
EP 0 397 234 B1 Description The invention relates to an apparatus for
reading an information pattern from a record carrier, which ap- paratus
comprises a read head forscanning the information pattern, which read head
comprises detectors for 5   generating detection signals In depedence upon
the information pattern being scanned, the apparatus further comprising a
signal processing circuitfor processing the detection signals, which
circuit comprises at least one analog-to-digital converter for converting
the detection signals nto series of n-bit signal values of a specific
repetition frequency, n being an integer greater than 1. The invention
further relates to a signal-processing circuit for use in such an
apparatus. 10      Such an apparatus and signal-processing circuit are
known from European Patent Application EP-A 0,138,273 (PHN 10.804). The
apparatus described therein is an optical read apparatusfor reading an
optically detectable Information pattern in theform of astructure of pits.
Adata signal representing the information pat- tern being scanned is
derived from the series of signal samples obtained by means of the
analog-to-digital converter. Moreover, said series of signal values are
employed for deriving control signals for controlling the 15  scanning
process, such as for example a tracking-error signal and a focus-error
signal. In order to generate these control signals the low frequency
Information Is extracted from the series of signal values supplied by the
analog-to-digital converter. The drawback of the known device is that this
requires much hardware. This is a drawback, in particular if the
signal-processing circuit is to be incorporated in an integrated circuit,
com- prising both the circuits for deriving the control signals and the
circuits for deriving the data signal, because 20  the semiconductor area
available for the circuits is limited. It is an object of the invention to
provide an apparatus and a signal-processing circuit requiring less hard-
ware. According to the Invention an apparatus of the type defined in the
opening paragraph is characterized in that characterized in thatthe
signal-processing circuit comprises at leastone quantising
circuitforconverting the series of n-bit signal values into series of m-bit
signal values, m being smaller than n, the quantising circuit 25
comprising a quantisation-noise redistribution filter for concentrating the
spectral components of the quanti- sation noise produced during
quantisation in the high frequency part of the quantisation-nolse spectrum,
the signal-processing circuit further comprising at least one decimating
filter for converting the series of m-bit sig- nal values into series of
p-bit signal values, p being an integer larger than n, and the repetition
frequency of the p-bit signal values being lowerthan thatof the m-bit
signal values, the signal processing circuit furthercom- 30   prises means
for deriving at least one servo control signal on the basis of the series
of p-bit signal values By combining the quantising circuit and the
decimating filter it is achieved that the series of p-bit signal values
obtained by means of the quantising circuit and the decimating filter only
represent the low-frequency components of the detection signals. By the use
of the quantising circuit it is achieved that the number of bits of the
signal values applied to the decimating filter is small, so that the
decimating filter can be realised with 35   a minimum of hardware. The use
of the quantisation-noise redistribution filter in the quantising circuit
ensures that the quantisation noise contains mainly spectral components in
a part of the frequency spectrum which is situated outside the
low-frequency part which is relevant to the control system. This means that
despite the quantisation a very satisfactory signal-to-noise ratio is
obtained in the series of signal values supplied by the decimating filter.
40      An embodiment of the read apparatus is characterized in that the
analog-to-digital converter comprises a sigma-delta modulator. This
embodiment has the advantage that the analog-to-digital converter can also
be realised with a minimum of hardware. Moreover, the phase shift produced
by the analog-to-digital converter comprising a sigma-delta modulator is
smaller than for other types of analog-to-digital converters forthe same
signal-to-noise ratio. This is of particular advantage when the scanning
process is controlled in response to 45  signals obtained via the
analog-to-digital converter, because this requires a minimal phase shift
for reasons of stability. Afurther embodiment of the read device is
characterized in thatm is 1. This embodiment has the advantage that very
simple decimating filters can be employed, such as for example a filter of
the "integrate and dump" type. 50      A further embodiment of the read
apparatus is characterized in that the quantising circuit is adapted to
generate the series of m bit signal values of a sample repetition
frequencysmallerthan the repetition frequency for the series of n-bit
signal values, the repetition frequency of the m bit signal values being
situated between two time and one times the bandwidth of the detection
signals. The reduction of the repetition frequency of the m-bit signal
values is beneficial for a compact construction of the circuit. By reducing
the repetition fre- 55   quency these series no longer comply with the
Nyquist sampling criterion. However, since exclusively the low- frequency
part of the spectrum is used for deriving the control signals this will
have no adverse effect. This is because the spurious components thus
introduced are not situated in the low-frequency part of the spectrum. 



The use of sigma-delta modulators as analog-to-digital converters is of
particular advantage in optical read 2    EP 0 397 234 B1 systems because
in such systems, on accountof the limited resolution of the optical system,
signal components of a frequency above a frequency dictated by the MTF
characteristic of this optical system do not occur at all. In the case of a
high repetition frequency, as is customary in sigma-delta modulators, this
means that it is no longer necessary to arrange an anti-aliasing filter
between the detectors and the sigma-delta modulator. 5      If the
information pattern represents an EFM modulated signal In accordance with
the CD standard it is advantageous to select a multiple of the sample
repetition frequency (44.1 kHz) as prescribed by the CD stan- dard as the
repetition frequency for analog-to-digital conversion. This has the
advantage that both frequencies can be derived simply from a common
frequency source. The invention will now be described in more detail, by
way of example, with reference to Figs. I to 13, in 10  which Fig. I shows
an embodiment of a read apparatus in accordance with the invention, Figs.
2, 4, 5 and 11 show frequency spectra of a number of signals appearing in
the apparatus, Fig. 3 shows an example of an analog-to-digital converter
for use in the apparatus, Fig. 6 is a general block diagram of a quantising
circuit for use in the read apparatus, 15      Fig. 7 shows a practical
example of the quantising circuit, Fig. 8 is a general block diagram of a
decimating filter for use in the read apparatus, Fig. 9 shows the impulse
response of a low-pass filter forming part of the decimating filter, Figs.
