
1   Tone receiver comprising, a switch capacitor zero crossing detector
The invention relates to a tone receiver comprising a zero crossing
detector which includes an amplifier circuit that has an inverting input
and a non-   inverting input. Such receivers are known, for example, from
the article entitled "A 



monolithic dual tone multifrequency receiver" in IEEE Journal of Solid
State Circuits,   Vol. SC-14, No. 6, December 1979. These tone receivers
may be used in telephone sets   for detecting tone signals customary in
telephony, such as DTMF signals (Dual Tone   Multi Frequency).
Amplifier circuits having an inverting and a non-inverting input have the
property of being capable of presenting an offset voltage i.e. it is
possible that a voltage  unequal to zero occurs at the output if there is a
zero voltage difference between the  two inputs.. This offset voltage has a
detrimental effect on the operation of the zero  crossing detector, because
the zero level of the amplifier/comparator input now no  longer has a
symmetrical position between the positive and negative input threshold
voltages to be set. This may have the effect that the amplifier circuit
acting as a comparator is energized by small interference signals which are
smaller than the set threshold value.                It is an object of the
invention to provide a tone receiver of the type  mentioned in the opening
paragraph, in which the offset voltage is compensated, so that  the
detrimental effect of. the offset voltage is eliminated.
According to the invention, the tone receiver is characterized in that the
zero crossing detector includes: 



an. amplifier circuit used as an amplifier and as a comparator and
having an inverting input and a non-inverting input, the non-
inverting input being coupled to a reference voltage source, and
including a feedback loop between the output and the inverting
input which loop includes a first on/off switch,               *       a
first capacitor between the two inputs,               *       a second
capacitor between the signal input of the tone receiver
2                          and the inverting input of the amplifier, 



*       a second on/off switch connected in series with the second
capacitor,                 *       and a control circuit which opens and
closes the two on/off                          switches in phase
opposition.                   In a first control phase of the two switches,
the first switch is closed (i.e. conductive), and the second switch is
open. Consequently, the second capacitor is not connected to the amplifier
and the output of the amplifier is connected directly to the inverting
input. This results in the fact that the first capacitor is charged to the
offset voltage. In the second control phase of the switches, the first
switch is open and the second switch is closed. The original charge of the
first capacitor is now divided between the first and the second capacitor.
These phases are repeated, so that the second capacitor will eventually be
charged to the offset voltage. In this situation and in the event of a
lacking input signal on the zero crossing detector, the offset voltage will
be present on both inputs i.e. the actual offset voltage on the
non-inverting input and the voltage across the second capacitor having the
same magnitude on the inverting input. The result of this is that with a
zero voltage input signal the output voltage is also zero. 



An additional advantage of said measures is that also any DC voltage
component present in the input signal is blocked. Such a component may have
the same disturbing effect as the offset voltage.                An
embodiment of the tone receiver according to the invention is characterized
in that the tone receiver comprises:                *       a third
capacitor connected on one side via a third on/off switch
to the non-inverting input of the amplifier circuit,               *
connected to the other side of the third capacitor a threshold
voltage source for producing a threshold voltage signal which
consists of a fixed step size,               *       and a fourth on/off
switch, one side of which is connected to the
junction of the third capacitor and the third on/off switch and the
other side of which is connected to the reference voltage source,
*       which third and fourth switches are opened and closed in phase
with the second switch and the first switch respectively, by the    



3                          control circuit.                  These measures
achieve that the zero crossing detector can produce a threshold voltage, so
that minor interference signals such as noise do not activate the detector.
This threshold voltage presents hysteresis i.e. once the detector has been
activated in reaction to, for example, an upward transgression of a
positive threshold voltage, the threshold voltage is then rendered negative
and vice versa. This is advantageous in that a signal varying around the
threshold voltage will not constantly reverse the zero crossing detector.
Because the threshold voltage generator constantly generates voltage 



steps, the series combination of the first, the second and the third
capacitor is charged. The first and third capacitors are also constantly
discharged (the former because it is constantly connected to the output of
the amplifier by the first switch and the latter because it is constantly
connected to the reference voltage by the fourth switch). The second
capacitor, however, is not constantly discharged and it is conceivable
that. as a result the proper operation of the zero crossing detector is
affected detrimentally. In order to avoid this situation the tone receiver
according to a further embodiment of the invention is characterized, in
that the threshold voltage source in the tone receiver comprises means for
producing within a switch-on interval of the second switch after said
threshold voltage step a voltage step of equal magnitude and opposite
polarity. The equally large voltage step of opposite polarity will now
discharge the third capacitor by the same charge as the one it had been
charged with.               The invention will be further explained with
reference to the drawing Figures, in which:               Fig. 1 shows a
block diagram of a tone receiver according to the invention;
Fig. 2 shows a zero crossing detector to be used in a tone receiver
according to the invention. 



