
EP 0 227 445 B1 Description This invention relates to methods of and
apparatus for focusing servo control. It is known practice to read data
recorded on an optical disc recording track by applying a laser beam 5
through an objective lens which focuses a light spot on the recording
track. In order to provide clear data recognition, the objective lens
should be adjusted, with great accuracy, at a proper position with respect
to the optical disc recording track. For this purpose, a measured deviation
of the actual objective lens position from the optimum objective lens
position is converted into a focusing error signal which is applied to a
closed loop focusing servo circuit operable to reduce the focusing error
signal to zero. Various methods, 10  which include an astigmatic method, a
knife edge method, a Foucault prism method, a critical angle method and the
like, have been proposed to produce such a focusing error signal. In any
one of these methods, a light beam reflected from the optical disc is
applied through a lens which focuses a light spot on divided portions of a
photoelectric converter. However, the reflected light beam includes 0-order
and  first-order diffraction beams which interfere in the photoelectric
converter. Each time the light spot traverses the is  optical disc
recording track, the intensities of the 0-order and [err] first-order
diffraction beams change greatly and thereby superimpose a significant
disturbance on the focusing error signal. This disturbance has a serious
influence on the focusing servo control in a direction which saturates the
dynamic range of the focusing servo circuit thereby placing the focusing
servo control into a lock-off condition, particularly during an access mode
of operation for searching information recorded on the optical disc
recording track. 20     According to one aspect of the invention there is
provided a focusing control method utilising a photodetector for generating
a focusing error signal, a tracking error signal and an RF signal, and a
closed loop focusing servo circuit responsive to the focusing error signal
applied thereto for focusing a light spot in position on an optical disc,
the method being characterised by the steps of: detecting the focusing
error signal synchronously with the tracking error signal to produce a
first periodic 25 function signal; - detecting the focusing error signal
synchronously with the RF signal to produce a second periodic function
signal; converting the tracking error signal into a sine-wave signal having
a predetermined amplitude; converting the RF signal into a cosine-wave
signal having a predetermined amplitude; 30  multiplying the first periodic
function signal by the cosine-wave signal to produce a first component
signal; multiplying the second periodic function signal by the sine-wave
signal to produce a second component signal; adding the first and second
component signals to produce a composed disturbance signal; and subtracting
the composed disturbance signal from a signal containing the focusing error
signal applied to 35  said focusing servo circuit, thereby cancelling a
disturbance superimposed on said signal containing the focusing error
signal applied to the focusing servo circuit. According to another aspect
of the invention there is provided focusing control apparatus comprising: a
photodetector for generating a focusing error signal, a tracking error
signal and an RF signal; a closed loop focusing servo circuit responsive to
the focusing error signal applied thereto for focusing a 40  light spot in
position on an optical disc; said apparatus being characterised by: a
cancelling signal generator connected to said photodetector for producing a
cancelling signal, said cancelling signal generator including means for
detecting the focusing error signal synchronously with the tracking error
signal to produce a first periodic function signal, means for detecting the
focusing error signal synchronously with the RF signal to produce a second
periodic function signal, means for converting the 45  tracking error
signal into a sine-wave signal having a predetermined amplitude, means for
converting the RF signal into a cosine-wave signal having a predetermined
amplitude, means for multiplying the first periodic function signal by the
cosine-wave signal to produce a first component signal, means for
multiplying the second periodic function signal by the sine-wave signal to
produce a second component signal, and means for adding the first and
second component signals to produce the cancelling signal; and 50   said
focusing servo circuit including means connected to said cancelling signal
generator for subtracting the cancelling signal from a signal containing
the focusing error signal applied to said focusing servo circuit, thereby
cancelling a disturbance superimposed on said signal containing the
focusing error signal applied to the focusing servo circuit. A focusing
servo control method and apparatus embodying the invention, and to be
described in 55   greater detail hereinafter, is effective to cancel a
disturbance which may be superimposed on the focusing error signal provided
for the focusing servo circuit, and is operable to reduce the focusing
error signal to 



zero, particularly when an optical pickup traverses a recording track such
as during an access mode of operation. 2    EP 0 227 445 B1 The invention
will now be described by way of example with reference to the accompanying
drawings, throughout which like parts are referred to by like references,
and in which: Fig. 1 is a block diagram of a closed loop focusing servo
circuit for use in explaining the principles of the invention; 5     Fig. 2
is a graph of frequency versus gain and time delay representing the
characteristics of the closed loop focusing servo circuit shown in Fig. 1;
Fig. 3 contains views for use in explaining an astigmatic method of
operation of the circuit shown in Fig. 1; Fig. 4 is a diagram showing the
diffraction beams included in a light beam reflected from an optical disc;
10    Fig. 5 is a diagram showing a light spot projected on a
photodetector; Fig. 6 is a graph of frequency versus gain and time delay
for use in explaining the offset residual on the focusing error signal;
Fig. 7 is a graph of frequency versus gain and time delay for use in
explaining the offset residual on the drive signal; 15    Fig. 8 shows a
waveform of the focusing error signal; Fig. 9 shows a waveform of the drive
signal; Fig. 10 shows three waveforms for use in explaining the production
of a periodic function signal; Fig. 11 shows three waveforms for use in
explaining the production of another periodic function signal; Fig. 12
shows three waveforms for use in explaining the production of a first
component signal; 20    Fig. 13 shows three waveforms for use in explaining
the production of a second component signal; Fig. 14 shows three waveforms
for use in explaining a disturbance cancelling operation; Fig. 15 is a
block diagram showing a focusing control apparatus in accordance with one
embodiment of the invention; and Fig. 16 shows two waveforms of the
focusing error and drive signals obtained in the presence of a 25
significant disturbance on the focusing error signal; and Fig. 17 shows two
waveforms of the focusing error and drive signals obtained after the
disturbance has been cancelled. Prior to the description of the preferred
embodiment of the invention, the principle of the invention will be briefly
described in order to provide a basis for a better understanding of the
invention. 30     Referring to Fig. 1, there is shown a closed loop
focusing servo circuit 10 to which a target signal R(S) is applied. The
target signal R(S) corresponds to a deflection of a surface of an optical
disc, or an upward or downward change of position of the disc surface. The
target signal R(S) is coupled to an input of an adder 11 having another
input at which it receives a feedback signal X(S) indicative of a change of
position of the objective lens. The adder 11 subtracts the feedback signal
X(S) from the target signal R(S) and 35  generates an error signal
indicative of a change of position of the objective lens relative to the
disc. The error signal is applied to a photoelectric converter 12 which
converts the error signal into a corresponding electrical signal. The
electrical signal is fed to a focusing error detector 13. The focusing
error detector 13 generates a focusing error signal E(S) to a phase
compensating circuit 14 which generates a drive signal D- (S). The drive
signal D(S) is applied to a focusing actuator 15 which thereby moves the
objective lens with 40 respect to the disc surface in a direction tending
to achieve the target position. The characters  [err], [err], and [err]
designate the gains or sensitivities of the respective components 12, 13,
14 and 15. The characteristics of the closed loop control circuit of Fig. 1
are shown in Fig. 2, where G(S) is the closed loop gain given as [err] x
[err] x [err] x [err] and [err] is the phase delay. A disturbance W(S) is
shown schematically as being introduced into the signal to the focusing
error 45 detector 13, by a corresponding circuit block 17 and an adder 16.
