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The invention relates to a scanning device for scanning a record carrier
which comprises parallel, optically detectable tracks, the device comprising an optical system
for focusing, via the record carrier, a main radiation beam, a first and a second auxiliary

radiation beam on a radiation-sensitive main detector, a first and a-second auxiliary detector

wa

respectively, while the main detector and auxiliary detectors comprise each at least a first and.

_ a second sub-detector, the device .compfising a tracking control system for controlling, in -
response to a tracking error signal, a position of a read spot caused by the main radiation
beam on the record catrier,- which tracking control systein can be brought to a first or a
second operating state in which tracking control system in the first operating state first

10 generating means for generating tracking error signals are active for generating as a tracking
error signal a differential push-pull signal which represents a combination of mutual
differences between detector signals from sub-detectors of individual detectors, and which
tracking control system comprises second generating means for generating tracking error
signals which second generating means are active in the second operating state and differ

15 from the ﬁrst. genérating means for generating tracking error signals.

Such a device is known.from EP-A-0.525.896. Prior-art device is. in
essence, intended for reading out record carriers- which have a track pitch that is
approximately half the track pitch customary for so-called Compact Discs. To make the
reading of Compact Discs possible too, the device comprises additiondl provisions. When the

20 record carrier having half the track pitch is read out, the tracking control is brought to the
first operating state. In this first operating state a tracking according to the so-—céjled three-
spot-push-pull principle is realised. The auxiliary radiation beams are then focused in such a
way that in the case where the main radiation beam hits the centre of a track, the auxiliary

read spots caused by the auxiliary radiation beam are positioned on either side of the track
25 followed by the main read spot and shifted by distances corresponding to half the track pitch.
For each of the three read spots (main read spot and auxiliary read spots), a push-pull signal
is derived from the difference between the detector signals of the associated detectors. The
push-pull signals thus obtained are combined to the three-spot-push-pull signal which is
thereafter used as a tracking error signal in the tracking control system, so that the position
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Pri or-lﬁrtscq%){%dce is, in essence, intended for reading out record carriers
whi ch "have a Tftack pitch that is approximately half the track pitch

customary for so-cal | execopdiingied theifvsntion thi$TBigecttif @chieved by a device as defined
in the opening paragraph, characterized in that the second generating means for generating ‘

tracking error signals comprise deriving means for deriving as the tracking error signal a
signal that represents a difference between the sums of the detector signals of the sub-
15 detectors of the first and of the second auxiliary detector. _
The device according to the invention is advantageous in that a tracking
error signal can be derived for either type of record carrier on the basis of detector signals,
without adaptations for focusing the radiation beams being necessary in the optical system.
For that matter, if a record carrier having a speciﬁc.track pitch is scén_ned and the distance
20  between the auxiliary read spots and the track followed by the main read spot is equal to half
the track pitch, the distance between the auxiliary read spots and the track followed by the
main read spot will, in essence, be equal to a quarter of the track pitch if a record carrier
having a track pitch that is twice this track pitch is scanned. For distances between the main .
read spot and the auxiliary read spots, which distances are equal to half the track pitch, it
25 appears that a tracking error signal obtained according to the three-spot-push-pull principle is -
little sensitive to variations of parameters which may, for example, be caused b—y eccentricity.
For distances between the main read spot in the auxiliary read spots, which distinces are
equal to a quarter of the track pitch, a tracking signal obtained on the basis of the difference
between the radiation received by the auxiliary detectors also appears to be little sensitive to
30 said variations of parameters. With the device according to the invention it is thus possible to 3
realise in a highly simple manner a reliable tracking for the scanning of both a first type of
record carrier and a second type of record carrier, whereas the track pitches on the two
different types of record carriers have a ratio of 1:2. With said 1:2 ratio of the track pitches,
the insensitivity to variations of parameters is optimized. However, there should be observed
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auxiliary read spots), A push-pull signal is derived fromthe difference
invention; .

Fig. 2 shows a top view of a detector system to be used in the device

shown in Fig. 1,
Figs. 3 and 4 show top views of two different types of record carriers

10 which may be scanned by the device according to the invention; and

Fig. 5 shows an adaptation of the embodiment shown in Fig. 1.

” Fig. 1 shows an embodiment for a scanning device according to the
invention for scanning an optical record carrier 1, part of which is répresented in a cross-
sectional view. The record carrier comprises an information plane 2 in which information has

15 stored in the form of a phase structure. This phase structure may be formed by, for example,
pits or land on the information plane. The phase structure is ordened in parallel tracks 3 |
having a constant track pitch. In Fig. 1 the tracks are perpendicular tc e plane of the
drawing. The device comprises a read head 4. The read head 4 comprises' a radiation source
11, for example, a diode laser, for generating a radiation beam. Furthermore, the read head

20 4 comprises a bear;l splitter, for example, in the form of a grid splitting up the radiation
beam produced by the radiation source 1 into a main radiation beam 5 and two auxiliary |
radiation beamns 6 and 7. The read head 4 comprises an optical system for focusing, via the
information plane 2 of record carrier 1, the radiation beams'5, 6 and 7 at a respective
radiation-sensitive main detector 8, a ﬁrst-auxiliary detector 9 and a sécond auxiliary detector

25 10. The optical system thereto comprises a beam splitter 13 of a customary type, for
example, in the form of a semitransparent mirror for separating the beams focused at the
information plane and the beams returning from the information plane. Furthermore, the
optical system comprises a focusing element 14 of a customary type for focusing the
radiation beams 5, 6 and 7 to small read spots 15, 16 and 17 on the information plane 2. Ti..

30 read spot 15 caused by the main radiation beam 5 will be designated the main read spot
hereinafter. The read spots caused by the auxiliary radiation beam 6 and 7 will be designated
auxiliary read spots 16 and 17 hereinafter.

Each of the main detector 8 and auxiliary detectors 9 and 10 is divided
into at least a first and a second sub-detector. In Fig. 2, which shows a top view of the
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is an obje rnvention to provide a device in which the nmain read
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object i$ Qcﬂﬂpé@e‘ﬁiub‘yg‘geeg&giﬁﬁdﬁg pa%?%%éfc%%éggspt%lﬁga%s agr aph,
characterized in that Th8@ewnes Edifpriked & gehdritthg@ARER J40for generating tracking error
T 10 signals, which circuit derives a tracking error signal SRE from detector signals S8a, S8b, '
~ S9a, S9b, S10a and S10b which are supplied by the sub-detectors of the detectors 8, 9 and
10. The tracking error signal SRE denotes the deviation between the centre line of the main ”
read spot 15 and the centre of the track on which the main radiation beam 5 is focused. The
main read spot is kept on the centre line of one of the tracks 3 by a tracking control system.

