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and/or reproduction equipment which scans a racordiag medium in
non-contact making manner and which includes a fine and a ccarse
" drive means for guiding a scanning device along the data tracks
of the recording medium.

CD players are equipped with a tracking control locp of this
type for example.

In a CD player, a light beam is focused onto the recording
medium, the so-called compact disc, by means of a focusing
control loop and is guided along the data tracks of the disc by
means of the tracking control loop.

The tracking control loop is constructed from a coarse and a
fine drive means which is attached to the coarse drive means.
The coarse drive means may be implemented for example as a screw
which is driven by a motor. The optical scanning device, which
is usually built up from a plurality of lenses, a prismatic beam
splitter and a photodetector, can thus be moved in a radial

direction with respect to the disc by means of the cocarse drive
. means.

The light beam can be moved by approximately + 0.5 mm in the
radial direction by means of the fine drive means. Consequently,
because the regulating range of the fine drive means only
comprises approximately + 300 data tracks, the coarse drive
means has to switched on from time to time when playing back a
disc so that the light beam does not jerk away from the data
track being scanned but rather, is always guided along the data
track.

Now one disadvantage of a tracking control loop including a
coarse and a fine drive means consists in that, when running,
the coarse drive means generates mechanical oscillations which
are transmitted to the optical scanning device. These

oscillations are of course correctgd by the Eocuiina control |
= ¢ [ L : . a"“'l
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bl i cation Ser. No.,08/100,014, filed Jul. 30,1993,

S a continuation of application PCT/EP92/00170 filed
-'92/14240 The |nvent|on relates to a tracking
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Pl . if however, the CD player is subjected to axtarnal

L= AR

% {ons or shocks whilst the coarse drive means is switched
_g" is frequently the case for a CD player built into a

::”13 for example, the oscillations caused by the coarse drive
e and the external vibrations may be mutually rsinforced. As

, q.w:quence thereof, there may be a loss of tracking; the
pat vy

i ,.:  (2am will be jerked from the data track. One may even have

'H!I”fﬂon with a loss of focusing in adverse circumstances; the

:.g control loop is then no longer capable of focusing the

. «e=am onto the disc.

4342, whilst the coarse drive means is running, there may be
;.o of tracking and a loss of focusing if there are defects

.:ratches or finger prints, present on the disc.

pepiently, the object of the invention is the achievement of
,..11.1ble scanning process for the items of data in the case of
. aerding and/or reproduction equipment which scans a
L .adling medium in non-contact making manner especially when

ll,,..xi.ons.are occurring and there are defects on the recording

R v .

e ..hject is achieved by the invention in that the tracking
- isignal - the deviation of the instantaneous value from the

.1 ince value - is checked for errors and the coarse drive
L
i Ls switched off if it is established that errors exist.

(11N

et LS shown in

[ LA first embodiment
.
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Lot 2 a second embodiment of the invention “"m”llll“"l I'

, i+ 3 the tracking error signal.
1

L optical reproduction equipment, e.g. in a CD player, a
Lyt beam scanning the items of data is focused onto the disc
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vt [ight bearffwhich is focused onto the jﬂm m by means
regulation circuit, and which 1s guide a tracks of

Fby a tracking regulation circuit Tracking regulation circuits
y 'ncladgnghggagse drive circuit for. energizing apparatus to effect
br sPaPge raarar-d¥spfacafente 6iC 1 He-+ignt® R BEnFa I Meadd
§F far tonesghgi ngnapparatos.to effect fine or precise radial
gcenents of the |light beam The coarse drive apparatus may, for
# e, be a notor '
' If now, the light beam is jerked from the data track being

scanned as a result of the equipment receiving an extsrnal shock
for example, the tracking error signal increases.

The first embodiment shown in Figure 1 will now be explained.

The disc CD is driven by a motor Mi. The coarse drive means is
constructed from a motor M2 and a screw SP upon which the
optical scanning device A is situated, the scanning device being
movable in a radial direction with respect to the disc CD by
means of the screw SP.

A detector Hl measures the level of the tracking error or
focusing error signal. If the level of the tracking error or
focusing error signal FE exceeds a predetermined threshold value
W, the detector Hl sends a control signal S to the motor M2 of
the coarse drive means, the signal preventing the coarse drive
means from being switched on in the event of the coarse drive
means being switched off, and switching the coarse drive means
off in the event of the coarse drive means being switched on.

Due to these measures, which ensure that the coarse drive means
remains switched off in such critical cases as where dirt or
scratches on the disc or external vibrations are detrimental to
a reliable scanning process, the reliability of the scanning
process is no longer additionally reduced by oscillations caused
by the coarse drive means. As soon as the disturbance caused by
external shocks or by dirt and scratches on the disc has abated,
the level of the HF oscillation in the tracking error and in the
focusing error signal again rises. If it reaches the

predetermined level then the detector H1l re-enables the coarse
drive means M2, SP.

A second embodiment of the invention - illustrated in Figure 2 -
provides for the coarse drive means being blocked only then,
when both the level in the focusing error and also that in the



plndlg to transl ocate an optical scan- ning assenbly. The
ssen%ly may in- clude several lenses, a prismatic

Bind a phot odetector, conpliantly suspended and arranged for

, galvanoneter The gal vanoneter |ike arrangenment effects at
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Yaels .300 dat a tracks Slnce thls di stance relates to only a very
pentage of the total num ber of tracks contained on a disc, the

B ve nust be energized fron1t|ne to tlne during normal play-
Worhe focusing error signal FE is supplied to a first detector Hi

and the tracking error signal TE to a second detector H2. The
t‘-outputs of the two detectors Hl and H2 are connected to the
inputs of an AND gate U whose output is conpnected to the motor
M2 of the coarse drive means. In the first embodiment of the
invention, an OR gate is provided instead of the AND gate.

