1 ,; back device for optical |nfornat|on %%i

haw ng a ser\%%c‘%’rﬂq%& ircuit and nethod for treati ré )(ﬁ?
S|gnals in such a device The invention relates to a recording or
pl ayback 1

Recording or playback device for optical information
carriers having a servo control circuit and method for
treating error signals in such a device

5 The invention relates to a recording or playback
device for optical information carriers having a servo
control circuit and a method for treating an error signal
in the servo control circult in accordance with the
preamble of Claims 1 and 4. In particular, the invention

10 relates to the servo control circuit of a recording or
playback device for optical information carriers which is
capable of compensating for a mechanical shock and to a
method for compensating a mechanical shock.

Recording and playback devices for optical

15 information carriers have servo control circuits in order
to compensate for deviations or errors such as tracking
errors and/or focus errors, the error signals being derived
from measured values of an optical scanning unit and
processed in a servo unit to form control signals and these

20 control signals being fed to the actuators of the optical
scanning unit. The term error signal is understood below as
the error signals, i.e. focus error signals and/or tracking
error signals, etc., which have already been referred to.
Recording or playback devices for optical information

25 carriers are for example CD players, magneto-optical
recording and/or playback devices, CD-ROM players, video
disc recording and/or playback devices etc. Error signals
have different causes such as for example slight curvature
of the optical disc, slight inclination of the disc with

30 respect to the drive axis etc. Furthermore, error signals
are caused by shocks, a shock signifying an undesired
sudden movement of the recording or playback device, that
is to say being a mechanical event.

A known servo control circuit (illustrated in

35 Fig. 3) of a recording or playback device has different
amplifiers for the error signal. In the present case, three
amplifiers are provided which are used depending on the
state of the recording or playback device. Thus, during
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device for opti nformation carriers having a servo control C|r9% and
a. met hod for ?Pééppﬁ *BH error signal in the servo control cird

accordance with the preanble of Clainms 1 and 4. In particular, the

i nvention relates to the servo control cir?uit of a recording or playback
device for optical information carriers whfich is capabl e of conpensating
for a nmechanical shock and to a nethod for conpensating a nechani cal shock.
Recording ansorpldygekratigei cdse eoror spghedl pattorimt swhtehedi &0s dave

Servo contr ol saileul hapiNepIfer JOuROTPeRsaEcLors It @RS Rbaer 101 s guch

as tracking errors_an s errors, the error I gna bei ng derived
from measur ed SWAtG8edof tan 8pt Fe&PRdcaAMPAYLVHAY a%%ans "and for  shock

compensation it is switched to a third amplifying means. In
5 order to detect defects such as black dots or scratched
discs for example, a defect detector is used which acts on
a change-over switch between the amplifiers. The shock
which is a sudden movement of the housing is detected by a
specific shock detector, which, in addition to the defect
10 detector, also acts on the switching over of the
amplification means. Such a shock detector requires a
certain time of approximately 1 to 2 ms in order to detect
the shock. Owing to this delay, the servo circuit, i.e. the
servo controller, is not sufficiently robust with respect
15 to the shock, since the control wvoltage of the shock
detector is not available, for example, until the shock is
already past.

In addition, UsS-PS 4,475,182 discloses a focus
servo control system for automatically setting a relative
20 distance between an objective lens and a recording surface
of an optical recording medium, the optical scanning unit
having a four-quadrant sensor and generating a focus error
signal by means of a differential amplifier. In order to
compensate for relatively intensive external disturbances,
25 i.e. shocks, the error signal 1s amplified in an
appropriate amplifier upstream of the servo controller, the
gain factor of the amplifier being controlled by a gain
controller. This gain controller increases the gain of the
amplifier as a function of the increase in the error
30 signal. Although the necessity of a shock detector is
obviated with this known device, strong mechanical effects
on the device are not sufficiently compensated owing to the
limitation of the gain, with the result that the method
does not function sufficiently reliably in the case of

35 portable devices.
Therefore, the invention is based on the object of
providing a servo control circuit for controlling the
scanning unit of a recording or playback device and a
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prqocessed in a_servo ' gntrol signals and these control, signals
being fed to ?ﬂésgetgmpggﬂ g= Khlics i cal scanning unit. The t& R%0R6r
si‘gnal i s understood qmgm ml JﬂFror signals, i.e. focus error signals
and/ or tracking error ,

whi ch_have al ready been referred to.
Recordi ng or playback devices for optical Pnformation carriers are for
exanple CD players, nmagneto-optical recording and/or playback devices,
CD- ROM pl ayer getheiddéorditseaiénor drngrantignal pl By bsiedh devdeekscat cso Rrhrady
signal s have diff er gayicauses; suel @ﬁtﬁgglgxarmlseer%ﬂﬁ% cugyat ube i dihe.
optical disc, slight inclination o? the disc wth respect to the drive axis
etc. Further nBe€hapical 8fEREEE- are caused by shocks, a shock signifying an

undesi r ed The object is achieved with features specified in

'5 main claims. Preferred refinements of the invention are the
subject-matter of the subclaims.