15 In addition to the generator circuit 24 for generating the tracking error signals, the tracking I

control system comprises a control circuit 25 and an actuator 26. The actuator is of a
customary type for effecting a shift of the read spots 15, 16 .and .17 in a direction
perpendicular to the tracks 3. The actuator 26 may be formed, for example, by a shift
actuator for shifting the read head 4. However, other types of actuators are also suitable. The
20 actuator 26 is controlled by the control circuit 25 which derives a control signal fo; the 2
actuator 26 from the tracking error .signal SRE, so that the tracking error signal is kept at a
predetermined value that corresponds to-a tracking error that is substantially equal to zero. .
The tracking control system can be brought to a first or second operating state. In the various .
.operating states various tracking error signals are derived from the detector signals 8a, 8b,
25 9a, 9b, 10a and 10b. A first one of the two different operating states is intended to be used 23
in the case where the track pitch of the tracks 3 (distances between the centres of adjacent
tracks) is selected to be so large as to have the auxiliary read spots 16 and 17 positioned, in
essence, in the middle between two tracks. Worded differently, the auxiliary read spots are
shifted relative to the main read spot 15 in a direction perpendicular to the tracks over a
30 distance equal to (n+0.5) times the track pitch. For the purpose of illustration, Fig. 3 shows 30
a top view of the pattern of tracks represented for the case where the auxiliary read spots 16
and 17 are shifted m a direction perpendicular to the tracks over a distance equal to half the
track pitch. The tracks 3 are formed by pits which are further designated by reference
numeral 60. in the device according to the invention a so-called differential push-pull
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The signal Srepp may also be derived by -a so-called hard wired circuit, a
possible embodiment of which being formed by the generating- circuit 24 for generating
tracking error signals shown in Fig. 1. This embodiment comprises a subtracter circuit 40 for

15 determining the difference between the detector signals S10a and S10b, a subtracter circuit
41 for determining the difference between the detector signals S8a and S8b and a subtracter
circuit 42 for determining the difference between the detector signals S9a and S9b. An output
signal of the subtracter circuit, which signal represents. the difference found, is applied to a
non-inverting input of an arithmetic circuit 44 via an amplifier circuit 43 having a gain factor

20 2/T. Output signalé of the subuﬁcter circuits 40 and 42 representing the differences
determined by these circuits 40 and 42 are applied to inverting inputs of the arithmetic circuit
44, The arithmetic ciréuii a4 déﬁveg the differential push-pull-tracking error signal Srepp'

9 from the received signals. . o .
) In the device according to the invention, a different’tracking error signal |

25 is used for tracking if the track pitch is twice the track pitch shown in Fig. 3. Fig. 4 shows
by way of illustration a top view of a record carrier having tracks with a track_pitch twice
that of the record carrier shown in Fig. 3. :

For such a track pitch the auxiliary read spots 16 and 17 in a direction
perpendicular to the tracks 3 are shifted relative to the main read spot 15 over a distance

3 30 equal to a quarter of the track pitch. With such a relation between track pitch and distance

between the read spots, a signal Sreca derived from the following relation

Sreca = (S10a +S10b) - (S9a + S9b). -
This Sheet Has Been Replaced

(Ui




WO 95/228 P 95/00065
radi ation rgc?glzlé%i by the auxiliary det egtors. al so appear s ?T,I% ? Ie

sensitive to said 3
variations of eagaq@g%% el s, %{}{ the device according to TW@ $’T*f\;é(n'ﬁ/1\50ﬁf¢‘¥* S
possi bl e 1§ ysed lﬂ &R gﬂsgfum npl e manner a reliabje tré’(EEifh"[‘inor t he
scanning of ‘beth_a-f it at fitRReradxplafgfinofChe réi@fiorRbétwaerd 818G 3

carrier, whereas the track pltches on the two different types of recotd
carri ers detegtor signals eeference: e mege 19 GRile#3#.884catio of the track pitches, t he

moes be bt ved s hane Hial S g AL Sty SR el RIS oF 1 s
of 1.55 angrcdits, foﬁe:&ﬂfﬁlé Hyedprogrdin-gbntiolied Retihit Wativd Wh\'aas"mtalblb%égrﬂrﬁ for

paraneters is obtained
deriving the signal Srepp according to said relation.
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ord _

The signal Sreca can also be derived by a so-called hard wired circuit of
which a possible embodiment is included in the generating circuit 24 for generating tracking
error signals shown in Fig. 1. This embodiment comprises' an adder circuit 45 for

10  determining the sum of the detector signals S10a and S10b and an adder circuit 46 for
determining the sum of the detector signals S92 and S9b. An output signal of the adder .
circuit 45 representing the sum determined by the adder circuit 45 and an output signal of the ‘
adder circuit 46 representing the sum determined by the adder circuit 46 are applied to a
subtracter circuit which derives the sighal Srecé- trx':;m these supplied signals.

15 By means of a selection unit 48; for example, formed by a switch and
controlled by a signal Ss, either the signal Srepp or the signal Sreca can be applied to the
control circuit 25 as the tracking error sxgnal SRE. The operation of the selection unit 48
may be carried out manually by the user. waevér, the .operation of the selection 48 is
preferred to be carried out automatically. This may be effected on the basis of information

20 obtained from the record carrier present in the scanning device. Fc;i' tlns purpose the
scanning device may comprise a detection unit which establishes the type of record carrier
present in the scanning device and which applies an appropriate controi-signal Ss for the
selection unit to the selection unit 48 in the scanning device. o

_ The signal Ss can be obtained in numerous ways. A" detection unit may

25 comprise means which effect a shift of the read head over a defined distance and establish

‘the number of passed tracks on the basis of one or more detector signals. This number found
is a measure for the track pitch, so that the control signal Ss can be derived from this
measure. Another attractive way is in¢luding codes-in the-information signal recorded on the
record carrier, which codes indicate the type of record carrier. By detecting these codes the

30 type of record carrier can be established and an appropriate control signal Ss can be
generated. It may then be advant_ageous during the reading of the information signal to use
briefly the signal Srepp and the signal Sreca for the tracking. By using the two signals Srepp
and Sreca there is guaranteed that at least during part of the readout a suitable tracking error
signal is used and a proper tracking is obtained for at least part of the readout of the
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4 donprises a radiation source for exanple, a diode |aser, for
geffer at i negrresponding control signal Ss.

