distinguished and captured by focusing system, multilayer disc must have several S-
curves each of them is correspbnding to own.information layer. In order to provide
maximal volume of multiplayer disk, the interlayer spaces should be as small as possible.
In that case S-curves corresponding to different information layer may be interlaced and
focusing and tracking signal does not provide stable reproducing of information signal. The
challenges for reading multi-layer disks are that the servo system sensors, i.e. focus and
track sensors receive both laser beams from a specific reading data layer and layers
adjacent to it thereby generating significant noise and interference.

An additional challenge for reading is that the discrimination curve working region
of the optical focus sensor may be longer than the distance between data layers, so reflected
from adjacent layers light distort the tracking and focusing éignal. Analysis of the track
sensor discovers similar problems which hinder reliable operations of the device. Thus, to
assure reliable reading of multi-layer systems, there is a need to develop new méthods to
form focusing and tracking error signals with more resolving power, i.e. having ability to
distinguish information layers spaced by 15...30 pum spacer and information tracks:having:
less track pitch and more resistant against interference.

~ In accordance with additional aspect of the present invention direct analysis of
signals from each quadrant of standard photo receiver is proposed. This provides
increasing signal-to-noise and signal-to-interference ratio during multi-layer disk reading.
Another aspect of the present invention is to find possibilities significantly shorten the

length of focus sensor discrimination parameter.

As a base algorithm of error discrimination is used standard.approach using four

-signals from quadrant photoreceiver, namely:

F=(Al+A2) - (B1+B2)

In proposed solution is used the following fact: when objective moves across disc
layer structure with open feedback loop, (search mode) near the point of coincidence of
focal point and information layer arises flash of HF Signal caused by pits of information
layer. This HF flash is very narrow: it begins at several microns before layer, grooves till
maximum value in moment of focus and layer coincidence and disappear at several
microns after layer. This HF signal is superimposed on the usual signal on photo-detector

quadrant-and-exists-on-the-all-quadrants.-So-total-region-of-this-HF -signal-existence -is- — - - -—

11
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~10..15 micrometers, and this enables to create narrow S-curve much narrower than that
based on low frequency signals.
In addition to receiving narrow S-curve, HF method allows suppress influence of
adjacent layérs on the useful focus servo signallf multilayer disc is read, all layers reflect
5 incident laser beam, and finally, all reflected beams are captured by photo receiver. It is
clear, that beams that are reflected from adjacent to actually read layer cause distortion of
useful optical response fromi layer to be read. But only useful beam (i.e. that reflected from
read layer) is amplitude modulated by HF information signal in contrast to all other
disturbing beams because of read spot is focused on the actually read layer only, and
10 another layers are illuminated by defocused spots. To this end, pits of adjacent layeérs
cannot be resolved by defocused spot. When disk is rotating, high frequency information
signals in the band with fi,r > 1 MHz have greater fréquency resolution than tracking and
focusing sensor signals fiervo < 0,1 MHz and all disturbing beams that are modulated in the
same as tracking and focusing servo signal low frequency range. So, if we singié HF
15 information signal out from entire photo receiver electric signals by means of high-pass
filter, then this signal will be cleared from disturbing influence of all other layers.
Therefore, there will be an immediate improvement of signal-to-noise ratio if we process
the detected high frequency signals from focus and track sensor instead of low frequency
focus and track signals.
20 Furthermore, the track sensor based on three spots with high frequency detection will
have a better signal-to-noise ratio than the known differential tracking methods, since the
amplitude of signals formed will be much greater. '
Both tracking and focusing sensors, ng, utilize HF signal for servo purposes are fully
compatible with actual optical heads. The electronic circuit of head signal processing unit
25 only should be upgraded. Example of appropriate electronic circuit is illustrated in FIG. 7.
As shown in FIG. 7, tracking unit includes photo receiver or photo receiver matrix
for High Frequency (HF) information signal, and photo receiver br photo receiver matrix
for trackingng servo signal F, and photo receiver or photo receiver matrix for tracking
servo signal E circuit for processing of electric signals from photo receivers or photo
30 receiver matrices for tracking servo signals that derives -tracking error signals. Tracking
— 'unit-includes-two-high‘pass—fi-lters-and—deteCtors-ofhigh—frequency-éignalS.—High-pasS-*ﬁ-ltefs’—‘~——'—“—”

followed by high frequency detectors are placed between photo receiver or photo receiver