10 and 12 show practical examples of the decimating filter, Fig. 13 shows
an example of a digital-to-analog converter for use In the read apparatus.
20   Fig. I shows an embodimentofa read apparatus 1 in accordance with the
invention. The reference numeral 2 refers to a disc-shaped record carrier
comprising a recording layer 11. The recording layer 11 exhibits an
optically detectable information pattern, for example in the form of a
track of optically detectable marks. The record carrier 2 may comprise, for
example, a Compact Disc on which a digitised audio signal is recorded by
means of a pattern of pits. The record carrier 2 is rotated about an axis 5
by means of a turntable 3 and a 25  motor 4. An optical read head 6 of a
customary type Is arranged opposite the rotating record carrier 2 to scan
the information pattern on the recording layer 11 by means of a radiation
beam 7. For this purpose the read head 6 comprises a radiation source, for
example a solid-state laser 9, to generate the radiation beam 7. The beam 7
is aimed at the recording layer 11 by means of a focusing objective 10. The
radiation beam reflected from the record carrier 11 is then modulated in
conformity with the information pattern. The radiation beam 30  thus
modulated is directed towards an array of four radiation-sensitive
detectors 14a, 14b, 14c and 14d by a semitransparent mirror 12 and a beam
splitter 13, for example a roof prism, which splits the beam into two
separate subbeams 7a and 7b. The detectors 14a, 14b, 14c and 14d then
generate signal currents IA, lB, IC and ID which are substantially
proportional to the amounts of radiation received by the relevant
detectors. The signal currents IA, IB, IC and ID are applied to a
signal-processing circuit 15, which derives from these currents 35  a data
signal SD, representing the Information being read, and a plurality of
control signals for controlling the scanning process such as a control
signal SR for a beam-deflection actuator, to keep the radiation beam 7 on
the track, and a control signal SF for a focus actuator, to keep the beam
11 in focus on the recording layer 11. The control signals SR and SF are
derived from the low-frequency signal components in the signal currents and
the data signal SD is derived from the remainder of the spectrum. 40
Fig. 2 gives the frequencyspectrum of thesignal currents IA, ..., ID. It is
to be noted thatabove a frequency fo dictated by the MTF characteristicof
the optical system the spectrum no longercontains and frequency com-
ponents. For the system used in conjunction with Compact Discs fo is of the
order of magnitude of 1.6 MHz. As is illustrated in Fig. 1, the signal
currents IA, IB, IC, ID are applied to analog-to-digital converters 16a,
16b, 16c and 16d respectively, which convert the signal currents into
series of n-bit signal values ua, ub, uc, 45  ud having a repetition
frequency f. The signal values us, ub, uc and ud thus obtained are applied
to an adder circuit 18 via data buses 17a, 17b, 17c and 17d. The output of
the adder circuit 18 is applied to a data-signal regeneration circuit 20
via an equalising circuit 19 of a customary type, which regeneration
circuit derives the data signal SD from the signal values applied to it.
The circuit 20 falls beyond the scope of the present invention and Is
therefore notdescribed in more detail. Fora detailed description reference
is made to Netherlands Patent 50  Application no. 8801254 (PHN 12.553). As
already stated, the control signals SR and SF can be derived from the
low-frequency components of 



the detection signals IA, ... ID. However, in addition to said
low-frequency components, the series of signal values ua, ub, uc and ud
supplied by the analog-to-digital converters 16 also comprise
high-frequency com- ponents containing information which is not useful for
deriving the control signals SR and SF. 55      By means of quantising
circuits 21a, 21b, 21c and 21d and decimating filters 22a, 22b, 22c and 22d
the series of n-bit signal values ua, ub, uc and ud on the outputs of the
analog-to-digital converters are converted into series of p-bit signal
values va, vb, vc and vd having a lower sample repetition frequency fl/N,
which merely represent the low-frequency information of the signal currents
IA, IB, IC and ID. The signal values of low rep- 3    EP 0 397 234 B1
etition frequency thus obtained are applied to a computing circuit 23,
which in a customary manner processes the signal values to obtain SR' and
SF having a repetition frequency fl. The series SR' and SF are converted
into analog control signals SR and SF by means of digital-to-analog
converters 24a and 24b. Preferably, the signal processing circuit 15 is
incorporated in a single integrated circuit, if possible together 5   with
the other digital circuits for processing the data signal SD. However, in
that case it is desirable that the semiconductor area occupied by the
signal-processing circuit 15 is minimal. The analog-to-digital converters
16, the noise redistribution circuits 21, the decimating filters 22, and
the digital-to-analog converters 24 should therefore be realised with a
minimum of hardware. Examples of analog-to-digital converters 16, noise
redistribution circuits 21, decimating filters 22, and dig- 10
ital-to-analog converters 16 which can be realised by means of a minimum of
hardware will be described here- inafter. Fig. 3 shows an example of one of
the analog-to-digital converters 16 constructed as a sigma-delta mod-
ulator. The input signal, for example one of the signal streams 1A, 1B, IC
or ID, is referenced 1. This signal I is applied to a filter 30 having a
low-pass characteristic, for example an integrator, which in a customary
manner 15  may comprise an operational amplifier 31 and a capacitor 32. The
output of the filter 30 Is fed to the non-in- verting inputs of each of a
plurality of comparators 33a, ... 33p. A series arrangement of resistors
36a, ... 36q having equal resistance values is connected between a terminal
33 at a reference potential Vref and a terminal 34 at zero potential. The
nodes between the resistors 36 are connected to the inverting Inputs of the
compar- ators 33. The output signals of the sixteen comparators 33 can