10. Fig.' 5 shows another embodiment for a circuit fdr.deriving the tracking

: error signal SRE in which a normalization of the tracking error signal takes place.

” Depending on the control signal Ss, the derived value of the differential push-pull signal
Srepp or the signal Sreca is produced for the signal SRE, while the following relations hold
between the signals Srepp and Sreca, on the one hand, and the detector signals S8a, S8b,

} 15 S9a, S9b, S10a and S10b, on the other:

Iy - I

Srepp = =5

with I; = S8a + I/2 (S10b + S9b)
and I, = S8b + I'/2 (S10a + S9a)

Iy =TI

. I v I,

with I'; = S%9a + S%b
and I'; = S10a + S10b. .
The device shown in Fig. 5 comprises an arithmetic circuit 60 which

derives in customary fashion I, from the signals S8b, S10a and S9a. Simﬂarly. I, is derived
25 from the signals S8a, S10b, and S9b by means of an arithmetic circuit 61. An arithmetic

circuit 62 derives in customary fashion I, from the signals S10a and S10b, whereas an

arithmetic circuit 63 similariy derives I'; from the signals S9a and S9b. The signals I, and

I’, are applied to a selection circuit 64 controlled by the signal Ss, which circuit 64 presents
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selection circuit will be referenced signal 1,* hereinafter. The signals I,* and I,* are applied

to a normalization circuit of a customary type which derives the signal SRE from I,;* and I,*
according to the following relation:

Il* - Iz*
SRE = L "2
II* - 1'2*

10 Due to the normalization, the tracking error signal SRE becomes less sensitive to all sorts of
parameter variations. For a detailed description thereof reference be made to EP-A-
0.512.616.

-The advantage of the embodiment shown in Fig. 4 is that the same
normalization circuit can be used in the two different operating states. With the scanning

15  device described above it 1s possible to guarantee a most reliable tracking without adapting
the optical system for record carriers “t-laving a first and a second track pitch. The track pitch
ratio is preferably équal to 1:2. However, also with track pitch ratios of two different types
of record carriers within the range between 1.5 and 2.5 achieves stable error tracking with
the device according to the inventiom.~- IR

20 The mgh reliability of the trackmg in the scanning device according to the ®
invention will be further explained hereinafter. .

.. The relation between the signal Srepp and the signal Sreca as a function

of the tracking error is given by the following formulas:

25 Sreca = mca.sin(phi)asin (27x/q) . (1)

Srepp = mcb.(1-cos(phi)).sin(Zxx/q) )

with phi = 2xx0/q
30
where mca and mcb denote a2 modulation depth for the signals concerned,
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conprises a focusing elenent 14 of a customary type for tRCI/IBEAM0EESi on beans
5, 6 and 7 to small read spots 15, 16 afld 17 on the information plane 2.

The read spot 15 causegqrby the main radi'ation beam5 will be designated the
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radi at i cml'iltehﬁbﬁecﬁﬂﬁﬁﬁre"&ehér gp hg?ﬁaiil?nat ed auxiliary reagtspok’éé %Xgﬁﬂk 17
herei nafter. " Each F2d 58P det ector 8 .and auxiliary -
‘detectors 9 and 10 i swhireixOaidnotes te ahifd GARL 2@if and a-second -

sub- det egb@%porlifl aRiifkeridy o CI?' ihows a top 3@%’5\#&? F1TRC o d¢laegp dhegmain and
10, the di Vigl on o t%e t%,‘hegdléﬂﬁtlomcfths watkliad@t ed by the |ines 18,
19 and 20. Further norehers gadenoedtheashck pikl€ radi ation beams 5, 6 and 7 are
referenced 21, 22 and,23 in Fig. 2. The optical systemand detectors 8, 9
anfi 10 are di nensi oned® ERREATSFOMR efvationd , ckeswanimemeartlitudinic Sraca i Glipy beam
5 |s focwitieghDe ¥i2S of €or X = §/A€ IPhdditéh.t .3 and.the auxiliary radiation
bepns 6 and 7 are focused onqt he centrél{"?%éégggﬂ?@gﬁw FarEensaf phirandks 3,
the spot@isyaluexf xhis migimized.nosi ti oned centralized on the detectors 8, 9

angd 10. If the read h | in irection perpendicular to the
trlacks, the spots on ‘gﬁgmge{ ec% oi\rég‘gél,on;’léﬁ%mﬁquﬁ PfrSrepRiis obtatried n
per paodi with phi o} bex0 =nqL. 1 addiflomnitle Séhsitivity of Srepp to variations of phi is

* minimized with these values of phi.

Variations of phi are caﬁsed, for example, by variations of the position of
the read head relative to the direction of the track. These position variations occur when
record carriers are read out having, in essence, éoncentn'c tracks and for which the point of

15 rotation does not lie exactly in the centre of the concentric tracks, which phenomenon is also
referenced eccentricity. Variations in the position of the read head relative to the direction of

the track do occur in the case where the angle of the direction of the track to the track along
which the read head travels in radial direction-is a function of the radial position of the read
head.

20 Due to these variations of phi it is merely possible to realise a sufficiently
stable tracking control with a limited range of phi. In the device according to the invention,
both for the scanning of the record carrier shown in Fi'g'. 3 and for the scanning of the record

' carrier shown in Fig. 4 the amplitude of the tracking error signal is maximum and the
sensitivity of the tracking error signal to variations of phi is minimum, ‘so that always a

