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SWITCHING CAPABILITY (71)    We, MOTOROLA INC, a cor-  rate in order to
select and pass the desired poration of the State of Delaware, United  tone
signal sequence. States of America, of 9401, West Grand    According to one
aspect of the present in- Avenue, Franklin Park, Illinois, United States
vention there is provided a switchable fre- 5  of America, do hereby
declare the invention, quency tone detector for receiving and pass-  50 for
which we pray that a patent may be  ing a plurality of tone signals in
sequence in- granted to us, and the method by which it is  cluding filter
means having a predetermined to be performed, to be particularly described
energy build up and decay rate in response in and by the following
statement: -       to said tone signals, and including a first cir- 10
This invention relates to tone filters and  cuit element for determining
the tone signal 55 detectors.                                 frequency
said filter means couples there- Filters may be designed to have a
particular  through, and a second circuit element for bandwidth and to pass
one or more frequencies  determining the bandwidth of said filter in a
particular range. Such filters may be pro-  means, circuit means coupled to
said filter 15 grammable, or variable, in that the filter may  means and
operative in response to each of 60 be varied by logic and switching
circuits in  said tone signals in said sequence being coupled response to
receipt of a first predetermined  thereto to change the tone signal
frequency tone signal frequency, thereby changing the  said filter means
couples therethrough to the filter frequency and allowing it to pass a
following  tone  signal frequency  in  said 20  second predetermined tone
signal. The use  sequence, and to increase the bandwidth of  65 of such
programmable filters has increased  said filter means for temporarily
increasing with the advent of active filters, because of  the energy decay
rate therein. the fewer component changes necessary to    According to a
further aspect of the inven- change the frequency of an active filter. How-
tion there is provided an electronically vari- 25  ever, active filters,
and particularly those in  able filter for receiving a plurality of tone
70 integrated circuit form, are, adversely affected  signals in sequence
including in combination by the switching circuits and techniques em-
filter circuit means having a predetermined ployed to vary the frequency
and bandwidth  energy build up and decay rate and including determining
components.                    a first circuit element for determining the
tone 30    Filters such as noted above, have predeter-  signal frequency
said filter circuit means  75 mined energy build up and decay rates in re-
couples therethrough, and a second element for sponse to the desired tone
signals. That is, determining the bandwidth of said filter cir- the energy
in the filter must first build up in  cuit, first circuit means coupled to
said first response to the first tone, then it must decay  element and
responsive to first control signals 35  after termination of the first tone
before the  coupled thereto to change the tone signal fre-  80 next tone
can be coupled through the filter.  quency said filter means couples
therethrough This prevents the receipt and detection of  to another of said
tone signal frequencies, and tones in rapid succession.
second circuit means coupled to said second It is desirable to use such
filters in selec-  element and responsive to second control sig- 40  tive
signalling systems such as paging systems  nals coupled thereto to increase
temporarily  85 These systems send out the selective signal-  the bandwidth
of said filter means for increas- ling tone signals in rapid succession.
The  ing the energy decay rate therein. filter employed in the radio
receiver detector    In practising this invention, an electronic- for
selecting and passing the desired tone sig-  ally variable tone signal
filter and detector 45 nals must have a rapid build up and decay  are
provided for receiving a plurality of tone  90 [Price 33p]    2
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signals in sequence. The filter employed has  received, predetermined tone
signals are neces- a predetermined energy build up and decay  sary to cause
the operation of tone detector rate. The filter circuit includes a first
circuit  15. Each tone signal has a time period of 33 element for
determining the tone signal fre-  milliseconds. The first tone signal of
the pre- 5  quency coupled through the filter, and a  determined tone
signal sequence is coupled  70 second circuit element for determining the
from the discriminator of receiver 11 to tone bandwidth of the filter
circuit. A first circuit  filter 19. Tone filter 19 is adjusted to have a
is provided which includes a plurality of  center frequency corresponding
to the first switching circuits, each of which includes an  tone signal
frequency via circuitry more fully 10  impedance and a switch. The first
circuit is  described below. The tone filter 19 also has a  75 coupled to
the first circuit element and is re-  predetermined energy build up and
decay rate sponsive to control signals to selectively con-  in response to
the tone signal frequency to nect one or more above-noted impedances to
which it is adjusted. The first predetermined the first circuit element.