The tone receiver as shown in Fig. 1 may be used in a telephone set. The
incoming signal is then applied to an anti-aliasing filter 4. The function
of this filter is to reject the mixing frequencies developing during signal
sampling. The output of this filter is connected to two filters 6 and 8 for
band splitting and rejecting undesired signals. In the DTMF mode the two
filters operate at fixed bandpass frequencies; in the           signalling
tone mode one of these filters is switched off. The other filter is then
adjustable in a number of frequency bands the range of which being situated
between 80 Hz and 3400 Hz. The output signal of the filters 6 and 8 are
applied to zero crossing 



detectors 10 and 12. These detectors will be described in detail with
reference to Fig. 2. The output signal of each of the zero crossing
detectors is applied to a digital processor 16 which further evaluates
signals and controls the various circuit elements including the zero
crossing detector. Each of the blocks shown in Fig. 1 is supplied with
clock signals derived from a crystal oscillator 2 with a frequency of, for
example, 3.58 MHz. The exact frequency and phase of the clock signals are
produced in divider and control circuit 14. At the inputs of the various
blocks in the drawing Figure there is shown diagrammatically which signal
form is applied to each block.                 Drawing Fig. 2 shows in more
detail a zero crossing detector such as, the detector 10 shown in Fig. 1.
This zero crossing detector comprises an amplifier circuit 20 acting as an
amplifier-cum-comparator and having an inverting input 22 and a
non-inverting input 24. This non-inverting input 24 is connected by means
of a switch 58 to a reference source 26 (not shown in the drawing Figure).
The amplifier circuit further includes a feedback loop 28 which includes a
switch 32; this feedback loop is situated between the output 30 of the
amplifier and the inverting input 22. A series combination of a capacitor
36 and a switch 40 is situated between the signal input 38 of the zero
crossing detector and the inverting input 22.                The
non-inverting input 24 is also connected to a threshold voltage 



source 46 via a switch 44 and a capacitor 42. A further switch 48 is
inserted between the reference voltage 26 and the junction of capacitor 42
and switch 44. The threshold voltage source 46 comprises a parallel
combination of a current source 50, on the one hand, and a series
combination of a current source 52 and a switch 54, on the other. These two
current sources apply their current to a forward biased diode 56.
The switches in this zero crossing detector are preferably arranged as
complementary CMOS gates known per se. The advantage of CMOS transistors is
that in the open state (non-conductive) they present a very high resistance
between drain and source, whereas the control electrode, as a result of its
capacitive coupling to the drain- source path, hardly draws a charge from
the elements driving the control electrode.               For the
elucidation of the operation of the zero crossing detector it is assumed
that the non-inverting input is connected to a fixed voltage i.e. via
switch 58       



and reference 26. The switches of the zero crossing detector are driven
with a frequency that is high relative to the signals to be received, for
example, several hundred kHz. In a first phase of the operating interval of
the zero crossing detector a number of switches is closed (i.e.
conductive); these switches are symbolically denoted by "e" (even) in the
drawing Figure, whereas the other switches are denoted by "o" (odd). Even
switches are in phase opposition to the odd switches ie. one type of
switches is open, whereas the other type is closed and vice versa. Only
switch 54 is not of the control type described hereinbefore, as will be
explained hereinafter.                The operation of the zero crossing
detector as an offset voltage compensation circuit is as follows:
In a first phase of the operation of the detector switch 58 is closed and
the non-inverting input 24 is connected to reference 26 via switch 58. The
offset at the input is symbolically represented by means of a voltage
source 60. In this phase also switch 32 is closed, so that the inverting
input 22 is connected to output 30. Since a 



feedback differential amplifier always tries to drive the two inputs to the
same voltage, the offset voltage will now be present across capacitor 34.
In the next phase switch 32 is open and the switches 44 and 40 are closed.
The charge of capacitor 34 will now partly flow to capacitor 36 which is
charged as a result. In the next phase capacitor 34 is charged again to the
offset voltage after which, in a next phase, again part of this offset
voltage flows to capacitor 36. This process is continued until the whole
offset voltage is present across capacitor 36. Assuming that no input
signal is present on input 38, the side of capacitor 36 connected to the
inverting input has been brought to the level of the offset voltage, and so
has the inverting input. Because this is also the case with the
non-inverting input, there is no longer a voltage difference between the
two inputs and neither is there an offset effect any longer.
For recognizing that the zero crossing detector also blocks any DC
component V[err] present in the input signal, it is again assumed that
input 24 is connected to reference. With an open switch 32 and a closed
switch 40 the capacitors 36 and 34 are charged by V[err]. In the next phase
the two switches are reversed, so that the charge of capacitor 34 is
nulled; the charge of capacitor 36 is maintained. In the next phase V[err]
again charges the two capacitors, after which the capacitor 34 is
discharged. This is continued until the complete V[err] is present across
capacitor 36, 



