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The invention relates to a servo control loop for
an optical scanning device for focusing a light beam onto
a recording medium or for guiding the light beam along
the data tracks on the recording medium, which reflects

15 the light beam onto a plurality of photodiodes from whose
output signals a servo signal is produced by subtraction,
which servo signal has a high-frequency oscillation
superimposed on it because of the data which are recorded
on the recording medium.

20 A CD player is equipped, for example, with two
servo control loops, one focusing control loop and one
tracking control loop. In the case of a CD player which
scans the recording medium, the compact disc, using the
so-called three-beam method, the light beam from a laser

25 is directed at the disc by means of lenses and a pris-
matic beam splitter. An optical grating is located in the
beam path in order that the light beam produced by the
laser is split into the main beam and the diffracted
beams.

30 The main beam is reflected from the disc onto a
four~-quadrant photodetector having four photodiodes A, B,
C and D, while the diffracted beam of order +1 is=s
reflected onto a photodiode E, and the diffracted beam of

5 ... -...~ This Sheet Has Been Replaced

S il

v88/047

R




BACKGROUND OF THE | NVENTI ON The invention concerns a servo
regulation circuit (servo control loop) for an optical scanning neans
for : focusing a light beamonto a recording nedium or for

guiding the light beam along the data tracks.of the recordi ng medi um
which reflects the |ight beamonto several photodi odes; a servo
signal is genergiderfrDmis reflebeedubptib &i@&ﬁﬁbdﬂbdﬁuﬂﬁeiﬁ&nméﬁﬁéimﬁ)

t hr ough sub- tractio é%oi éon % di f{ enccg$)) e%“’nd éﬁ]é Sfl S overl aid
by a high frequehty” o¥t¥Tiation d a record ocusing
control loop is formed from the output signals AS, BS, CS

and DS from the photodiodes A, B, C and D of the four-

5 quadrant photodetector. The tracking error signal TE =

ES - FS for the tracking control loop is produced from

the output signals ES and FS from the photodiodes E and

F. Both the focusing error signal and the tracking error

signal have undesirable high-frequency elements superim-

10 posed on them because of the data recorded on the disc,
which elements exacerbate the focusing and tracking

control. .

It is thus the object of the invention to design.

a servo control loop according to the precharacterizing

15 clause of Claim 1 such that high-frequency superimposi-
tions in the servo signal no longer have a disturbing
effect on control.

‘The invention achieves this object in that the
high-frequency oscillations are short-circuited by means

20 of a capacitor before subtraction.

Figure 1 shows an arrangement comprising a four-quadrant
photodetector and the photodiodes of a tracking
control loop

Figure 2 shows a circuit arrangement for producing the

25 focusing error signal according to Claim 2

Figure 3 shows a circuit arrangement for producing the
focusing error sigmal according to Claim 3

Figure 4 shows a circuit arrangement for producing the
tracking error sigmal according to Claim 4

30 Figure 5 shows a circuit arrangement for producing the

tracking error sigmal according to Claim 5

Figure 6 shows the focusing error signal in the prior
art

Figure 7 =shows the tracking error signal in the prior

35 art

Figure 1 shows the arrangement, which is normal
in CD players, of the four-gquadrant photodetector onto

which the main beam L is reflected from the disc, the
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on the recordi ng nmedi um A CD pl ayer is equipped with, for exanple,
t wo . servo control |oops, one focus regulation circuit and one
‘track regulation circuit. In a CD player, which scans the recording
medi um the conpact disk, accord- -iqng.to the so-called three-beam
techni que, the |ight beam of a laser is directed onto the di sk by

