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Arrangement for reproducing n digital signals from n adjacent tracks on a
record carrier. FIELD OF THE INVENTION The invention relates to an
arrangement for reproducing n digital signals from n adjacent tracks on a
record carrier, n being an integer greater than 1, which arrangement
comprises 5  - read means comprising n read heads, each having an output,
for reading n information signals from the n tracks and applying said
information signals to the outputs, - n detection means having inputs
coupled to the outputs of the n read heads, for deriving the n digital
signals from the n information signals read from the tracks and supplying
said digital signals to outputs, 10  - n phase-locked loops having inputs
coupled to the n outputs of the read heads, each phase-locked loop
comprising a phase comparator having a first input, which is coupled to the
input of the phase-locked loop, a second input and an output, a
voltage-controlled oscillator having an input, which is coupled to the
output of the phase comparator, and an output for supplying a clock signal
of a given frequency, which output is coupled to the 15  second input of
the phase comparator, the voltage-controlled oscillator being common to the
n phase-locked loops, and the arrangement comprising for this purpose a
signal combination 



unit having n inputs, each of the inputs being coupled to an output of one
of the n phase comparators, and having an output coupled to the input of
the voltage-controlled oscillator, and a phase-locked loop further
comprising a phase-shifter unit having an input coupled to 20  the output
of the voltage-controlled oscillator, an output coupled to the second input
of the phase comparator, and a control signal input, and comprising a
control signal generator unit having an input coupled to the output of the
phase comparator and an output coupled to the control signal input of the
phase-shifter unit, and to an arrangement for deriving n clock signals from
the n information signals. 25                  An arrangement of the type
defined in the opening paragraph is known, for example from United States
Patent 4,470,082, document (3) in the List of Related Documents. The
arrangement is also used in the form of a magnetic-tape recorder of the
SDAT or the DCC type. BACKGROUND OF THE INVENTION 30                  An
arrangement of the type defined in the opening paragraph is capable of
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reading magnetic record carriers on which digital information has been
recorded in a plurality of adjacent tracks. The known arrangement has the
drawback that it is rather susceptible to disturbances, as result of which
the phase-locked loop becomes deranged. 5                          SUMMARY
OF THE INVENTION It is an object of the invention to provide an arrangement
with an improved immunity to disturbances, so that the phase-locked loop is
less susceptible to become deranged. The arrangement is characterised in
that the control signal generator unit 10 is an integrating element. The
invention is based on the recognition of the following fact that
disturbances in one of the channels may lead to the phase-shifter unit
being deranged. By averaging the output signal of the phase comparator in
an integrating element and deriving therefrom the control signal for the
phase-shifter unit it is possible to obtain a control system 15  which is
less susceptible to these disturbances. Preferably, the integrating element
has a time constant which is comparatively large relative to the bit period
in the digital signal. Thus, it is achieved that the output signal of the
phase comparator is averaged over a sufficiently long time. It is to be
noted that the previously filed United States Patent Application 



20 184,624, document (1) in the list of documents at the end of the present
Application, and European Patent Application 93.201.327, document (2) in
the list, also describe arrangements for deriving a clock signal from
signals read from n tracks. However, there is no mention of a
voltage-controlled oscillator common to all the phase-locked loops. BRIEF
DESCRIPTION OF THE DRAWINGS 25                  An exemplary embodiment of
the invention will be described in more detail hereinafter with reference
to the drawings, in which Figure 1 shows the exemplary embodiment of the
arrangement, and Figures 2a, 2b. 2c and 2d show some signal waveforms
appearing in the exemplary embodiment shown in Figure 1. 30
DESCRIPTION OF EMBODIMENTS Figure 1 shows an arrangement intended for
reading a digital signal from n tracks [err] to [err] recorded adjacent one
another and in the longitudinal direction of a magnetic record carrier 20
in the form of a tape. Only one half of the record carrier is shown. The
arrangement has read means comprising n read heads 14.1 to 14.n, which
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3 reproduce an analog signal from the n tracks. The n analog signals are
applied to an n- channel sampler 11. Under the influence of a clock signal
having a clock frequency [err], which is applied to the sampler 11 by a
fixed oscillator 12, the analog signals are sampled and converted into a
binary digital signal ch 1 to ch n, respectively. The frequency [err] is at
least 5  one order of magnitude higher than the clock frequencies [err]
referred to hereinafter. From each of the n binary signals ch; a clock
frequency [err] is derived, which is used for bit detection in bit
detectors 9.1 to 9.n, whose inputs are coupled to outputs of the sampler
11, each bit detector 9.i having a clock-signal input for receiving the
clock signal [err]. For this purpose, the binary signals obtained in the
sampler 11 ch 1 to ch n 10  are each applied to a respective one of the n
phase-locked loops 13.1 to 13.n. Only the phase-locked loop 13.n is shown
completely. The other phase-locked loops are similar. For each channel ch i
of the channels ch 1 to ch n, i.e. also for the channel n, the
corresponding binary signal is applied to a first input 13 of a phase
comparator 17.n. The output of the phase comparator 17.n is coupled to the
control-signal input of a voltage-controlled oscillator 15  21 via a loop
filter 18. The oscillator 21 can be a discrete-time oscillator. The loop
filter 18 and the voltage-controlled oscillator 21 are common to all the n
phase-locked loops 13. 1 to 13.n. However, the loop filter 18 may
alternatively precede the signal 