The present invention relates to a method for
treating error signals in a servo control circuit of a
recording or playback device for optical information

10 carriers, the method having the following steps: derivation
of an error signal, in particular of a tracking error
signal and/or focus error signal, from the measurement
gignals of an optical scanning unit, non-linear
amplification of the error signal, and derivation of a

15 control signal from the non-linearly amplified error signal
in order to control a corresponding actuator of the optical
scanning unit. Preferably, the sign of
the error signal is added to the non-linearly amplified
error signal, since the sign includes direction

20 information. The non-linear treatment of the error signal
can be brought about by squaring the error signal. Other
non-linear amplification functions are possible and are
selected as a function of the required, non-linearly
amplified error sigmal.

25 Furthermore, the present invention relates to a
servo control circuit in a recording or playback device
with an optical scanning unit for generating information
signals, including error signals, in particular focus error
signals and/or tracking error signals, an amplification

30 unit and a servo controller, the amplification unit having
a non-linear behaviour for the generation of a non-linearly
amplified error signal.

In addition, the amplifier unit of the servo
control circuit according to the invention provides the

35 non-linearly amplified error signal with the sign of the
error signal. The servo control circuit according to the
invention also contains a pre-amplifier for generating the
error signal. In order to speed up the computation process
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sudden .nmovement of thqhég or r playback device, that is to say being a
mechani cal e 060 ¢

0
. R o control circuit (iPI49%8 ed
in Fig. 3) of a recordi device has different anplifiers for

the error signal. Int i.' e, three anplifiers are provided which
are used depending on the state of the reébrding or playback device. Thus,
during

and simplify the circuit, the non-linear amplifier can be

formed with a look-up table. This advantageously permits a

simple adaptation of the circuit to the purpose of use,

permitting another, appropriately adapted amplification
5 function to be achieved with another look-up table.

The non-linear amplifier can also be formed with a
multiplier which squares the error signal, the sign of the
error signal being added to the squared error signal,
bypassing the multiplier, in a sign unit of the non-linear

10 amplifier.

In addition, the servo controel circuit according to
the invention advantageously contains a defect detector and
a linear amplifier for 1linearly amplifying the error
signal, the error signal being amplified linearly when a

15 defect has been detected. In addition, the servo control
circuit has a switch which switches between the linearly
and non-linearly amplified error signal as a function of
the output signal of the defect detector, so that the
corresponding linearly or non-linearly amplified error

20 signal is fed to the servo controller.

Furthermore, the servo control circuit has a driver
which drives the optical scanning unit as a function of the
control signal of the serveo controller.

The system or method according to the invention for

25 shock compensation in recording or playback devices for
optical recording carriers advantageously does not have its
own shock detector, so that the cost thereof is
consequently avoided. In addition, the system or method
also operates at shocks which are large in terms of

30 amplitude, since the disturbance 1is counteracted to a
greater degree even during the actual occurrence of the
shock. Owing to the non-linear amplification behaviour, the
control signal of the controller is sufficient to
compensate even large tracking deviations, in other words

35 the invention provides good tracking control or a “robust”
controller, In addition, in the case of a digital servo
controller the invention can be handled easily and can
easily be adapted to the corresponding use, for example by

| THIS SHEET HAS BEEN
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2 normal operation, the error signal path is switched to a first

anpl i fyi ng geéﬁ@ﬁopﬁoﬁéFects are detected it is switched to a SeGR{P26
anplifying means and for shock conpensation it is switched to a third
anplifying neans. In order to detect defects such as black dots or
scratched discs for exanple, a defect deteCtor is used which acts on a
change-over switch between the anplifiers. The shock which is a sudden
nmovenent of t laslapddgigng-hies miwt-elcitnedivbyamp Isifdciaftiions Movictderector exthinal in

addition to tReH6%8¢hs by changing the coefficients of a look-up table.

The invention is described in more detail below
with reference to the figures in which:

5 Fig. 1 shows a block diagram of a serve control
circuit according to the invention,

Fig. 2 shows the Dblock diagram of a further
embodiment according to the invention, and

Fig. 3 shows the block diagram of a conventional

10 servo control circuit.

Fig. 1 shows the block circuit diagram of a servo
control circuilt according to the invention, in which an
optical scanning unit 1 optically reads or writes to a
corresponding optical disc {not illustrated), - and

15 recomstructs from read signals not only the optical
information, for example audioc information, of the disc,
but alsc a corresponding error signal is generated from the
measured wvalues in a corresponding pre-amplifier 2 or
signal-conditioning unit 2 at its output. This error signal

20 is amplified by means of a non-linear amplifier unit 3, the
non-linear error signal at the output of the non-linear
amplifier 3 again having the same sign as the error signal,
in other words the sign is retained. A linear amplifier 4
is connected in parallel with the non-linear amplifier 3.