25 highly reliable tracking is obtained. -
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The device conprises a generating circuit 24 for generating tra“c% %oas%rror

signals, which circuit derives a tracking error signal SRE from detector
signals S8a,,$8h, S9a, S9b, Sl0a and Sl Ob which are supplied by the -
sub-det ecto the detectors 8, 9 and 10. The trackThixphet HBBesiRgpaled SRE
denot es t he deviTati.on between the centre |ine af. the 15 and
the centre of the track on which the main radiation be ﬂﬂmﬂmgﬂggud The
mai n read spot is kept on the centre line of one of the a -
tracking control system In addition to the generator circuit 24 for
generating the tracking error signals, the tracking control system
conprises ajcontrol cCirc8¢dnnidg devide Jor REfniAg @recded cdrifier MbidhadoMipriseés 1
customary type for effecting a shift of the read spots 15, 16 and 17 in’a
di recti on p&Picaliyideiertabletracksdhe deyicescomprining A QRUSRIYSIER foRyoRsingo vigdhe f or

le, b Ll aGt . Lf : h
Cypes of asTeofbiatien 3 ih dhailn Bl o e 4l SB0f J0AMad ol Blam G 4T
Cﬁnt rol cir mdiﬁﬁoﬁ&enjiti\eh?aig |grifeteemr,aaa E_mnhmﬁh secopd auxiliary détectm_cxtesger:tivel)’c’,fkiwﬁikom
the tracking err.or, signa . so, that the tracking err signal _is t at
2 o edot S niHaAID SeREOF oS AP QEiSAALs Saarse e gk A e i Socaid L
substanti al hyteq6r) dhe &&i&e?do&zpﬁ?ig\?eat traklrigébn&B N iysRim forCoRIDIGAL, MCreSfonsOfdla t O

a first -or second operating st I'n The vari‘ous operating states various
tracking er wrasking gmren signal.ca psitioncef & readhspotccatiseddy the main radiatiogzheadion e,
9b, 10a and, J0f carrier, which tracking control system can be brought to a first or a second operating *

state in which tracking control system in the first operating state first generating means for

10 generating tracking error signals are active for generating as a tracking error signal a
differential push-pull signal which represents a combination of mutual differences between
detector signals from sub-detectors of individual detectors, and which tracking control system
comprises second generating means for generating tracking error signals which second
generating means are active in the second operating state and differ from the first generating

15 means for generating tracking error signals, characterized in that the second generating
means for genera.t.ing tracking error signals comprise deriving means for deriving as the
tracking error signal a signal that repi-esents a difference between the sums of the detector
signals of the sub-detectors of the first and of the second auxiliary detector.

2. . Device as plaimed in Claim 1, wherein the device comprises means for ~

20 . causing the tracking control system to adopt the first or second operating state in response to

. a selection signal, and control means for deriving the selection signal in response to at least

one detector signal supplied by the main detector.
3. Device as claimed in Claim 1, characterized in that the control means
~ control a read circuit for recovering an information signal that corresponds to information
25 recorded on the record carrier, which control takes plaée in response to said detector signal
supplied by the main detectdr, and means for producing a selection signal in response to a
detection of predetermined codes in the information signal, which detection signal
corresponds to this code.
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5 first one of the two different operating states is iH{ldBY%80650 be used

I n tlhe case where the track pitch of the tracks 3 (distances between the
centres of adjacent tracks) is selected to be so large as to have the
auxiliary read spots_ 16 and 17 positi ed, in essence, in the mddle

bet ween two tracks. Wbrded dif-ferent 23 the auxiliary read spots are _
shifted relative {go q?e1ﬁnin read spot 15 in & direction perpendicul ar to
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aul’ll ary read spots 16 and 17 are shifted in a di rect.on"?é’?%%“r?%‘” ular to

the tracks over a distance equal to half the track pitch. The tracks 3 are
fornmed by pits which are further designated by reference nuneral 60. In the
devi ce according to-the invention a alled differential push-pul
tracklng .error signal Srepp i's used ;gl ‘tracking error_signal-.in the case
where the auxiliary read spots 16 and 17 are shifted over a‘di’stance:
(n+0.5) tines the track pitch. This signal may be derived according to the
follow ng rel ation: Srepp = (S8a-S8b) - [err]/2 (S9a-S9b) - [err]/2

( SLOa- S10b) . For a further explanation of the relation-
bet ween the Srepp si gnal and the detector signals, reference be nmade to
EP- A- 0. 201. 603. Thebls| gna Srepp can be Werived by nunerous
di fferent enbodi %%ﬁ xamgl €

circuit whichTs uital progra

Srepp according to sai d rel ation.

F16.4
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The*‘ i gnaVOF @2 may al so be derived by a so-called hard RETEBASOPSLit, a
possl bl e enbodi nent of which being fornmed by the generating circuit 24 for
generating tracking error signals shown in Fig. 1. This enbodi nent
conprises a subtracter circuit 40 for ggbernining the difference between

t he detector.-signal s-810a and S10b, a3 tracter_circuit 41 for determ.ning
the diffefence between the detector S|gnals S$8a and S8b -and. &~ subtrac{er
circuit 42 for determining the difference between the detector signal's S9a
and S9b. An out put signal of the subtracter circuit, which signa

represents the difference found, is applied to a non-inverting I nput of an.
arithnetic circuit 44 via an anplifier circuit 43 having a gain factor

2/ [err]. Qutput signals o@zthe subtracter circuits 40 and 42 representing

the differences determ y the¥l@aeftfbuits 40 and 42 are applied to
i nverting inputs f*ariphnetic cifcuit 44. The arithnetic circuit 44
derives - ‘If
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6 the differential push-pull tracking error signal Srepp frorﬁjd@?rqjtg/ved

S|gnals : In the device according to the invention, a different
tracking error signal is used for tracking if the track pitch is twce the

track pitch shown in Fig. 3. Fig. 4 shows by way of i top view
of a record carrier having tracks with 4 track pitchjt

record carrier shown in Fig. 3. For sutch/ a tra
rgcks 3
to a

Y el ot ve o the mmin'raad oot 98 beer® %Qevé%

pot 15 over i stanc al {t
quarter of the track pitch. Wth such a relation be and
di stance between the read spots, a signal Sreca dertyed fromthe foll.ow ng
relation Sreca = (S10a +S10b) - (S9a + S9b). ——

The invention relates to a scanning device for scanning a record carrier
which comprises parallel, 'opﬁcally detectable tracks, the device comprising an optical
system for focusing, vig the record carrier, a main radiation beam, a first and a second
auxiliary radiation beam on a radiation-sensitive main detector, a first and a second
auxiliary detector respectively, while the main detector and auxiliary detectors comprise
each at least a first and a second sub-detector, the device comprising a tracking control
system for controlling, in response to a tracking error signal, a position of a read spot
caused by the main radiation beam on the record carrier, which tracking control system
can be brought to a first or a second operating state in which tracking control system in
the first operating state first generating means for generating tracking error signals are
active for generating as a tracking error signal a differential push-pull signal which
represents a combination of mutual differences between detector signals from sub-
detectors of individual detectors, and which tracking control system comprises second
generating means for generating tracking error signals which second generating means
are active in the second operating state and differ from the first generating means for
generating tracking error signals.

