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The invention relates to a discrete-time signal processing system

comprising a signal sampling circuit and a sampling signal generator whose sampling

frequency is adjustable, the sampling signal generator including an oscillator for

generating a signal which has a fixed frequency, and a frequency divider.

In discrete-time signal processing circuits the sampling frequency for

sampling an analog or digital input signal to be processed is often generated by

converting, by means of a frequency divider, a high-frequency output signal of an

oscillator into a sampling signal (clock signal) having a lower frequency. Needless to

observe that the oscillation frequency of the oscillator is to be accurate and stable,

which is mostly achieved by the use of a crystal oscillator. The above means that the

sampling frequencies are restricted to f./n, where f, is the oscillation frequency and n

the dividend of the frequency divider. If the oscillation frequency f, is relatively low

compared to the clock frequency, this denotes that the clock frequency can be adjusted

only in coarse steps. Conversely, if a specific clock frequency is desired, the choice of
the frequency divider will then determine the oscillation frequency which in many cases
does not correspond to the frequencies belonging to the oscillator crystals which are

commercially available (and thus cost effective). Furthermore, it may happen that more

than one sampling frequency is necessary, such as, for example, in sampling frequency

converters. This would require two (precision) oscillators, which is more expensive and

more cumbersome compared to a circuit comprising a single oscillator.

It is an object of the invention to provide a discrete-time signal processing

system in which, starting from a single stable oscillator frequency, a clock signal having
a desired frequency is available, the ratio between the oscillator frequency and the clock

frequency not being restricted to positive integers.
It is a further object of the invention to provide a discrete-time signal

processing system in which the frequency spectrum of the sampled signal is not

corrupted by the frequency spectrum of the sampling signal (clock signal).
It is a further object of the invention to provide a discrete-time signal
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The discrete-time signal processing system according to the invention
provides the possibility of selecting with a high degree of freedom a sampling frequency
which is derived from a higher clock frequency, whereas the sampling frequency is not

15 restricted to the number of integer dividends.

If with a given oscillator frequency the dividends n and k are suitably
selected, usually n and n+1, a sampling signal can be generated with a desired
frequency, so that its frequency spectrum is such that the frequency spectrum of the
sampled signal is not corrupted by the spectrum of the sampling signal.

20

The invention will be further explained with reference to the embodiments
represented in the drawing, in which:
Fig. 1 shows in a block diagram a discrete-time signal processing system
25 according to the invention,
Fig. 2 shows in a block diagram a preferred embodiment of a discrete-
time signal processing system according to the invention,
Fig. 3 shows in a block diagram a further embodiment of a discrete-time
signal processing system aécording to the invention, and
30 Fig. 4 shows in a block diagram part of a discrete-time signal processing

system suitable for a sampling frequency converter.
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sal t gniifie FQRehdy iy beSRuated between n and n+x (or is equal to either n or n+x
if the frequency divider is not switched over). The switch-over takes place under the
15 control of the output signal on output 15 of the Z-A modulator 9 which thereto receives
a control signal ¢ on the input 17. This control signal ¢ may be a DC signal, if the E-A
modulator 9 is half analog and half digital, or a digital signal which may be one bit or
more bits in width.
Fig. 2 shows a preferred embodiment of a discrete-time signal processing
20 system 20 according to the invention. The system 20 comprises an input signal
processor 21 and a phase comparator 23 in addition to the components 1,3,5,7and 9
described with reference to Fig. 1 and having like functions in Fig. 2. The input signal
processor 21 extracts from a radio stereo signal received on input 27 the audio
component, which is applied to the sample-and-hold circuit 1, and the 19 kHz pilot
25 tone, which is applied to the input 29 of the phase comparator 23. The phase
comparator 23 further receives through a divide-by-two divider 25 the output signal of
the frequency divider 7 and forms from these two signals the control signal ¢ for the L-
A modulator 9.
A further embodiment of a discrete-time signal processing system 30
30 according to the invention is shown in Fig. 3, in which all the components
corresponding to those of Fig. 2 have like reference numbers and like functions.
However, between the frequency divider 7 and the input 13 of the sample-and-hold
circuit 1, a bandpass filter 31 is inserted, which passes a frequency band around the
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the bandpass filter 31 is applied to a phase comparator 35. Furthermore, an input signal
processor 33 is provided which extracts from a received stereo signal the audio
component, which is applied to the sample—and-_gold circuit 1, and derives from the 19
kHz pilot tone a double frequency signal (38 kHz) which is applied to a phase
comparator 35. The phase comparator 35 applies a control signal ¢ to the X-A
modulator 9.