means of phbeBagesdant dndd SRiReANIED|dd £ £Fac ¥ Opbak abf JbalieRd +1S

| ocated in th bean1ga%Rgggﬁ%ha%ggﬂsg%%gpﬁgw%ﬁné%e €L onto wﬁggg %&ethe

| aser is di\/l &d %t

diffracted beam of order -1 L2 is reflected. The four-
quadrant photodetector and the photodiodes E and F are
5 seated on a common carrier.
The example of the circuit arrangement shown in
Figure 2 is used to explain how the focusing error signal
FE for a focusing control loop is produced.
Figure 6 illustrates the focusing error signal in
10 the prior art. This has a sinuscidal waveform and has a
high-frequency oscillation superimposed on it, which
exacerbates focusing control. '
In the case of the focusing control loop accord- .
ing to the invention in Figure 2, one electrode of each
15 of the four photodiodes A, B, C and D, which electrodes
are connected to one another, is connected to a voltage
U. The other electrodes of the photodiodes A, C are
connected to one input of a differential amplifier V,
while the other electrodes of the photodiodes B and D are
20 connected to the other input of the differential ampli-
fier V. A capacitor K, which short-circuits the high-
frequency superimpositions in the output signals of the
photodiodes A, B, C and D, is provided between the two
inputs of the differential amplifier V. The focusing
25 error signal FE therefore no longer contains any high-
frequency superimpositions which disturb and exacerbate
control.
In the case of the focusing control loop which is
illustrated in Figure 3, the anodes of the diodes A, B,
30 C and D [sic] are connected to earth via in each case one
capécitor K1 and K2. The capacitor K between the inputs
of the differential amplifer V is thus no longer necess-~
ary.
Figure 7 shows the sinusoidal error tracking
35 signal TE in the prior art, which likewise has high-
frequency oscillations superimposed on it; in the same
way as the focusing error signal.

The circuit arrangement illustrated in Figure 4

10
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diffracted beans. The main beamis reflected fromthe disk onto a

four ‘ quadr ant photo detector with four photodiodes A B, C and
‘D, while the positive first order diffracted beamis - reflected onto a
phot odi ode. E and the negative first - 4 -order diffracted beamis

refl ected onto a photodi ode F. The focusing error signal

FE=( AS+BS) - ( BS+@8)ed to expiraihehbwcther dguachinm errexni sigsaloffed s rom

t he out - - J@&Eég.gnals AS, BS, CS and DS of photodiodes A, B, C

and D of thePfour guadrant photo detector._The track

A voltage U is applied to omne of the electrodes
of each of the photodiodes E and F, while a capacitor K
5 is provided between the other electrodes, which are
connected to the inputs of a differential amplifier V.
While, in the same way as in the case of the arrangement
in Figure 2, the capacitor K short-circuits the high-
frequency elements in the output signals from the photo-
10 diodes, the tracking error signal TE no longer contains
any high-frequency superimpositions which exacerbate
tracking control in the prior art.
Instead of having to provide the capacitor K . -
between the two photodiodes E and F,.the anodes of the
15 two photodiodes E and F are connected to earth, via in
each case one capacitor K1 and K2, in the case of the
tracking control loop which is illustrated in Figure 5.
The invention is suitable for optical recording
and replay apparatuses which focus a light beam onto a
20 recording medium by means of a focusing control loop and
guide the light beam along the data tracks on the record-
ing medium by means of a tracking control loop. CD
players, video-disc players, DRAW disc players and
magneto-optic apparatuses should be mentiocned as

25 examples.
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"Due to the data recorded on the di sk, not only the fotusing efrot -+
signal but also the track error signal is overlaid by undesired high
frequency conponents whi ch aggravate the focus and track regu-

| ati on. SUMVARY COF TiH=a tleNVENTlaGks Therefore, it is the

obj ect of theijnventiggr$8 é&HEQéﬁ loop for an optical scanning device

for focusing a light beam onto a recording medium or for

guiding the light beam along the data tracks on the

5 recording medium, which reflects the light beam onto a

plurality of photodiodes (A, B, C, D, E, F) from whose

output signals a servo signal is produced by subtraction,

in that the output signals are supplied to a differential

amplifier (V) which produces the servo signal, which has

10 a high-frequency oscillation superimposed on it because

of the data which are recorded on the recording medium,

characterized in that either a capacitor (K) is connected

between the inputs of the differential amplifier (V), or.

in that one electrode of each of the photodiodes (A, B,

15 C, D, E, F) is connected to earth via in each case one
capacitor (XK1, K2).

2. Servo control loop according to Claim 1, charac-

terized in that said servo control loop is a focusing

control loop, in that the light beam is reflected from

20 the recording medium onto a four-quadrant photodetector

having four photodiodes (A, B, C, D), in that a voltage

(U) is applied to one electrode of each of the four

photodiodes (A, B, C, D), said electrodes being connected

to one another, in that the other electrodes of in each

25 case two photodiodes (A, C and B, D respectively) are

connected to one another, and in that a capacitor (K) is

connected between the junction points of the said other

electrodes.
3. Servo control loop according to Claim 1, charac-
30 terized in that said servo control loop is a focusing

control loop, in that the light beam is reflected from
the recording medium onto a four-quadrant photodetector
having four photodiodes (A, B, C, D), in that a voltage
(U) is applied to one electrode of each of the four
35 photodiodes (A, B, C, D), said electrodes being connected
to one another, in that the other electrodes of in each
case two photodiodes (A, C and B, D respectively) are