represent sixteen different signal levels. The 20  outputs of the
comparators 33 are coupled to a clocked parallel-in parallel-out register
36, which in response to every pulse of a clock signal of a frequency f is
loaded with the output signals of the comparators 33. The outputs of the
register 36 are connected to a 16-to-4 encoding circuit 37, which converts
the signal values rep- resented by the outputs of the register 36 into a
4-bit code. The outputs of the register 36 are each connected to a control
input of current sources 38a, ..., 38p. The current sources 38 are of a
type which in response to a 25  control signal of given signal level
generates a current of predetermined value. The currents supplied by the
current sources 33 are added to the signal current I on the Input of the
low-pass filter 30. The circuit shown in Fig. 3 is a sigma-delta modulator
used as an analog-to-digital converter. This type of analog-to-digital
converter has the property that the spectral components of the quantisation
noise R are main- ly concentrated in the high-frequency part of the noise
spectrum, as is illustrated in Fig. 4. If the repetition 30  frequency of
the 4-bit signal values u generated on the output of the 16-to-4 encoding
circuit 37 by said analog- to-digital converter, which frequency is
dictated by the dock signal, is substantially higher than that of the spec-
trum of the analog signal to be converted, the quantisation noise will be
situated substantially outside the signal spectrum. If the signal spectrum
has a width of 1.6 MHz, as is customary in reading CD signals, a repetition
frequency 35  of approximately 8.5 MHz is very suitable. Preferably, this
frequency is selected to be an integral multiple of the sample repetition
frequency of 44.1 kHz as prescribed by the CD standard. In that case both
frequencies can be derived from a common frequency source. Fig. 5 shows the
associated frequency spectrum of the series of signal values on the output
of the analog- to-digital converter 16. 40     It is to be noted that the
sigma-delta modulator shown in Fig. 3 is only one of the possible versions
as de- scribed in, for example, US 4,775,851. Fig. 6 shows a general block
diagram of the quantising circuit 21, which comprises a quantiser 60 and a
noise- redistribution filter 61. The series of signal samples on the input
is reference u[n], while the series of signal samples on the output is
referenced y[n]. The series of signal values x[n] obtained by adding u[n]
and 45  the series of signal samples on the output of the filter 61 is
applied to the quantiser 60. The output signal of 



the quantiser 60 functions as the output signal y[n]. A series of signal
samples composed of the difference between the signal samples x[n] and y[n]
Is applied to the input of the filter 61. The z-transform Y(z) of the
signal samples y[n] may be expressed as follows in the z-transform U(z) of
the signal samples u[n] and the z-transform of the noise R(z) caused by
quantisation 50                               [err] where H(z) is the
transferfunction of the filter61 and where c Is the gain factorof the
quantiser60. If the filter H(z) has a low-pass characteristic H(z) will be
substantially equal to 1 for low frequencies. This yields [err] 55 This
shows that the noise component in y[n] Is very smallfor low frequencies.
Fig. 7 shows an attractive practical example of the quantising circuit 21,
comprising an adder circuit 70, a docked parallel-in parallel-out register
71 and a two-input AND gate 72. The adder circuit 70 is a 6-bit adder. 4
EP 0 397 234 B1 The 6-bit signal values on the output of the adder 70 are
applied to the parallel-In parallel-out register 71, which is clocked by a
clock signal of the frequency f. The outputs of the register 71 are fed to
inputs B of the adder 70. while the 4-bit output signal of the
analog-to-digital converter 16 is applied to the inputs Aof the adder 70.
An overflow signal, which is generated by the adder circuit 70 if the
result of the addition is larger than the 5   maximum value which can be
represented by the 6 bits, is applied to an input of the AND gate, a clock
signal of a frequency fl equal to f/4 being applied to the other input of
the AND gate. Thus, by means of the quantising circuit shown in Fig. 7 the
series of 4-bit signal values u of a repetition frequency f is converted
into a series of 1-bit signal values y of a frequency f/4. The adder 70
together with the register 71 constitutes a noise-redistribution filter
having a low-pass characteristic, so that the low-frequen- 10  cy noise
caused in the 1-bit signal samples by quantisation is minimal. By reducing
the repetition frequency the various subspectra of the signal samples will
partly overlap one another (see Fig. 11), which results in an additional
disturbance of the high-frequency information in the 1-bitsignal. However,
sinceforderiving the con- trol signals SR and SF only the low-frequency
information is relevant this additional disturbance does not pres- ent any
problem. As will be apparent from the foregoing the quantising circuit 21
hardly leads to an increase 15  of the noise componentfor the low-frequency
Information. The output signal of the quantising circuit is applied to the
decimating filter 22, which extracts exclusively the low-frequency
information from the output signal of the quantising circuit21. Fig. 8
shows a general blockdiagram of adecimating filter, which In general
comprises a low-pass filter 80 and a down-sampling circuit 81. Fig. 9 shows
an impulse-response characteristic h[n] of a second-order low-pass filter
of simple construc- 20  tion. The relationship between the input signal
y[n] and the output signal v'[n] fora filterwith such a pulse signal may be
written as follows [err] Assuming that the down-sampling circuit reduces
the repetition frequency by a factor N the low-pass filter should supply
one outputsignal valueforevery N inputsignal values. Thefirstterm of the
relationship between v'n] and x[n] given above can be obtained by
successively multiplying the N consecutive signal values y[n-i] 30  by the
coefficients (i + 1) and adding the multiplication results to each other.