Fig. 4 shows a further embodiment of the invention which is pre-
eminently suitable for use in a sampling frequency converter. In sampling frequency
converters the sampling frequency f; for the incoming signal differs from the sampling
frequency f, for the outgoing signal. Depending on the embodiment of the sampling
frequency converter, an input clock frequency f;, a multiple thereof i.e. clock frequency
N.f;, as well as an output clock frequency f,, is necessary, or an input clock frequency
f,, an output clock frequency f,, and a multiple thereof, i.e. clock frequency M.f,. The
embodiment 40 shown in Fig. 4 comprises a single (crystal) oscillator 41 whose output
signal is applied with the frequency f,. to two frequency dividers 43 and 45. The two
frequency dividers 43 and 45 are adjustable as regards their dividend i and ii
respectively, wheren < i < n+xand m < ii < m+y, where n, m, x and y are
positive integers. The adjustment, in this case the division by either n or n+x and either
m or m+y by the frequency dividers 43 and 45 respectively, is determined by the
output signal of the I-A converters 47 and S1 respectively, which thereto receive an
input signal ¢1 and ¢2 respectively. The output signals of the frequency dividers 43 and
45 have a frequency N.f; and M.f, respectively, so that the following holds: f, = i.N.f;
= ii.M.f,. The output signals N.f; and M.f, are divided by further frequency dividers
49 and 53 respectively, by a dividend N and M respectively, so that output signals are
obtained having the respective desired frequency f; and f,. It should be observed that
also the dividends N and M, although being positive integers in this example, need not
of necessity be integers considering the above. It should be noted that a sampling
frequency converter has been described in a prepublished European Patent Application
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divider for switching the frequency divider from one state to the other is connected to
an output of a sigma-delta modulator (£-A modulator) which is supplied with a control
10 signal for realising an effective dividend m, wheren < m < k.
2. Discrete-time signal processing system as claimed in Claim 1,
characterized in that a phase detector is provided which generates the control signal and
has two inputs, the first and the second input respectively, receiving a signal related to
the signal produced by the frequency divider and to the signal to be sampled by the
15 sampling circuit respectively.
3. Discrete-time signal processing system as claimed in Claim 1 or 2,
characterized in that an analog filter is inserted between the output of the frequency
divider and a control input of the sampling circuit.

4, Discrete-time signal processing system as claimed in Claim 1, 2 or 3,
20 characterized in that a decimation filter is connected to the output of the sampling

circuit.

5. Discrete-time signal processing system as claimed in Claim 1, 2, 3 or 4,

characterized in that a clock input of the sigma-delta modulator is connected either to
the output of the frequency divider or to the output of the analog filter.

25 6. Discrete-time signal processing system as claimed in one of the preceding
Claims, characterized in that the dividend n is greater than 3 and smaller than 129,
7. Discrete-time signal processing system as claimed in Claim 6,

characterized in that the dividend n is greater than 31 and smaller than 65.
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The invention relates to a discrete-time signal processing system in which
a clock signal is derived from an oscillation signal having a higher frequency. A
switchable frequency divider is then used which is driven by a sigma-delta modulator.
By alternately switching from one dividend n to the other dividend n+1 and vice versa,
5 an effective dividend m, where n < m < n+1 is realised, so that a very fine frequency
" uning can take place.

The use of the Z-A modulator is advantageous in that the frequency
spectrum of the sampled signal is not corrupted by the frequency spectrum of the
sampling signal (clock signal) generated by way of the switching frequency divider.

(Figure 2).
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The invention relates to a discrete-time signal processing system
comprising a signal sampling circuit and a sampling signal generator whose sampling
frequency is adjustable, the sampling signal generator including an oscillator for
generating a signal which has a fixed frequency, and a frequency divider.

In discrete-time signal processing circuits the sampling frequency for
sampling an analog or digital input signal to be processed is often generated by
converting, by means of a frequency divider, a high-frequency output signal of an
oscillator into a sampling signal (clock signal) having a lower frequency. Needless to
.observe that the oscillation frequency of the oscillator is to be accurate and stable,
which is mostly achieved by the use of a crystal oscillator. The above means that the
sampling frequencies are restricted to f./n, where f, is the 6sci11ation frequency and n
the dividend of the frequency divider, If the oscillation frequency f,, is relatively low
compared to the clock frequency, this denotes that the clock frequency can be adjusted
only in coarse steps. Conversely, if a specific clock frequency is desired, the choice of
the frequency divider will then determine the oscillation frequency which in m.any cases
does not correspond to the frequencies belonging to the oscillator crystals which are
commercially available (and thus cost effective). Furthermore, it may happen that more
than one sampling frequency is necessary, such as, for example, in sampling frequency
converters. This would require two (precision) oscillators, which is more expensive and
more cumbersome compared to a circuit comprising a single oscillator.