Further measures for increasing the reliability of the scanning
process provide for the gain of the fine drive means or the gain
in the focusing control loop to be increased when the coarse
drive means is switched on. The gain of the fine drive means or
the gain in the focusing contrcl loop may be controlled to be
proportionate to the power taken by the coarse drive means for
example. The gain of the two servo loops is then proportional to

the current consumption of the motor M2 of the coarse drive
means.

A further way of increasing the reliability of the scanning
process provides for the gain of the fine drive means or the
gain in the focusing control loop to be increased only during
- the start up and the braking phases of the coarse drive means.
Moreover, the increase in the gain of the fine drive means or
the gain in the focusing control loop may occur with a delay
corresponding to the delay time of the coarse drive means.

Because the errors can be established for each revolution of the
disc, the duration and the period of the errors can be
ascertained. Once the period and the duration of the errors are
settled, the time intervals for which the coarse drive means is
to be switched off can then be predicted.

Whilst the coarse drive means is being switched on and off,
compensating pulses are supplied to both of the servo loops in
order to attenuate mechanical oscillations in the focusing
contrel loop and in the tracking control loop which are caused

This Sheet Has Been RT
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éde continuous radial tracking of the |ight beam

€ (PCT*IG 191291
5

rhe inertial forces occurring when the scarse drive means -3

F_witched on and off.

The invention is suitable for recording and/or raproduction
equipment which scan a recording medium in non-contact making
manner and whose tracking control loop is constructed from a
fine and a coarse drive means. CD players, videc disc plavers,
DRAW disc players and magneto-optic equipment may be cited as

examples.
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f'ihe drive lies in the fact khat t he Replaced, may
chani cal vibrations when ener gi zed’._u,mg ons will be
y trans- mtted to the optical sca k8T he

are actually conpensated-for by the focus regulation
Jand the fine drive so that the scanning of the data i S not
ted through | oss of focus or data tracking. | f, however, while

5§ dri e KithORMRN1910bBe for a recording and/or reproduction
equipment which scans a recording medium (CD) in non-contact
making manner and which includes a fine and a coarse drive means
{M2, SP) for guiding a scanning device (A) along the data tracks
of the recording medium (CD), characterised in that, the
tracking error signal (TE) is checked for errors and the coarse

drive means {M2) is switched off if it is established that there
are errors. ' '

2. Tracking control loop in accordance with Claim 1,
characterised in that, it is an optical recording and/or
reproduction equipment in which a light beam (L} is focused onto
the recording medium {CD), that the focusing error signal (FE)
is checked for errors and the coarse drive means (M2) is
switched off upon the occurrence of errors.

3. Tracking control loop in accordance with Claim 1 and 2,
characterised in that, the coarse drive means (M2) is switched
off if errors occur in the tracking error signal (TE) or in the
focusing error signal (FE)}.

4. Tracking control loop in accordance with Claim 1 and 2,
characterised in that, the coarse drive means (M2} is only
switched off if errors occur both in the tracking error signal
(TE} and in the focusing error signal (FE).

5. Tracking control loop in accordance with Claim 1 and 2,
characterised in that, the tracking error signal (TE) or the
focusing error signal (FE) is supplied to a detector (Hl) whose
output is connected to the coarse drive means (M2).

6. Tracking control loop in accordance with Claim 3,
characterised in that, the focusing error signal (FE) is
supplied to a first detector (Hl) and the tracking error signal
{(TE} is supplied to a second detector (H2}, that the outputs of
the two detectors (H1, H2) are connected to the inputs of an OR

—_—
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frequs "y>occur in conpact disc play- q €rs a Hmlm vehicl e, the
Vi bra ns caused by the coarse drive and t I ocks can
rei hf gfce each ot her. The consequences of this nmay be a tracking | oss.
In faft, under -ynfaygrable conditions, the focus regula- . _tion circuit
wi | |#f no Iéﬁggr'gé éégebfégf6gﬁs“fh§h$i%ht‘ne S%e%%ﬁ nt'o tie HEEC-2C D sc
f afft s sucheascaspat dhdyeomehhagenprints may al so, | ead to tracking
| g¥s and to | oss of focus if they occur while the coarse drive is

nni ng. It is, therefore, the object of the invention to achieve

7. Tracking control locp in accordance with Claim 4,
characterised in that, the focusing error signal (FE) is
suppliad.to a first detector (H1l) and the tracking error signal
{TE} is supplied to a second detector (H2), that the outputs of
the two detectors ({(H1l, H2) are connected to the inputs of an ANLC
gate (U) and that the output of the AND gate (U) is connected to
the coarse drive. means (M2).

8. Tracking control loop in accordance with Claim 1, 2, 3, 4, 5,
€ or 7, characterised in that, the gain in the focusing control
loop and/or the gain of the fine drive means is increased when
the coarse drive means {(M2) is switched on. '

9. Tracking control loop in accordance with Claim 8,
characterised in that, the gain is only increased during the
start up and the braking phase of the coarse drive means (M2).

10. Tracking control loop in accordance with Claim 8 or 9,
characterised in that, the gain is increased proportionately to
the power consumption of the coarse drive means (M2).

11. Tracking control loop in accordance with Claim 8, 9 or 10,
characterised in that, the gain is increased with a delay
corresponding to the delay time of the coarse drive means (M2).