The disturbance W(S) is produced due to the interference between the
0-order and [err] first-order diffraction beams in the light beam reflected
from the optical disc. The disturbance introduced into the focusing error
signal E(S) has a serious influence on the focusing error signal E(S) and
the drive signal D(S) in a direction acting to saturate the dynamic range
of the focusing servo circuit to place the focusing servo control into a
lock-off condition. 



50     The mechanism by which the disturbance W(S) is introduced will be
described in greater detail under the assumption that the focusing error
signal E(S) is obtained according to an astigmatic method as shown in Fig.
3(a), which utilises a photodetector placed at a position [err] between two
astigmatic points [err] and [err] of a light beam which is reflected from
the optical disc and has passed through a cylindrical lens L. As shown in
Fig. 3(b), the photodetector P has four divided portions I, II, III and IV,
separated from one another. 55 The shape and position of the relected light
spot formed on the photodetector P is dependent upon the distance between
the optical disc and the objective lens. In Fig. 3(b), the character So
indicates a circular light spot formed on the photodetector P when the
objective lens is positioned in focus with respect to the optical disc, the
character SN indicates an elliptical light spot formed on the photodetector
P when the 3    EP 0 227 445 B1 objective lens is at a shorter distance
from the optical disc, and the character [err] indicates an elliptical
light spot formed on the photodetector P when the objective lens is at a
longer distance from the optical disc. When a light spot is formed on the
photodetector P, currents   [err]  and [err] are derived from the
respective divided portions I, II, III and IV of the photodetector P. The
focusing error signal E(S) is obtained in 5  accordance with the expression
E(S) = ([err] + [err]) - ([err] + [err]). The disturbance W(S) is
introduced into the focusing error signal E(S) due to the diffraction of
the light beam reflected from the optical disc, as shown in Fig. 4, where
the light beam reflected from the optical disc is diffracted and includes
0-order and  first-order diffraction beams, these diffraction beams having
intensities dependent on the position of the light spot with respect to the
recording track. This is true 10  particularly for an optical disc of the
data writing type formed with grooves G. The 0-order and [err] first-order
diffraction beams interfere on the photodetector P, as shown in Fig. 5,
where the character a indicates the area where the 0-order and +
first-order diffraction beams interfere, the character b indicates the area
where the 0-order and - first-order diffraction beams interfere, and the
character c indicates the area on which only the 0-order diffraction beam
impinges. Even a small deviation of the reflected light spot S from is  the
centre of the photodetector P causes a significant increase in the
disturbance. The reflected light spot S will deviate from the centre of the
photodetector P due to optical system offset, disc skew, or various
astigmatic perturbations. The disturbance level changes each time the light
spot traverses the recording track. Particularly during an access mode of
operation for searching recorded information, a significant disturbance is
introduced into the focusing error signal, causing saturation of the servo
circuit dynamic 20  range and thereby placing the focusing servo control
into a lock-off condition. The influence of the introduced disturbance on
the focusing error signal E(S) and the drive signal D(S) may be expressed
as: [ERR] Figs. 6 and 7 show the residual offset transfer characteristics
for the ratios E(S)/W(S) and D(S)/W(S), respectively, in the presence of a
disturbance W(s) introduced into the closed loop control circuit of Fig. 1.
35  It will be seen that the gain for the ratio D(S)/W(S) is about 20 dB
greater than the gain for the ratio E(S)/W- (S) at frequencies greater than
10 kHz. The reason for this is that the drive signal D(S) is produced at
the output of the phase compensating circuit 13 to which the focusing error
signal E(S) is applied. Fig. 8 shows an output signal waveform which may
occur at the output of the focusing error detector 13 when the introduced
disturbance has a frequency around 10 kHz. Such a focusing error signal
E(S) Is 40  applied to the phase compensating circuit 14 where it is
amplified, as can be seen from the transfer characteristic curve of Fig. 7,
to exceed the dynamic range. The result is that the drive signal D(S)
saturates at voltages exceeding the power source voltages as shown in Fig.
9. This saturation places the focusing servo control into a lock-off
condition to bring the objective lens to a defocus position. The
disturbance W(S) introduced into the closed loop control circuit will be
described in greater detail. 45     Assuming that the pupil function
corresponds to a uniform circular opening, the following equations provide
proper approximations of light intensities 1a, lb and 1c on the respective
areas a, b and c: Ia = A + 2Bcos([err] + 2[err]v/q) Ib = A + 2Bcos([err] -
2[err]v/q)  ..... (3) Ic = C 55 where A is the sum of the light intensities
of the 0-order diffraction beam R(0) and the [err] first order diffraction
beams R(1) and expressed as A = | R(0) |[err] + | R(+1) |[err],B is the
product of the 0-order 



diffraction beam R(0) and the  first order diffraction beams R([err]1) and
expressed as B = | R(0) | x | R(1) |,C is the light intensity of the
0-order diffraction beam R(0) and expressed as C = | R(0) |[err],[err] is
the phase 4    EP 0 227 445 B1 difference between the 0-order diffraction
beam R(0) and the + or - first order diff raction beam and expressed as
exp[err] ={R(0) x R([err]1)[err]}/{| R(0) | x | R(1)[err] |},q is the
optical disc track pitch, and v is the position of the light spot relative
to the centre of the optical disc. It can be seen from these equations
that, each time the light spot traverses the recording track or 5  groove,
the light intensity la on the area a changes in a positive or negative
direction with respect to a constant value A and the light intensity lb on
the area b changes with respect to the constant value A in a direction
opposite to the direction of change of the light intensity 1a, whereas the
light intensity Ic on the area c Is held substantially at a constant value
C. According to the astigmatic method, a focusing error signal FE is
provided in such a manner as to  expressed by the following equation: FE =
([err] + [err]) - ([err] + [err]) (4) where   [err]  and [err] are the
currents obtained from the respective divided photodetector portions 1,11,
III 15 and IV. Using equations (3) which express the light intensities on
the areas a, b and c, equation (4) is rewritten as: FE = D + (E - F)
sin[err] sin(2[err]v/q) + (E + F) cos[err] cos(2[err]v/q) (5) 20 where E is
the value corresponding to the product of 2B and the difference of the area
a on the divided photodetector portions I and III from the area a on the
divided photodetector portions 11 and IV, F is the value corresponding to
the product of 2B and the difference of the area b on the divided
photodetector portions I and III from the area b on the divided
photodetector portions II and IV, and D is the product of A, 25  B and the
difference of the area a, b and c on the divided photodetector portions I
and III from the areas a, b and c on the divided photodetector portions II
and IV. The value D is approximately zero. Therefore, equation (5) is
simplified as: FE = M sin(2[err]rv/q + [err]) (6) 30 where [ERR] 40
Since equation (6) expresses the focusing error signal FE when R(S) = 0;
that is, when the light spot is in focus on the optical disc, it also
expresses the disturbance W(S) introduced into the closed loop control
circuit 10. Such a disturbance W(S) occurs particularly when the light spot
is offset from the centre of the photodetector P and changes due to disc
skew. Although the disturbance W(S) cannot be measured directly in the
closed loop control circuit, it presents a residual offset on the focusing
error signal E(S), as shown in 45  Fig. 8. The residual offset transfer
characteristic E(S)/W(S) can be expressed as: E(S)/W(S) =
G([err]).exp[[err]] (7) 50 This equation is rewritten as: E(S) =
MG([err])sin[2[err]v/q + [err] + [err]] (8) 55     The gain G([err]) and
the Phase [err] vary with variations in frequency, as shown in Fig. 6.