The second term of this relation- ship can be obtained by delaying the
incoming signal values y[n] by N clock pulses and multiplying the delayed
signal values y[n-i-N] by the coefficients (N-1-i) and adding the
multiplication results to each other. The delay by N dock pulses enables
two subproducts to be determined simultaneously. It is to be noted that the
values of the coefficients (1+1) are the complements of the coefficients
(N-1-i) plus 1, so that the coef- 35 ficients can be derived simply from
each other. Fig. 1 0 shows an example of the decimating filter22 utilising
these properties. The decimating filter shown is of the "integrate and
dump" type, which is described for example In the article by Candy:
Decimation for sigma-delta modulation" in IEEE Trans. on Comm. 1, Vol. COM
04, pp 72 76, January 1986. The 1-bit input signal y of the decimating
filter In Fig. 10 is delayed by N dock pulses by means of an N- 40  bit
shift register 100, which is clocked by a signal of the frequency fl. The
filter further comprises a counter 101 having a counting range N forthe
generation of the coefficients (N-i-1). The counter 201 counts the pulses
of the clock signal having the frequency fl. Moreover, the counter 101
comprises a reset input for resetting the counter to zero. A reset pulse of
a frequency fl/N is applied to the reset input The count of the counter is
applied to an AND gate circuit 102. The complement of the count is
generated by means of an inverter circuit 103. The 



45  complement of the count is applied to an AND gate circuit 104. The
1-bit signal samples y are also applied to the AND gate circuit 104. The
AND gate circuit 104 Is con- structed in such a way that the complement of
the count is transferred or not transferred to the outputs of the AND gate
circuit 104 depending on the logic value of the signal sample y. The signal
samples y on the output of the shift register 100, which samples have been
delayed by N clock 50  pulses, are applied to the AND gate circuit 102,
which transfers the count to its outputs depending on the logic value of
the received signal sample. The outputs of the AND gate circuits are
connected to an OR gate circuit 105, which functions as an adder circuit
because the signals applied to it are each other's complements. The result
on the output of the OR gate circuit 105 is applied to an adder circuit
106. The outputs of the adder circuit 106 are coupled to inputs B of the
adder circuit 106 via a clocked parallel-In parallel-out register 107 and a
55   multiplex circuit 108. The register 107 Is controlled by. a signal of
the frequency fl. The multiplex circuit 108 has two sets of parallel inputs
A and B, the inputs B being connected to the outputs of the register 107
and the signal value 0 being applied to the inputs A. The multiplex circuit
108 is docked by a signal of a frequency fl/N such that the signal value 0
is applied to the inputs B of the adder circuit 106 after every N clock
pulses 5    EP 0 397 234 B1 of the signal fl. Moreover, the signal value y
is applied to the carry Input Cin of the adder circuit 106. This Is
necessary because the coefficient represented by the outputs of the
inverter circuit 103, in fact, exhibits a de- ficiency of 1. Indeed, the
coefficient (i+1) is notthe complement of (N-1-i) but is equal to this
complement plus 1. The adder circuit 106, the register 107 and the
multiplex circuit 108 together form a summing circuit, which 5   each time
determines the sum of N consecutive signal values on the output of the OR
gate circuit 105. The final result ofthe summing operation is loaded into a
parallel-in parallel-out register 109 at a frequency of fl/N. The signal
value on the outputs of the register 109 is the signal value v,
representing the low-frequency infor- mation of the signal stream 1. Since
the signal values y are only 1-bit signal values the decimating filter can
be very simple because AND gate circuits can be used for multiplication in
order to determine the subproducts 10  (i+1) y[n-i] and (N-1-i) y(n-i-N).
The decimating filteras shown in Fig. 10 has a second-orderlow-pass
characteristic. Itwill be appreciated that it Is also possible to use
filters with a higher low-pass characteristic. Moreover, the decimating
filter need not be of the integrate-and-dump type but it is alternatively
possible to use decimating filters of differenttypes. Fig. 12 shows a
circuit in which the filters 22a, 22b, 22c and 22d form part of a common
circuit, the required 15  computation hardware being provided only once. In
Fig. 12 elements corresponding to those in Fig. 10 bear the same reference
numerals. Instead of the counter 100 a modified counter 101' is used whose
counting range has been extended by 2 bits in comparison with the counter
100. Moreover, the clock signal f is applied to the count input of the
counter 101' with a frequency of 4 times fl. The two least significant bits
of the count are employed for controlling a four-channel multiplex circuit
120. The signal values ya, yb, yc and yd are applied 20  to the inputs of
the multiplex circuit 120 and are alternately transferred to the output of
the multiplex circuit 120 under the influence of the control signals
supplied by the counter 101'. Moreover, the circuit shown in Fig. 12
comprises a 4N-bit shift register 100' Instead of the N-bit shift register
100. In addition, the registers 107 and 109 have been replaced by a
pipeline of registers 107a, 107b, 107c and 107d and a pipeline of registers
109a, 109b, 109c and 109d. The circuit thus obtained computes the signal
values va, bv, bd and vd in time 25  multiplex, which has the advantage
that the hardware required for computing the signal values va, vb, vc and
vd can be reduced considerably. By means of the signal values va, vb, vc
and vd the computing circuit computes a sum signal value SS, a