Such a device is known from EP-A-0.525.896. Prior-art device is, in
essence, intended for reading out record carriers which have a track pitch that is
approximzitely half the track pitch customary for so-called Compact Discs. To make the
reading of Compact Discs possible too, the device comprises additional provisions.
When the record carrier having half the track pitch is read out, the tracking control is
brought to the first operating state. In this first operating state a tracking according to
the so-called three-spot-push-pull principle is realised. The auxiliary radiation beams are
then focused in such a way that in the case where the main radiation beam hits the
centre of a track, the auxiliary read spots caused by the auxiliary radiation beam are
positioned on either side of the track followed by the main read spot and shifted by
distances corresponding to half the track pitch. For éach of the three read spots (main
read spot and auxiliary read spots), a push-pull signal is derived from the difference
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is used as the tracking error signal. j
.expl.anation of the relation between the signal Srec nd t he det ectjo
‘signals, reference be nade to GB-1, 434, 834. 06 W48 Whpnal
-.e¢an b€ derived by nunerous different enpodinments offcircuits, for exanple,

by 'a programcontrolled circuit |oaded Wth a suitagble programfor-deriving

the signal Sre ccording to_said relati.on. The signal Sreca
can al goa‘?fé“’%r@f@e?ateﬁgpf élgglél-sé’il eaFspciated detectars. iThe push-gell Signals TSy oS s bl e

enbodi ne b Sed Iw;l,ﬁﬁln' t gﬂ@? b LioHATt trackin
error si gggnba seds own I n %&é’tﬂ?ﬂg%ﬁ. S Hggg@nélgyﬂc%%}}%@g&gﬁ% e & reuit ’

45 for detraskingnérng Sigveal $ntheofracking adatrelsyatens;i sonbaSth&POGHONEE HbGRaia Fean
adder circui{ 46 for determ ning_the sum of the detector signals S9a and
Sob. An oWobikept geniralized pndheefks circuit 45 representing the sum

determ ned by the [ Lt | f the adder

circuit 46 rgpresemmﬂ%&%&% g%gg?%wﬁgbg?%@g#gﬁggg@#ﬁ%srygtﬁﬁlsém are

appl i ed teroagitubitheisdcond opémating statei Bhthdeoperain gtitge&izae@iuroﬁrs?ﬁénélgfkee@f these
, for

supplied signals. ) .. By means of a selection_uni
exanpl e, thercauiee of the maintradiaterbeanb facusad erythsyedge of gneipf the tragks.her t he

signal Srepp ot Nl GRPevileXafndi B REd BPippRardcds in which the main read

spot is to be kept centralized on one of the tracks for both types of record carriers such
as, for example, applications as described in EP-A-0.482.964.

It is an object of the invention to provide a device in which the main read
spot can be kept centralized on one of the tracks when either type of record carrier is
scanned.

According to the invention this object is achieved by a device as defined
in the opening paragraph, characterized in that the second generating means for
generating tracking error signals comprise deriving means for deriving as the tracking
error signal a signal that represents a difference between the sums of the detector
signals of the sub-detectors of the first and of the second auxiliary detector.

The device according to the invention is advantégeous in that a tracking
error signal can be derived for either type of record carrier on the basis of detector
signals, without adaptations for focusing the radiation beams being necessary in the
optical system. For that matter, if a record carrier having a specific track pitch is
scanned and the distance between the auxiliary read spots and the track followed by the
main read spot is equal to half the track pitch, the distance between the auxiliary read
spots and the track followed by the main read spot will, in essence, be equal to a
quarter of the track pitch if a record carrier having a track pitch that is twice this track
pitch is scanned. For distances between the main read spot and the auxiliary read spots,
which distances are equal to half the track pitch, it appears that a tracking error signal
obtained according to the three-spot-push-pull principle is little sensitive to variations of
parameters which may, for example, be caused by eccentricity. For distances between
the main read spot in the auxiliary read spots, which distances are equal to a quarter of
the track pitch, a tracking signal obtained on the basis of the difference between the
radiation received by the auxiliary detectors also appears to be little sensitive to said



the .control circuit 25 as the tracking error si nqjgg@ﬁﬁ.mmﬁe&dﬁﬁr tion of
the selection wunit 48 nmay be carried out nmanuall y—by—the—user:

the operation of the selection 48 is preferred o} be carti o]l
Of Dﬁh?”é“%ﬁ@??or

automatically. This may be effected on the basi bt ai ned

fromthe record carrier present in the scanning flevice.. _ For this
pur pose t NeaSARMIGIpatiicrs. With 16O ABNES Socdrdlfit BE i Avehiibl it gl | shes
the type of record Carrier present in the scanni appl i es

an appr opr itarealisoin adighly gimple Sandesra elisble dfacking dor thaistanningtdfcbotlek dirsy on
unit 48 1n t)t'pheeof record carrier and a second type of record carrier, whereas the track pitches on

the two different types of record carriers have a ratio of 1:2. With said 1:2 ratio of the
track pitches, the insensitivity to variations of parameters is optimized. However, there
should be observed that also for track pitch ratios lying within the limits of 1.5 and 2.5,
a sufficiently high insensitivity to variations of parameters is obtained.

The invention will be further explained with reference to the drawing
Figures 1 to 5, in which:

Fig. 1 shows an embodiment for the scanning device according to the
invention;

Fig. 2 shows a top view of a detector system to be used in the device
shown in Fig. 1,

Figs. 3 and 4 show top views of two different types of record carriers
which may be scanned by the device according to the invention; and

Fig. 5 shows an adaptation of the embodiment shown in Fig. 1.