Equation (8) can be expanded in the following form: E(S) = MG([err])
cos[[err] + [err]]sin(2[err]v/q) + MG([err])sin [[err] +
[err]]cos(2[err]v/q) (9) 5    EP 0 227 445 B and E(S) = [err]sin(2[err]v/q)
+ [err]cos(2[err]v/q) (10) where 



a([err]) = MG([err])cos[[err] + [err]] [err] = MG([err])sin[[err] +  [err]]
10 It can be seen from equation (10) than the disturbance W(S) introduced
into the closed loop control circuit 10 can be measured from the
measurements of the periodic functions [err] and [err]. Description will be
made of the measurement of the disturbance W(S). 15     As well known in
the art, the tracking error signal is zero when the light spot is on the
track formed on the optical disc and has a positive or negative value when
the light spot is offset from the track. When the light spot traverses the
recording track, for example, during an access mode of operation, the
tracking error signal TE is expressed as: 20  TE = [err] sin(2[err]v/q)
where q is the track pitch and v is the position of the light spot with
respect to the centre of the optical disc. The main or RF signal obtained
from the photodetector during such an access mode is at maximum when the
light spot is on the recording track and thus the tracking error signal TE
is at minimum. The RF 25  signal is expressed as: RF = [err] cos(2[err]v/q)
so     Referring to equation (10), the following conditions occur when
cos(2[err]v/q) = 0: i) when v = q/4, sin(2[err]v/q) = 1 and thus E(S) =
[err] ii) when v = 3q/4, sin(2[err]v/q) = -1 and thus E(S) = [err] iii)
when v = 0, cos(2[err]v/q) = 1 and thus E(S) = [err],and iv) when b  = q/2,
cos(2[err]v/q) = -land thus E(S) = [err] 36     if the focusing error
signal E(S) is sampled and held when cos(2[err]v/q) = 0;that is, when the
main or RF signal is zero, the sampled value will correspond to the
periodic function [err] or [err]. The polarity of the focusing error signal
E(S) is reversed to obtain the periodic function signal [err] when v =
3q/4;that is, when the polarity of the tracking error signal TE is
negative. Similarly, if the focusing error signal E(S) is sampled and held
when sin(2[err]v/g) = O;that is, when the tracking error signal TE is zero,
the sampled value will 40  correspond to the periodic function [err] or
[err]. The polarity of the focusing error signal E(S) is reversed to obtain
the periodic function signal [err] when the polarity of the AC component of
the main or RF signal is negative. Fig. 10 shows several waveforms obtained
at the outputs of the photodetector while the light spot is traversing the
recording track or groove formed on the optical disc which is placed in a
somewhat eccentric 45  manner. The waveform 10a relates to the focusing
error signal FE, the waveform 1 Ob relates to the main or RF signal, and
the waveform 10c relates to the tracking error signal TE. The time interval
t-t indicates the time required for a full rotation of the optical disc.
The illustrated focusing error signal FE has a major portion residual due
to the disturbance introduced thereon when the light spot traverses the
recording track or groove. It is apparent from Fig. 10 that the main or RF
signal is expressed as cos(2[err]v/q)and the tracking so  error signal is
expressed as sin(2[err]v/q).It is, therefore, possible to obtain the
periodic function signal [err] by sampling the focusing error signal FE
each time the main or RF signal crosses zero and reversing the polarity of
the sampled value if the tracking error signal TE is negative at the
sampling time. The bold curve on the waveform 10a indicates the resulting
periodic function signal [err]. Fig. 11 shows several waveforms obtained at
the outputs of the photodetector while the light spot is 55  traversing the
recording track or groove formed on the optical disc. The waveform 11a
relates to the focusing error signal FE, the waveform 11b relates to the
tracking error signal TE, and the waveform 11c relates to the main or RF
signal. The time Interval t-t indicates the time required for a full
rotation of the optical disc. It is possible to obtain the periodic
function signal [err] by sampling the focusing error signal    EP 0 227 445
B1 FE each time the tracking error signal TE crosses zero and reversing the
polarity of the sampled value if the polarity of the main or RF signal is
negative. The bold curve on the waveform 11a indicates the resulting
periodic function signal [err]. As can be seen from equation (10), the
disturbance W(S) can be obtained by multiplying the periodic 5  function
signal [err] by sin(2[err]v/q),multiplying the periodic function signal
[err] by cos(2[err]v/q),and adding these products. It will be understood
that sin(2[err]v/q)corresponds to the tracking error signal TE having a
constant amplitude, for example 1, and cos(2[err]v/q)corresponds to the
main or RF signal having a constant 



amplitude, for example 1. Referring to Fig. 12, the waveform 12a relates to
the periodic function signal [err] which is multiplied by 10 the tracking
error signal TE, as shown by the waveform 12b, to produce a first
disturbance component a(w)- sin(2[err]v/q),as shown by the waveform 12c.
Referring to Fig. 13, the waveform 13a relates to the periodic function
signal [err] which is multiplied by the main or RF signal, as shown by the
waveform 13b, to produce a second disturbance component [err]
cos(2[err]v/q),as shown by the waveform 13c. 15     The produced first and
second disturbance components are added to obtain a composed disturbance
W'(S). A signal indicative of the composed disturbance is applied to the
adder 18 of the closed loop control circuit 10 so as to cancel the
disturbance W(S) superimposed on the focusing error signal E(S) in order to
obtain the primary focusing error signal E(S). Referring to Fig. 14, the
waveform 14a relates to the focusing error signal FE from which the
composed 20 disturbance W'(S). as shown by the waveform 14b, is subtracted
to provide a primary focusing error signal E(S), as shown by the waveform 1
4c. Although the composed disturbance is not equal completely to the
disturbance superimposed on the focusing error signal E(S) since the
composed disturbance is obtained by sampling the focusing error signal FE
at time intervals, the difference is too small to saturate the closed loop
focusing servo circuit, resulting in 25  a focusing lock-off condition.