tracking-error signal value RE and a focus-error signal value FE in
accordance with the following relationships: SS = va + bv + vc + vd 30
RE = (va + bv) - (vc + vd) FE = (va + vd) - (vb + vc). The control signal
values SR and SF are derived therefrom in a customary manner. It will be
evident that, in principle, it is also possible to obtain the signal values
SS, RE and FE by linearly combining the signal values ua, ub, uc and ud and
subsequently subtracting the low-frequency component 35  from the results
of the linear combinations with the aid of quantising circuits and
decimating filters. It is also possible to derive an additional tracking
error signal RE*, having a larger bandwidth than the signal RE, from the
signals ua, ub, uc and ud by first linearly combining ua, ub, uc and ud and
subsequently removing signal components outside the desired larger
bandwidth by means of a quantising circuit and a decimating filter. Such 



a "broad-band" tracking-error signal is very suitable for controlling a
radial displacement of the read head 6 40  over larger distances. Fig. 13
shows an example of the digital-to-analog converter 24, which is attractive
because It requires a small amount of hardware. The digital-to-analog
converter 24 shown comprises a clocked parallel-in parallel- out register
130 for receiving the signal values to be converted. The register 130 is
docked by means ofa clock signal of the frequency fl/N. The output of the
register 130 is applied to a summing circuit comprising an adder 45 circuit
131 and a parallel-in parallel-out register 132, which is clocked by the
clock signal of the frequency f. The overflow signal, which indicates that
the result of the addition performed by the adder circuit 131 is out of
range, is applied to an analog low-pass filter 133. The present
digital-to-analog converter is of the "noise- shaping" type, in which a
series of signal values of a low repetition frequency is converted into a
series of signal values having a smaller number of bits and a higher
repetition frequency such that the quantisation noise in- 50  troduced by
the reduction of the number of bits mainly comprises spectral components
situated in the high- frequency part of the spectrum. These noise
components are removed by the low-pass filter, after which a substantially
noise-free analog signal is obtained. The invention has been illustrated
for an optical read apparatus having a read head in which the focus- error
is detected in accordance with the "Foucault" method. It will be obvious
that the invention can readily by 55  applied to read apparatuses using
other methods of focus-error detection, such as for example the astigmatic
method, in which the beam reflected from the record carrier Is directed
towards a four-quadrant detector. Further, It is to be noted that the
embodiment shown herein is a signal-beam optical read apparatus, in which
the tracking-error signal is determined by push pull detection. However,
the Invention can also be used 6    EP 0397 234 B1 in 3-beam optical read
apparatuses employing two additional radiation beam fordetermining the
tracking-error signal, which beams are detected by means of two additional
radiation-sensitive detectors. Two additional ana- log-to-digital
converters are needed for converting the signal currents generated by means
of these two ad- ditional detectors. 5       Moreover, the invention is not
limited to optical read apparatuses but can also be applied to magnetic
read apparatuses in which, in addition to the data signal, control signals
for controlling the scanning process are derived from the low-frequency
components of the detection signals. 10   Claims 1.  An apparatus for
reading an information pattern from a record carrier (2), which apparatus
comprises a read head (6) for scanning the information pattern, which read
head (6) comprises detectors (14) for gen- erating detection signals in
dependence upon the information pattern being scanned, the apparatus fur-
15      ther comprising a signal-processing circuit (15) for processing the
detection signals, which circuit com- prises at least one analog-to-digital
converter (16) for converting the detection signals into series of n-bit
signal values of a specific repetition frequency, n being an integer
greater than 1, characterized in that the signal-processing circuit
comprises at least one quantising circuit (21) for converting the series of
n- bit signal values into series of m-bit signal values, m being smaller
than n, the quantising circuit comprising 20       a quantisation-noise
redistribution filter (61) for concentrating the spectral components of the
quantisa- tion noise produced during quantisation in the high frequency
part of the quantisation-noise spectrum, the signal-processing circuit (15)
further comprising at least one decimating filter (22) for converting the
series of m-bit signal values into series of p-bit signal values, p being
an integer larger than n, and the repetition frequency of the p-bit signal
values being lower than that of the m-bit signal values, the signal 25
processing circuitfurther comprises means (23) forderiving at leastone
servo control signal on the basis of the series of p-bit signal values 2.
A read apparatus as claimed in Claim 1, characterized in that the
analog-to-digital converter (16) com- prises a sigma-delta modulator. 30 3.
A read apparatus as claimed in Claim 1 or 2, characterized in that m Is 1.
4.  Aread apparatuses claimed in anyoneofthe preceding Claims,
characterized in thatthe quantising circuit 35      (21) is adapted to
generate the series of m-bit signal values of a sample repetition frequency
smallerthan the repetition frequency for the series of n-bit signal values,
the repetition frequency of the m-bit signal values being situated between
two times and one time the bandwidth of the detection signals. 