connected to one another, and in that the said other
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electrodes are connected to earth wvia in each case one
capacitor (K1, K2).
4, Servo control loop according to Claim 1, charac-
terized in that said servo control loop is a tracking
5 control loop, in that the diffraction beam of order +1
(L1l) is reflected from the recording medium onto a first
photodiode (E), and in that the diffracted beam of order
-1 (L2) is reflected onto a second photodiocde (F), in
that a voltage (U) is applied to that electrode on each
10 of the two photodiodes (E, F) which electrodes are
connected to one another, and in that a capacitor (K) is
connected between the other electrodes.
5. Servo control loop according to Claim 1, charac-.
terized in that said servo control loop is a tracking
15 control loop, in that the diffraction beam of order +1
(L1) is reflected from the recording medium onto a first
photodiode (E), and in that the diffracted beam of order
-1 (L2) is reflected onto a second photodiode (F), in
that a voltage (U) is applied to that electrode on each
20 of the two photodiodes (E, F) which electrodes are
connected to one another, and in that the other elec-
trodes are connected to earth wvia in each case one

capacitor (K1, K2).
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2 The invention solves this task in that the high fre- guency
oscillations are short-circuited before the sub- traction
(formation of differences) by neans of a capaci - tor.

BRI EF DESCRI PTI ON OF THE DRAW NGS The draw ngs show in

FIG 1 an arrangenent consisting of a four quadrant

Abstract

Servo control loop for an optical recording and/or

replay apparatus.

In the case of CD players, both the focusing error
signal and the tracking error signal have high-
frequency oscillations superimposed on them which
exacerbate the control and are caused by the data
recorded on the disc. The tracking error signal and
the focusing error signal are produced by subtract-
iﬁg the output signals from a plurality of photo-

diodes.

Because the high-frequency elements are short-cir-
cuited by means of a capacitor (K) before the sub-
traction of the output signals from the photodiodes
(A, B, C, D), neither the focusing error signal nor
the tracking error sigmal any longer contain the

high-frequency elements which exacerbate control.

CD players, video-disc players, DRAW-disc players

and magneto-optic apparatuses.

Figure 2.

This Sheet Has Been Replaced

MW




circuit, FIG 2 rcuit arrangenent for generating the

‘cusing error signal, FIG 3 a circuit arrangenent for generating
the fo- cusing error signal according to another enbodi nent,

FIG 4 a circuit arrangenent for generating the track error

si gnal , FIG 5 cirguit arrangenent for generating the track
error signal according to janother embodi nent,
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FIG 6 the state-of-the-art focusy error signal, FIG 7 the
state-of-the-art track error sigrfdr DESCRI PTI ON OF THE
" PREFERRED EMBODI MENTS FIG 1 shows
the customary arrangenent in CD pl ayers of the four quadrant photo
detector onto which the main beamL is reflected fromthe disk
t he phot odi - ode E onto which the positive first order diffracted
beam L1 is reflected, and the phot odi ode F onto which

E
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Fig.4

£

——*Kl——l——>+
v T -
BN e =’

F TKZ

Fig.5

This Sheet Has Been Replaced

AT

8/47



" the negative first order diffracted beam L2 is reflected. The four

quadr ant photo detector and the photodi odes E and F are nounted on
' a comon support. The circuit arrangenent shown in FIG 2
illustrates, as an exanple, how the focusing error signal FE is
generated for a focus regul ation cbg it. The state-of-the-art
focusing error signal is illustrate in FIG 6. It has a sine wave
response and i s superim posed by a high frequency oscillation
whi ch aggr avat es t he focus regul ation.
)
Y oot

Fig.6

Fig.7
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In the focus regulation circuit according to the inven- it Eown

in FIG 2, the first interconnected el ec- trodes of the four
phot odi odes A, B, C and D are con- nected to a voltage U. The
ot her el ectrodes of the pho- todi odes A, C are connected with the
first input of a differenti al Ef‘plifi'er V, while the other .
el ectrodes of t he phot.odi-odes” B and D afe connected wi {h the other
input'(}f t he differenti'al anmplifier V. A capacitor Kis s .
| Lo e / )
-/ . : ’ i ’ " ...... : / o - o

ahefse

The invention relates to a servo contrel loop for
an optical scanning device for focusing a light beam onto
a recording medium or for'guiding the light beam along
the data tracks on the recording medium, which reflects
the light beam onto a plurality of photodiodes from whose
output signals a servo signal is produced by subtraction,
which servo sgignal has a high-frequency oscillation
superimposed on it because of the data which are recorded
on the recording medium.

A CD player is equipped, for example, with two
servo control loops, one focusing control loop and one
tracking control locp. In the case of a CD player which
scans the recording medium, the compact disc, using the
so-called three-beam method, the light beam from a laser
is directed at the disc by means of lenses and a pris-
matic beam splitter. An optical grating is located in the
beam path in order that the light beam produced by the
laser is split into the main beam and the diffracted
beams.