Returning to Fig. 1, a disturbance cancelling circuit, generally designated
by the numeral 20, includes first and second synchronous detectors 20a and
20b. The first synchronous detector 20a detects the focusing error signal
FE synchronously with the tracking error signal TE to produce a periodic
function signal [err] which corresponds to the signal shown by the waveform
13a of Fig. 13. The periodic function 30  signal [err] Is applied to a
first multiplier circuit 28a to which the RF signal having a constant
amplitude is applied. The RF signal corresponds to the signal shown by the
waveform 13b of Fig. 13. The first multiplier circuit 28a multiplies the
periodic function signal [err] by the RF signal to produce a first signal
which corresponds to the signal shown by the waveform 13c of Fig. 13. The
second synchronous detector 20b detects the focusing error signal
synchronously with the RF signal to produce a periodic function signal
[err] 35 which corresponds to the signal shown by the waveform 12a of Fig.
12. The periodic function signal [err] is applied to a second multiplier
circuit 28b to which the tracking error signal TE having a constant
amplitude is applied. The tracking error signal TE corresponds to the
signal shown by the waveform 12b of Fig. 12. The second multiplier circuit
28b multiplies the periodic function signal [err] by the tracking error
signal TE to produce a second signal which corresponds to the signal shown
by the waveform 12c of Fig. 12. The first 40 and second signals are applied
to an adder circuit 30 where they are added to produce a signal indicative
of a composed disturbance W'(S) which corresponds to the waveform 14b of
Fig. 14. The composed disturbance indicative signal W'(S) is applied
through a switch 31 to the adder circuit 18 interposed between the focusing
error detector 13 and the phase compensating circuit 14 of the focusing
servo circuit 10 In order to cancel the disturbance W(S) introduced on the
focusing error signal FE. The switch 31 is closed 45  when the tracking
control is off. Referring to Fig. 15, there is illustrated one embodiment
of a focusing servo circuit in accordance with the invention. Like
reference numerals have been applied to Fig. 15 with respect to the
equivalent components shown in Fig. 1. The disturbance cancelling circuit
20 receives the tracking error signal TE, the focusing error signal FE and
the main or RF signal fed from the photodetector. The tracking error signal
is so  applied to a band pass filter 21a for filtering out the disturbance
and other electrical noise which may be superimposed on the tracking error
signal. For this purpose, it is preferable for the band pass filter 21 a to
have a pass band ranging from about 2 kHz to about 100 kHz. The filtered
signal is applied from the band pass filter 21 a to a zero crossing
detector 22a which produces a pulse to a gate circuit 24a each time the
filtered signal crosses zero. The gate circuit 24a has positive and
negative output terminals connected 55 respectively to waveform shaper
circuits 25a and 25b. The focusing error signal FE is applied to a band
pass filter 21b having the same characteristic as the band pass filter 21
a. The filtered signal is applied to sampling circuits 26a and 26c and also
through an inverter 23c to sampling circuits 26b and 26d. The RF signal is
applied to a band pass filter 21c having the same characteristic as the
band pass filter 21 a. The 7    EP 0 227 445 B1 



filtered signal is applied to a zero crossing detector 22b. The zero
crossing detector 22b produces a pulse to a gate circuit 24b each time the
filtered signal crosses zero. The gate circuit 24b has positive and
negative output terminals connected respectively to waveform shaper
circuits 25c and 25d. The filtered tracking error signal is also applied
from the band pass filter 21a to a comparator 23a which 5  compares the
filtered signal with zero. The comparator 23a produces a logic 1 level
signal to the gate circuit 24b which thereby passes the pulse from the zero
crossing detector 22b to the waveform shaper circuit 25c when the filtered
tracking error signal is positive. As a result, the waveform shaper circuit
25c produces a sampling pulse to cause the sampling circuit 26c to sample
the filtered focusing error signal fed thereto from the band pass filter
21b. The sampled value Is held in a holding circuit 27b. When the filtered
tracking 10 error signal Is negative, the comparator 23a produces a logic 0
level signal to the gate circuit 24b which thereby passes the pulse from
the zero crossing detector 22b to the waveform shaper circuit 25d. As a
result, the waveform shaper circuit 25d produces a sampling pulse to cause
the sampling circuit 26d to sample the inverted focusing error signal fed
thereto from the inverter 23c. The sampled value is held in the holding
circuit 27b. That is, the focusing error signal is sampled each time the
tracking error signal crosses 15 zero with its polarity being inverted
before it is sampled when the tracking error signal is negative at the
sampling times. It is, therefore, apparent that the output of the holding
circuit 27b corresponds to the periodic function signal [err] as indicated
by the waveform 12a of Fig. 12. The periodic function signal [err] is
applied to a multiplier circuit 28b. Similarly, the filtered RF signal is
also applied from the band pass filter 21 c to a comparator 23b which 20
compares the filtered signal with zero. The comparator 23b produces a logic
1 level signal to the gate circuit 24a which thereby passes the pulse from
the zero crossing detector 22a to the waveform shaper circuit 25a when the
filtered RF signal is positive. As a result, the waveform shaper circuit
25a produces a sampling pulse to cause the sampling circuit 26a to sample
the filtered focusing error signal fed thereto from the band pass filter
21b. The sampled value is held in a holding circuit 27a. When the filtered
RF 25 signal is negative, the comparator 23b produces a logic 0 level
signal to the gate circuit 24a which thereby passes the pulse from the zero
crossing detector 22a to the waveform shaper circuit 25b. As a result, the
waveform shaper circuit 25b produces a sampling pulse to cause the sampling
circuit 26b to sample the inverted focusing error signal fed thereto from
the inverter 23c. The sampled value Is held in the holding circuit 27a.
That is, the focusing error signal is sampled each time the RF signal
crosses zero with its 30  polarity being inverted before it is sampled when
the RF signal is negative at the sampling times. It is, therefore, apparent
that the output of the holding circuit 27a corresponds to the periodic
function signal [err] as indicated by the waveform 13a of Fig. 13. The
periodic function signal [err] is applied to a multiplier circuit 28a. An
automatic gain control circuit 29a receives the filtered tracking error
signal from the band pass filter 36 21 a and converts it into a tracking
error signal having a predetermined amplitude (in the illustrated case, 1).