which means that the DC component in the input signal is blocked.
6                  The zero crossing detector according to the invention is
arranged for  producing a threshold voltage which, in addition, is reversed
to a value of opposite sign  once the input signal has exceeded the
threshold voltage. This effect of hysteresis avoids  that the detector is
constantly reversed by a signal that remains in the neighbourhood of  the
threshold voltage for some time. The threshold voltage is produced as
follows: 



During the even phase (thus when switches 44 and 40 are closed), switch  54
is either being opened or closed. In either case the current flowing
through diode 56  will vary by a step size, so that the voltage present
across the diode will also present a  (small) step. This voltage step is
transferred to capacitor 34 by capacitor 42. Capacitor  34 is considerably
smaller than either of the two capacitors 42 and 36. This means that
substantially the whole voltage step is present across capacitor 34. For
reversing the  amplifier 20 acting as a comparator, the input voltage is to
exceed this voltage present  across capacitor 34. This procedure thus
creates the threshold voltage.                Once the comparator has
reversed, this is detected by the digital processor (see Fig. 1) connected
to the zero crossing detector. This processor controls, for example, the
operation of switch 54. It is assumed that, initially, a positive threshold
voltage had been set. If the threshold is exceeded by the input signal, the
detector is reversed. This is detected by the processor which, in response,
controls switch 54 so that this switch is closed at the beginning of the
"even" period. Shortly after the beginning of this period, switch 54 is
opened, so that threshold voltage source 46 produces a negative current
step, thus also voltage step. This negative voltage step becomes present
across capacitor 34 in above fashion, so that the input signal is to have a
more negative value for reversing the comparator. This procedure thus
creates the 



negative threshold voltage.                It is advantageous to have the
current step of threshold voltage source 46 effected again in reverse order
just before the end of the even period. As a result, all capacitors
allowing the current step to pass through, are now discharged by an
opposite current step. This avoids that, particularly capacitor 36, which
is not discharged during the entire operation cycle of the zero crossing
detector, is charged to an unacceptably high voltage value.
7  CLAIMS: 



1.           Tone receiver comprising at least one zero crossing detector
(10), this zero crossing detector including:               *       an
amplifier circuit (20) used as an amplifier and as a
comparator and having an inverting input (22) and a non-
inverting input (24), the non-inverting input being coupled to a
reference voltage source (26), and including a feedback loop
(28) between the output (30) and the inverting input (22) which
loop includes a first on/off switch (32),               *       a first
capacitor (34) between the two inputs (22, 24),               *       a
second capacitor (36) between the signal input (38) of the tone
receiver and the inverting input (22) of the amplifier (20), 



*       a second on/off switch (40) connected in series with the second
capacitor (36),               *       and a control circuit (14, 16) which
opens and closes the two                       on/off switches (32, 40) in
phase opposition. 2.           Tone receiver as claimed in Claim 1,
comprising:               *       a third capacitor (42) connected on one
side via a third on/off                       switch (44) to the
non-inverting input (24) of the amplifier                       circuit
(20),              *       connected to the other side of the third
capacitor (42) a threshold                       voltage source (46) for
producing a threshold voltage signal                       which consists
of a fixed step size,              *       and a fourth on/off switch (48),
one side of which is connected                       to the junction of the
third capacitor (42) and the third on/off                       switch (44)
and the other side of which is connected to the
reference voltage source (26),              *       which third and fourth
switches (44, 48) are opened and closed                      in phase with
the second switch (40) and the first switch (32)  



8                         respectively, by the control circuit (14, 16). 



3          Tone receiver as claimed in Claim 2, wherein the tone receiver
comprises means (14, 16) for producing within a switch-on interval of the
second switch (40) following said threshold voltage step a further voltage
step of equal magnitude and opposite polarity. 4.          Tone receiver as
claimed in Claim 1, wherein the first capacitor (34) is formed by the
parasitic capacitance of the input stage of the amplifier circuit (20).    