12. Tracking control loop in accordance with one or more of the
preceding Claims, characterised in that, upon switching the
coarse drive means on and off, compensating pulses are sent to
the focusing control loop and/or the tracking control loop in
order to attenuate mechanical oscillations which are caused by
the inertial forces.

13. Tracking control loop in accordance with one or mors of the
preceding Claims, characteriged in that, the errors are
established for each revolution of the recording medium in order

to ascertain the duration and the period of the errors and in
_
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/’ Abstract

/
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1. Tracking control loop for a recording and/or reproduction
aquipment which scans a recording medium in non-contact making
manner.

2.1 The tracking control lcop of a CD player is equipped for
example, with a coarse drive means (M2, SP) and a fine drive
means which is situated thereon. In order to be able to guide
the light beam (L), which is scanning the items of data, along
the data tracks of the disc (CD), the coarse drive means (M2) is
switched on from time to time. However, the coarse drive means
generates mechanical oscillations which may lead to the tracking
and even the focusing becoming lost if there are defects e.g.
scratches or finger prints, simultaneously present on the CD.

2.2 In order to increase the reliability of the scanning
proéess, the tracking error signal (TE) or the focusing error
signal (FE) are checked for errors by a detector (H1l) for
example. The coarse drive means (M2} remains switched off as
long as the detector (H1l) is detecting an error.

2.3 CD players, video disc players, DRAW disc players and
magneto-optic equipment.

3. Figure 1.
This Sheet
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I ns an optical playback apparatus, for, exaane," com pact disc player, a
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nedlun1by nmeans of a focus regul atiorr citrcuit. .1 addltgon Thee1|ght spot
i s.maintained within respective tracks by virtue of a track- ing circuit
responsive to a tracking error signal devel- oped by |ight reflected from

the disc. If the |ight beam as a consequence of an e qﬁﬁpg: -hpact-.on t he
apparatus is caused to exit the data track which is bging 'aﬂnéd; dire
tracking error signal significantly increases. Such i éléxﬁon1nally

utilized to 1t track crossings when the scanning device i S purpes
caused to | .
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one.dr: nore tracks. Refeﬁnlﬁg to FIG 1 a disc, Hq;lfs Eau§ed 1y ro‘tate"G
abou¥ itsuaxi s: by\a nDUGpaﬁm JA. éecond not or M2, nec_anlcally coupled RN
opt i gal:r:seani Ngisasskhb paged. Moy, la spindle, SP, npvés the optical™ cahand" :
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optrea+~assenbly—-~¥¥%§ﬁeﬁﬁ4ﬁ?ﬁﬁadﬁﬁh§|dﬁﬂtﬁdﬁlmﬁﬁfd fromthe disc a
tracklng error signal, TE, and a focusing error Sbgnal FE, ~are devetidped.. .

in a known manner. A detector Hl, associated with the error signhal "
gener ati nghei igventyon relates to a tracking control loop for a recording

and/or reproduction equipment which scans a recording medium in

non-contact making manner and which includes a fine and a coarse

drive means for guiding a scanning device along the data tracks
of the recording medium. This is the replacement sheet
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CD players are equipped with a tracking control foop of this
Sheet Has Been Replaced
type for example. f

(RN

In a CD player, a light beam is focused onto the recording
medium, the so-called compact disc, by means of a focusing

control loop and is guided along the data tracks of the disc by
means of the tracking control loop.

The tracking control loop is constructed from a coarse and a
fine drive means which is attached to the coarse drive means.
The coarse drive means may be implemented for example as a screw
which is driven by a motor. The optical scanning device, which
is usually built up from a plurality of lenses, a prismatic beam
splitter and a photodetector, can thus be moved in a radial
direction with respect to the disc by means of the coarse drive
means.

The light beam can be moved by approximately + 0.5 mm in the
radial direction by means of the fine drive means. Consequently,
because the regulating range of the fine drive means only
comprises approximately + 300 data tracks, the coarse drive
means has to switched on from time to time when playing back a
disc so that the light beam does not jerk away from the data
track being scanned but rather, is always guided along the data
track. '

Now one disadvantage of a tracking coﬁtrol loop including a
coarse and a fine drive means consists in that, when running,
the coarse drive means generates mechanical oscillations which
are transmitted to the optical scanning device. These
oscillations are of course corrected by the focusing control
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nmoni tors the anyly tracking or focusing error signal. If the
|®vel of the tr mmwml i ng error skgnal FE exceeds a predeterm nable
t hreshol d val ue etector Hl sends a control signal, S, to the
notor M2 which, if the coarse drive is switched off, prevents the coarse

drive fromgdepi agdstheclitdeodraned, meanshsocohasethei seahningi btheteotirems

swi tches %%fd%@% $22h3t gﬁ.ggrupted due to a loss of focusing or of the
data track; if however, the CD player is subjected to external
vibrations or shocks whilst the coarse drive means is switched
on, as is frequently the case for a CD player built into a
vehicle for example, the oscillations caused by the coarse drive’
means and the external vibrations may be mutually reinforced. As
a consequence thereof, there may be a loss of tracking; the
light beam will be jerked from the data track. One may even have
to reckon with a loss of focusing in adverse circumstances; the
focusing control loop is then no longer capable of focusing the
light beam onto the disc.

Likewise, whilst the coarse drive means is running, there may be
a loss of tracking and a loss of focusing if there are defects
e.g. scratches or finger prints, present on the disc.

Consequently, the object of the invention is the achievement of
a reliable scanning process for the items of data in the case of
a recording and/or reproduction equipment which scans a
recording medium in non-contact making manner especially when
vibrations are occurring and there are defects on the recording
medium. '

This object is achieved by the invention in that the tracking
error signal - the deviation of the instantaneous value from the
reference value - is checked for errors and the coarse drive
means is switched off if it is established that errors exist.