The automatic gain control circuit 29a may be arranged to detect the
positive and negative peaks of the amplitude of the input signal and adjust
its gain in accordance with the detected peaks. The signal is fed from the
automatic gain control circuit 29a to the multiplier circuit 28b which
multiplies it by the periodic function signal [err] to produce an output
signal, as indicated by the waveform 12c of Fig. 12. A similar 40 automatic
gain control circuit 29b receives the filtered RF signal from the band pass
filter 21c and converts it into an RF signal having a predetermined
amplitude (in the illustrated case, 1). The signal is fed from the
automatic gain control circuit 29b to the multiplier circuit 28a which
multiplies it by the periodic function signal [err] to produce an output
signal, as indicated by the waveform 13c of Fig. 13. These output signals
are fed to an adder circuit 30 which adds them to produce an output signal
indicative of a composed 45 disturbance W'(S). The output signal is applied
through the switch 31 to the adder 18 which subtracts the composed
disturbance indicative signal from the focusing error signal to cancel the
disturbance W(S) superimposed on the focusing error signal E(S). The switch
31 is closed when the tracking control is off. Fig. 16 comprises waveforms
16a and 16b illustrating the focusing error signal E(S) and the drive
signal D(S), respectively, when the disturbance W(S) is not cancelled. It
can be seen from the waveform 16b that so  the drive signal D(S) is
saturated with a great offset residual thereon. Fig. 17 comprises waveforms
17a and 17b Illustrating the focusing error signal E(S) and the drive
signal D(S), respectively, when the disturbance W(S) is cancelled in
accordance with the teachings of the invention. As can be seen from the
waveform 17b, the drive signal D(S) has almost no offset residual thereon.
According to the preferred embodiment of the invention, the disturbance
which may be superimposed 55  on the focusing error signal can be cancelled
or minimised. This eliminates the possibility of the focusing servo control
shifting into a lock-off condition even during an operational mode where
the light spot Is 



traversing the recording track formed on an optical disc. It is, therefore,
possible to increase the speed of rotation of the optical disc in order to
increase the data transfer rate. It is also possible to reduce costs 8
EP 0 227 445 B1 through the use of an inexpensive optical pickup having a
slow response if the optical disc is intended to rotate at the same speed
as in conventional systems. Although the focusing error signal is obtained
according to an astigmatic method in the previously- described embodiment,
it will be appreciated that the invention can be used with other focusing
error 5  detecting methods. The same technique is effective in any case
where a disturbance is produced due to the interference of the 0-order and
first-order diffraction beams included in the light beam reflected from an
optical disc and superimposed on the focusing error signal when the light
spot traverses the recording track formed on the optical disc. 10 Claims 1.
A focusing control method utilising a photodetector (P) for generating a
focusing error signal (FE), a tracking error signal (TE) and an RF signal
(RF), and a closed loop focusing servo circuit (10) responsive to the
focusing error signal (FE) applied thereto for focusing a light spot in
position on an 15     optical disc, the method being characterised by the
steps of: detecting the focusing error signal (FE) synchronously with the
tracking error signal (TE) to produce a first periodic function signal;
detecting the focusing error signal (FE) synchronously with the RF signal
(RF) to produce a second periodic function signal; 20     converting the
tracking error signal (TE) into a sine-wave signal having a predetermined
amplitude; converting the RF signal (RF) into a cosine-wave signal having a
predetermined amplitude; multiplying the first periodic function signal by
the cosine-wave signal to produce a first component signal; multiplying the
second periodic function signal by the sine-wave signal to produce a second
component 25     signal; adding the first and second component signals to
produce a composed disturbance signal (W'(S)); and subtracting the composed
disturbance signal (W'(S)) from a signal containing the focusing error
signal (FE) applied to said focusing servo circuit(10), thereby cancelling
a disturbance (W(S)) superimposed on said signal containing the focusing
error signal (FE) applied to the focusing servo circuit (10). 30 2. A
method according to claim 1, wherein the step of producing the first
periodic function signal includes sampling the focusing error signal (FE)
each time the tracking error signal (TE) crosses zero, the focusing error
signal (FE) being inverted before it is sampled when the RF signal (RF) is
negative, and wherein the step of producing the second periodic function
signal includes sampling the focusing error 35     signal (FE) each time
the RF signal (RF) crosses zero, the focusing error signal (FE) being
inverted before it is sampled when the tracking error signal (TE) is
negative. 3.  Focusing control apparatus comprising: a photodetector (P)
for generating a focusing error signal (FE), a tracking error signal (TE)
and an RF 40     signal (RF); a closed loop focusing servo circuit (10)
responsive to the focusing error signal (FE) applied thereto for focusing a
light spot in position on an optical disc; said apparatus being
characterised by: a cancelling signal generator (20) connected to said
photodetector (P) for producing a cancelling signal (W'(S)), said
cancelling signal generator. (20) including means (22a,26a,26b) for
detecting the focusing 45     error signal (FE) synchronously with the
tracking error signal (TE) to produce a first periodic function signal,
means (22b,26c,26d) for detecting the focusing error signal (FE)
synchronously with the RF signal (RF) to produce a second periodic function
signal, means (29a) for converting the tracking error signal (TE) into a
sine-wave signal having a predetermined amplitude, means (29b) for
converting the RF signal (RF) into a cosine-wave signal having a
predetermined amplitude, means (28a) for multiplying so     the first
periodic function signal by the cosine-wave signal to produce a first
component signal, means (28b) for multiplying the second periodic function
signal by the sine-wave signal to produce a second component signal, and
means (30) for adding the first and second component signals to produce the



cancelling signal (W'(S)); and said focusing servo circuit (10) including
means (18) connected to said cancelling signal generator (20) 55     for
subtracting the cancelling signal (W(S)) from a signal containing the
focusing error signal (FE) applied to said focusing servo circuit (10),
thereby cancelling a disturbance (W(S)) superimposed on said signal
containing the focusing error signal (FE) applied to the focusing servo
circuit (10).    EP 0 227 445 B1 through the use of an inexpensive optical
pickup having a slow response if the optical disc is intended to rotate at
the same speed as in conventional systems. Although the focusing error
signal is obtained according to an astigmatic method in the previously-
described embodiment, it will be appreciated that the invention can be used
with other focusing error 5  detecting methods. The same technique is
effective in any case where a disturbance is produced due to the
interference of the 0-order and  first-order diffraction beams included in
the light beam reflected from an optical disc and superimposed on the
focusing error signal when the light spot traverses the recording track
formed on the optical disc. 10  Claims 1. A focusing control method
utilising a photodetector (P) for generating a focusing error signal (FE),
a tracking error signal (TE) and an RF signal (RF), and a closed loop
focusing servo circuit (10) responsive to the focusing error signal (FE)
applied thereto for focusing a light spot in position on an 15     optical
disc, the method being characterised by the steps of: detecting the
focusing error signal (FE) synchronously with the tracking error signal
(TE) to produce a first periodic function signal; detecting the focusing
error signal (FE) synchronously with the RF signal (RF) to produce a second
periodic function signal; 20     converting the tracking error signal (TE)
into a sine-wave signal having a predetermined amplitude; converting the RF
signal (RF) into a cosine-wave signal having a predetermined amplitude;
multiplying the first periodic function signal by the cosine-wave signal to
produce a first component signal; multiplying the second periodic function
signal by the sine-wave signal to produce a second component 25     signal;
adding the first and second component signals to produce a composed
disturbance signal (W'(S)); and subtracting the composed disturbance signal
(W'(S)) from a signal containing the focusing error signal (FE) applied to
said focusing servo circuit(10), thereby cancelling a disturbance (W(S))
superimposed on said signal containing the focusing error signal (FE)
applied to the focusing servo circuit (10). 30 2. A method according to
claim 1, wherein the step of producing the first periodic function signal
includes sampling the focusing error signal (FE) each time the tracking
error signal (TE) crosses zero, the focusing error signal (FE) being
inverted before it is sampled when the RF signal (RF) is negative, and
wherein the step of producing the second periodic function signal includes
sampling the focusing error 35     signal (FE) each time the RF signal (RF)
crosses zero, the focusing error signal (FE) being inverted before it is
sampled when the tracking error signal (TE) is negative. 3. Focusing
control apparatus comprising: a photodetector (P) for generating a focusing
error signal (FE), a tracking error signal (TE) and an RF 40     signal
(RF); a closed loop focusing servo circuit (10) responsive to the focusing.