combination unit 19 in the respective loops. 20                  The output
of the oscillator 21 is coupled to an input 27 of a phase shifter unit
25.n. The output 28 of the phase shifter unit 25.n is coupled to the second
input 16 of the phase comparator 17.n. Each loop, as is shown for the loop
13.n, comprises a control signal generator unit 26.n in the form of an
integrating element, such as for example a low- pass filter, whose input is
coupled to the output of the phase comparator 17.n and whose 25  output is
coupled to a control-signal input 29 of the shifter unit 25.n. The
integrating element 26.n has a time constant which is comparatively large
in comparison with the bit period Tb in the digital signal. Preferably, the
time constant is larger than 100 times the bit period, for example a few
hundred times the bit period. The shifter unit 25.n produces a given delay
of the signal applied to its input 27 under the influence of the control
signal applied to the 30  control-signal input 29. Since the low-pass
filter 18 and the voltage-controlled oscillator 21 are common to the loops
13.1 to 13.n the outputs 15 of the phase comparators 17.1 to 17.n are all
coupled to an input of a signal combination unit 19, for example in the
form of an adder, which has an output coupled to the loop filter 18.    
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indicated in broken lines. The output of the oscillator 21 is coupled to
respective inputs 24.1 to 24.n of all the blocks 2.1 to 2.n. Furthermore,
the signals applied to the second inputs 16 of the comparators 17.1 to 17.n
in the blocks are supplied to the clock-signal inputs of the bit detectors
9.1 to 9.n as clock 5  signals [err] to [err]. Moreover, it is to be noted
that the cut-off frequency of the low-pass filters 26.n will generally be
the same and will be smaller than the cut-off frequency of the low- pass
filter 18. The arrangement operates as follows. The VCO 21 can be
constructed as an accumulator. Such an accumulator each time adds with a
given repetition rate a given 10  constant value cw to a value sw stored in
the accumulator, which accumulated value acw is subsequently stored in the
accumulator as the stored value. This means that the relation acw = cw + sw
is valid each time. As a result, a sawtooth-shaped signal appears at the
output of the VCO 21, which varies as a sawtooth with a given frequency
between a positive and a negative threshold value +D and -D. If a control
value rw is applied to the input of the VCO 15 21 the accumulator will
perform the following accumulation: acw = (cw + rw) + sw. This results in a
sawtooth-shaped signal of another sawtooth frequency appearing at the
output of 



the VCO  21. The control loop controls the sawtooth frequency in such a
manner that this frequency is substantially equal to the bit frequency in
the signals being read, for example the signal [err]. The sawtooth-shaped
signal is applied to the input 16 of the phase comparator 20  17.n after
phase-shifting in the phase shifter 25.n. The operation of the phase
comparator 17.n will be further explained by means of the signal waveforms
shown in Figures 2a, 2b, 2c and 2d. Figure 2a shows the sawtooth-shaped
signal applied to the input 16 of the phase comparator 17.n and Figure 2b
shows eye patterns in the signal applied to the input 13 of the phase
comparator 17.n. Figure 2d shows the actual signal applied to the input 13.
The signal 25  in Figure 2a is also applied to the clock signal input of
the bit detector 9.n. In the bit detector 9.n the falling edges in the
signal of Figure 2a produce clock pulses, shown in Figure 2c, with which
the signal [err] is sampled in the centres of the eye patterns, as shown in
Figure 2b, in order to obtain the digital signal. The clock frequency of
the signal in Figure 2c is 1/[err], which frequency corresponds to the bit
frequency of the signal in Figures 2b and 30 2d. The value of the
sawtooth-shaped signal in Figure 2a is sampled under the influence of a
rising or a falling edge in the signal shown in Figure 2d. As is apparent
from Figure 2a, this yields sample values[err] and [err] which can serve as
control values rw, as described hereinbefore. The loop 13.n controls the
oscillator 21 and hence the sawtooth frequency  
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5 in such a manner that the samples at the instants [err] and [err], see
Figure 2d, yield sample values [err] and [err], respectively, which are
substantially zero, so that the detection instants in the bit detector 9.n
are timed correctly. The signal combination unit 19 may take the form of an
adder, after 5 which the samples are averaged. It is also possible to
construct the signal combination unit 19 as a multiplexer, the samples from
the various loops being multiplexed with a multiplex frequency which should
be at least n times the bit frequency. The control system thus effects
averaging over the n channels, so that it does not produce an exactly
correct value for any of the loops. Therefore, the phase shifter 25.n has
been provided, which ensures that starting 10  from the averaged control
result such a phase shift or time shift is produced that the clock
frequency [err] has exactly the correct sample phase. The phase shifter
25.n may take the form of a modulo-D counter. As a result, a phase shift is
obtained which is proportional to the signal value applied to the control
signal input 29 of the phase shifter 25.n. It is to be noted that during
locking-in the bandwidth of the filter 26.n is 15 extended in order to
minimise the time required for locking-in. Moreover, it is to be noted 