The main beam is reflected from the disc onto a
four-quadrant photodetector having four photodiocdes A, B,
C and D, while the diffracted beam of order +1 is

reflected onto a photodiode E, and the diffracted beam of
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order -1 is reflected onto a photodiode ¥. The TIdcusi

error signal FE = (AS + BS) - (DS + CS) for the focusing

control loop is formed from the output signals AS, BS, CS
and DS from the photodiodes A, B, C and D of the four-
quadrant photodetector. The tracking error signal TE =

ES - FS for the tracking control loop is produced from

the output signals ES and FS from the photodiodes E and

F. Both the focusing error signal and the tracking error

signal have undesirable high-frequency elements superim-

posed on them because of the data recorded on the disc,
which elements exacerbate the focusing and tracking
control. '

It is thus the object of the invention to design.
a servo control loop according to the precharacterizing
clause of Claim 1 such that high-frequency superimposi-
tions in the servo signal no longer have a disturbing
effect on control.

‘The invention achieves this object in that the
high-frequency oscillations are short-circuited by means
of a capacitor before subtraction.

Figure 1 shows an arrangement comprising a four-quadrant
photodetector and the photodiodes of a tracking
control loop '

Figure 2 shows a circuit arrangement for producing the
focusing error sigmnal according to Claim 2

Figure 3 shows a circuit arrangement for producing the
focusing error sigmal according to Claim 3

Figure 4 shows a circuit arrangement for producing the
tracking error sigmal according to Claim 4

Figure 5 shows a circuit arrangement for producing the
tracking error sigmal according to Claim 3

Figure 6 shows the focusing error signal in the prior
art

Figure 7 shows the tracking error sigmnal in the prior
art

Figure 1 shows the arrangement, which is normal
in CD players, of the four-guadrant photodetector onto
which the main beam L is reflected from the disc, the

#
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L1 is reflected, and the photodiode F onto which the

diffracted beam of order -1 L2 is reflected. The four-
quadrant photodetector and the photodiodes E and F are
seated on a common carrier.

The example of the circuit arrangement shown in
Figure 2 is used to explain how the focusing error sigmal
FE for a focusing control loop is produced.

Figure 6 illustrates the focusing error sigmal in
the prior art. This has a sinuscidal waveform and has a
high-frequency oscillation superimposed on it, which
exacerbates focusing control. '

In the case of the focusing control loop accord- .
ing to the invention in Figure 2, one electrode of each
of the four photodiodes A, B, C and D, which electrodes
are connected to one another, is connected to a voltage
U. The other electrodes of the photodiodes A, C are
connected to one input of a differential amplifier V,
while the other electrodes of the photodiodes B and D are
connected to the other input of the differential ampli-
fier V. A capacitor K, which short-circuits the high-
frequency superimpositions in the output sigmals of the
photodiodes A, B, C and D, is provided between the two
inputs of the differential amplifier V. The focusing
error signal FE therefore no longer contains any high-
frequency superimpositions which disturb and exacerbate
control.

In the case of the focusing control loop which is
illustrated in Figure 3, the anodes of the diodes A, B,
C and D [sic] are connected to earth via in each case one
capécitor K1 and K2. The capacitor K between the inputs
of the differential amplifer V is thus no longer necess-
ary.

Figure 7 shows the sinusocidal error tracking
signal TE in the prior art, which likewise has high-
frequency oscillations superimposed on it; in the same
way as the focusing error signal.

The circuit arrangement illustrated in Figure 4

A2




shown in FIG 7 which, like the focusing error signal, is superinposed by
hi gh frequency oscill ations. The circuit arrangenent represented in FIG
4 is used to illustrate how the focusing error signal TE is gener- ated.
A voltage Uis applied to the first electrodes of the photodiodes E and F,
while a capacitor Kis provided between the other el ectrodes which are
connected to the inputs of a di fferential anplifier V. As the capacitor K

like in the a:{éanggg‘ar&to m:.lrp Hde tRe Eggﬁkiﬁ.br ‘error sigmal TE is
produced.

A voltage U is applied to one of the electrodes
of each of the photodiodes E and F, while a capacitor K
is provided between the other electrodes, which are
connected to the inputs of a differential amplifier V.
While, in the same way as in the case of the arrangement
in Figure 2, the capacitor K short-circuits the high-
frequency elements in the output signals from the photo-
diodes, the tracking error signal TE no longer contains
any high-frequency superimpositions which exacerbate
tracking control in the prior art.