There is shown in

Figure 1 a first embodiment

Figure 2 a second embodiment of the invention
Figure 3 the tracking error signal.

In an optical reproduction equipment, e.g. in a CD player, a
light beam scanning the items of data is focused onto the disc
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Fnternal dirt E 'ﬂ EE n the disc og extern I sh% Irithe
scanning relia ting) li- ability of the s¢amni ; Ur | her
reduced by vibra-

shaped recording medium, the so-called compact disc, by means of

a focusing control loop.

If now, the light beam is jerked from the data track being
scanned as a result of the equipment receiving an external shock
for example, the tracking error signal increases.

The first embodiment shown in Figure 1 will now be explained.

The disc CD is driven by a motor M1l. The coarse drive means is
constructed from a motor M2'and a screw SP upon which the
optical scanning device A is situated, the scanning device being
movable in a radial direction with respect to the disc CD by
means of the screw SP.

A detector Hl measures the level of the tracking error or
focusing error signal. If the level of the tracking errox or
focusing error signal FE exceeds a predetermined threshold value
W, the detector H1l sends a control signal S to the motor M2 of
the coarse drive means, the signal preventing the coarse drive
means from being switched on in the event of the coarse drive
means being switched off, and switching the coarse drive means
off in the event of the coarse drive means being switched on.

Due to these measures, which ensure that the coarse drive means
remains switched off in such critical cases as where dirt or
scratches on the disc or external vibrations are detrimental to
a reliable scanning process, the reliability of the scanning
process is no longer additionally reduced by oscillations caused
by the coarse drive means. As soon as the disturbance caused by
external shocks or by dirt and scratches on the disc has abated,
the level of the HF oscillation in the tracking error and in the
focusing error signal again rises. If it reaches the
predetermined level then the detector Hl re-enables the coarse
drive means M2, SP.

A second embodiment of the invention - illustrated in Figure 2 -
provides for the coarse drive means being blocked only then,
when both the level in the focusing error and also that in the
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tions caused gms ! e. As soon as the digtur-_ bance, caugefl by
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signal increases again. If it reaches the predetermjnable | evel, then
detector Hl re-enables the coarse drive M. A sec '
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[

and the anp ude of the focusing error signal exhibit respective val ues
outside a predeterm na-

The focusing error signal FE is supplied to a first detector Hil

U

and the tracking error signal TE to a second detector H2. The
outputs of the two detectors Hl and H2 are connected to the
inputs of an AND gate U whose output is connected to the motor
M2 of the coarse drive means. In the first embodiment of the
invention, an OR gate is provided instead of the AND gate.

Further measures for increasing the reliability of the scanning
process provide for the gain of the fine drive means or the gain
in the focusing control loop to be increased when the coarse
drive means is switched on. The gain of the fine drive means or
the gain in the focusing control loop may be controlled to be
proportionate to the powexr taken by the coarse drive means for
example. The gain of the two servo loops is then proportional to
the current consumption of the motor M2 of the coarse drive
means.

A further way of increasing the reliability of the scanning
process provides for the gain of the fine drive means or the
gain in the focusing control loop to be increased only during
the start up and the braking phases of the coarse drive means.
Moreover, the increase in the gain of the fine drive means or
the gain in the focusing control loop may occur with a delay
corresponding to the delay time of the coarse drive means.

Because the errors can be established for each revolution of the
disc, the duration and the period of the errors can be
ascertained. Once the period and the duration of the errors are
settled, the time intervals for which the coarse drive means is
to be swiﬁched off can then be predicted.

Whilst the coarse drive means is being switched on and off,
compensating pulses are supplied to both of the servo loops in
order to attenuate mechanical oscillations in the focusing

control loop and in the tracking control locp which are caused



bl e threshol d val ue. The focusing error signal, FE, is applied to a
first detector, Hl, and the tracking error signal, TE, is ap- plied to

a second detector, H2. The outputs of the two detectors Hl and H2 are
connected to the inputs of an AND gate, U, ®he output of which is
connected to enabl e/ di sabl e the coarse drive notor M2. A further
alternative to the FIG 1 enbadinent, which is also. responsive to both

the signal s TBwntderinersiade fogres oricygrdags whehatheocopgrsel @rive means is
embodi ment w thyikh@ed@Xon a@@Pbrgn that the AND gate be substituted with an
OR gate.

The invention is suitable for recording and/or reproduction
equipment which scan a recording medium in non-contact making
manner and whose tracking control loop is constructed from a
fine and a coarse drive means. CD players, video disc players,
DRAW disc players and magneto-optic equipment may be cited as
examples.
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) ﬁlng control loop for a recording and/or reproduction

equipment which scans a recording medium {(CD) in non-contact
making manner and which includes a fine and a coarse drive means
(M2, SP) for guiding a scanning device (A) along the data tracks
of the recording medium (CD), characterised in that, the
tracking error signal (TE) is checked for errors and the coarse
drive means (M2} is switched off if it is established that there

are errors.

2. Tracking control loop in accordance with Claim 1,
characterised in that, it is an optical recording and/or
reproduction equipment in which a light beam (L) is focused onto
the recording medium (CD), that the focusing error signal (FE)
is checked for errors and the coarse drive means (M2} is

switched off upon the occurrence of errors.

3. Tracking control loop in accordance with Claim 1 and 2,
characterised in that, the coarse drive means (M2) is switched
off if errors occur in the tracking error signal (TE) or in the

focusing error signal (FE).

