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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,  : g - o

a second capacitor between the signal input of the tone receives. !
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acting as a conparator is energized by small interference signals which are

sfral l er than the set ﬁmmbeminjphzdel@posmon It is an object of the
i nvention to provide a tone receiver of the type nentioned in the opening
par agraph, in which the offset voltage is conpensated, so that the
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zer OcgiiducEivey) At thetsetond SM@ESS open. Consequently, the second capacitor is not

connected to the amplifier and the output of the amplifier is connected directly to the

10 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

15 the event of a lacking input signal on the zero crossing detector, the offset voltage will
be preéent on both inputs i.e. the actual offset voltage on the ndn—ihverting 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

20 component present in the input signal is blocked. Such a component may have the same
disturbing effect as the offset voltage.

' An embodi_mént 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
25 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
- 30 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 respecuvely, by the
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These measures achieve that the zero crossing detector can produce a

and the inverting input of t?‘enﬁgmpﬂ}sﬁirems BEE:\—IJi

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 m@d 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 af:plied 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 operaie at fixed bandpass frequencieé; in the



: a second,l.gnélgff SEII tch connect ed in series wth the second :
%capaci t or, cct Has Beep Replaced 54 5 cont r ol circuit which opens and
e I, . i s
opposi ti on.

a flrst control phase of th ‘
the first switch is closed (i.e. condé ctive), and the secondm\r\s BEEET BAS BEEN
open. Consequently, the second capacitor is not connected tp the REPPACEPer
and tsignabling tone>madeconenpf these filiess iscswitchteddoffli The iothertfiltérhis thewer {1 ng
input. Thig results_in act that the first capacitor ,is charged t he
of f seadtmhsisga a n“mbﬁteoggwsﬁ |the range of wiih Seingosiaated ted prepen 80

i o iig PR BRC Th il %&@B@t&gé‘ﬂé{ib 8 8 Rpio B 0B8R o1

Thes ¢jpirieRS1Rakd rl@%@'de&t&rgwtﬁked&%%w if }feah] With éﬂen@éf?dtﬁggl'%y be

charged to the offset voltage. In this situation and in the event :

| agkiThe output signghef each ofithez zero crossing detedtorsds applisd o aidigie pmtéss@le wi |l
be present on both inputs :.e. the actual offset voltagg on the

non- .}ﬁ/wmqhq gxrmqstﬁvabme& signals|and ronfrelothe vanousccirwit elementstiaeluding ng t he
sane N

Sare BB R, Erly B 0P A it PSR S 5 25 bipied hliRhost " °

signals derived from a crystal oscillator 2 with a frequency of, for example, 3.58 MHz.

’.( D
II

The exact frequency and phase of the clock signals are produced in divider and control
10 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. Q

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

15 non-inverting input 24. This non-inverting input 24 is connected by means of a switch
38 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

20 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

25 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

.30 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
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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 vig switch 58. The offset at the
input is symbolically represented by means of a voltage source 60. Iri 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 Vp 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 Vpc. 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 Vp. again charges the two capacitors, after which the capacitor 34 is
discharged. This is continued until the complete V. is present across capacitor 36,
which means that the DC component in the input signal is blocked.
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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
5 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 4
(small) step. This voltage step is transferred to capacitor 34 by capacitor 42. Capacitor

10 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 Q
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.

Ongce the cémparator has reversed, this is detected by the digital

15 processor (see Fig. 1) connected to the zero crossing detector. This processor controls,
for example, the operation of switch 54. It is assﬁmed 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

20 after the beginnirig 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.