25 The outputs of both the linear amplifier 4 and the non-
linear amplifier 3 lead into a controllable switch 5 by
means of which a selection is made to determine which of
the two error signals, specifically either the non-linearly
amplified error signal or the linearly amplified error

30 signal, is fed to a servo controller 6. The controllable
switch 5 is controlled by a defect detector 7. The defect
detector 7 is connected to the pre-amplifier 2 and decides,
depending on the signal of the pre-amplifier 2, whether
there is a defect on the disc or not. If there is a defect,

35 such as for example scratches or black marks on the optical
disc, the linearly amplified error signal is transmitted to
the servo controller 6. If there is no defect, i.e. either
during normal operation or when the device is subjected to
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means. Such ED9ESE bs a certain tine of approf PR/d2f 1 to
2 ms in order to det Owning to this delay, the servo circuit,
i.e. the servo contr suffici ntly robust with respect to the
shock, since the control voltage of the sHock detector is not avail able,
for exanple, until the shock is already past. In addition, USPS

4, 475, 182 di scimesdsnd chdcsbosd, vaheonbnellisgatrkyn éwopl il edeerced | gigmil i ng
arelative d|§taQ&% %ﬁ&@%@ﬁ aQOobkﬁgtlggrbgnscgﬂgr€1£§gor@|ng¥ﬁgrf§&@ﬁ9f an
optical recording ne tical sScanni ng uni avi ng a four-quadrant
sensor and géﬁ@ﬁgpﬂﬁgra€$0@@ge§r@@pllable, 1n a known manner, control

output signals which control the actuators (not

detector al so aﬁ§§ th smntchlng over of the anpllflcatlon
k

5 illustrated) of the optical scanning unit 1 by means of a
driver 8. In the case of a digital implementation of the
circuit, appropriate A/D and/or D/A converters also have to
be provided in a known manner. In the digital case, the
non-linear amplifier 3 can be implemented by means of a

10 look-up table. It is also possible to implement it as a
multiplier.

Fig. 2 shows a preferred embodiment of the servo
control circuit in accordance with the invention, in which
the non-linear amplifier 3 has a multiplier 9 such that the

15 square of the error signal which is dinput into the
multiplier 9 is formed. Since the sign of the error signal
contains direction information for the optical scanning
unit 1, the sign, or the error signal associated with the
sign, is transmitted in parallel between the pre-amplifier

20 2 and the multiplier 9, bypassing the latter, into a sign
unit 10 which restores the original sign to the squared or
non-linear error signal. The rest of the circuit is
identical to the circuit corresponding to the block diagram
in Fig. 1, so that there 1is mno need for further

25 explanations.

Fig. 3 shows a block diagram of a conventional
servo control circuit in which identical components are
provided with identical reference symbols. The known
circuit has, in addition to the defect detector 7, a shock

30 detector 11 which detects the presence of a mechanical
shock from the signals of the pre-amplifier 2. The error
signal generated downstream of the pre-amplifier 2 is
transmitted into the linear amplifiers 12, 13 and 14 which
are connected in parallel. In this case, the amplifier 12

35 amplifies the error signal with a proportional gain, which
is suitable for a defect, the amplifier 13 amplifies the
error signal with a gain factor with normal proportionality
for normal operation, and the amplifier 14 has a greater

P 'H1S SHEET HAS BEEN
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signal by neans of a differential anmplifier. In order to conpensate for
relatively i nERTS0PE08Ker nal di sturbances, i.e. shocks, theD &2/®26
si'gnal is anplified in an appropriate anplifier upstrean1of t he servo
controller, the gain factor of the anpllfler being controlled by a gain
controller. This gain controller increases’the gain of the anplifier as a
function of the increase in the error signal. Al though the necessity of a
shock det ect ol ineagh\gadtrad whid:hth'ssskmbahlde\fbee,prside@:@gn@e@ﬁim«bm The

effects on th ffd cien n

limtation of %oﬂg%bg:_%%ﬁﬁ\% %% rées%ft taﬁéagsgﬂg %g#hgaggnogglﬁgt tbfoﬁzrtf‘ctl?%n

sufficiently éﬁﬁ?Ctnd?ﬁ§C§a§e7oﬁnéobYabh% gleatkedetector 11, so that
the signal which corresponds to the situation is present at

5 the output of the controllable switch 5 at the servo
controller 6.
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e invention is based on the object of providing a servo
$or6oR bR rolling the scanning unit of a recordlﬁg 8/ 026
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Patent claims

1. Recording or playback device for optical
information carriers with a method for treating error
signals in a servo control circuit, the method having the
following steps:

- derivation of an error signal, in particular
tracking error signal or focus error signal, from the
measurement signals of an optical scanning unit (1),

- non-linear amplification of the error signal, and

- derivation of a control signal from the non-
linearly amplified error signal for a corresponding
actuator of the optical scanning unit (1}.

2. Device according to Claim 1, characterized in - that
the non-linear amplification step includes adding the sign
of the error signal to the non-linearly amplified error
signal.

3. Device according to Claim 1, characterized in that
the step of non-linearly amplifying the error signal is
multiplying the error signal by itself.

4. Recording or playback device for optical
information carriers with a servo control circuit, an
optical scanning unit (1), an anmplifier unit (3} and a
servo controller (6), characterized in that an amplifier
unit (3) 1is provided with a non-linear behaviour for
generating a non-linearly amplified error signal.

5. Device according to Claim 4, characterized in that
the amplifier unit (3) has a sign unit in order to provide
the non-linearly amplified error signal with the sign of
the error signal.

6. Device according to Claim 4 or 5, characterized in
that the servo control circuit has a pre-amplifier (2) for
generating the error signal.