Instead of having to provide the capacitor K .
between the two photodiodes E and F,.the anodes of the
two photodiodes E and F are connected to earth, via in
each case one capacitor K1 and K2, in the case of the
tracking control loop which is illustrated in Figure 5.

The invention is suitable for optical recording
and replay apparatuses which focus a light beam onto a
recording medium by means of a focusing control loop and
guide the light beam along the data tracks on the record-
ing medium by means of a tracking control loop. CD
players, video-disc players, DRAW disc players and
magneto-optic apparatuses should be mentioned as

examples.
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cui ts the jhiRghLAGFeHuENTY 'C'orfrponents in the output sig- nals lmllﬂﬂuluu(um" I“I
phot odi odgs,;~ttre-track error signal TE no | onger contains hi g

overl ays Jhijch a‘g@é&l égte irack regulation with the present * ¢ t * s ¥
st at e-of-th’e-a?t. L] ?eadjof provi di ng & he capacitor K between the two
phot odi odgs and E__the an¢des of the two photodi- odes E and F for the

track regglation circuit shown in Ba@ent &laicgnnected to ground each via a
capaci tor QWERL] ofbd s Aldl baPLe QG 10RELARL nECEQLELAY and

for focusing a light beam onto a recording medium or for

guiding the light beam along the data tracks on the
recording medium, which reflects the light beam onto a
plurality of photodiodes (A, B, C, D, E, F) from whose
output signals a serveo signal is produced by subtraction,
in that the output signals are supplied to a differential
amplifier (V) which produces the servo signal, which has
a high-frequency oscillation superimposed on it because
of the data which are recorded on the recording medium,
characterized in that either a capacitor (K) is connected
between the inputs of the differential amplifier (V), or.
in that one electrode of each of the photodiodes (A, B,
C, D, E, F) is connected to earth via in each case one
capacitor (K1, K2).

2. Servo control loop according to Claim 1, charac-
terized in that said servo contrel loop is a focusing
control loop, in that the light beam is reflected from
the recording medium onto a four-gquadrant photodetector
having four photodiodes (A, B, C, D), in that a voltage
(U) is applied to one electrode of each of the four
photodiodes (A, B, C, D), said electrodes being connected
to one another, in that the other electrodes of in each
case two photodiodes (A, C and B, D respectively) are
connected to one another, and in that a capacitor (K) is
connected between the junction points of the said other
electrodes.

3. Servo control loop according to Claim 1, charac-
terized in that said servo control loop is a focusing
control loop, in that the light beam is reflected £from
the recording medium onto a four-quadrant photodetector
having four photodicdes (A, B, C, D), in that a voltage
(U) is applied to one electrode of each of the four
photodiodes (A, B, C, D), said electrodes being connected
to one another, in that the other electrodes of in each
case two photodiodes (A, C and B, D respectively) are

connected to one another, and in that the said other
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pl ayback devices which focus a |light beamonto a re- cordi

means of a focus regulation circuit and guide the |Iight be

AL

tracks of the recording medium by neans of a track regulatlon Cirt
Exanpl es of this are CD players, video disk play- ers, DRAWi sk players

and magnet o-opti cal devi ces. 5

electrodes are connected to earth wvia in each case one

capacitor (X1, X2).

4, Servo contrel loop according to Claim 1, charac-

terized in that said servo control loop is

a tracking

control loop, in that the diffraction beam of order +1

(L1) is reflected from the recording medium onto a first

photodicde (E), and in that the diffracted beam of order

-1 (L2) is reflected onto a second photodiode (F), in

that a voltage (U) is applied to that electrode on each

of the two photodiodes (E, F) which electrodes are

connected to one another, and in that a capaciteor (K) is

connected between the other electrodesl

5. Servo control loop according to Claim 1, charac-.

terized in that said servo control loop is

a tracking

control loop, in that the diffraction beam of order +1

(L1) is reflected from the recording medium onto a first

photodiode (E), and in that the diffracted beam of order

-1 (L2) is reflected onto a second photodiode (F), in

that a voltage (U) is applied to that electrode on each

of the two photodiodes (E, F) which electrodes are

connected to one another, and in that the other elec-

trodes are connected to earth wvia in each case one

capacitor (K1, K2).

REPLACEMENT SHEET

21 DEC 1996

Sheet Has Been Replaced

T




4 Ve claim 1. A servo control arrangenent in conbination with an
optical scanner for focusing a |ight beamonto a recordi ng nedi umor for
guiding the |ight beam al ong

SERVO CONTROL LOOP

Abstract

1. Servo control loop for an optical recording and/or

replay apparatus.