25 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

30 high voltage value.
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capacitor, however, is not constantly discharged and it is conceivable
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Fi g. zeros¢rossing m%m@dmg detector to be used in a tone receiver

according to thg i nvent ¥ amphfier circuit (20) used as an amplifier and as a
comparator and having an inverting input (22) and a non-

5 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),

10 * a second capacitor (36) between the signal input (38) of the tone
receiver and the inverting inpixt (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

15 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 vig a third on/off
switch (44) to the non-inverting input (24) of the amplifier
circuit (20), |

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)




The tone receiver as shown in Fi g. 1 may be used in a tel ephone set. The
I ncomng signal is then applied to an anti-aliasing filter 4. The function
of Y §3/01kd£r is to reject the mxing frequencies devel gping during signal
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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).
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!det ectors 10 and 12. These detectors will be described in detail with
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source 46 via a switch 44 and a capaci taﬁ@ﬁ%ﬁe&ﬁ her switch 48 is
I nserted between the reference voltage 2 nd 't he junction of capacitor 42

and switch 44. The threshold voltage source 46 conpri seg—=a
conbi nation of a current source 50, on the one hand, and BE BENT SHEET
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the el enments driving the control el ectrode. For the

el ucidation of the operation of the zero crossing detector it is assuned.
that the non-inverting input is connected to a fixed voltage i.e. via

switch 58
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The invention relates to a tone receiver comprising a zero cros;ing
detector which includes an amplifier circuit that has an inverting input and a non-
mvé.';ﬁng input. Such receivers are nown, for example, from the ﬁclc entitled "A
monolithic dual tone multifrequency receiver” in IEEE Journal of Solid State Circuits, * -

| Yol. 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 beiween 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, th;: offset voltage is eliminated. .

According to the invention, the tone receiver is characterized in that the'
zera crossing detector includes: .

* an. amplifier circuit used-as an amplifier and as a cdmparator 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



and reference 26. The switches of the zero crossing detec I oy
with a frequency that is high relative to the signals to ng,Pge@ﬁ@EmeQ&Ef
exanpl e, several hundred kHz. In a first phase of the opefafing Interv Of
the zero crossing detector a nunber of switches is closed|(i.2 4 FEB 139
conductive); these switches are synbolic@ |y denoted by "g"j(even) in_the
drawi ng Figure, whereas the other sw tches are denoted by|"o0o" (odd). Even
switches are in phase opposnditedinvertingdnmidf thd dmpliffer| €. pne type of
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switches is open, whereas the other type is closed and vice versa. Only

switch 54 is not of the coftseednd gfaffsadichicomnectsd 1isemess WHR thesecopd | pe
expl ai ned hereinafter. capacitor The operation of the zero crossing
detector as an offset voltage conpensation circuit is as foll ows:
In a first phase of the opandicontrol citduit Witk opets andidleses Hie iwo ar/offed and
the non-inverting input 24 is connected to reference 26 via switch 58. The
of fset at the input'is synBWitFhesiinphasenppeiied by neans of a vol t age
source 60. In this phase also switch 32 is closed, so that the inverting
i nput 22 is connected to output 30. Since a '

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 4 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 vig 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



feedback differential anplifier always tries to drive the—t-we—nAput-s—te~the
Sane voltage, the offset voltage will now be present aor&EBLﬂé&Mﬁﬁ (SIHEB'H
In the next phase switch 32 is open and the sw tches 44 ed.
The charge of capacitor 34 will now partly flow to capg
charged as a result. I.n the next phase capacitor 34 is
of fset voltage after which, -in a next phase, again part
voltage flows to capacitor: wnﬁ%wuﬁrocess is continugd until the whol 'e
of fset voltage i's present across capacitor 36. Assuni ng—tfat—mo Tnput

signal is present on input 38, the side of capacitor 36 connected to the |

i nverting input has beHiesbunmagires ichidveahdtehekerofcrossingadetsvtir canlpradiee aand so
has the inverting input. Because this is also the case with the
non-i nverti rs@reshv?ﬂmoltqa@e 5@ that migon igteglerenge mralagecluas Reisgde é°b%qu\)(éfér$h§ he

two inputs 1.0 £CE @eﬁécto

For' recogni ZI'Ng ﬁ? (g%z%&ggac sg]eéégét‘é:{sor al'so bl ocks any
conponent V[aeﬂiVa}:edOinemedfﬁonl to, fdreexample] an inpwatd trivisgressiog af 2 mﬁivmesﬂmm
input 24 is connected to reference, Wth an open switch 32 and . a, cl osed