7. Device according to one of Claims 4 to 6,
characterized in that the non~linear amplifier (3) has a

look-up table which defines a non-linear amplification
— T T
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3 nethod for treating error a device, so that the dev
is egsent i AP OGEIIEAS; ¢t i vumﬂﬁﬂﬂﬂ"m“ﬂmﬂkcham cal effectsP 92/026
object is achieved with feat ur es’ S¢EC fidd Tn main clains. Preferred

refinenments of the invention are the subject-matter of the subclains.
The present invention relates to a nethod”for treating error signals in a

servo control

circuit of a recording or playback device for optical

ice
The

information darriers Davticenetdmpbriving the énél ovifng Gedps: deritvati 6p of
an error signdlaradidPadd Chanpdh Shd " AR AINn8E O amplifier (3) is a

10

15

multiplier which multiplies the error signal by itself.

9. Device according to Claim 8, characterized in that
the non-linear amplifier (3} contains a sign unit (10).

10. Device according to one of Claims 4 to 9,
characterized in that the servo control circuit contains a
defect detector (7) and a linear amplifier (4) for linearly
amplifying the error signal, the error signal being
linearly amplified when a defect is detected.

11. Servo control circuit according to Claim 10,
characterized in that the servo control circuit has a
switch (5) which switches between the linearly and the non-
linearly amplified error signal as a function of the output
signal of the defect detector (7).
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signal ,and/or_focus error signal, fromthe neasurenent signals_ of an
optical  scaPPPeRP6QHY non-linear anplification of the erPo?249%hal
and derivation of a control signal fromthe non-linearly anplified error
signal in order to control a corresponding actuator of the optical scanning
uni t. Preferably, the Pgn of the error signal is added
to the non-linearly anplified error signal, si nce t he sign includes
direction informati on. The non-linear Abebrasht of the error signal can be
brought about by squaring the error signal. OQher non-linear anplification
functions are possible and are selected as a function of the _required,
non-1inearly anplifi &PeTEmEighalayback devices for optical recording

carriers have a servo control circuit which controls the
5 tracking and the focus of an optical scanning unit 1 with

reference to an error signal. According to the invention,
the error signal is non-linearly amplified upstream of the
servo controller, in order to process strong external
mechanical effects, normally referred to as shocks, in such

10 a way that the tracking and the focus are retained or
adjusted. If there is a defect, such as a scratch on the
disc etc., a defect detector and a linear amplifier
connected in parallel with the non-linear amplifier are
additionally used, the linearly amplified or non-linearly

15 amplified error signal being fed to the servo controller as
a function of the output signal of the defect detector. The
sign of the error signal, which includes direction
information, is retained in the case of the non-linearly
amplified error signal.

20
{(Fig. 1)
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Fur.t hernore, the present invention relates to a servo control circuit in a
recordi ng or Q%éhﬁﬁ@ﬂi?vice with an optical scanning unit for Ye?@feR6 ng

information signals, including error signals, in particular focus error
signals and/or tracking error signals, an anplification unit and a servo
controller, the anplification unit having Bl non-1inear behaviour for the
generation of a non-linearly anplified error signal. In addition
the anplifier unit of the servbisbnof atefdrendd mewaadisng to the invention
provides the non-linearly anplified error signal with the sign of the error
signal. The servo control circuit according to the invention also contains

a pre-anplifier for generating the

1 - Optical scanning unit
5 2 - Pre-amplifier
3 - Non-linear amplifier
4 - Linear amplifier
5 - Controllable switch
6 - Servo controller
10 7 - Defect detector
8 - Driver
9 - Multiplier
10 - Sign unit
11 ~ Shock detector
15 12 - Linear amplifier
13 - Linear amplifier
14 - Linear amplifier
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err gsnjg order to speed up the conputation process
4 ?:1 Si #%h‘?gflt he circuit, the non-linear anplifier can be formed with a
| ook-up table. This advantageously permts a
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ng& n of the circuit to the purpose of use, permtting another,
app égrlate apted anplification function to be achieved w th anot her

| 6ok- up table The non-linear anplifier can also be formed with a
mul tiplier which squares the error signal, the sign of the error signa
bei ng added to the squared error signal, bypassing the nmultiplier, in a
sign unit of the non-linear anplifier.2/3 In addition, the servo
control circuit according to the invention advantageously contains a defect
detector and a linear anplifier for linearly anplifying the error signal,
the error signal being anplified linearly when a defect has been detected.
In addition, the servo contro
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circuit has a switch which switches between the linearly and non-linearly
anpliﬂteé)@(j@rb@i gnal as a function of the output signal of the defect
detector, so that the corresponding linearly or non-linearly anplified

error signal is fed to the servo controller. Furthernore, the servo
control circuit has a driver which drives the optical scanning unit as a
function of the control signal of the 38 vo controller. The system

or nethod according to the invention for shock conpensation in recording or
pl ayback devices for optical recording carriers advantageously does not
have its own shock detector, so that the cost thereof s
consequently avoided. In addition, the systemor nethod
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al so operates at shocks which are large in terns of anpli
di 8turbance is counteracted to a greater degree even duri
occukrence of the shock. OMng to the non-linear anplific
the control signal of +the <controller is sufficient

even | arge tracking deviations, in other words the invent
tracki ng control or a "robust" control l®r. In addition, i

ude, _since-the-...
ngi{ t he actual :

bt | op aypwigy | |

conpensat e

h the case of a |

digital. servo controller the invention can be handl ed easily and can easiTy
be adapted toResordinge opopdiayhagkedeficeefampbptiyal information

carriers having a servo control circuit and method for
treating error signals in such a device

The invention relates to a recording or playback
device for optical information carriers having a servo
control circuit and a method for treating an error signal
in the servo control circuit in accordance with the
preamble of Claims 1 and 4. In particular, the invention
relates to the servo control circuit of a recording or
playback device for optical information carriers which is
capable of compensating for a mechanical shock and to a
method for compensating a mechanical shock.