2.1 In the case of CD players, both the focusing error
signal and the tracking error signal have high-
frequency oscillations superimposed on them which
exacerbate the control and are caused by the data
recorded on the disc. The tracking error sigmal and
the focusing error signal are produced by subtract-
iﬁg the output signals from a plurality of photo-

diodes.

2.2 Because the high-frequency elements are short-cir-
cuited by means of a capacitor (K) before the sub-
traction of the output signals from the photodiodes
(A, B, C, D), neither the focusing erroxr signal nor
the tracking error signal any longer contain the

high-frequency elements which exacerbate control.

2.3 CD players, video-disc players, DRAW-disc players

and magneto-optic apparatuses.

3. Figure 2.
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data tracks of said recording nmedium conprising: a plurality of
phot odet ect ors havi ng phot odi odes receiv- ing light reflected fromsaid
recording medium a differ- ential anplifier with inputs connected to said
phot odi - odes for taking differences of output signals fromsaid
phot odi odes to generate a servo signal gV|ng superim posed high frequency
oscillation conponents fromdata recorded on said recording nedi um said

hi gh fre- quency oscillation conponents bei ng noi se conponents on said

out put signals fromsaid photodiodﬁg; and capac-
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itor neans connected between said inputs of said differ- ential anplifier
for elimnating by short-circuiting said noise conponents on sai d out put
signals fromsaid pho- todiodes, so that said inputs of said differential
anplifier are free of said high frequency oscillation conponents. 2. A
servo control arrangenent for focus regulation as defined in claiml,
wherein said plurality of photode- tectd@ s conprise a four quadrant

phot odet ector wi th four photodi odes having first el ectrodes connected
together; a source of voltage connected to said first
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el ectrodes of said four photodi odes; said four photodi- odes having a first
pair of photodi odes with second el ectrodes connected together at a first
junction, and a second pair of photodi odes with second el ectrodes con-
nected together at a second junction; said capacitor neans being connected
between said first junction and said second junction. 3. A servo control
arrangenent for track regulation as defidhed in claiml, wherein said
reflected Iight com prises a positive first order diffracted beam

refl ected

Fig.6
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lumonto a first photodi ode \,and a negative flrst

HENM&?‘,’T% eéglefef lected fromsaid recording, mediumonto a decond -
and second phot odi odes having first electrofles = " 3

conn€ctled, t,0q hhgﬁgat first junction; a source of volt- age connécted to
;sadi d phot odi odes having second el ectrodes connected to
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bet wekn sai d second

el elct r odes. 4. A servo control ar r angenent
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SERVO CONTROL LOOP
BACKGROUND OF THE INVENTION

The invention concerns a servo regulation circuit
(servo control loop) for an optical scanning means for
focusing a light beam onto a recording medium or for
guiding the light beam along the data tracks of the
recording medium, which reflects the light beam onto
several photodiodes; a servo signal is generated from
the output signals of these (photodiodes) through sub-
traction (formation of differences) and this is overlaid
by a high frequency oscillation due to the data recorded
on the recording medium.

A CD player is equipped with, for example, two
servo control loops, one focus regulation circuit and
one track regulation circuit. In a CD player, which
scans the recording medium, the compact disk, accord-
ing to the so-called three-beam technique, the light
beam of a laser is directed onto the disk by means of
lenses and a prism beam splitter. An optical grating is
located in the beam path so that the light beam gener-
ated by the laser is divided into the main beam and the
diffracted beams.

The main beam is reflected from the disk onto a four
quadrant photo detector with four photodiodes A, B, C
and D, while the positive first order diffracted beam is
reflected onto a photodiode, E and the negative first
order diffracted beam is reflected onto a photodiode F.
The focusing error signal FE=(AS+BS)—(DS+CS)
for the focus regulation circuit is formed from the out-
put signals AS, BS, CS and DS of photodiodes A, B, C
and D of the four quadrant photo detector. The track
error signal TE=ES—FS for the track regulation cir-
cuit is generated from the output signals ES and FS of
photodiodes E and F. Due to the data recorded on the
disk, not only the focusing error signal but also the track
error signal is overlaid by undesired high frequency
components which aggravate the focus and track regu-
lation.