Fig. 1 shows an embodiment for a scanning device according to the
invention for scanning an optical record carrier 1, part of which is represented in a
cross-sectional view. The record carrier comprises an information plane 2 in which
information has stored in the form of a phase structure. This phase structure may be
formed by, for example, pits or land on the information plane. The phase structure is
ordened in parallel tracks 3 having a constant track pitch. In Fig. 1 the tracks are
perpendicular to the plane of the drawing. The device comprises a read head 4. The
read head 4 comprises a radiation source 11, for example, a diode laser, for generating
a radiation beam. Furthermore, the read head 4 comprises a beam splitter, for example,
in the form of a grid splitting up the radiation beam produced by the radiation source 11
into a main radiation beam 5 and two auxiliary radiation beams 6 and 7. The read head
4 comprises an optical system for focusing, via the information plane 2 of record carrier
1, the radiation beams 5, 6 and 7 at a respective radiation-sensitive main detector 8, 2
first auxiliary detector 9 and a second auxiliary detector 10. The optical system thereto
comprises a beam splitter 13 of a customary type, for example, in the form of a
semitransparent mirror for separating the beams focused at the information plane and

the beams returning from the information plane. Furthermore, the optical system
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18, 19 and 20. Furthermore, spots caused by the radiation beams 5, 6 and 7 are

referenced 21, 22 and 23 in Fig. 2. The optical system and detectors 8, 9 and 10 are
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dimensioned such that in the case where the main radiation beam 5 is focused on the
centre line of the tracks 3 and the auxiliary radiation beams 6 and 7 are focused on the
centre line between two parallel tracks 3, the spots 21, 22 and 23 are positioned
centralized on the detectors 8, 9 and 10. If the read head 4 is moved in a direction
perpendicular to the tracks, the spots on the detectors 8, 9 and 10 will move in a
direction perpendicular to the lines 18, 19 and 20.

The device comprises a generating circuit 24 for generating tracldné error
signals, which circuit derives a tracking error signal SRE from detector signals S8a,
S8b, S9a, S9b, S10a and S10b which are supplied by the sub-detectors of the detectors
8, 9 and 10. The tracking error signal SRE denotes the deviation between the centre '
line of the main read spot 15 and the centre of the track on which the main radiation
beam 5 is focused. The main read spot is kept on the centre line of one of the tracks 3
by a tracking control system. In addition to the generator circuit 24 for generating the
tracking error signals, the tracking control system comprises a control circuit 25 and an
actuator 26. The actuator is of a customary type for effecting a shift of the read spots
15, 16 and 17 in a direction perpendicular to the tracks 3. The actuator 26 may be
formed, for example, by a shift actuator for shifting the read head 4. However, other
types of actuators are also suitable. The actuator 26 is controlled by the control circuit
25 which derives a control signal for the actuator 26 from the tracking error signal
SRE, so that the tracking error signal is kept at a predetermined value that corresponds
to a tracking error that is substantially equal to zero. The tracking control system can be
brought to a first or second operating state. In the various operating states various
tracking error signals are derived from the detector signals 8a, 8b, 9a, 9b, 10a and 10b.
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are shifted relative to the main read spot 15 in a direction perpendicular to the tracks
over a distance equal to (n-+0.5) times the track pitch. For the purpose of illustration,
Fig. 3 shows a top view of the pattern of tracks represented for the case where the
auxiliary read spots 16 and 17 are shifted in a direction perpendicular to the tracks over
a distance equal to half the track pitch. The tracks 3 are formed by pits which are
further designated by reference numeral 60. In the device according to the invention a

so-called differential push-pull tracking error signal Srepp is used as a tracking error
signal in the case where the auxiliary read spots 16 and 17 are shifted over a distance

{n+0.5) times the track pitch. This signal may be derived according to the following
relation:

Srepp = (S82-S8b) - I'/2 (§92-S9b) - I'/2 (S10a-S10b).

For a further explanation of the relation between the Srepp signal and the
detector signals, reference be made to EP-A-0.201.603.

The signal Srepp can be derived by numerous different embodiments of
circuits, for example, by a program-controlled circuit which is loaded with a suitable
program for deriving the signal Srepp according to said relation.

The signal Srepp may also be derived by a so-called hard wired circuit, a
possible embodiment of which being formed by the generating circuit 24 for generating
tracking error signals shown in Fig.. 1. This embodiment comprises a subtracter circuit
40 for determining the difference between the detector signals S10a and S10b, a
subtracter circuit 41 for determining the difference between the detector signals S8a and
S8b and a subtracter circuit 42 for determining the difference between the detector
signals S9a and S9b. An output signal of the subtracter circuit, which signal represents
the difference found, is applied to a non-inverting input of an arithmetic circuit 44 vig
an amplifier circuit 43 having a gain factor 2/T'. Output signals of the subtracter circuits
40 and 42 representing the differences determined by these circuits 40 and 42 are
applied to inverting inputs of the arithmetic circuit 44. The arithmetic circuit 44 derives



8 .Srepp = [err] with I[err] = 8a + [err]/
.S8h .+ [err]/2 (S10a + S9a) Sreca = [err]
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the differential push-pull tracking error signal Srepp frobthe received signals.
In the device according to the invention, a different tracking error signal
is used for tracking if the track pitch is twice the track pitch shown in Fig. 3. Fig. 4

shows by way of illustration a top view of a record carrier having tracks with a track
pitch twice that of the record carrier shown in Fig. 3.

For such a track pitch the auxiliary read spots 16 and 17 in a direction
perpendicular to the tracks 3 are shifted relative to the main read spot 15 over a
distance equal to a quarter of the track pitch. With such a relation between track pitch
and distance between the read spots, a signal Sreca derived from the following relation

Sreca = (S10a +S10b) - (S9a + S9b).

is used as the tracking error signal.

For a further explanation of the relation between the signal Sreca and the
detector signals, reference be made to GB-1,434,834.

The signal Sreca can be derived by numerous different embodiments of
circuits, for example, by a program-controlled circuit loaded with a suitable program
for deriving the signal Srepp according to said relation. _

The signal Sreca can also be derived by a so-called hard wired circuit of
which a possible embodiment is included in the generating circuit 24 for generating
tracking error signals shown in Fig. 1. This embodiment comprises an adder circuit 45
for determining the sum of the detector signals S10a and S10b and an adder circuit 46
for determining the sum of the detector signals §9a and S9b. An output signal of the
adder circuit 45 representing the sum determined by the adder circuit 45 and an output
signal of the adder circuit 46 representing the sum determined by the adder circuit 46
are applied to a subtracter circuit which derives the signal Sreca from these supplied
signals.