Recording and playback devices for optical
information carriers have servo control circuits in order
to compensate for deviations or errors such as tracking
errors and/or focus errors, the error signals being derived
from measured values of an optical scanning unit and
pfocessed in a servo unit to form control signals and these
control signals being fed to the actuators of the optical
scanning unit. The term error signal is understood below as
the error signals, i.e. focus error signals and/or tracking
error signals, etc., which have already been referred to.
Recording or playback devices for optical information
carriers are for example CD players, magneto-optical
recording and/or playback devices, CD-ROM players, video
disc recording and/or playback devices etc. Error signals
have different causes such as for example slight curvature
of the optical disc, slight inclination of the disc with
respect to the drive axis etc. Furthermore, error signals
are caused by shocks, a shock signifying an undesired
sudden movement of the recording or playback device, that
is to say being a mechanical event.

A known servo control circuit (illustrated in
Fig. 3) of a recording or playback device has different
amplifiers for the error signal. In the present case, three
amplifiers are provided which are used depending on the
state of the recording or playback device. Thus, during



5 adapting the non-linear anplification function to exterral conditions; b
changing the coefficients of a | ook-up table. The ifnvention is
described in nore detail belowwith reference to the figyré¢s i b MBYJ897
Fig. 1 shows a block diagramof a servo control circuit acg¢ording to the
I nventi on, 2

normal operation, the error signal path is switched to a
first amplifying means, if defects are detected it is
switched to a second amplifying means and for shock
compensation it is switched to a third amplifying means. In
order to detect defects such as black dots or scratched
discs for example, a defect detector is used which acts on
a change~over switch between the amplifiers. The shock
which is a sudden movement of the housing is detected by a
specific shock detector, which, in addition to the defect
detector, also acts on the switching over of the
amplification means. Such a shock detector requires a
certain time of approximately 1 to 2 ms in order to detect
the shock. Owing to this delay, the servo circuit, i.e. the
servo controller, is not sufficiently robust with respect
to the shock, since the control voltage of the shock
detector is not available, for example, until the shock is
already past.

In addition, US-PS 4,475,182 discloses a focus
servo control system for automatically setting a relative
distance between an objective lens and a recording surface
of an optical recording medium, the optical scanning unit
having a four-quadrant sensor and generating a focus error
signal by means of a differential amplifier. In order to
compensate for relatively intensive external disturbances,
i.e. shocks, the error signal is amplified in an
appropriate amplifier upstream of the servo controller, the
gain factor of the amplifier being controlled by a gain
controller. This gain controller increases the gain of the
amplifier as a function of the increase in the error
signal. Although the necessity of a shock detector is
obviated with this known device, strong mechanical effects
on the device are not sufficiently compensated owing to the
limitation of the gain, with the result that the method
does not function sufficiently reliably in the case of
portable devices.

Therefore, the invention is based on the object of
providing a servo control circuit for controlling the
scanning unit of a recording or playback device and a




Fig. 2 shows the block diagramof a further enbodi ment accoséis - the
I nvention, and Fig. 3 shows the block diagram of a%EBhMgﬁﬁEMﬁuﬂHEET
servo control circuit. Fig. 1 shows the block cirgugt- di agranofja

servo control circuit according to the invention, in whic qu39§7
scanning unit 1 optically reads or wites to a correspond'n 13% al

di sc (not illustrated), and reconstructs fromread sig

the opti.cal information, for exanple addio information, }of the dISC but
al so a corresponding error signal is generated fromthe
a corr espondithgdpferanpieafiie)y 2raorsisgralaleondi tsahi kg devitce2 o ithat
out put. Th%ﬁeerr85v§bgnalis essentially insensitive to  external

mechanical effects.

The object is achieved with features specified -in
main claims. Preferred refinements of the invention are the
subject-matter of the subclaims.

The present invention relates to a method for
treating error signals in a servo control circuit of a
recording or playback device for optical information
carriers, the method having the following steps: derivation
of an error signal, in particular of a tracking error
signal and/or focus error signal, from the measurement
signals of an  optical scanning unit, non-linear
amplification of the error signal, and derivation of a
control signal from the non-linearly amplified error signal
in order to control a corresponding actuator of the optical
scanning unit. Preferably, the sign of
the error signal is added to the non-linearly amplified
error signal, since the sign includes direction
information. The non-linear treatment of the error signal
can be brought about by squaring the error signal. Other
non—~linear amplification functions are possible and are
selected as a function of the required, non-linearly
amplified error signal.