that the circuit arrangement comprising the phase-locked loops for deriving
the n clock signals from the signals [err] to [err] can be realised in
integrated form or, if desired, in software form.    WO 95/29482
PCT/IB95/00254 6 List of Related Documents (1)        United States Patent
Application Serial no. 184,624, filed on 19-01-94 (PHN 14.355) 5  (2)
European Patent Application 93.201.327 (PHN 14.442) (3)        United
States Patent no.4,470,082    WO 95/29482
PCT/IB95/00254 7 Claims 



1.              An arrangement for reproducing n digital signals from n
adjacent tracks on a record carrier, n being an integer greater than 1,
which arrangement comprises - read means comprising n read heads, each
having an output, for reading n information signals from the n tracks and
applying said information signals to the outputs, 5  - n detection means
having inputs coupled to the outputs of the n read heads, for deriving the
n digital signals from the n information signals read from the tracks and
supplying said digital signals to outputs, - n phase-locked loops having
inputs coupled to the n outputs of the read heads, each phase-locked loop
comprising a phase comparator having a first input, which is coupled 10  to
the input of the phase-locked loop, a second input and an output, a
voltage-controlled oscillator having an input, which is coupled to the
output of the phase comparator, and an output for supplying a clock signal
of a given frequency, which output is coupled to the second input of the
phase comparator, the voltage-controlled oscillator being common to the n
phase-locked loops, and the arrangement comprising for this purpose a
signal combination 15  unit having n inputs, each of the inputs being
coupled to an output of one of the n phase comparators, and having an
output coupled to the input of the voltage-controlled oscillator, and a
phase-locked loop further comprising a phase-shifter unit having an input
coupled to the output of the voltage-controlled oscillator, an output
coupled to the second input of the phase comparator, and a control signal
input, and comprising a control signal generator unit 



20  having an input coupled to the output of the phase comparator and an
output coupled to the control signal input of the phase-shifter unit,
characterised in that the control signal generator unit is an integrating
element. 2.              An arrangement as claimed in Claim 1,
characterised in that the integrating element has a time constant which is
comparatively large relative to the bit period 25  in the digital signal.
3.              An arrangement as claimed in Claim 2, characterised in that
the time constant is larger than 100 times the bit period. 4.
An arrangement as claimed in Claim 1, 2 or 3, characterised in that the
voltage-controlled oscillator supplies an oscillator signal having a
frequency substantially    WO 95/29482 PCT/IB95/00254 8 equal to the bit
frequency in the digital signal. 5.              An arrangement as claimed
in Claim 1, 2 or 3, characterised in that the integrating element is a
low-pass filter. 



6.              An arrangement as claimed in Claim 5, characterised in that
a second 5  low-pass filter is coupled between the output of the signal
combination unit and the input of the voltage-controlled oscillator, in
that the cut-off frequency of the first-mentioned low-pass filter is lower
than the cut-off frequency of the second low-pass filter. 7.
An arrangement as claimed in any one of the preceding Claims, characterised
in that the output of the phase-shifter unit in a phase-locked loop is
coupled to a 10 detection means to supply a detection frequency to the
detection means. 8.              An arrangement for deriving n clock
signals from n information signals, comprising - n inputs for receiving the
n information signals, - n phase-locked loops having inputs coupled to the
n inputs of the arrangement, 15  each phase-locked loop comprising a phase
comparator having a first input, which is coupled to the  input of the
phase-locked loop, a second input and an output, a voltage-controlled
oscillator having an input, which is coupled to the output of the phase
comparator, and an output for supplying a clock signal of a given
frequency, which output is coupled to the second input of the phase
comparator, 20 - n outputs for supplying the n clock signals, the
voltage-controlled oscillator being common to the n phase-locked loops, and
the arrangement comprising for this purpose a signal combination unit
having  n inputs, each of 



the inputs being coupled to an output of one of the n phase comparators,
and having an output coupled to the input of the voltage-controlled
oscillator, and a phase-locked loop 25 comprising a phase-shifter unit
having an input coupled to the output of the voltage- controlled
oscillator, an output coupled to the second input of the phase comparator
and a control signal input, and comprising a control signal generator unit
having an input coupled to the output of the phase comparator and an output
coupled to the control signal input of the phase-shifter unit, and one of
the outputs of the arrangement being coupled to the output of 30 the
phase-shifter unit to supply a clock signal, characterised in that the
control signal generator unit is an integrating element.    