5.  A read apparatus as claimed in Claim 1, 2, 3 or 4, characterized in
that the read apparatus is adapted to scan an optically detectable
information pattern 40       by means of a scanning beam (7), the detectors
(14) being photo-electric transducers and the read head (6) comprising an
optical system (10,12) for directing a radiation beam to the photo-electric
transducers via the information pattern. 6. A read apparatus as claimed in
Claim 4, characterized In that the information pattern represents an EFM 45
modulated signal in accordance with a CD standard, the repetition frequency
of the n-bit signal sample being a multiple of the sample repetition
frequency (44.1 kHz) prescribed by the CD standard. 7. A signal-processing
circuit for processing detection signals, which circuit comprises at least
one analog- to-digital converter (16) for converting the detection signals
into series of n-bit signal values of a specific 50      repetition
frequency, n being an integer greater than 1, characterized in that the
signal processing circuit comprises at least one quantizing circut (21) for
converting the series of n-bit signal values into series of m-bit signal
values, m being smaller than n, the quantizing circuit (21) comprising a
quantisation-noise are redistribution filter(61) forconcentrating the
spectral components of the quantisation noise produced during quantisation
in the high frequency part of the quantisation-noise spectrum, the
signal-processing 55       circuitfurther comprising at leastone decimating
filter (22) forconverting the series of m-bit signal values into series of
p-bit signal values, p being an integer larger than n, and the repetition
frequency of the p- bit signal values being lowerthan that of the m-bit
signal values, the signal processing circuitfurther com- prises means (23)
for deriving at least one servo control signal on the basis of the series
of p-bit signal 7    EP 0 397 234 B1 in 3-beam optical read apparatuses
employing two additional radiation beam fordetermining the tracking-error
signal, which beams are detected by means of two additional
radiation-sensitive detectors. Two additional ana- log-to-digital
converters are needed for converting the signal currents generated by means
of these two ad- ditional detectors. 5       Moreover, the Invention is not
limited to optical read apparatuses but can also be applied to magnetic
read apparatuses in which, in addition to the data signal, control signals
for controlling the scanning process are derived from the low-frequency
components of the detection signals;-- 10   Claims 1. An apparatus for
reading an information pattern from a record carrier (2), which apparatus
comprises a read head (6) for scanning the information pattern, which read
head (6) comprises detectors (14) for gen- erating detection signals in
dependence upon the information pattern being scanned, the apparatus fur-
15      ther comprising a signal-processing circuit (15) for processing the
detection signals, which circuit com- prises at least one analog-to-digital
converter (16) for converting the detection signals into series of n-bit
signal values of a specific repetition frequency, n being an integer
greater than 1, characterized in that the signal-processing circuit
comprises at least one quantising circuit (21) for converting the series of
n- bit signal values into series of m-bit signal values, m being smaller
than n, the quantising circuit comprising 20      a quantisation-noise
redistribution filter (61) for concentrating the spectral components of the
quantisa- tion noise produced during quantisation in the high frequency
part of the quantisation-noise spectrum, the signal-processing circuit (15)
further comprising at least one decimating filter (22) for converting the
series of m-bit signal values into series of p-bit signal values, p being
an integer larger than n, and the repetition frequency of the p-bit signal
values being lower than that of the m-bit signal values, the signal 25
processing circuit further comprises means (23) for deriving at least one
servo control signal on the basis of the series of p-bit signal values 2.
A read apparatus as claimed in Claim 1, characterized In that the
analog-to-digital converter (16) com- prises a sigma-delta modulator. 30 3.
A read apparatus as claimed in Claim 1 or 2, characterized in that m is 1.
4.  Aread apparatus as claimed in any oneof the preceding Claims,
characterized in thatthequantising circuit 35      (21) is adapted to
generate the series of m-bit signal values of a sample repetition frequency
smallerthan the repetition frequency for the series of n-bit signal values,
the repetition frequency of the m-bit signal values being situated between
two times and one time the bandwidth of the detection signals. 5.  A read
apparatus as claimed in Claim 1, 2, 3 or 4, 



characterized in that the read apparatus is adapted to scan an optically
detectable information pattern 40       by means of a scanning beam (7),
the detectors (14) being photo-electric transducers and the read head (6)
comprising an optical system (10,12) for directing a radiation beam to the
photo-electric transducers via the information pattern. 6.  A read
apparatus as claimed in Claim 4, characterized in that the information
pattern represents an EFM 45       modulated signal in accordance with a CD
standard, the repetition frequency of the n-bit signal sample being a
multiple of the sample repetition frequency (44.1 kHz) prescribed by the CD
standard. 7.  A signal-processing circuit for processing detection signals,
which circuit comprises at least one analog- to-digital converter (16) for
converting the detection signals into series of n-bit signal values of a
specific so      repetition frequency, n being an integer greater than 1,
characterized in that the signal processing circuit comprises at least one
quantizing circuit (21) for converting the series of n-bit signal values
into series of rn-bit signal values, m being smaller than n, the quantizing
circuit (21) comprising a quantisation-noise are redistribution f liter
(61) for concentrating the spectral components of the quantisation noise
produced during quantisation in the high frequency part of the
quantisation-noise spectrum, the signal-processing 55       circuit further
comprising at least one decimating filter (22) for converting the series of
m-bit signal values into series of p-bit signal values, p being an integer
larger than n, and the repetition frequency of the p- bit signal values
being lower than that of the m-bit signal values, the signal processing
circuit further com- prises means (23) for deriving at least one servo
control signal on the basis of the series of p-bit signal 7 I    EP 0 397
234 B1 values. 8. A circuit as claimed in Claim 7, characterized in that
the analog-to-digital converter (16) comprises a sig- ma-delta modulator. 5
9.. A circuit as claimed in Claim 7 or 8, characterized in that m is 1. 10.
Acircuitas claimed in any of the Claims 7, 8or9, characterized in thatthe
quantizing circuit(21) is adapted to generate the series of m-bit signal
values of a sample repetition frequency smaller than the repetition
frequency for the series of n-bit signal values, the repetition frequency
of the m-bit signal values being 10      situated between two times and one
time the bandwidth of the detection signals. Patentansprfche 1.