Furthermore, the present invention relates to a
servo control circuit in a recording or playback device
with an optical scanning unit for generating information
signals, including error signals, in particular focus error
signals and/or tracking error signals, an amplification
unit and a servo controller, the amplification unit having
a non-linear behaviour for the generation of a non-linearly
amplified error signal.

In addition, the amplifier unit of the servo
control circuit according to the invention provides the
non-linearly amplified error signal with the sign of the
error signal. The servo control circuit according to the
invention also contains a pre-amplifier for generating the
error signal. In order to speed up the computation process



is anplified by means of a non-linear anplifier unit 3, h@f%ﬁﬁﬁwﬁjﬂﬁﬁﬂftl
error signal at the output of the non-linear anplifier 3jagain having th
same sign as the error signal, in other words the sign i et gy 1@7
linear anplifier 4 is connected in parallel with the nonjlinear anplifie
3. The outputs of both the linear anplifier 4 and the nofp- HTmear—anplifie
3 lead into a controllable swwtch 5 by~neans of which a $election_is nade
to determne which of the two error signals, specifically @i ther the
non- | i neafR§ &APPldifad e oriseyhbl thet or-liswdry amplified eanobesignal,
|s fed totermeavaieant dddi-d tHInLOMKRoL! 8BkantUbLGls Pyl BetRtLOl ed by
a def ect deteftor 7. .The defect detector / is conneCted t he
pre-anpl | FHEPLe &erdediges of the circuit to the purpose of use,

permitting another, appropriately adapted amplification
function to be achieved with another look-up table.

The non-linear amplifier can also be formed with a
multiplier which squares the error signal, the sign of the
error signal being added to the squared error signal,
bypassing the multiplier, in a sign unit of the non-linear
amplifier.

In addition, the servo control circuit according to

——

the invention advantageously contains a defect detector and
a linear amplifier for linearly amplifying the error
signal, the error signal being amplified linearly when a
defect has been detected. In addition, the servo control
circuit has a switch which switches between the linearly
and non-linearly amplified error éignal as a function of
the output signal of the defect detector, so that the
corresponding linearly or non-linearly amplified error
signal is fed to the servo controller.

Furthermore, the servo control circuit has a driver
which drives the optical scanning unit as a function of the
control signal of the servo controller.

The system or method according to the invention for
shock compensation in recording or playback devices for
optical recording carriers advantageously does not have its
own shock detector, so that the <cost thereof is
consequently avoided. In addition, the system or method
also operates at shocks which are large in terms of
amplitude, since the disturbance is counteracted to a
greater degree even during the actual occurrence of the
shock. Owing to the non-linear amplification behaviour, the
control signal of the .controller is sufficient to
compensate even large tracking deviations, in other words
the invention provides good tracking control or a “robust”
controller. In addition, in the case of a digital servo
controller the invention can be handled easily and can
easily be adapted to the corresponding use, for example by



depending on the signal of the pre-anplifier 2, whether there i's a de

on"the disc or not. If there is a defect, such as for ex | e gpgﬁgches
bl ack marks on the optical disc, the linearly amplified rrjor! Si I?%E
transnitted to the servo controller 6. If there is no defledt.—i.e._eithej

during normal operation or when the degice I's subjected tjo

adapting the non-linear amplification function to external
conditions by changing the coefficients of a look-up table.
. The invention is described in more detail below
with reference to the figures in which:

Fig. 1 shows a block diagram of a servo control
circuit according to the invention,

Fig. 2 shows the block diagram of a further
embodiment according to the invention, and

Fig. 3 shows the block diagram of a conventional
servo control circuit.

Fig. 1 shows the block circuit diagram of a servo
control circuit according to the invention, in which an
optical scanning unit 1 optically reads or writes to a
corresponding optical disc {not illustrated), and
reconstructs from read signals not only the optical
information, for example audio information, of the disc,
but also a corresponding error signal is generated from the
measured values in a corresponding pre-amplifier 2 or
signal-conditioning unit 2 at its output. This error signal
is amplified by means of a non-linear amplifier unit 3, the
non-linear error signal at the output of the non-linear
amplifier 3 again having the same sign as the error signal,
in other words the sign is retained. A linear amplifier 4
is connected in parallel with the non-linear amplifier 3.
The outputs of both the linear amplifier 4 and the non-
linear amplifier 3 lead into a controllable switch 5 by
means of which a selection is made to determine which of
the two error signals, specifically either the non-linearly
ampiified error signal or the linearly amplified error
signal, is fed to a servo controller 6. The controllable
switch 5 is controlled by a defect detector 7. The defect
detector 7 is connected to the pre-amplifier 2 and decides,
depending on the signal of the pre-amplifier 2, whether
there is a defect on the disc or not. If there is a defect,
such as for example scratches or black marks on the optical
disc, the linearly amplified error signal is transmitted to
the servo controller 6. If there is no defect, i.e. either
during normal operation or when the device is subjected to