12
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matrices for tracking servo signals outputs and inputs of circuit for processing of electric
signals from photo receivers or photo receiver matrices for tracking servo signals.

An identical layout of signal processing will be used to form high frequency focus
signals. Furthermore, the optical methods to form focus error signal can be different,
namely: astigmatic, full internal reflection, method of Fresnel bi-prism, method of
hologram gratings, etc.

Additionally, cut-off frequency of high pass filters f ¢yt o might satisfy the following
condition: '

Tservo high limit < L cutoff < Tinflow limit

where

fservo high limit - 1S upper limit of servo systems spectrum or/and upper limit of
spéctrum of radial and axial beats of spinning disc

finflowtimit -~ 1S lower limit of read information signal.

In accordance with still another embodimént of the present invention, an .optical
pickup device for reading data from multi-layer disks is -equipped with a beam:phase.-
corrector, which allows reducing aberrations of a reading beam to an acceptable level in
case of disk tilt or change in distance from an input surface to a reading data layer.

| Furthermore, the suggested corrector shall enable correcting both statistical and
dynamic phase aberrations of the beam’s wave front occurring during reading of the
spinning disk.

This embodiment relates to methods of constructing apparatuses for optical
recording/ reading of data using optical media (particularly disks) having at least two data
surfaces (layers) in the capacity of the medium separated by. thin transparent layers of
plastic.

During data reading, the laser beam focuses .on the data layer, the former being
modulated by data marks (pits), and at the same time additional beams are generated for
focus and tracking sensors as well as a beam aberration sensor for multiplayer disk
aberration correction.

An executive unit of beam aberration correction is introduced into the recording/

reading apparatus in order to correct beam aberrations; the mentioned unit may be based on

— . liquid-crystal or piezoelectric_effect, for example._

13
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A data signal amplitude value may be used for correcting tilt aberrations or spherical

~ aberrations. A device based on liquid crystal cell with transparent electrodes serves as an

executive unit or, to be more precise, an adaptive corrector. The cell is divided into several

zones by transparent electrodes along the area of an objective input pupil. The type and

--shape of the electrodes depend on the type of aberration corrected, e.g. radial tilt and

_spherical aberration.

Under the action of electric field, liquid crystals begin to orient along the electric
field line and create a local area of changing refraction index, the shape of this area being

determined by the electrode configuration. Degree of the change in refraction index and so

10 the local changes in the phase of beam’s wave front depend on electric field strength, i.e.

15

20

25

the voltage applied to the transparent electrodes.

In accordance with an additional aspect of the present invention a method of
generating a dynamic sensor of wave front aberrations for multi-layer optical disks is.
prdposed. It should provide: |

o assure generation of signal proportionate to the value of aberration; . -

e have speed of operation as high as the method of analyzing data signal amplitude;

. approximate in authenticity to the methods based on data signal jitter
analysis.

Reduced image contrast due to availability of different aberrations is described by

degradation coefficients. The following is a general definition of a degradation coefficient:

Caberrated v
(V) = C!a'ea[ (V() )

where

caberated (1)) _ image contrast at spatial frequency v for a wave front with aberrations;

Cl=l(y)-image contrast at spatial frequency v for a wave front without aberrations.

Then MTF with aberrations is described by such formula as:

cw)=[]6,u)-c*v)

_where

14
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8i(v) - degradation coefficients for different aberrations available in an observed

\

optical system.