It is an bbject of the invention to provide a discrete-time signal processing
system in which, starting from a single stable oscillator frequency, a clock signal having
a desired frequency is available, the ratio between the oscillator frequency and the clock
frequency not being restricted to positive integers.

It is a further object of the invention to provide a discrete-time signal
processing system in which the frequency spectrum of the sampled signal is not
corrupted by the frequency spectrum of the sampling signal (clock signal).

It is a further object of the invention to provide a discrete-time signal
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salt and f r.glas I 0 : : (4 | |,de
SnCl[err]. g%[del?ra}‘@mfdgoé%&o 21 grg%x‘:eolf% |tn(s:-% ,F{.;hergeprssﬂ }nrt]e ertafl %—/%i ld kagﬁ%%/

Tin(11) chieonttsl ifpd dfehe frequétdyedivider f&Oswgtching the frajmahdy divider from one
tin/nickel /CObaltﬁe L&gers chatr

state to £ is ¢onniested fo an output of a sigma-delta modulator (X-A modulator)
which is supplied with a control signal for realising an effective dividend m, where n <
m=< k.

_ The discrete-time signal processing system according to the invention
provides the possibility of selecting with a high degree of freedom a sampling frequency
which is derived from a higher clock frequency, whereas the sampling frequency is not
restricted to the number of integer dividends.

If with a given oscillator frequency the dividends n and k are suitably
selected, usually n and n+1, a sampling signal can be generated with a desired
frequency, so that its frequency spectrum is such that the frequency spectrum of the
sampled signal is not corrupted by the spectrum of the sampling signal.

The invention will be further explained with reference to the embodiments
represented in the drawing, in which: -

Fig. 1 shows in a block diagram a discrete-time signal processing system
according to the invention,

Fig. 2 shows in a block diagram a preferred embodiment of a discrete-
time signal processing system according to the invention,

Fig. 3 shows in a block diagram a further embodiment of a discrete-time
signai processing system according to the invention, and

Fig. 4 shows in a block diagram part of a discrete-time signal processing

system suitable for a sampling frequency converter.
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N- benzyl di et’hanol am ne - et hyl am noet hanol :
90 clock signal which is generated by (meaas 65 Q:egqscxllator 5,3he freguencyrdivider 71 -
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- hexyl am &

benzyl di et Wgyﬂl t}ﬁ(hecxﬂimdm-tﬁs were operated at a bath tem N -
benzyl - NN - di rret hyI et hﬁnene- perature of 75[err]C and at an
average cur¥ent (Thgisa@pling signal to be applied to the sample-and-hgld circuifeh 8y § of

4 anpere/d | was used
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am ne

= n+x. This achieves that the ratio m between the oscillation frequency and the
sampling frequency may be situated between n and n+x (or is equal to either n or n+x
.if the frequency divider is not switched over). The switch-over takes place under the
control of the output signal on output 15 of the I-A modulator 9 which thereto receives
a control signal ¢ on the input 17. This control signal ¢ may be a DC signal, if the Z-A
modulator 9 is half analog and half digital, or a digital signal which may be one bit or
more bits in width.

Fig. 2 shows a preferred embodiment of a discrete-time signal processing
system 20 according to the invention. The system 20 comprises an input signal
processor 21 and a phase comparator 23 in addition to the components 1, 3, 5, 7and 9
described with reference to Fig. 1 and having like functions in Fig. 2. The input signal
processor 21 extracts from a radio stereo signﬂ received on input 27 the audio
component, which is applied to the sample-and-hold circuit 1, and the 19 kHz pilot
tone, which is applied to the input 29 of the phase comparator 23. The phase

~ comparator 23 further receives through a divide-by-two divider 25 the output signal of

the frequency divider 7 and forms from these two signals the control signal ¢ for the Z-

- A modulator 9.

A further embodiment of a discrete-time signal processing system 30

- according to the invention is shown in Fig. 3, in which all the components
corresponding to those of Fig. 2 have like reference numbers and like functions.
However, between the frequency divider 7 and the input 13 of the sample-and-hold
circuit 1, a bandpass filter 31 is inserted, which passes a frequency band around the
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comparator 35. The phase comparator 35 applies a control signal ¢ to the Z-A

modulator 9.