6 .a mechanical shock, the non-linearly anplified error.spgnalziﬁfﬁ,ﬁﬁkb"
transmtted to the servo controller 6. The servo controkler 6 nakes
avail able, in a known manner, control output signals LwhuémNﬁMWSQm

t he actuators (not illustrated) of the optical scanning unit 1 by ndans
of a driver 8. In the case of a digitg inplenmentation pf the circurt,
appropriate A/D and/or D/ A converters also have to be ptovided in a _kno g
manner. I.n_t i.gi.t,al_.case, .the non-l.inear. anplif.ier 3 can _be.inplenmente
by means 2Pl i e Aty B s Ted cE R 6TEL a
is transmitted to the servo controller 6. The servo
controller 6 makes available, in a known manner, control

output signals which control the actuators (not
illustrated) of the optical scanning unit 1 by means of a
driver 8. In the case of a digital implementation of the
circuit, appropriate A/D and/or D/A converters also have to
be provided in a known manner. In the digital case, the
non~linear amplifier 3 can be implemented by means of a
look-up table. It is also possible to implement it as a
multiplier.

Fig. 2 shows a preferred embodiment of the servo
control circuit in accordance with the invention, in which
the non-linear amplifier 3 has a multiplier 9 such that the
square of the error signal which is dinput into the
multiplier 9 is formed. Since the sign of the error signal
contains direction information for the optical scanning
unit 1, the sign, or the error signal associated with the
sign, is transmitted in parallel between the pre-amplifier
2 and the multiplier 9, bypassing the latter, into a sign
unit 10 which restores the original sign to the squared or
non-linear error signal. The rest of the circuit is
identical to the circuit corresponding to the block diagram
in Fig. 1, so that there is no need for further
explanations.

Fig. 3 shows a block diagram of a conventional
servo control circuit in which identical components are
provided with identical reference symbols. The known
circuit has, in addition to the defect detector 7, a shock
detector 11 which detects the presence of a mechanical
shock from the signals of the pre-amplifier 2. The error
signal generated downstream of the pre-amplifier 2 is
transmitted into the linear amplifiers 12, 13 and 14 which
are connected in parallel. In this case, the amplifier 12
amplifies the error signal with a broportional gain, which
is suitable for a defect, the amplifier 13 amplifies the
error signal with a gain factor with normal proportionality
for normal operation, and the amplifier 14 has a greater



e aen

mul tiplier. Fig. 2 shows a preferred enbodi nent ofjthe servo
control circuit in accordance with the invention, in which}t e4 Qﬁﬁw
anplifier 3 has a nultiplier 9 such that the square of theje ror S|gna
which is input into the nultiplier 9 is fornmed. Since the jsi
signal contains direction information for the optical scanning unit 1, the
sign, or the error signal associated mth the sign, is transmtted in
paral |l el between the pre-anplifier 2 and the nultiplier 9, bypassing the

o non [11Hes Jo8, Ubi O 1 SULEASET BR:' BECRELBINY Sidld 2 B PRoared
C|rCU|tqﬂﬂﬁﬁﬂ%&ﬁhﬁ&mﬁ@%ﬁ@he9MkﬁW@E@E@P§hﬁtely controlled both by

the defect detector 7 and by the shock detector 11, so that

the signal which corresponds to the situation is present at

the output of the controllable switch 5 at the servo

controller 6.




in Fig. so that there is no need for furtheggﬁgﬁf?@ﬁm{bgﬁtET

Fig. 3 shows a bl ojﬂ“’ﬂﬁﬁ“ﬂ"i mulonventional servo c i I CLH-f~t1
whi ch identi cal ded with identical éferenﬁ _ E? S
The known circuit has, in-addition to the defect detectjod 7, 54 g“dé

detector 11 which detects the presence of a mechanical {shock fromthe
signals of the pre-amplifier 2. The egror signal genergted downstream of
the pre-anplifier 2 is transmtted into the linear anpliifiers.12.13-ard

whi ch are connected in parallm £#£kgfhf§§e the anplifier 12 anplifies

14

the error signal with a proportlona garn, which is suitable for a defect,

the anplifier 13 anplifies the
1. Recording or playback device for optical
information carriers with a method for treating error
signals in a servo control circuit, the method having the
following steps:

- derivation of an error signal, in particular
tracking error signal or focus error signal, from the
measurement signals of an optical scanning unit (1),

- non-linear amplification of the error signal, and

~ derivation of a control signal from the non-
linearly amplified error signal for a corresponding
actuator of the optical scanning unit (1).

2. Device according to Claim 1, characterized in that
the non-linear amplification step includes adding the sign
of the error signal to the non-linearly amplified error
signal.

3.0 Device accordihg to Claim 1, characterized in that
the step of non-linearly amplifying the error signal is
multiplying the error signal by itself.

4. Recording or playback device for optical
information carriers with a servo control circuit, an
optical scanning unit (1), an amplifier unit (3) and a
servo controller (6), characterized in that an amplifier
unit (3) is provided with a non-linear behaviour for
generating a non-linearly amplified error signal.

5. Device according to Claim 4, characterized in that
the amplifier unit (3} has a sign unit in order to provide
the non-linearly amplified error signal with the sign of
thé error signal.

6. Device according to Claim 4 or 5, characterized in
that the servo control circuit has a pre-amplifier (2) for
geﬁerating the error signal.