SUMMARY OF THE INVENTION

Therefore, it is the object of the invention to form a
servo control loop in such a way that high frequency
overlays in the servo signal no longer have a disturbing
effect on the regulation.

di flf erenti al anplifier, and capacitor nmeans con nected
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The invention solves this task in that the high fre-
quency oscillations are short-circuited before the sub-
traction (formation of differences) by means of a capaci-
tor.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings show in

FIG. 1 an arrangement consisting of a four quadrant
photo detector and the photodiodes of a track regula-
tion circuit,

FIG. 2 a circuit arrangement for generating the fo-
cusing error signal,

FIG. 3 a circuit arrangement for generating the fo-
cusing error signal according to another embodiment,

FIG. 4 a circuit arrangement for generating the track
error signal,

FIG. 5 a circuit arrangement for generating the track
error signal according to another embodiment,

FIG. 6 the state-of-the-art focusing error signal,

FIG. 7 the state-of-the-art track error signal.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows the customary arrangement in CD
players of the four quadrant photo detector onto which
the main beam L is reflected from the disk, the photodi-
ode E onto which the positive first order diffracted
beam L1 is reflected, and the photodiode F onto which
the negative first order diffracted beam L2 is reflected.
The four quadrant photo detector and the photodiodes
E and F are mounted on a common support.

~ The circuit arrangement shown in FIG. 2 illustrates,
as an example, how the- focusing error signal FE is
generated for a focus regulation circuit.

The state-of-the-art focusing error signal is illustrated
in FIG. 6. It has a sine wave response and is superim-
posed by a high frequency oscillation which aggravates
the focus regulation.

In the focus regulation circuit according to the inven-
tion shown in FIG. 2, the first interconnected elec-
trodes of the four photodiodes A, B, C and D are con-
nected to a voltage U. The other electrodes of the pho-
todiodes A, C are connected with the first input of a
differential amplifier V, while the other electrodes of
the photodiodes B and D are connected with the other
input of the differential amplifier V. A capacitor K is



'5 plurality of photodetectors having phot odi odes receiv- ing |ight
reflected fromsaid recording nedium a differ- ential anplifier with

i nputs connected to said photodi- odes for taking differences of output
signals fromsaid photodi odes to generate a servo signal having superim
posed high frequency oscillation conpongnts fromdata recorded on said
recordi ng nedium said high fre-

provided between the two inputs of the differential
amplifier V which short-circuits the high frequency
overlays in the output signals of the photodiodes A, B,
C and D. Therefore, the focusing error signal FE no
longer contains high frequency overlays which disturb
and aggravate the regulation.

In the focus regulation circuit illustrated in FIG. 3,
the anodes of the diodes A, B, C and D are each con-
nected to ground via a capacitor K1 and K2. The capac-
itor K between the inputs of the differential amplifier V
is therefore no longer necessary.

The state-of-the-art sine wave track error signal TE is
shown in FIG. 7 which, like the focusing error signal, is
superimposed by high frequency oscillations.

The circuit arrangement represented in FIG. 4 is used
to illustrate how the focusing error signal TE is gener-
ated.

A voltage U is applied to the first electrodes of the
photodiodes E and F, while a capacitor K is provided
between the other electrodes which are connected to
the inputs of a differential amplifier V. As the capacitor
K, like in the arrangement shown in FIG. 2, short-cir-
cuits the high frequency components in the output sig-
nals of the photodiodes, the track error signal TE no
longer contains high frequency overlays which aggra-
vate track regulation with the present state-of-the-art.

Instead of providing the capacitor K between the two
photodiodes E and F, the anodes of the two photodi-
odes E and F for the track regulation circuit shown in
FIG. 5 are connected to ground each via a capacitor K1
and K2.

The invention is suitable for optical recording and
playback devices which focus a light beam onto a re-
cording medium by means of a focus regulation circuit
and guide the light beam along the data tracks of the
recording medium by means of a track regulation cir-
cuit. Examples of this are CD players, video disk play-
ers, DRAW disk players and magneto-optical devices.




guency oscillation conmponents being noi se conponents on s ;“ UHHMS
from sai d photodiodes; first ca- pacitor neans connected bE
of said differential anplifier and ground potential; and second capacltor
means connected between another input of said differential anplifier and
ground potenti al . 5. A servo control darrangenent as defined in claimd4,
wherein said plurality of photodetectors conprise a four quadrant
phot odet ect or wi t h Werclgifint odi odes having first el ectrodes connected
together; a source §f A servo control arrangement in combination with

an optical scanner for focusing a light beam onto a

recording medium or for guiding the light beam along

data tracks of said recording medium, comprising: a
plurality of photodetectors having photodiodes receiv-
ing light reflected from said recording medium; a differ-
ential amplifier with inputs connected to said photodi-
odes for taking differences of output signals from said
photodiodes to generate a servo signal having superim-
posed high frequency oscillation components from data
recorded on said recording medium, said high fre-
quency oscillation components being noise components
on said output signals from said photodiodes; and capac-
itor means connected between said inputs of said differ-
ential amplifier for eliminating by short-circuiting said
noise components on said output signals from said pho-
todiodes, so that said inputs of said differential amplifier
are free of said high frequency oscillation components.