S\rl1\ll tch 40 t Iveltegep the theesholdovoliage 54119!? aenéemg@aatw Wfﬂe‘f‘?ﬂ versgy Thieisnext phase
t t
e two sw taﬁﬂa%?aég&g% inth&Y gx('x)r brdufl§ s’ 0 nvo?lﬁg@nexgxﬁt %ﬂisﬂaﬁ% errl

nul l ed; the"C capaci mal nt al ned. ase
again char geevetde&hbmocapsai:igdstectomfter Whl ch the capaci tor 34 is

di scharged. This is c nti nue nt | ete V| errll g_aese t across
capaci t or- 36, ecause eH'Lres oldvo geg erator constantly gencrates 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 bg further explained with reference to the drawing

the

r—'—r\

Figures, in which:

Fig. 1 shows a block diagram of a2 tone receiver accordmg to the
invention;

Fig. 2 shows a zero crossmg detector to be used in a tone receiver
accordmg 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 f_unction 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



whi ch neans that the DC conponent in the input signal is

I e
6 The zero crossing detector according t @ﬁ@%}%ﬂvﬁﬂw H«-i‘rE

arranged for producing a threshold voltage which, in additijo 'S reversc
to a value of opposite sign once the input signal has ex eedéh?tﬁEBi

threshold voltage. This effect of hystereg s avoids thatjtfie detector is
constantly reversed by a signal that remains in the nei ghpourhood of the
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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.

' Tﬁe 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
circnit 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 crossmg detector and the inverting input 22.
The non-inverting input 24 is also connected to a threshold voltage

source 46 vig 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




Duri ng the even phase (thus when swtches 44 and 40 are clf6 I
Fs either being opened or closed. In either case the currenﬁﬁﬂmﬁg&fgﬁﬁl

through diode 56 w Il vary by a step size, so that the vdltlage present
across the diode will also present a (small) step. This Molk ad FESIIR
transferred to capacitor 34 by capacitof§ 42. Capacitor 34 il consi dérabl
smal l er than either of the two capacitors 42 and 36. This |neans t hat

subst anti ghd yeférefice/#6)| Eheveitohee o the et crok s detetior afesdriviagith ar _34.  For
reversing the anplifier 20 acting as a cqonparator, the input voltage is to

exceed t hifrequescy thas iphigh aplativeta the signalsteibegeceived, for example,cwueral t hus .
d . . )
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to the zenomberasfswigheieisetdsed (i.d.hdoadidtive; these swarthéodrs syinboliclgiehéted t he
operation of switch 54. It is_assuned that, initially, a positlive threshold

vol t age hBY “efevem)an the draving Frgusewheresssthe pthes Fwachss arp deripdiby sPgnal , the

detector | %‘%E %{Fl’té t  QAESS, LA response,
controls gov%indic }thgh a *?P%%Sﬁ%gﬁml?go Ecqg&:dea at 1 ée'&ﬁgﬁ |lr)1€ of the
"even" pegwitthes fShopeh| whefeaethel diRerigpe in¢loed andtvidesvepsy. iQidy seitch 54 ibdoti S
opened, so_that threshold voltage source 46 produces, a negative current

step, t huef te<sentye) type,dessribed herginbeforgy asiwill Regxplairedshesgingliarones present
across capacktor 3 '%ﬁé{%&é@é@iz@# ﬁ%ﬁé&@;ﬂlﬁpgﬁs&i‘g el S to have a
or the co [

nore negative val ue reversi ng rator. S procedure thus
creat es t{umpensation 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 vig 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 alwhys tries to drive the two inputs to the same voltage,
the offset voltage will now be present across &pacitor 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 Vpc 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 Vpc. 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¢ again charges the two capacitors, after which the capacitor 34 is
discharged. This is continued until the compiete Vpe is present across capacitor 36,

which means that the DC component in the input signal is blocked.



negative threshold vol tage.
current step of threshold voltage source 46 effected acﬁamud&#@vbrse oY d
just before the end of the.-even period. As a result, all '
allowing the current step to pass through, are nom1discharq?q P¥8ai997
opposite current step. This avoids that, particularly dapacitor 36, whijch
I's not discharged during the entire operation cycle of {the& zero crossing

det ect or,
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It is advant ageous 0 naye 1r
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is charged to an unacceptably hkgh vol t age v4dl ue.