7. Device according to one of <Claims 4 to 6,
characterized in that the non-linear amplifier (3) has a
look-up table which defines a non-linear amplification
function.
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error signal with a gain factor with nornal pr0p0rtiO”aPRFM&$QMﬁﬂ©rmm¢ts
operation, and the anplifier 14 has a greater RN e
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8. Device according to one of Claims 4 to 6,
characterized in that the non-linear amplifier (3} 1is a
multiplier which multiplies the error signal by itself.

9. Device according to Claim 8, characterized in that
the non-linear amplifier (3) contains a sign unit (10).

10. Device according to one of Claims 4 to 9,
characterized in that the servo control circuit contains a
defect detector (7) and a linear amplifier (4) for linearly
amplifying the error signal, the error signal being
linearly amplified when a defect is detected.

11. Servo control circuit according to Claim 10,
characterized in that the servo control circuit has a
switch ({5) which switches between the linearly and the non-
linearly amplified error signal as a function of the output
signal of the defect detector (7).
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linear gain, which is suitable for processing shocks. Th
swtch 9 is appropriately controlled both by the defect

the.shock detector 11, so that the signal which corresgond
situation is present at the output of the controll able|s

servo controller 6.
ABSTRACT

Recording or playback devices for optical recording
carriers have a servo control circuit which controls the
tracking and the focus of an optical scanning unit 1 with
reference to an error signal. According to the invention,
the error signal is non-linearly amplified upstream of the
servo controller, in o:der to process strong external
mechanical effects, normally referred to as shocks, in such
a way that the tracking and the focus are retained or
adjusted. If there is a defect, such as a scratch on the
disc etc., a defect detector and a linear amplifier
connected in parallel with the non-linear amplifier are
additionally used, the 1linearly amplified or non-linearly
amplified error signal being fed to the servo controller as
a function of the output signal of the defect detector. The
sign of the error signal, which includes direction
information, is retained in the case of the non-linearly
amplified error signal.

Fig. 1
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control circuit, the nethod having the follow ng steps:
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- non-linear anplification of the errorliignal by nul tigl yrAig The error
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~ Optical scanning unit
- Pre-amplifier

- Non-linear amplifier
- Linear amplifier
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signal by itself and adding the sign of the error signal fo.the-—-- -
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non-linearly anplified error signal, and

control signal fromthe non-linearly anplified error signal yfor

correspondi ng actuator of the optical scanning unit (1).
Recordi ng or playback device for optical information carri
control circuit, an optical scanning uqyg (1), an anplifiq
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servo controller (6), characterized in

at an anplifier gnit (3)

is

4
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provided with a non-linear behaviour for generating a non-i4-
anplified error signal and having a sign unit in order to provide the
non-linearly anplified error signal with the sign of the error signal.
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Device according to Clairs 2, charact e&p%ed%—-—t—_@a}»—-t-hg
non-linear anplifier (3) has a | ook-up table which dEREﬁE&“@ﬁa I$5idar
amplificati on function. 4, Devi ce accofldifnyg—to one of CI ai s

i

2, characteized in that the non- linear anplifier (3] whi ch
multiplies the error signal by itself 5. Dé\arr}ggl C@g gto

Claim4, characterized in that the non-linear anplifiel sign

unit (10). 6. Devi ce ag_:ﬁ:prdingto one pf Clains 2 to 5,
characterized in that the

FIG. 2.
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se«rvo‘ control circuit contains a defect detector (7) and:a-linear -anplif
(4) for linearly anplifying the error signal, the error gignal being ™
I'inearly anplified when a defect is detected. | 15 NOY 1597
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- 7 — Servo-control circuit accol
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Patent claims
1. Recording or playback device for optical information carriers witha

method for treating error signals in a servo control circuit, the method having the
following steps:

- derivation of an error signal, in particular tracking error signal or
focus error signal, from the measurement signals of an optical scanning unit (1),

- non-linear amplification of the error signal by multiplying the error
signal by itself and adding the sign of the error signal to the non-linearly amplified error
signal, and

- derivation of a contro! signal from the non-linearly amplified error

signal for a corresponding actuator of the optical scanning unit (1).

2. Recording or playback device for optical information carriers with a
servo control circuit, an optical scanning unit (1), an amplifier unit (3) and a servo
‘controller (), characterized in that an amplifier unit (3) is provided with a non-linear
behaviour for generating a non-linearly amplified error signal and having a sign unit in
order to provide the non-linearly ampliﬁéd error signal with the sign of the error signal.

3. Device according to Claims 2, characterized in that the non-linear
amplifier (3) has 2 lock-up table which defines a non-linear amplification function,

4. Device accarding to one of Claims 2, characterized in that the non-
linear amplifier (3) is 2 multiplier which multiplies the error signal by itself.

'S, Device according to Claim 4, characterized in that the non-linear

amplifier (3) contains a sign unit (10).

6. Device according to one of Claims 2 to S, characterized in that the
servo control circuit contains a defect detector (7) and a linear amplifier (4) for linearly

amplifying the error signal, the emror signal being linearly amplified when a defect is
detected.
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7. Servo control circuit according to Claim 6, characterized in that the
servo control circuit has a switch (5) which switches between the linearly and the non-
linearly amplified error signal as a function of the output signal of the defect detector

.