4. Tracking control loop in accordance with Claim 1 and 2,
characterised in that, the coarse drive means (M2) is only
switched off if errors occur both in the tracking error signal

(TE) and in the focusing error signal (FE).

5. Tracking control loop in accordance with Claim 1 and 2,
characterised in that, the tracking error signal (TE) or the
focusing error signal (FE) is supplied to a detector (Hl1l} whose

output is connected to the coarse drive means (M2}.

6. Tracking contrel loop in accordance with Claim 3,
characterised in that, the focusing error signal (FE) is

supplied to a first detector (H1) and the tracking error signal
{(TE) is supplied to a second detector (H2)}, that the outputs of

the two detectors {(Hl, H2) are connected to the inputs of an OR
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br aki ng pharghlsshet BeenRe laceed drive. The increase i h?oe g?anw the fine
drive or int atlon circuit _may be dgl ay a e |

equi val ent t del ay of the coarse dr|ve-appatatus l

gate (U} and that the output of the OR gate (U) is connected to
the coarse drive means (M2).

7. Tracking control loop in accordance with Claim 4,
characterised in that, the focusing error signal (FE) is
supplied to a first detector (Hl) and the tracking error signal
(TE) is supplied to a second detector (H2), that the outputs of
the two detectors (H1, H2) are connected to the inputs of an AND
gate (U} and that the output of the AND gate (U) is connected to
the coarse drive means (M2).

8. Tracking contreol loop in accordance with Claim 1, 2, 3, 4, 5,
6 or 7, characterised in that, the gain in the focusing control
loop and/or the gain of the fine drive means is increased when
the coarse drive means {M2) is switched on.

9. Tracking control loop in accordance with Claim 8,
characterised in that, the gain is only increased during the
start up and the braking phase of the coarse drive means (M2).

10. Tracking control loop in accordance with Claim 8 or 9,
characterised in that, the gain is increased proportionately to
the power consumption of the coarse drive means (M2).

11. Tracking control loop in accordance with Claim 8, 9 or 10,
characterised in that, the gain is increased with a delay
corresponding to the delay time of the coarse drive means (M2).

12. Tracking control loop in accordance with one or more of the
preceding Claims, characterised in that, upon switching the
coarse drive means on and off, compensating pulses are sent to
the focusing control loop and/or the tracking control loop in
order to attenuate mechanical oscillations which are caused by
the inertial forces.

13. Tracking control loop in accordance with one or more of the
preceding Claims, characterised in that, the errors are
established for each revolution of the recording medium in order
to ascertain the duration and the period of the errors and in

AR R




- 5- Faul t associated with the disc which devel op coarse drive disabling
si gnals can be ascertained for each track along with the duration or period
of the errors. Wen the location and the duration of the errors of a disc
are established, they may be stored and used to disable the coarse drive
during subsequent scans of the respective tracks.

8

order to determine the time intervals, during which the coarse
drive means is to be switched off, from the duration and the _
period of the errors.
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In order to attenuate nechanical vibrations in the focus and tracking
regul ation circuits caused by carry- ing forces, conpensating inpulses may
be applied to these two regulating circuits when the coar ge—grive—is
swi tched off. The invention is SU|tabIe for recording a dRBHAﬁEMngQany
apparatus .with contact-|ess scanning of” & Fecord- I ng medfu ard |ub.uurpg
tracking regulation circuits: c % éB arse and [i he 2Q£££§§
Exanpl es of this are conpact di's E%#g@ QW& & &8s pl ayef s, aﬁgc;
}

pl yers and magnet o-opti cal apparatus. - ABSTRACT

1. Tracking contrxol loop for a recording and/or reproduction
equipment which scans a recording medium in non-contact making
manner.

2.1 The tracking control loop of a CD player is equipped for
example, with a coarse drive means (M2, SP) and a fine drive
means which is situated thereon. In order to be able to guide
the light beam (L), which is scanning the items of data, along
the data tracks of the disc {CD), the coarse drive means (M2) is
switched on from time to time. However, the coarse drive means
generates mechanical oscillations which may lead to the tracking
and even the focusing becoming lost if there are defects e.g.
scratches or finger prints, simultaneously present on the CD.

2.2 In order to increase the reliability of the scanning
process, the tracking error signal (TE) or the focusing error
signal (FE) are checked for errors by a detector (Hl1l) for
example. The coarse drive means (M2) remains switched off as
-long as the detector (H1l) is detecting an error.

2.3 CD players, video disc players, DRAW disc players and
magneto-optic equipment.

3. Figure 1.
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What is clained is: 1. In a tracking regulation circuit for a disc

pl ayback ' apparatus enpl oying contact-less scanning of a record medi um
and including both a fine and a coarse drive system responsive to a
tracking error signal, TE, for prOde?ng radi al translation of the
scanni ng devi ce as the record medium I’'s scanned during normal playback,
an i nprovenent conpri si.ng: means for nonitoring said tracking error
si gnal and providing a control signal when the tracking error
signal, TE, exhi?its predet ermi ned abnormalities; and

.
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means responsive t§ 0) urmpl for disabling only the coarsew
RERLACERER SHEE

drive system when {h error signal. TE,__exhibits such

pr edet er mi ned ab- nor rral It 2. The tiiatkis NG regul ati:@n  sG
circuit set forth {njcl2af QAN weaWh re| n sai d cont®ct~l:essrscanni ng: b Soped ..
perfornmed by opti - cal neans ingluding a foc s'n/ng sysltem which genera;:es
a focusing error sj|gn ive thereto {Mntalns abeq!m;of llgk};
substantially focuged on tracks of sjid recor di ng. yredi um ,and V\/qerjej n

t he i nprovenent fur- ther conprises ; _neans; for nonitori ng said "

focusing error signal and ‘

o N‘W

TRACKING REGULATION CIRCUIT INCLUDING
APPARATUS FOR DISABLING COARSE DRIVE
SIGNALS

This is a continuation of applicntion Ser. No.
08/100,014, filed Jul. 30,1993, now abandoned, which is
a continuation of application PCT/EP92/00170 filed 28
Jan. 1992, now WO 92/14240.