error signal (FE) applied thereto for focusing a light spot in position on
an optical disc; said apparatus being characterised by: a cancelling signal
generator (20) connected to said photodetector (P) for producing a
cancelling signal (W(S)), said cancelling signal generator (20) including
means (22a,26a,26b) for detecting the focusing 45     error signal (FE)
synchronously with the tracking error signal (TE) to produce a first
periodic function signal, means (22b,26c,26d) for detecting the focusing
error signal (FE) synchronously with the RF signal (RF) to produce a second
periodic function signal, means (29a) for converting the tracking error
signal (TE) into a sine-wave signal having a predetermined amplitude, means
(29b) for converting the RF signal (RF) into a cosine-wave signal having a
predetermined amplitude, means (28a) for multiplying so     the first
periodic function signal by the cosine-wave signal to produce a first
component signal, means 



(28b) for multiplying the second periodic function signal by the sine-wave
signal to produce a second component signal, and means (30) for adding the
first and second component signals to produce the cancelling signal
(W'(S)); and said focusing servo circuit (10) including means (18)
connected to said cancelling signal generator (20) 55     for subtracting
the cancelling signal (W'(S)) from a signal containing the focusing error
signal (FE) applied to said focusing servo circuit (10), thereby cancelling
a disturbance (W(S)) superimposed on said signal containing the focusing
error signal (FE) applied to the focusing servo circuit (10).    EP 0 227
445 B1 4. Apparatus according to claim 3, wherein said means for detecting
the focusing error signal synchro- nously with the tracking error signal
includes a first circuit (22a,26a,26b) for sampling the focusing error
signal (FE) each time the tracking error signal (TE) crosses zero, and said
means for detecting the focusing error signal synchronously with the RF
signal includes a second circuit (22b,26c,26d) for 5      sampling the
focusing error signal (FE) each time the RF signal (RF) crosses zero. 6.
Apparatus according to claim 4, wherein said first circuit includes means
(22a) for producing a first drive pulse each time the tracking error signal
(TE) crosses zero, a first sampling circuit (26a,27a) responsive to the
first drive pulse for sampling the focusing error signal (FE), an inverter
(23c) for 10    inverting the focusing error signal (FE), a second sampling
circuit (26b,27a) connected to said inverter (23c), said second sampling
circuit (26b,27a) being responsive to the first drive pulse for sampling
the inverted focusing error signal (FE), and means (23b,24a) for applying
the first drive pulse to said first sampling circuit (26a,27a) when the RF
signal (RF) is positive and to said second sampling circuit (26b,27a) when
the RF signal (RF) is negative, and wherein said second circuit Includes
means (22b) 15     for producing a second drive pulse each time the RF
signal (RF) crosses zero, a third sampling circuit (26c,27b) responsive to
the second drive pulse for sampling the focusing error signal (FE), a
fourth sampling circuit (26d,27b) connected to said inverter (23c), said
fourth sampling circuit (26d,27b) being responsive to the second drive
pulse for sampling the inverted focusing error signal (FE), and means
(23a,24b) for applying the second drive pulse to said third sampling
circuit (26c,27b) when the tracking 20     error signal (TE) is positive
and to said fourth sampling circuit (26d,27b) when the tracking error
signal (TE) is negative. Revendicatlons 25  1. Proc~d6 de commando de
focalisation utilisant un photod6tecteur (P) pour generor un signal
d'erreur de focalisation (FE), un signal d'erreur de suivi de piste (TE) et
un signal radiofrdquence (RF), et un circuit asservi de focalisation a
boucle fermee (10) repondant au signal d'erreur de focalisation (FE)
applique A lui pour focaliser une tache lumineuse en position sur un disque
optique, Is proced6 6tant caracteris6 par les 6tapes de: so       d6tection
du signal d'erreur de focalisation (FE) de fagon synchronisee avec le
signal d'erreur do suivi de piste (TE) pour produire un premier signal de
fonction periodique; detection du signal d'erreur de focalisation (FE) de
fagon synchroniseo avec le signal radiofr6quence (RF) pour produire un
second signal de fonction periodique; conversion du signal d'erreur de
suivi de piste (TE) en un signal sinus de l'ondo ayant une amplitude 35
pr4determinde; conversion du signal radiofrdquence (RF) en un signal
cosinus de londe ayant une amplitude pr6determrnee; multiplication du
premier signal de fonction pdriodique par le signal cosinus de IConde pour
produire un premier signal de composante; 40  .    multiplication du second
signal de fonction p6riodique par le signal sinus de rondo pour produire un
second signal de composante; addition des premier et second signaux de
composante pour produire un signal de perturbation compos4 (W'(S)) ; et
soustraction du signal de perturbation compose (W'(S)) d'un signal
contenant le signal d'erreur de 45     focalisation (FE) applique audit
circuit asservi de focalisation (10), supprimant de la sorte une
perturbation (W(S)) superpos6e audit signal contenant le signal d'erreur de
focalisation (FE) appllqu6 audit circuit asservi de focalisation (10). 2.