According to some sources if aberrations are available, Optical Transfer Function of
a system is degraded the most in the sector of medium spatial frequencies. FIG. 8 shows
graphically the degradation coefficients of frequency-contrast parameter for spherical
aberration and comma.

Example 1.
Let us see how aberration affects an optical signal of DVD disk reading.

Spatial frequency of an edge of Optiéal Transfer Function equals:

24 2*0.6

v 2R 2700 ig46ipm
e T 0.65%10  mm i

Spatial frequency of the largest pits (147)

Vir = 2700pm — V"li =0,145
cutoff

Spatial frequency of the smallest pits (3T)

vy, =12500pm — ;Vél— =0,677
cutoff’

Respective values are given in FIG. 8.

It is seen that the degradation coefficient of Optical Transfer Function at frequency

V3T is 1,5+2,5 higher than the one at frequency V147

The amplitude of 14T pits is approximately 4 times larger than that of 3T pits due to
decreased ideal MTF, hence, it is these pits that generate an aberration sensor when
separating averaged data signal amplitude for aberration correction. At the same time,
Example 1 shows that the signal of 14T pits is 1,5...2,5 times less sensitive to aberrations
than that of 3T pits. Therefore, to increase sensitivity of the aberration sensor, it is
necessary that the input of 3T pit signal amplitude in the average amplitude of aberration
sensor error signal becomes dominant. It provides:

. Improving aberration compensation

o Broadening a dynamic range of aberration compensation.

In case of spherical aberration due to increased thickness of transparent layer when

reading optical disks with several data surfaces, the broadening of dynamic range of

15
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compensated spherical aberration makes it possible to increase the number of data layers

\

per one optical medium and retain quality of reading these layers.

The proposed method is such that an error signal of a system of automatic adjustment
(compensation) of aberrations of recording and/or reading devices for moving optical
media (particularly optical disks) is generated as defined below.

A high frequency data signal from an optical head photo receiver is used as an initial
signal. This signal goes to an amplifying correcting device which amplified the electric
signal from pits, furthermore, the amplification index of the said device is larger for signals
from short pits than for signals from long pits. After the initial signal is processes by such a’
device, the amplitude of pulse from small pits in the resulting signal shall be amplified to a
greater degree than the one from large pits; hence specific power of a signal from small pits
in the resulting signal increases compared to speciﬁc power of a signal from large pits.
Further, the said résulting signal is used to generate an error signal of .the system of
automatic adjustment (correction) of aberration. |

The mentioned amplifying correcting device may be an amplifier, wherein:the
depéndence of amplification coefficient on initial signal frequency is a monotone

increasing function for entire working range of initial signal frequencies; e.g. the

: ambliﬁcation coefficient may be directly proportional to the frequency of | amplified signal.

In accordance with additional aspect o the present invention, a method of generating
error signal of a system of automatic adjustment (compensation) of optical aberrations is
proposed, wherein an initial signal is a high frequency signal of optical disk reading, high
frequency signal being a series of electric pulse at the output of photo receiver under
influence of optical radiation modulated by pits of various length located on a moving
optical medium. Initial signal proceeds to the input of an amplifying correcting device
which amplifies the initial signal in such a way that the amplification index for pulse from

short pits is larger than that for pulse from long pits.

Additionally, amplifying correcting device may be an amplifier, wherein the

- dependence of amplification coefficient on initial signal frequency is a monotone .

increasing function for entire working range of initial signal frequencies.
Also, a resulting signal of amplifying correcting device proceeds to. an amplitude

detector, the output signal of which proceeds to a device of generating error signal for the

system of automatic aberration control (correction).
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It will be appreciated by persons skilled in the art that the present invention isnot limited
+by what has been particularly shown and described herein above. For example, An optical
pick-up method and device particularly is useful for multiiayer recording medium using in
low reflective information layers with reflectivity les than 10% per layer and preferably 1-5

5 %. Rather the scope of the invention is defined by the claims that follow:
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CLAIMS:

\

1. An optical pick-up device for multilayer recording medium comprising
a source of reading radiation, a detector of refelected signal, an optical system for focusing
the reading radiation into information layer and said detector of reflected signal, an

arrangement for focusing and tracking control and means for suppression interference of

layers reflected signals.