The invention relates to a tracking regulation circuit
for a recording and/or playback apparatus (such as a
compact disc player) with contact-less scanning of a '
recording medium having a fine and a coarse drive for
guiding a scanning device along the data tracks of the
recording medium.

BACKGROUND OF THE INVENTION

A compact disc player generates a light beam which
is focused onto the recording medium by means of a
focus regulation circuit, and which is guided along the
data tracks of the disc by a tracking regulation circuit.
Tracking regulation circuits typically include a coarse
drive circuit for energizing apparatus to effect coarse or
large radial displacements of the light beam, and a fine
drive circuit for energizing apparatus to effect fine or
precise radial displacements of the light beam. The
coarse drive apparatus may, for example, be a motor
which drives a spindle to translocate an optical scan-
ning assembly. The optical scanning assembly may in-
clude several lenses, 2 prismatic beam-splitter and a
photodetector, compliantly suspended and arranged for
movement as a galvanometer. The galvanometer Iike
arrangement effects at least the fine radial displacement.

Using the fine drive, the light beam can be moved by
approx. #=0.5 mm in the radial direction which trans-
lates to about +300 datd tracks. Since this distance
relates to only a very small percentage of the total num-
ber of tracks contained on a disc, the coarse drive must
be energized from time to time, during normal play-
I;ack. to provide continuous radial tracking of the light

eam,



providing a further control signal when the focus- I ng error signal
exhi bi ts predeterm ned abnornmali - ties; a ans responsive to the
further control signal for di sabling the cda ,

f ocus- ing error signal exhibits such predqt

concurrently in both the tracking error signal
si gnal .

-2 -

One disadvantage of a tracking regulation circuit
with a coarse and a fine drive lies in the fact that the
coarse drive may generate mechanical vibrations when
energized.- These vibrations will be mechanically trans-
mitted to the optical scanning device. The vibrations
are actually compensated for by the focus regulation
circuit and the fine drive so that the scanning of the data
is not interrupted through loss of focus or data tracking.
If, however, while the coarse drive is operating, the |
compact disc player is subjected to external shocks or
impacts, such as frequently occur in compact disc play-
ers installed in a vehicle, the vibrations caused by the
coarse drive and the external shocks can reinforce each
other. The consequences of this may be a tracking loss.
In fact, under unfavorable conditions, the focus regula-
tion circuit will no longer be able to focus the light
beam onto the disc. ‘
. - Disc faults such as scratches or fingerprints may also
lead to tracking loss and to loss of focus if they occur:
while the coarse drive is running. :
It is, therefore, the object of the invention to achieve
reliable scanning of data with a recording and/or play-
back apparatus employing contact-less scanning of 2
recording medium, particularly in the case of external
. “ shocks and/or obstructions on, or defects in, the record-
ing medium.

SUMMARY OF THE INVENTION

The invention is apparatus and a method within a disc
playback apparatus which includes coarse and fine
tracking drives and generates a tracking error signal for
controlling the coarse and fine tracking drives. The
tracking error signal is monitored during normal disc
playback and if it deviates by 2 more than a predeter-

mined amount, operation of the coarse drive is inhib-
ited.



4. The tracking regulation circuit set forth in claim2 further ingeluding
an OR circuit having a first input termnal coupled.to receive said control
signal and a second input term nal coupled to redeRgg fakil. Curt+her. control
signal and having an output term nal coupled to di ¢ drive

system

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are partial pictorial and partial block
_ diagrams of disc playback apparatus.
' FIG. 3 is 2 waveform diagram of a tracking error
signal. |
DETAILED DESCRIPTION

In an optical playback apparatus, for example, a2 com-
pact disc player, a light beam scanning the data is fo-
cused onto the disc-type recording medium by means of
a focus regulation circuit. In addition the light spot is
maintained within respective tracks by virtue of a track-
ing circuit responsive to a tracking error signal devel-
oped by light reflected from the disc. If the light beam,
as a consequence of an external impact on the apparatus
is caused to exit the data track which is being scanned,
the tracking error signal significantly increases. Such
increases are nominally utilized to count track crossings
when the scanning device is purposely caused.to jump
one or more tracks.

Referring to FIG. 1 a disc, CD, is caused to rotate
about its axis by a motor M1. A second motor M2,
mechanically coupled to an optical scanning assembly,
A, by a spindle, SP, moves the optical scanning assem-
bly radially across the disc in conformance with the
data being recovered from the disc. The motor M2 thus
forms the coarse drive of the optical assembly.