2. A servo control arrangement for focus regulation
as defined in claim 1, wherein said plurality of photode-
tectors comprise a four quadrant photodetector with
four photodiodes having first electrodes connected
together; a source of voltage connected to said first
electrodes of said four photodiodes; said four photodi-
odes having a first pair of photodiodes with second
electrodes connected together at a first junction, and a
second pair of photodiodes with second electrodes con-
nected together at a second junction; said capacitor
means being connected between said first junction and
said second junction.

3. A servo control arrangement for track regulation
as defined in claim 1, wherein said reflected light com-
prises a positive first order diffracted beam reflected
from said recording medium onto a first photodiode,
and a negative first order diffracted beam reflected from
said recording medium onto a second photodiode; said
first and second photodiodes having first electrodes
connected together at a first junction; a source of volt-

age connected 1o said first junction, said photodiodei REPLACEMENY

having second electrodes connected to said inputs o

said differential amplifier, and capacitor means con 21 s

nected between said second electrodes. JAN 195
4. A servo control arrangement in combination witf ‘———u—..

an optical scanner for focusing a light beam onto

brvernrss s s . o,

recording medium or for guiding the light beam along
data tracks of said recording medium, comprising: a



vol tage connected to said first electrodes of said four p

four phot odi odes having a first pair of photodi odes with Iunm“ﬂmmu"ﬂﬁﬂiﬂn
connected together at a first junction, and a second pair of phot odl odes *
wi th second el ectrodes connected together at a second junc- tion; said
first capacitor means being connected bg- tween said first junction and

ground potential, and said second capacitor means being connected between

sai d second junction roun% potential . 6. A servqQ control arrangenent
for track regul at i onP rah otodetectors having photodiodes receiv.

ing hght reﬂected from said recording medium; a differ-
ential amplifier with inputs connected to said photodi.
odes for taking differences of output signals from said
photodiodes to generate a servo signal having superim-
posed high frequency oscillation components from data
recorded on said recording medium, said high fre-
quency oscillation components being noise components
on said output signals from said photodiodes; first ca-
pacitor means connected between one input of said
differential amplifier and ground potential; and second
capacitor means connected between another input of
said differential amplifier and ground potential.

5. A servo control arrangement as defined in claim 4,
wherein said plurality of photodetectors comprise a
four quadrant photodetector with four photodiodes
having first electrodes connected together; a source of
voltage connected to said first electrodes of said four
photodiodes; said four photodiodes having a first pair of
photodiodes with second electrodes connected together
at a first junction, and a second pair of photodiodes with
second electrodes connected together at a second junc-
tion; said first capacitor means being connected be-
tween said first junction and ground potential, and said
second capacitor means being connected between said
second junction and ground potential.

6. A servo control arrangement for track regulatxon
as defined in claim 4, wherein said reflected light com-
prises a positive first order diffracted beam reflected
from said recording medium onto a first photodiode and
a negative first order diffracted beam reflected from

*said recording medium onto a second photodiode, said

first and second photodiodes having first electrodes
connected together at a first junction; a source of volt-
age connected to said first junction, said photodiodes
having second electrodes connected to said inputs of
said differential amplifier; said first capacitor means
being connected between ground potential and the sec-
ond electrode of said first photodiode, and said second
capacitor means being connected between ground po-
tential and the second electrode of said second photodi-
ode.
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as defined in claim4, wherein said reflected |ight com prises a positive
first order diffracted beamreflected fromsaid recording nmediumonto a
first photodi ode and a negative first order diffracted beamreflected from
said recordi ng nmediumonto a second photodi ode, said first and second
phot odi odes having first el ectrodes comnected together at a first junction;
a source of volt- age connected to said first junction, said photodi odes
havi ng second el ectrodes connected to said inputs of said differential
anplifier; said first capacitor neans
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bei ng connected between ground potential and the sec- ond el ectrode of said
first photodi ode, and said second capacitor neans bei ng connected between
ground po- tential and the second el ectrode of said second photodi- ode.
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SERVO CONTROL LOQOP
ABSTRACT

A servo control arrangement for an optical scanner for
focusing a light beam onto a recording medium or for guiding
the light beam along data tracks of the recording medium.
Light reflected from the recording medium is directed onto a
plurality of photodiodes which are connected to a
differential amplifier. The amplifier takes differences of
the output signals from the photodiodes to generate a servo
signal having superimposed high frequency noise components
from data recorded on the recording medium. The high
frequency noise components are eliminated by short circuiting
through a capacitor connected between the inputs of the
differential amplifier, whereby the inputs o©of the
differential amplifier become free of the high frequency
noise components.

Fig 3.