Procide selon la revendication 1, dans lequel 1'6tape: de production du
premier signal de fonction 



50     pdriodlque comprend un dchantillonnage du signal d'erreur de
focalisation (FE) chaque fois que Is signal d'erreur de suivi de piste (TE)
passe par zero, le signal d'errour de focalisation (FE) 6tant inverse avant
qu'il no soit dchantillonn6 quand le signal radiofr~quence (RF) est
negatif, et dans loquel 1retape de production du second. signal de fonction
p6riodique comprend un 6chantillonnage du signal d'erreur de focalisation
(FE) chaque fois que le signal radiofr6quence (RF) passe par zero, lo
signal d'erreur de 65     focalisation (FE) dtant inverse avant qutil ne
soit 6chantillonn4 quand lI signal d'erreur de suivi de plste (TE) est
negatif. 3  Appareil de commande do focalisation compronant: 10~~~~~~~
111111111111111111    EP 0 227 445 BI un photod6tecteur (P) pour g6n6rer un
signal d'erreur de focalisation (FE), un signal d'erreur de suivi de piste
(TE) et un signal radiofr6quence (RF); un circuit asservi de focalisation a
boucle ferm6e (10) r6pondant au signal d'erreur de focalisation (FE)
applique h lui pour focaliser une tache lumineuse en position sur un disque
optique; iPapparell 5      etant caracteris par: un gen~rateur de signal de
suppression (20) reli6 audit photodetecteur (P) pour produire un signal de
suppression (VV'(S)), ledit g6n6rateur de signal de suppression (20)
comprenant un moyen (22a, 26a, 2Bb) pour detecter le signal d'erreur de
focalisation (FE) de fagon synchronisee avec le signal d'errour de suivi de
piste (TE) pour produire un premier signal de fonction p~riodique, un moyen
(22b, 2Bc, 10     26d) pour d~tecter le signal d'erreur de focalisation
(FE) de fagon synchronisee avec le signal radiofrequence (RF) pour produire
un second signal de fonction periodique, un moyen (29a) pour convertir le
signal d'erreur de suivi de piste (TE) en un signal sinus de l'onde ayant
une amplitude pred~terminee, un moyen (29b) pour convertir IB signal
radiofrequence (RF) an un signal cosinus de Ponde ayant une amplitude
pr6determin6e, un moyen (28a) pour multiplier le premier-signal de fonction
15     periodique par le signal cosinus de Ponde pour produire un premier
signal de composante, un moyen (28b) pour multiplier le second signal de
fonction periodiqua par le signal sinus de l'onde pour produire un second
signal de composante, et un moyen (30) pour additionner lee premier at
second signaux de composante pour produirs le signal de suppression (W'(S))
; et par ledit circuit asservi de focalisation (10) comprenant un moyen
(18) relie audit g6n6rateur de signal de 20     suppression (20) pour
soustraire le signal de suppression (Wi'(S)) d'un signal contenant le
signal d'erreur de focalisation (FE) appliqu6 audit circuit asservi de
focalisation (10), supprimant de la sorte une perturbation (W(S))
superpos~e audit signal contenant ie signal d'erreur de focalisation (FE)
appliqu6 audit circuit asservi de focalisation (10). 25  4. Appareil solon
la revendication 3, dans lequel ledit m oyen pour d6tecter le signal
d'erreur de focalisatlon. de fagon synchronisee avec le signal d'erreur de
suivi de piste comprend un premier circuit (22a, 26a, 26b) pour
echantillonner le signal drerreur de focalisation (FE) chaque fois qua le
signal d'errour de suivi de piste (TE) passe par zero, et dans lequel ledit
moyen pour d~tecter le signal doerreur de focalisation de fagon
synchronis6e avec le signal radiofrequence comprend un second 30
circuit (22b, 26c, 26d) pour echantillonner le signal d'errour de
focalisation (FE) chaque fois quo le signal radiofrequence (RF) passe par
zero. 5. Appareil selon la revendication 4, dans lequel ledit premier
circuit comprend un moyen (22a) pour produire une promibre impulsion
d'actionnement chaque fols quo le signal d'erreur de suivi de piste 36
(TE) passe par zero, un premier circuit d'6chantillonnage (2Ba, 27a)
sensible & la premlbre impulsion d'actionnoment pour echantillonner le
signal d'erreur de focalisation (FE), un inverseur (23c) pour inverser le
signal d'erreur de focalisation (FE), un second circuit d'echantillonnage
(26b, 27a) refid audit inverseur (23c), [edit second circuit
d'dchantillonnage (26b, 27a) etant sensible a la premibre impulsion
d'actionnement pour 6chantillonner le signal d'erreur de focalisation (FE)
inverse, et un moyen (23b, 40     24a) pour appliquer la premiere impulsion
d'actionnement audit premier circuit d'echantillonnage (26a, 27a) quand le
signal radiofrequence (RF) est positif et audit second circuit
d'4chantilionnage (26b, 27a) quand le signal radiofrdquence (RF) est
negatif, et dans lequel ledit second circuit comprend un moyen (22b) pour
produire une seconde impulsion d'actionnement chaque fois quo le signal
radlofr~quence (RF) passe par zero, un trolsibme circuit d'echantillonnage
(28c, 27b) sensible A la seconde impulsion 45     d'actionnement pour
schantillonner le signal d'erreur de focalisation (FE), un quatribme
circuit d'echan- 



tillonnage (26d, 27b) relie audit inverseur (23c), ledit quattibme circuit
d'echantillonnage (26d, 27b) 6tant sensible A la seconde impulsion
d'actionnement pour echantillonner le signal d'erreur de focalisation
inverse (FE), et un moyen (23a, 24b) pour appliquer la second. Impulsion
d'actionnement audit troisieme circuit d'echantillonnage (26c, 27b) quand
le signal d'erreur de suivi de piste (TE) est 50     positif et audit
quatrieme circuit d'6chantillonnage (26d, 27b) quand le signal d'erreur de
suivi de piste (TE) est n6gatif. AnsprUche 55  1. Fokussiersteuerverfahren,
welches oinen Photodetektor (P) zum Erzougen elnes Fokussferfehlersignals
(FE), sines Nachlauffehlorsignals (TE) und aines HF-Signals (RF), und eonen
auf das Fokusslersteuersi- gnal (FE) ansprechenden ruck-gekoppelten
Fokussierservoschaltkreises (10) zum an die rlchtige Stelle Fokussieren
sines Lichtflecks auf eaner optischen Platte verwendet, 11
I 1111111 111111 11111111111 1 M   S    EP 0 227 445 Bi gekennzeichnet
durch: Erfassen des Fokussierfehlersignals (FE) synchron mit dem
Nachlauffehlersignal (TE) zur Erzeugung eines Signals elner ersten
perlodischen Funktion, Erfassen des Fokussierfehlersignals (FE) synchron
mit dem  HF-Signal (FR) zum Erzeugen eines s      Signals elner zweiten
periodischen Funktion, Umwandeln des Nachlauffehiersignals (TE) in ein
Sinuswellensignal vorbestimmter Amplitude, Umwandeln des HF-Signals (RF) In
ein Cosinuswellensignal vorbestimmter Amplitude, Multiplizieren des Signals
der ersten periodischen Funktion mit dem Cosinuswellensignal zum Erzeu- gen
eines ersten Komponentensignals, 10     Multiplizieren des Signals der
zweiten periodischen Funkrion mit dem Sinuswellensignal zum Erzeugen eines
zweiten Komponentensignals, Addieren des ersten und zweiten
Komponentensignals zum Erzeugen eines zusammengesetzten Storgr6l3ensignals
(W(S)) und Subtrahieren des zusammengesetzten StOrgr6fensignals (W(S)) von
elnem das an den Fokusslerservoschaltkreis (10) angelegte
Fokusslerfehlerslgnal (FE) enthaltenden 16     Signal, wobel eine dsm das
an den Fokussierservorschaltkreis (10) angelogte Fokussierfehlersignal (FE)
enthaltenden Signal Oberlagerte StorgroIe (W(S)) aufgehoben wird. 2.