Fig. 4 shows a further embodiment of the invention which is pre-
eminently suitable for use in a sampling frequency converter. In sampling frequency
converters the sampling frequency f; for the incoming signal differs from the sampling
frequency f, for the outgoing sigﬁal. Depending on the embodiment of the sampling
frequency converter, an input clock frequency f;, a multiple thereof i.e. clock frequency
N.f;, as well as an output clock frequency f,, is necessary, or an.input clock frequency
f,, an output clock frequency f,, and a multiple thereof, i.e. clock frequency M.f,. The
embodiment 40 shown in Fig. 4 comprises a single (crystal) oscillator 41 whose output
signal is applied with the frequency f,,. to two frequency dividers 43 and 45. The two
frequency dividers 43 and 45 are adjustable as regards their dividend i and ii
respectively, wheren < i < n+xand m < ii < m+y, where n, m, x and y are
positive integers. The adjustment, in this case the division by either n or n+x and either
m or m+y by the frequency dividers 43 and 45 respectively, is determined by the
output signal of the I-A converters 47 and 51 respectively, which thereto receive an
input signal ¢1 and ¢2 respectively. The output signals of the frequency dividers 43 and
45 have a frequency N.f; and M.{, respectively, so that the following holds: f = i.N.f;
= ii.M.f,. The output signals N.f, and M.f, are divided by further frequency dividers
49 and 53 respectively, by a dividend N and M respectively, so that output signals are
obtained having the respective desired frequency f, and f,. It should be observed that
also the dividends N and M, although being positive integers in this example, need not
of necessity be integers considering the above; It should be noted that a sampling
frequency converter has been described in a prepublished European Patent Application
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pH of 4.8) special effects of the bath. The pfecipitate

10 Diethylenetriam ne 30 cc . thnlnickel . tin/icobalt and
tin/nickel/cobalt (1. e. 28.8 @)
| ayers consist only of the pertinent netals. Lactic acid

50 cc Wat er Remai nder VWHAT WE
CLAIM 1|S:-

1. An electyolytic bdiscrewrtime signgl processing system comprising a signal sampling
Exanple 1V It together with a nickel salt, and/ or cobalt
75 circujtsand a samgjwosg,gqa? gﬁnerator whose sampling frequency is adjustabie; theq

L o 00 s YA ERl: g an peitgor o gmeating il which sy
chl ori de Snfgtddefrequency, 2drider fr]a@encﬁ@ngder charactetiadd imthat the/ frequeaty duahd?dms
oS ereaEhabln Defgen  deask i Sairsaiiha NEH P ot fiidend of the Heqlency T
ﬁnn:rgn;lrjrlmntejls&l’igg{ bélfig n (n = integer) a.ndm_aI a secrln_d sﬂ& fnle HN1ABA Blifig 32 dv&l?er@ﬁ: gne or
t he am ne( a)-f-ioewhgepr msamhteger and a¢ all amiun rthat a control input of th& ﬁ'equency
Triethyl ene&tn(,altdglg P] or swztchmg the %requency dxvxder ?ron{ grzlies tstatlceotogihe O?I{]?' lg gorgnoectlego o/t
an output of a sigma-delta modulator (X-A modulator) which is supplied with a coatrol
signal for realising an effective dividend m, wheren < m < k.
2. Discrete-time signal processing system as claimed in Claim 1,
characterized in that a phase detector is provided which generates the control signal and
has two inputs, the first and the second input respectively, receiving a signal related to
the signal produced by the frequency divider and to the signal to be sampled by the
sampling circuit respectively.
3. Discrete-time signal processing system as claimed in Claim 1 or 2,
characterized in that an analog filter is inserted between the output of the frequency
divider and a control input of the sampling circuit. |
4, Discrete-time signal processing system as claimed in Claim 1, 2 or 3,
characterized in that a decimation filter is cénnected to the output of the sampling
circuit.
5. Discrete-time signal processing system as claimed in Claim 1, 2, 3 or 4,
characterized in that a clock input of the sigma-delta modulator is connected either to
the output of the frequency divider or to the output of the analog filter.
6. Discrete-time signal processing system as claimed in one of the preceding
Claims, characterized in that the dividend n is greater than 3 and smaller than 129.
7. Discrete-time signal processing system as claimed in Claim 6,
characterized in that the dividend n is greater than 31 and smaller than 65.
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to apply the coatings directly, while base Di flsopr opyl amme 4 bodi es
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Mel am ne It was found that fluctuations in the com N -
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The use of the Z-A modulator is advantageous in that the frequency
spectrum of the sampled signal is not corrupted by the frequency spectrum of the

sampling signal (clock signal) generated by way of the switching frequency divider.

(Figure 2).
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