Einrichtung zum Auslesen eines Informationsmusters aus elnem
Aufzeichnungstriger (2), die elnen Le- sekopf (6) zum Abtasten des
Informationsmusters umfa~t, wobel der Lesekopf (6) Detektoren (14) zur Er-
zeugung von Detektionssignalen in Abhangigkeit von dem abgetasteten
Informationsmuster umfaft, wel- che Elnrichtung weiterhin eine
Signalverarbeltungsschaltung (15) zurVerarbeitung der Deektionssignale
zoumfalt, wobel die Schaltung mindestens elnen Analog-Digital-Umsetzer (16)
zum Umsetzen der Detek- tionssignale in Folgen von n-Bit-Signalwerten elner
bestimmten Folgefrequenz enthalt, mit n eine ganze Zahl groller 1, dadurch
aekennzelchnet, daB die Signalverarbeitungsschaltung mindestens eine
Quantl- sierungsschaltung (21) zum Umsetzen derFolgen von
n-Bit-Signalwerten In Folgen von m-Bit-Signalwer- ten hat, mit m eidener n,
wobei die Quantisierungsschaltung ein Quantisierungsrauschen-Umverteilungs-
25      filter (61) umfaBt, urn die Spektralkomponenten des bei der
Quantisierung erzeugten Quantisierungsrau- schens in dem hochfrequenten
Teil des Quantisierungsrauschen-Spektrums zu konzentrieren, wobei die
Signalverarbeitungsschaltung (15) auierdem mindestens esn dezimlerendes
Filter (22) zum Umsetzen der Foigen von m-Bit-Signaiwerten In Folgen von
p-Bit-Slgnal-Werten umfaSt, wobel p eine ganze Zahl gr5ler n lst und die
Folgefrequenz der p-Bit-Signalwerte keiner als die der i-Bit-Signal-Werte
ist, und 30.     die Signalverarbeitungsschaltung weiterhin Mittel (23) zum
Ablelten mindestens eines Servosteuerungs- signals auf der Basis der Folge
von p-Bit-Signal-Werten umfast. 2.  Lese-Einrichtung nach Anspruch 1,
dadurch aekennzeichnet, daBderAnalog-Digital-Umsetzer(16) einen
Sigma-Delta-Modulator umfaSt. 35  3.  Lese-Einrichtung nach Anspruch I oder
2, dadurch sekennzeichnet, daB m gleich 1 ist. 4.  Lese-Einrichtung nach
einem der vorhergehenden Ansprfiche, dadurch aekennzelchnet, daB die Quan-
tisierungsschaltung (21) fOr des Generieren der Folgen von
m-Bit-Signaiwerten mit einer Abtastfolgefre- quenz, die kieiner als die
Folgefrequenz fur die Folgen von n-Bit-Signalwerten Ist, angepalt ist,
wobel 40      die Folgefrequenz der m-Bit-Signalwerte zwischen zweimal und
einmal der Bandbreite der Detektionssi- 



gnale liegt. 5. Lese-Einrichtung nach Anspruch 1, 2, 3 oder 4, dadurch
aekennzeichnet, daB die Lese-Einrichtung zum Abtasten sines optisch
detektierbaren Informationsmusters mit Hiife eines Abtaststrahlenbandels
(7) emn- 45      gerichtet Ist, wobei die Detektoren (14) photoelektrische
Wandler sind und der Lesekopf (6) ein optisches System (10, 12) zum Richten
sines StrahlungsbOndels Ober das Informationsmuster auf die photoelek-
trischen Wandler umfait. 6.  Lese-Einrichtung nach Anspruch 4, dadurch
aekennzeichnet, daB das Informationsmuster sin elnem CD- 6D      Standard
entsprechend EFM-moduliertes Signal reprisentiert, wobei die Folgefrequenz
des n-Bit-Signal- abtastwertes ein Vieifaches der von dem CD-Standard
vorgeschriebenen Abtastfolgefrequenz (44,1 kHz) ist. 7.
Signalverarbeitungssohaltung zur Verarbeitung von Detektionssignalen, wobel
die Schaltung mindestens einen Analog-Digital-Umsetzer (16) zum Umsetzen
der Detektbonssignale in Folgen von n-Bit-Signalwer- ten einer bestimmten
Folgefrequenz enthilt, mit n elne ganze Zahl grCEer 1, dadurch
aekennzelchnet. dal die Signalverarbeitungsschaltung mindestens sine
Quantisierungsschaltung (21) zum Umsetzen der Folgen von n-Bit-Slgnalwerten
In Folgen von m-Bit-Signalwerten hat, mit mi Weiner n, wobei die Quantl- 8
I l!IIIICI 1111111IIIMII111l1)1D I!II    EP 0 307 234 B1 sierungsschaltung
ein Quantibierungsrauschen-Umvertellungsfliter (61) umfaBt, um die
Spektralkompo- nenten des bei der Quantisierung erzeugtbn
Quantisierungsrauschens in dem hochfrequenten Tell des
Quantisierungsrauschen-Spektrums zu konzentrieren, wobel die
Signalverarbeitungsschaltung (15) au- %erdem mindestens ein dezimierendes
Filter (22) zum Umsetzen der Folgen von m-Bit-Slgnalwerten in 5
Folgen von p-Bit-Slgnal-Werten umfaitX wobel p elne ganze Zahl groBer n ist
und die Folgefrequenz der p-Bit-Signalwerte Idliner ale die der
m-Bit-Signal-Werte ist, und die Signalverarbeitungsschaltung wei- terhin
Mittel (23) zum Ableitn mindestens eines Servosteuerungssignals auf der
Basis der Folge von p- Bit-Signal-Werten umfa~t. 10  8. Schaltung nach
Anspruch 7, dadurch aekennzeichnet, daB derAnalog-Digital-Umsetzer (16)
elnen Sig. ma-Delta-Modulator umfaSL B. Schaltung nach Anspruch 7 odor 8,
dadurch aekennzeichnet, daB m gleich 1 lit. 10. Schaltung nach Anspruch 7,
8 oder 9, dadurch aokennzeichnet, daB die Quantsioerungsschaltung (21) fOr
des Generleren der Folgen von m-Bit-Signalwerten mit einer
Abtastfolgefrequenz, die kileiner als die Folgefrequenz fOr die Folgen von
n-Bit-Signalwerten ist, angepaSt ist, wobel die Folgefrequenz der m-
Bit-Signalwerte zwischen zweimal und einmal der Bandbreite der
Detelctonssignale liegt 20 Rovendicatlons 1. Appareil de lecture servant A
lire un groupe d'informatbons sur un support d'enregistroment (2), lequel
appareil comprend une tteb de lecture (6) pour Is balayage du groupe
d'informations, laquelle tete de leo- 25      ture (6) comprend des
d~tecteurs (14) pour la g6neratbn de signaux de d6tectlon d6pendant du