2. The optical pick-up device for multilayer recording médium as claimed in claim 1,
wherein said means for suppression interference of layers reflected signals provides

decreasing of said reading radiation coherence. . .

_ 3. The optical pick-up device for multilayer recording medium as claimed in claim 1,

wherein said source of reading radiation comprising a laser source emitting radiation

having at least two spectral components having different wavelength.

4. The optical pick-up device for multilayer recording medium as claimed_in claim 3,
wherein said multiplayer recording medium having information layers separated by
transparent spacers having thickness h and refraction coefficient n and wherein wavelength
difference of said spectral components AA satisfy follow requirement:

p _

T

where

A1 is a wavelength of spectral component 1;
A, is a wavelength of spectral component 2;
A is a thickness of épacer.. (interlayer distance);

n is a refraction index of spacer.

5. The optical pibk-up device for multilayer recording medium as claimed in claim 3,

wherein said spectral components are generated simultaneously.
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6. The optical pick-up device for multilayer recording medium as claimed in claim 3,

wherein said spectral components are generated sequentially. \

7. The optical pick-up device for multilayer recording medium as claimed in claim 4
wherein said source of reading radiation comprising a distributed reflection laser DBR- -

laser, having a first reflector grating adjusted for A, wave and a second reflector grating

adjusted for A, wave.

- 8. The optical pick-up device for multilayer recording medium as claimed in claim 4 -

wherein said source of reading radiation comprising a laser with a controlled external

resonator enabling adjustment for A; and A,.

9. The optical pick-up device for multilayer recording medium as claimed in claim

4 wherein said source of reading radiation providing substantially equal intensity for A,

and }\,2.

10. The optical pick-up device for multilayer recording medium as claimed in claim

7 wherein said source of reading radiation providing substantially equal intensity for A;

and 7\,2.

11. The optical pick-up device for multilayer recording medium as claimed in claim

8 wherein said source of reading radiation providing substantially equal intensity for A,

and 7\,2.
12. The optical pick-up device for multilayer recording medium as claimed in claim

1, wherein said means for suppression interference of layers reflected signals includes an

electro optical converters. -

13. The optical pick-up device for multilayer recording medium as claimed in claim

‘1, wherein said means for suppression interference of layers reflected signals includes an

converter based on Zeeman effect.
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14. The optical pick-ﬁp device for multilayer recording medium as claimed in claim
1 wherein said source of reading radiation comprising a laser with dynamic shiftof

generation wavelength caused by injection current changing.

5 15. The optical pick-up device for multilayér fecording medium as claimed in claim
6, wherein frequency of said spectral components sequential wavelength changing is out of

frequency range of read channel coded signal.

16. The optical pick—up device for multilayer recording medium as claimed in claim
10 1, wherein said arrangement for focusing and tracking control includes a photo receiver for
High Frequency (HF) information signal;
e a phbto receiver for focusing servo signal;

e a photo receiver for tracking servo signal; '

e acircuit for processing of electric signals from said photo receivers for
15 tracking and focusing servo signals that derives focus and tracking error

signals; o

high pass filters;

detectors of high frequency signals.

20 17. The optical pick-up device for multilayer recording medium as claimed in claim
16, wherein arrangement for focusing and tracking control includes wherein cut-off

frequency of said high pass ﬁlters f cutor satisfy follow condition:

fservo high limit < fcut off S finflow limit

25 where

fservo high limit - 1S upper limit of servo systems spectrum or/and upper limit of

spectrum of radial and axial beats of spinning disc

finflow limit* = 1S lower limit of read information signal.

30 18. The optical pick-up device for multilayer recording medium as claimed in claim

————1;-further-comprising—a-beam-phase-corrector,-which-allows-reducing-aberrations-of-a————
reading radiation.
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