By means of a selection unit 48, for example, formed by a switch and
controlled by a signal S, either the signal Srepp or the signal Sreca can be applied to
the control circuit 25 as the tracking error signal SRE. The operation of the selection
unit 48 may be carried out manually by the user. However, the operation of the
selection 48 is preferred to be carried out automatically. This may be effected on the

basis of information obtained from the record carrier present in the scanning device.
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cust omary, e f&‘w’?rldcﬂ ad%@és\ﬁ?esfor Qﬁe track pitch, so that the control signal Ss can be

derived from this measure. Another attractive way is including codes in the information
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signal recorded on the record carrier, which codes indicate the type of record carrier.
By detecting these codes the type of record carrier can be established and an appropriate
control signal Ss can be generated. It may then be advantageous during the reading of
the information signal to use briefly the signal Srepp and the signal Sreca for the
tracking. By using the two signals Srepp and Sreca there is guarantzed that at least
during part of the readout a suitable tracking error signal is used and a proper tracking
is obtained for at least part of the readout of the information signal.

For reading the information signal, the scanning device may comprise a
read circuit 50, an input of which is coupled to an output of an adder circuit 51 for
adding together the detector signals 82 and 8b. The read circuit 50 may be one of a
customary type described in detail in, for example, EP-A-0.482.964 and non-
prepublished Belgian Patent Application no. 9301334 (PHN 14.662), which documents
are considered incofporated herein by reference. The information signal read out by
read circuit 50 may be applied to a control circuit 52 which detects a code representing
the type of record carrier and generates a corresponding control signal Ss.

Fig. 5 shows another embodiment for a circuit for deriving the tracking
error signal SRE in which a normalization of the tracking error signal takes place.
Depending on the control signal Ss, the derived value of the differential push-pull signal
Srepp or the signal Sreca is produced for the signal SRE, while the following relations
hold between the signals Srepp and Sreca, on the one hand, and the detector signals
S8a, S8b, S9a, S9b, S10a and S10b, on the other:



signal SRE froml[err]* and I[err]* according to the follow ng rel ation:

. SRE = [err] Due to the normalization, the tracking error signal SRE
"becones | ess sensitive to all sorts of parameter variations. For a detailed
description thereof reference be made tog

= 21° I
Srepp I, 7T,
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and I, = S8b + I'/2 (S10a + S9a)
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Sreca = _le_TfT;

with I’; = S9a + S9%
and I’ = S10a + S10b.

The device shown in Fig. 5 comprises an arithmetic circuit 60 which
derives in customary fashion I, from the signals S8b, S10a and S9a. Similarly, I, is
derived from the signals S8a, S10b, and S9b by means of an arithmetic circuit 61. An
arithmetic circuit 62 derives in customary fashion I’, from the signals S10a and S10b,
whereas an arithmetic circuit 63 similarly derives I’; from the signals S92 and S9b. The
signals I, and I’, are applied to a selection circuit 64 controlled by the signal Ss, which
circuit 64 presents on its output either the signal I, or the signal I’, in response to the
signal Ss. The signal on the output of the selection circuit will hereinafter also be
referenced L*.

The signals I, and I’, are applied to a selection circuit 65 likewise
controlled by the control signal Ss. The selection circuit 65 presents on an output either
the signal I; or the signal I’; in response to the control signal Ss. The signal on the
output of the selection circuit will be referenced signal I,* hereinafter. The signals I,*
and I,* are applied to a normalization circuit of a customary type which derives the
signal SRE from I;* and I,* according to the following relation:

SRE = e~
1'1* + I,%

Due to the normalization, the tracking error signal SRE becomes less sensitive to all
sorts of parameter variations. For a detailed description thereof reference be made to



9 The advantage of the enbodi nrent shown in Fig. 4 is that

the same normalization circuit can be used in the two different operating

! states.” Wth the scanning device described above it is possible to

" guarantee a nost reliable tracking mﬁthgut adapting the optical systemfor

record carriers having a first and a sefCond track pitch. The track pitch
ratio is preferably equal to 1:2. However, also with track pitch ratios of

two different types of record carriers within the range between 1.5 and 2.5
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The high reliability of the“tracking in the scanni g device according to

t he i nvenhommlisatidn b@ctﬁwahl‘m-.rusedm therted differsnhapdrating states. With the The

relati on between the sigpal Srepp.and fhe signal Sreca as a function of the
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pitch. The track pitch ratio is preferably equal to 1:2. However, also with track pitch

ratios of two different types of record carriers within the range between 1.5 and 2.5
achieves stable error tracking with the device according to the invention.

The high reliability of the tracking in the scanning device according to the
invention will be further explained hereinafter.

The relation between the signal Srepp and the signal Sreca as a function
of the tracking error is given by the following formulas:

e ———.

Sreca = mca.sin(phi).sin (27x/q) ¢S] REPLACEMENT SHEET
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Srepp = mcb.(1-cos(phi))sin(27x/q) (2) .

with phi = 27x0/q o

where mca and mcb denote a modulation depth for the signals concerned,

where x denotes the tracking error (distance between the centre of a track
to be followed and the centre of the main read spot),

where x0 denotes the shift of the auxiliary read spots relative to the main
read spot in a direction perpendicular to the direction of the track, and

where q denotes the track pitch.

As appears from equation 1, the maximum amplitude of Sreca is obtained
with phi = #/2, or for x0 = g/4. In addition, the sensitivity of Sreca to variations of
phi and this value of x0 is minimized.

As appears from equation 2, the maximum amphtude of Srepp is obtained
with phi = =, or x0 = ¢/2. In addition, the sensitivity of Srepp to variations of phi is
minimized with these values of phi.

Variations of phi are caused, for example, by variations of the position of
the read head relative to the direction of the track. These position variations occur when



Srepp = nthb. (1l-cos(phi))in(2[err]x/Qq) (2) with phi = 2[err]x0/q
~wher.e nca and ntb denote a nodul ati on depth for the signals concerned,
-where x denotes the tracking error (distance between the centre of a track
to be-followed and the centre of the ngyn read spot), wher e
xO denotes the shift of the auxiliary read spots relative to the main read

spot in g‘g%lg‘? BEirerl aRYeRE Bgﬂ; @gg@ ifl BsshlB, %&c%ﬁ&-ks"@%:gc% éﬁx@ for YRLH theNd

where ¢ rac ars from equation 1,
t he maxi point afpotationl dosf ndblieaxadtly inthaceree ofrihe Ropdentric frévks] whichor for xO =
g/4. In addition, the sensitivity of, Sreca to variations of phi. and this
val ue of phengmenen is alseagferenced eccentricity. Variations in the position of the read head

relative to the direction of the track do occur in the case where the angle of the

direction of the track to the track along which the read head travels in radial direction is

a function of the radial position of the read head.