R&fponsivetothelightreﬁectedﬁ'omthedisca
tracking error signal, TE, and a focusing error signal;
FE, are developed in a known manner. A detector Hi,
associated with the error signal generating circuitry,
n_xonitors the amplitude of the tracking or focusing error
signal. If the level of the tracking or focusing error
signal FE exceeds a predeterminable threshold value
W, then the detector H1 sends a control signal, S, to the
motor M2 which, if the coarse drive is switched off,
prevents the coarse drive from being switched on and,
if the coarse drive is switched on, switches off the
coarse drive.
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5. The tracking regulation circuit s
I ncl udi*ng an AND circuit having a first input

said control signa

further

control signal and having an out put} t r£1nal
sai d coarse drive system TJA

hinclaim

and a second input termn
coupl €d

N 1998

By disabling the coarse drive in such critical situa-

tions as when internal dirt or scratches on the disc or
external shocks impair the scanning reliability, the reli-
ability of the scanning is not further reduced by vibra-
tions caused by the coarse drive. As soon as the distur-
bance, caused by external impacts or internal dirt and
scratches on the disc, decays, the level of the high fre-
quency vibrations in the tracking and focusing error
1 signal increases again. If it reaches the predeterminable
level, then the detector H1 re-enables the coarse drive

M2

ﬁ; second embodiment example of the invention is

illustrated in FIG. 2. The apparatus in FIG. 2 disables
the coarse drive only if both the amplitnde of the track-
ing error signal and the amplitude of the focusing error
signal exhibit respective values outside a predetermina-
ble threshold value. :

The focusing error signal, FE, is applied to a first -

detector, Hi, and the tracking error signal, TE, is ap-
plied to a second detector, H2. The outputs of the two
detectors H1 and H2 are connected to the inputs of an
AND gate, U, the output of which is comnected to
enable/disable the coarse drive motor M2. A further
alternative to the FIG. 1 embodiment, which is also
responsive to both the signals TE and FE, may be con-

2 further
to receive
ceive said
to di sabl e

figured similar to the FIG. 2 embodiment with the ex-.

ception that the AND gate be substituted with an OR
gate. - .

Further measures to enhance thé scanning reliability
provide for increasing the gain of the fine drive circuit
or the gain of the focus regulation circuit when the
coarse drive is enabled. The gain or amplification in the
fine drive or in the focus regulation circuit can, for
example, be regulated in proportion to the power con-
sumeqd by the coarse drive. The amplification of the two
regulating circuits is then proportional to the current
consumed by motor M2 for the coarse drive.

Sc&}nning reliability may be further enhanced by in-
creasing the gain of the fine drive circuit or the gain of
the focus regulation circuit only during the start-up and

braking phases of the coarse drive. The increase in the

gain in the fine drive or in the focus regulation circuit
may be delayed by a time equivalent to the inherent
delay of the coarse drive apparatus.



6. In a tracking regulation circuit for a disc playback apparatus
enpl oyi-ng contact-1ess scanning of a record nedi ] '
fine and a coarse drive systemresponsive to a tfa G

e@ 1EARORoS

medi um i s scanned during normal playback, an

NOISHEE DN

for providing radial translation of the scanning] device as the}record
f
{

Pth

al |

controlling said playback appa- ratus conprising: nonitoring gaid
tracking error signal and providing a cont riol he
tracking error signal, TE, exhi bits predetdrgined abnormalitifes;

di sabling only the coarse drive systqu responsive to

Faults associated with the disc which develop coarse
drive disabling signals can be ascertained for each track
along with the duration or period of the errors. When
the location and the duration of the errors of a disc are
established, they may be stored and used to disable the
coarse drive during subsequent scans of the respective
tracks.

In order to attenuate mechanical vibrations in the
focus and tracking regulation circuits caused by carry-
ing forces, compensating impulses may be applied to
these two regulating circuits when the coarse drive is
switched off.

The invention is suitable for recording and/or play-
back apparatus with contact-less scanning of a record-
ing medium, and including tracking regulation circuits
constructed with coarse and fine drives. Examples of"
this are compact disc players, video disc players,
DRAW disc players and magneto-optical apparatus.

a
TE,

and



the control signal, when the tracking error signal, TE, exhibits such
predeterm ned abnornmalities. 7. The tracki ng=egtat+orr—etretht set
forth in claim6 wherein said contact-Iess scanrﬁEﬁb‘-\GE@ﬂﬁﬁgr&@Eﬂecl by opti -

cal nmeans including a focusing systemhaving a jvgrirabl e galn q¢ontr ol
el enent for 1 i S, which sys- tem dgenerate ugi ng error
si gnal and *mmlmm"mﬁ)wo mai ntai ns a beamjof I?g_h Agu‘lto)g?a tifally

focused on tracks bf %ai’d recording nedium and rqved net hod
further conprises nonitoring said foéusing grror signal and providing a
further control signal when the focusing error Stg-

What is claimed is:

1. In a tracking regulation circuit for a disc playback
apparatus employing contact-less scanning of a record
medium and including both a fine and a coarse drive
system responsive to a tracking error-signal, TE, for
providing radial translation of the scanning device as
the record medium is scanned during normal playback,
an improvement comprising:

means for monitoring said tracking error signal and

providing a control signal when the tracking error
signal, TE, exhibits predetermined abnormalities;
and

means responsive to the control signal for disabling

only the coarse drive system when the tracking
error signal, TE, exhibits such predetermined
normalities. - ‘

2. The tracking regulation circuit set forth in claim 1
wherein said contact-less scanning is performed by opti-
cal means including a focusing system which generates
a focusing error signal and responsive thereto maintains
a beam of light substantially focused on tracks of said
recording medium, and wherein the improvement fur-
ther comprises '
means for monitoring said focusing error signal and

providing a further control signal when the focus-

g error signal exhibits predetermined abnormali-

ties; and

means responsive to the further control signal for

disabling the coarse drive system when the focus-

ing error signal exhibits such predetermined abnor-
malities.