Verfahren nach Anspruch 1, wobei der Schritt der Erzeugung des Signals der
ersten perlodischen Funktion ein Abtasten des Fokussierfehlersignals (FE)
jedesmal beim Nulldurchgang des Nachlauffeh- 20     lersignals (TE) umfaBt,
wobei das Fokussierfehlersignal (FE) be! negativem HF-Signal (RF) vor dem
Abtasten invertlert wird, und wobel der Schritt der Erzeugung des Signals
der zweiten periodischen Funktion ein Abtasten des Fokussierfehiersignals
(FE) jedesmal beim Nulldurchgang des HF-Signals (RF) umfalt, wobsi das
Fokussierfehlersignal (FE) bei negativem Nachlauffehlersignal (TE) vor dem
Abtasten invertlert wird. 25 3  Fokussiersteuervorrichtung mit einem
Photodetektor (P) zum Erzeugen eines Fokussierfehlersignals (FE), eines
Nachlauffehlersignals (TE) und eines HF-Signals (RF), und elnem auf das
Fokussierfehlersignal (FE) ansprechenden rickgekoppelten
Fokusslerservoschaltkrels 30     (10) zum an die richtige Stelle
Fokussieren eines Lichtflecks auf einer optischen Platte, gekennzelchnet
durch elnen mit dem Photodetektor (P) verbundenen Aufhebesignalgenerator
(20) zum Erzeugen eines Aufhebesignals (W'(S)), der eine Einrichtung (22a,
26a, 26b) zum Erfassen des Fokussierfehlersignals (FE) synchron mit dem
Nachlauffehlersignal (TE) zum Erzeugen eines Signals einer ersten periodi-
35     schen Funktlon, sine Einrichtung (22b, 22c, 26d) zum  Erfassen des
Fokusslerfehlersignals (FE) synchron mit dem HF-Signal (RF) zum Erzeugen
eines Signals elner zweiten periodischen Funktion, eine Efnrichtung (29a)
zum Umwandeln des Nachlauffehlersignals (TE) in ein Sinusweliensignal
vorbe- stimmter Amplitude, eine Einrichtung (29b) zum Umwandeln des
HF-Signals (RF) In ein Cosinuswellen- signal vorbestimmter Amplitude, eine
Einrichtung (28a) zum Multiplizieren des Signals der ersten 40
periodischen Funktion mit dem Cosinuswellensignal zum Erzeugen eines ersten
Komponentensignals, eine Einrichtung (28b) zum Multiplizieren des Signals
der zweiten periodischen Funktion mit dem 



Slnuswellensignal zum Erzeugen sines zweiten Komponentensignals, und elne
Einfichtung (30) zum Addieren des ersten und zweiten Komponentensignals zum
Erzeugen des Aufhebeslgnals (W'(S)) aufwelst, wobei 4S     der
Fokussierservoschaltkreis (10) eine mit dem Aufhebesignalgenerator (20)
verbundene Elnrichtung zum Subtrahieren des Aufhebesignals (WV(S)) von
einem das an den Fokusslerservoschaltkreis (10) angelegte
Fokussierfehiersignal (FE) enthaltenden Signal, wobel esine dem das an den
Fokussierservo- schaltkreis (10) angelegte Fokussierfehlersignal (FE)
uberlagerte Stdrgrdfile (W(S)) aufgehoben wird, aufweist. 50 4. Vorrlchtung
nach Anspruch 3, wobei die Einrichtung zum ErFassen des
Fokusslerfehlersignals synchron mit dem Nachlauffehlersignals sinen ersten
Schaltkreis (22a, 26a, 26b) zum Abtasten des Fokussierfeh- lersignals (FE)
jedesmal beim Nulidurchgang des Nachlauffohlersignals (TE) aufweist, und
wobel die Einrichtung zum  Erfassen des Fokusslerfahlersignals synchron mit
dem  HF-Signal einen zwelten 55     Schaltkreis (22b, 26c, 26d) zurn
Abtasten des Fokussierfehlersignals (FE) jedesmal beim Nulldurchgang des
HF-Signals aufweist. 5. Vorrichtung nach Anspruch 4, wobei der erste
Schaltkreis eine Einrichtung (22a) zum Erzeugen elnes f                |
1||}|ll ~~~~~~~111l l11 Hl~l 11 111    EP O 227 445 B1 ersten
Steuerimpulses jedesmal beim Nulidurchgang des Nachlauffehlersignals (TE),
einen auf den ersten Steuerimpuls ansprechenden ersten Abtastschaltkreis
(26a, 27a) zum Abtasten des Fokussier- fehiersignals (FE), einen Inverter
(23c) zum Invertieren des Fokussierfehlersignals (FE), einen mit dem
Inverter (23c) verbundenen und auf den ersten Steuerimpuls ansprechenden
zweiten Abtastschaltkreis 5      (26b, 27a) zum Abtasten des invertierten
Fokussierfohlersignals (FE) und eine Elnrichtung (23b, 24a) zum Anlegen des
ersten Steuerimpulses an den ersten Abtastschaltkrels (26a, 27a) bel
positivem HF- Sginal (RF) und an den zweiten Abtastschaitkreis (2Bb, 27a)
be! negativem HF-Signal aufweist, und wobel der zweite Schaltkreis eine
Einrichtung (22b) zum Erzeugen elnes zweiten Stauerimpu(ses jedesmal beim
Nuildurchgang'des HF-Signals (RF), einen auf den zwelten Steuerimpuls
ansprechenden J0    *Abtastschaltkreis (26c, 27b) zum Abtasten des
Fokussierfehiersignals (FE), ainen mit dem Inverter (23c) verbundenen und
auf den zweiten Steuerimpuis ansprechenden vierten Abtastschaltkreis (26d,
27b) zum Abtasten des invertierten Fokussierfehlersignals (FE) und elne
Einrichtung (23a, 24b) zum Anlegen des zweiten Steuerimpulses an den
dritten Abtastschaltkrais (26c, 27b) bei positivem Nachlauffahlersi- gnal
(TE) und an den vierten Abtastschaltkreis (26d, 27b) be! negativem
Nachlauffehlersignal (TE) 15     aufweist. 20 26 30 35 40 45 50 55 13    