groups d'informatbons en cours de balayage, I'appareil comprenant encore un
circult de traitement de signaux (15) pour le traitement des signaux de
detection, lequel circuit comprend au moins un convertisseur ana-
logique-num6rique (16) pour la conversion des signaux de detection en une
serle de velours de signaux A n bits d'une frequence de repetitlon
specifique, n etant un entier plus grand que 1, caracterise en ce 90
que le circuitde traitement de signaux comprend au moins un circuit de
quantification (21) pour la conver- sion de la sere de valeurs de signaux A
n bits en une sere de valeurs de signaux A m bits, m Atant plus petit quo
n, le circuit de quantification comprenant un filtre de redistribution du
bruit de quantification (61) pour concentrer les composantes spectrales du
bruit de quantification prodult pendant la quantifi- cation dans la partie
haute frequence du spectre de bruit de quantification, le circuit de
traitement des 95      signaux (15) comprenant, en outre, au mons un flltre
de decimatlon (22) pour la conversion de la serie de valours de signaux a m
bits en une serie de valeurs de signaux A p bits, p etant un entier plus
grand que n, et la frequence de repetition des valeurs de signaux A p bits
etant Infeileure A cello des valeurs de signaux a m bits, Is circuit de
traltement de signaux comprenant, en outre, un moyen (23) de derivation
d'au moins un signal de servocommande sur base de la serie de valeurs de
signaux A p bits. 40  2. Appareil de lecture suivant la revendication 1,
caracterise en ce que le convertisseur analogique-numA- rique (16) comprend
un modulateur sigma-delta. 3. Appareil de lecture suivant la revendicatlon
I ou 2, caracterise en ce quo m vaut 1. 



45  4. Apparell de lecture suivant l'une quelconque des revendications qui
precedent, caracterise en co que le circuit de quantification (21) est
concu pour generer la serie de valeurs de signaux a m bits d'une fre-
quence de repetition d'echantillonnage plus petite quo la frequence de
rhphtition de Ia serie de valeurs de signaux A n bits, la frbquence de
repitition de la serle de velours de signaux A m bits Mtnt comprise entre
deux fois et une fols la largeur de bands des signaux de detection. 50 5.
Appareil de lecture sulvant la revendication 1, 2, 3 ou 4, caracterise en
ce que l'appareil de lecture eat congu pour balayer un groups
d'informations optiquement detectables A l'aide d'un faisceau de balayage
(7), les detecteurs (14) etant des traneducteurs photo-electriques et la
tote de lecture (6) comprenant un systeme optique (10, 12) d'orientation
d'un faisceeau de rayonnement vers les transducteurs photo-Alec- 55
triques via le groups d'informations. 6. Apparell de lecture sulvant la
revendlcatlon 4, caracterise en ce que le groups d'informations represente
un signal module EFM en conformite avec le standard CD, la frequence de
repetition du signal d'echan- - I !II 1Lj lii   S I I Il    EP 0 397 234 BI
tillonnage etant un multiple do la frtquonce de r6p6tition du signal
d'6chantillonnage (44,1 kHz) prescrite par le standard CD. 7. Circuit de
traitoment de signaux pour le traitement de signaux de ditection, lequel
circuit comprend au 5       moins un convertisseur analogique-numerique
(16) pour la conversion des signaux de ditection en une sefie de valeurs de
signaux A n bits d'une frtquence de repetition specifique, n 6tant un
ontier plus grand que 1, caracterise en ce quo le circuit de traltiment des
signaux comprend au moins un circuit de quan- tification (21) pour la
conversion de la serie de valeurs de signaux A n bits en une serle de
valeurs de signaux A m bits, m etant plus petit quo n, le circuit de
quantification (21) comprenant un filtre de redis- 10      tribution du
bruit de quantification (61) pour concentrer lea composantes spectrales du
bruit de quanti- fication produit pendant la quantification dans la partie
haute frequence du spectre de bruit de quantifi- cation, le circuit de
traibtment de signaux comprenant, en outre, au moins un filtre de
decimation (22) pour la conversion de a serie de valeurs de signaux A m
bits en une serie de valeurs de signaux A p bits, p etant un entler plus
grand quo n, it la fniquence de r6petitlon des valiurs de signaux A p bits
etant 15      inferieure A cello des valours de signaux A m bits, le
circuit de traitement de signaux comprenant, on outre, un moyen (23) de
derivation d'au momns un signal de servocommande sur base de la serie de
valiurs de signaux A p bits. 8. Circuit suivant la tevendication 7,
caracterise on ce quo le convertisseur analogique-numirique (16) 20
comprend un modulateur sigma-delta. 9. Circuit suivant la revendication 7
ou 8, caracteise en co quo m vaut 1. 10. Circuit suivant lune quelconque
des revendications 7, 8 ou 9, caracterise on co quo le circuit de quanti-
fication (21) east concu pour generer ia serie de valiurs de signaux A m
bits d'une friquence de repetition 25      d'echantillonnage plus petite
quo la frequence de repetition de la serie de valeuts de signaux A n bits,
la frequence de repetition de a serie de valeurs de signaux A m bits etant
comprise entre deux fois et une fois la largeur de bande des signaux de
ditection. 30 35 40 45 50 55 10 *    