3. The tracking regulation circuit set forth'in claim 2
characterized in that the coarse drive system is only
disabled when said abnormalities occur concurrently in
QGﬂlthetnmﬂﬁng:enxn'ﬁghaland'ﬂu:fbcudngfmzor

4. The tracking regulation circuit set forth in claim 2
further including an OR circuit having a first: input
terminal coupled to receive said control signal and a
second input terminal coupled to receive said further
control signal and having an output terminal coupled to

_disable said coarse drive system.



nal exhibits predeterm ned abnornalities; and
system. responsive to the further contro
error signal exhibits such predeterm ned

I nproved method-set—forth in claim7 wherein

0 being en d and dis- abled and said nethedjf
in- creas riabl e gain cont
syst em whe ”Wgﬂﬂﬁﬂ"ﬁ”m systemis en-
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ro

ab] ed.

ocusi ng
. The

S subj ect
provi di ng

ocusi ng

5. The tracking regulation circuit set forth in claim 2
further including an AND circuit having a first input
tenmhuﬂ<anﬂed'u)recehu:sdd control signal and a
second input terminal coupled to receive said further
control signal and having an output terminal coupled to
disable said coarse drive system.

6. In a tracking regulation circuit for a disc playback
apparatus employing contact-less scanning of a record
medium and including both a fine and a coarse drive
‘system responsive to a tracking error signal, TE, for
pmovkﬁngxzdﬁdtnnmbnﬁnlcfthm:uxuuﬂng¢hﬂdueas
the record mediom-is scanned during normal playback,
anlnqunwed:neﬂnxiofconuoﬂnn;smdlﬂaybackappa-

ratus comprising:

monitoring said tracking error signal and providing a
control signal when the tracking error signal, TE,

exhibits predetermined abnormalities; and

disabling only the coarse drive system, responsive to
the control signal, when the tracking error signal,
TE, exhibits such predetermined abnormalities.
7. The tracking regulation circuit set forth in claim 6
wherein said contact-less scanning is performed by opti-
cal means including a focusing system having a variable
gain control element for maintaining focus, which sys-
tem generates.a focusing error signal and responsive
thereto maintains a beam of light substantially focnsed
on tracks of said recording medium, and wherein the
improved method further comprises
monitoring said focusing error signal and providing a
further control signal when the focusing error sig-

nal exhibits predetermined abnormalities; and

disabling the coarse drive system, responsive to the
further control signal, when the focusing error
_signal exhibits such predetermined abnormalities.
8. The improved method set forth in claim 7 wherein
said coarse drive is subject to being enabled and dis-
abled and said method further includes providing in-
creased gain to said variable gain control element in the
focusing system when the coarse dnve system is en-

- abled.
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9. The improved method set forth in claim 8 wherein
said fine drive system includes a variable gain element,
and said playback apparatus includes means for detect-
ing power consumed by said coarse drive system, and
said method further includes providing increased gain
to said variable gain element in the fine drive system in
proportion to detected power consumed by the coarse
drive system. }

10. The improved method set forth in claim 7
wherein said fine drive system includes a variable gain
element, said coarse drive is subject to being enabled
and disabled, and said method further includes provid-
ing increased gain to said variable gain element in the
fine drive system when the coarse drive system is en-
abled.

11. The improved method set forth in claim 10
wherein said coarse drive system is subject to start-up
and braking phases of the coarse drive system when the
coarse drive system is enabled and disabled, and said
method further includes providing said increased gain
in the fine drive system only during start-up and braking
phases of the coarse drive system when the coarse drive
system is enabled and disabled respectively.

12. The improved method set forth in claim 10
wherein said playback apparatus includes means for
detecting power consumed by said coarse drive system,
and said method further includes providing increased
gain in the focusing system in proportion to detected

‘power consumed by the coarse drive system.



9. The inproved nethod set forth in claim8 wherein_said fine drive system
I ncl udes a variable gain elenent, and said playbapkggnp@E@ENptymg udes
means for detect- ing power consuned by said coars$e . and said
met hod further includes providing increased gain i d variabl e gjin
element in the fine drive systemin proportion to 1 JAN- 98"
by- the coarse drive system 10. The inproved neg '
wherein said fine drive systemincludes a variablg [ , sdid cone
drive is subject to being enabled and dlab|fd ant '
I-ncl udes provid-
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ing increased gain to said variable gain elenent in the fine drive system
when the coarse drive systemis en- abled. 11. The i nproved nethod set
forth in claim10 wherein said coarse drive systemis subject to start-up
and braki ng phases. of the coarse drive system when the coarse drive syatem
is enabl ed and di sabl ed, and said nethod further includes.prov-e-rg~sai d
increased gain in the fine drive systemonly duri ng gtart<UﬁN§dﬁﬁﬁfa<ing
phases of the coarse drive system when the coarse drirve—systenris gnabl ed
and di sabl ed respectively. ~12. The inproved net hdd sg§1f£&&hhéglcﬂtﬂ m 10

-2 -

Fig.3



. . N
wherein said playback apparatus includes neans for detecting pomﬂ\’"@@’rﬁ”aﬁed
by said coarse drive system and said nethod further includes providing
i ncreased gain in the focusing systemin proportion to detected power
consuned by the coarse drive system

TRACKING REGULATION CIRCUIT INCLUDING APPARATUS
FOR DISABLING COARSE DRIVE SIGNALS

ABSTRACT

An optical disc record playback apparatus includes
tracking circuitry for radially translating the scanning
pickup device during normal playback of the disc.
Coarse and fine drive circuits are responsive to tracking
error signals to provide coarse and more precise radial
. translations respectively. The tracking error signals are
monitored for the occurrence for abnormalities such as
maybeproducedbydustonﬁxediscsnrface and re-
sponsive to the detection of such abnormalities the
coarse drive system is disabled to preclude the pickup
from leaving the track.
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