Due to these variations of phi it is merely possible to realise a sufficiently
stable tracking control with a limited range of phi. In the device according to the
invention, both for the scanning of the record carrier shown in Fig. 3 and for the
scanning of the record carrier shown in Fig. 4 the amplitude of the tracking error signal
is maximum and the sensitivity of the tracking error signal to variations of phi is
minimum, so that always a highly reliable tracking is obtained.
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As appears from equation 2, the maxi mum anplitude of Srepp is obtained
wWth phi =[err], or xO=9/2. In addition, the sensitivity.of--Srepp-to

Varitions of phi are caused, for cxagie. by vari i | QUNKINIMIMLMb o
i

the read head relative to the direction of the track. ese poseti®o

vari ati OQ%‘LC%CW when
10 reco rriers are read out having, in essence, concentric tracks and

for which. the poi rScamding devité for sdoming @ redord carsiet Wwhichi conipiBecparallet, of the
concentric tracks, whi

.

optically detectableI txgacks, the device comprising an optical system for focusing, vig the
record carrier, a main radiation beam, a first and a second auxiliary radiation beam on a
radiation-sensitive main detector, a first and a second auxiliary detector respectively,
while the main detector and auxiliary detectors comprise each at least a first and a
second sub-detector, the device comprising a tracking control system for controlling, in
response to a tracking error signal, a positioﬁ of a read spot caused by the main
radiation beam on the record carrier, which tracking control system can be brought to a
first or a second operating state in which tracking control system in the first operating
state first generating means for generating tracking error signals are active for
generating as a tracking error signal a differential push-pull signal which represents a
combination of mutual differences between detector signals from sub-detectors of
individual detectors, and which tracking control system comprises second generating
means for generating tracking error signals which second generating means are active in
the second operating state and differ from the first generating means for generating
tracking error signals, characterized in that the second generating means for generating
tracking error signals comprise deriving means for deriving as the tracking error signal
a signal that represents a difference between the sums of the detector signals of the sub-
detectors of the first and of the second auxiliary detector.

2. Device as claimed in Claim 1, wherein the device comprises means for
causing the tracking control system to adopt the first or second operating state in
response to a selection signal, and control means for deriving the selection signal in
response to at least one detector signal supplied by the main detector.

3. Device as claimed in Claim 1, characterized in that the control means
control a read circuit for recovering an information signal that corresponds to
information recorded on the record carrier, which control takes place in response to said
detector signal supplied by the main detector, and means for producing a selection
signal in response to a detection of predetermined codes in the information signal,

which detection signal corresponds to this code.
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phenonenon is al so referenced eccentricity. Variations in the position of
the read head relative to the direction of the track do occur in the case
where the angle of the direction of the track to the track al ong which the
read head travels in radial direction 12 a function of the radial position

of the read head. Due to these variations of phi it is nerely
possi bl e Algtri@al i se a sufficiently stable tracking control with a limted
range of phj. In the device according to the invention, both for the

scanni ng cehscapnipg dgvieer ri er shown in Fig. 3 and for the scanning of the
record carrier shown in Fig. 4 the anplitude of the tracking error signal
I's maxi mum and the sensitivity of the tracking error signal to variations
of phi is mninum so that always a highly reliable tracking is obtained.

A scanning device for scanning a record carrier (1) is disclosed which
comprises parallel, optically detectable tracks (3). The device comprises an optical
system (13, 14) for focusing via the record carrier (1) a main radiation beam, a first
and a second auxiliary radiation beam on a radiation-sensitive main detector (8), a first
auxiliary detector (9) and a second auxiliary detector (10), respectively. The main
detector (8) and auxiliary detectors (9, 10) comprise each at least a first and a second
sub-detector. A tracking control system (24, 25, 26) controls a position of a read spot
(15) caused by the main radiation beam on the record carrier. In a first operating state
first generating means (40, 41, 42, 43, 44) for generating a first tracking error signal
are used for generating a differential push-pull signal (Srepp) representative of a
combination of mutual differences between detector signals from sub-detectors of
individual detectors (8, 9, 10) as an error tracking signal (SRE). In a second operating
state second generating means (45, 46, and 47) for generating tracking error signals are
used for deriving as the tracking error signal (SRE) a signal (Sreca) which is
representative of a difference between sums of the detector signals of the sub-detectors
of the first (9) and second auxiliary detector (10).

(Fig. 1).
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~EFars. 1. Scanni ng device for scanning a record carrier which
conprises parallel, optically detectable tracks, the device conprising an
optical systemfor focusing, via the record carrier, a main radiation beam
.a first and a second auxiliary radi ati on beamon a radiati on-sensitive nmain
detector, a first and a second auxiliary detector respectively, while the
mai n detector and auxiliary detectors conprise each at least a first and a
" second sub-detector, the device conpriising a tracking control systemfor
controlling, in response to a qracking error signal, a position of a read
spot caused by .the main radiation beamon the record carrier, which
tracking congrgk gystem can be brought to a first or a second operating

state in mhidh\qucgghg control systema n the fijst operating state first
gener3a AN AR Agene N0 ackl nig 0 {ignals are active for
generlati ng as al a differeptial push-pull signal which
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the second operating state and differ fromthe first generating neans for
generating tracking error signals, characterized in that the second
; generatl ng nmeans for generating t r acki ng error signal s.conprise deriving
means for deriving as the tracking error S|gnal a sig ahﬂj‘@} " g+e&e.n.Ls a
“'difference between the suns of the detector signals o %-E.E______UME @Hésrors
of the first and of the second auxiliary detector. 2.;
clainmed in Caim1, wherein the device conprises neans fof}&H4RI BY
tracking control systemto adopt t4e first or second joperati ng stateji
response to a selection signal, are control neans for} derivi
sel ection signal in response to at |east one detecto
the main detector. 3.. Device as clained in Caim1,
in that the control neans control a read circuit for recovering an
information signal that corresponds to information recorded on the record
carrier, which control takes place in response to said detector signal

supplied by the nefln detector, glpd nmeans for produclfig a sel ection signal
cor

in response t et ect pre rm ned he igformation
signal , whi GH c't"i"b""‘"" p’b‘rﬁ:{é’é‘ﬁ‘@e. 3
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