_ 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,i§ 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 wpaéitors 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 excéed 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.
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(10), this zero crossing detector i ngl udi ng: *ﬁﬁﬁgrﬂﬁ‘gﬁﬁ’?%.ﬂﬁ
anplifier circuit (20) used as an anplifier and as a a
conpar at or and having an inverting input (22) and a non- 21 FEB 1937
inverting input (24), the non-inverting i#put being coupled|t
reference vol tage source (26), and including a feedback | oop

(28) bet weeGLARMSHUt put (30) and the inverting.input (22) whi.ch :
| oop includes a first on/off switch (32), . a first
capaci for (34) between the two inputs (22, 24), '

W
sobom capcltor” (5] oo thrsignal | out (0 o i

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

coniparator 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
. Joop includes a first on/off switch (32),

*  afirst capacitor (34) between the two inputs (22, 24),
* a second capacitor (36) between the signal input (38) of the tone
" receiver and the inverting inpilt (22) of the amplifier (20),

* . asecond 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:
o 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)



* . a second on/off swhtch (40) connected in series with the second

capacitor (36), _ and ‘a control circuit (14, 16) which

opens and closes the two - on/off swtehes (32; 40) in

phase opposition. 2.- . Tene receiver as clained i p—Samt

conpri sing: T ¥ a'third capacitor (42) CWEACEMENH S:HET

si.de V|aath|rd on/off : : : - svmtch (44) e

non-inverti ng input. (24) of the arrpl ifier . o

(20), . .~ connect ed to the ‘other side of .the ttn gc?%g?

capaci tor- (42) a threshold C o Lo voItage Sotrce—(A6) o

pr oduci ng athresheLd—\,Let—t—age—sr@"ra-l R whi ch consnsts_
and a fourth 0

of a fixed step:si
one side of which qg to the junction of t he

third capacitor diuhe thirtd on/off switch (44)
and t he ot her si de of which is connected to the '
ref erence voltage source (26), 8§ * which third and fourth
switches (44, 48) are opened and cl osed in phase with
the second switch (40) andréspectivelystbysthiicohtroBeircuit (14, 16).

3- Tone receiver as claimed in Claim 2, wherein the tone receiver

comi:rises 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).




respectively, by the control circuit (14, 16).
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TONE RECEIVER COMPRISING A SWITCH CAPACITOR ZERO CROSSING
DETECTOR

ABSTRACT

Ton’é receiver comprising a switched capacitor zero crossing detector(10).
The zero crossing detector is arranged for compensating the input offset
voltage by causing during a first capacitor switching phase this offset
voltage to be present across a capacitor (34) which is connected in
parallel with the input of the comparator. At the same time it appears that
with this operation any DC voltage component in the input signal can be
blocked. With the aid of a voltage source (46) a voltage step is realised on
the input capaéitor (34), which step functions as a threshold in the
comparator phase. Once the threshold voltage has been exceeded, the
comparator is reversed and the processor changes the control of the voltage
step source, so that this source produces-a threshold of opposite sign. This
achieves an effect of hysteresis which cdunteracts fhe constant reversing

of the comparator.

fig 1.



3 - Tone receiver as claimed in Claim2, wherein the tone receiver
conprises neans (14, 16) for producing within.a swtch-on interval of the

second switch (40) follow ng said threshold voltage step Ffurther-vol-tage
step of equal magnitude and opposite polarity. 4. REMNAGEMEN TV SFHEED
clained in Caim1l, wherein the first capacitor (34) is f¢rned—by-the

parasitic capacitance of the input stagie of the anplifierjci r(?Ji!tFEEOEEW
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