The connection  tone-signal will cause an energy build up in 15  changes
the frequency of the filter circuit to  filter 19 and will then be coupled
through  80 another of the plurality of tone signal fre-  filter 19 to
audio detector 20. If the tone quencies.
signal. is coupled to audio detector 20 for a A second circuit is provided
which also in-  predetermined time period, it will develop a cludes an
impedance and a switch. The second  detection  signal. The  detection
signal is 20  circuit is coupled to the second circuit ele-  coupled to
counter 21, causing the counter to  85 ment and is responsive to control
signals to  change from a "zero" count to a "one" count connect the
impedance to the second circuit  The detection signal is also coupled to
timing element for a predetermined period of time.  circuit 22. Timing
circuit 22 may be a num- The filter circuit is operative in response to
ber of monostable multivibrators such as are 25  the connection to change
the bandwidth of  commonly known in the art, which change  90 the filter
for increasing the energy decay rate.  states in response to an appropriate
input This allows a succeeding tone signal to be  signal, and stay in the
new state for a pre- coupled through the filter in a shorter time
determined time period, then return to their period.
original state. Timing circuit 22 may also be 30    The invention will now
be described by way  a ripple counter, such as is commonly known  95 of
example only with particular reference to  in the art, which resets upon
receipt of an the accompanying drawing wherein:          input signal and
begins a new timing cycle. Fig. 1 is a block diagram of a selective sig-
In the preferred embodiment, timing circuit nalling receiver employing the
switchable fre-  22 is a ripple counter. 35  quency tone detector and
switchable frequency    Timing circuit 22 will reset in response to  100
tone filter of this invention and          the detection signal and begin a
new count Fig. 2 is a combined schematic and block  For a predetermined
period of time after diagram of the switchable frequency tone filter
timing circuit 22 begins a new count it will of this invention.
develop a first timing signal. 40    Referring to Fig. 1, radio frequency
signals,   In the embodiments shown, the time period  105 modulated by
audio frequency signals and  is 4 milliseconds. The first timing signal de-
predetermined tone signals are received at  veloped is coupled from timing
circuit 22 to antenna 10 and coupled to receiver 11. Re-  filter 19. Filter
19 in response to a reset sig- ceiver 11 may be a standard double conver-
nal increases its bandwidth for the predeter- 45  sion FM  receiver such as
is well known in  mined period of time that timing circuit 22  110 the art.
The radio frequency signals are de-  develops its first timing signal.
Increasing the modulated in receiver 11 and the predeter-  bandwidth of
filter 19 causes an increase in mined tone signals and audio signals are
the decay rate for the tone signal energy coupled to audio amplifier 12.
The amplified  stored in the filter. The amount of increase 50  audio
signals are reproduced by loudspeaker  in decay rate is proportional to the
amount 115 13 which is coupled to audio amplifier 12.    of increase in
bandwidth of filter 19. An in- A switchable frequency tone detector 15 is
creased decay rate means that tone signal coupled to the discriminator of
receiver 11 for  energy stored in filter 19 is discharged more receiving a
particular number of predetermined  rapidly. By more rapidly discharging
the tone 55  tone signals in sequence. Tone detector 15  signal energy in
filter 19, the filter can re- 120 may include circuitry connected to audio
spond to a succeeding tone in the tone signal amplifier 12, for maintaining
audio amplifier  sequence after a shorter period of time. In the 12 in an
inoperative condition until the correct  embodiment shown, each tone signal
has a time tone signal sequence has been detected by  period of 33
milliseconds. 60  detector 15. Tone detector 15 then provides a    The
first timing signal is also coupled from  125 selective squelch feature
which allows the audio  timing circuit 22 to audio detector 20. Audio to be
reproduced only upon receipt of the par-  detector 20 'will discharge the
tone signal ticular predetermined tone sequence for that  energy developed
in response to the last tone. receiver.
Again, as above, by more rapidly discharging 



65    In the embodiment shown, five sequentially  the tone signal energy in
audio detector 20, 130    3
1,412,897                                       3 the detector can respond
to a succeeding tone  fier 12 to amplify the audio signals and couple in
the tone signal sequence after a shorter  them to speaker 13 for
reproduction. period of time.                               When the
message is completed, the user As mentioned above, counter 21 develops a
may actuate reset switch 34. Reset switch 34 5  first counting signal in
response to the detec-  provides a ground which resets counter 21 to  70
tion of the first tone signal. This "one" count  a "zero" count, and
terminates the audio alert- signal is coupled to frequency control circuit
ing signal from alarm 30, If the user does not 23. Frequency control
circuit may be a  manually reset the unit, timing circuit 22 will simple
diode logic circuit such as is commonly  develop a second timing signal 45
milliseconds 10 known in the art which can develop combina-  after it has
been reset. This second timing sig-  75 tions of output or control signals
in response  nal is coupled to counter 21, causing counter to input signals
from a counter. Frequency  21 to reset to a "zero" count. Frequency con-
control circuit 23 develops a plurality of con-  trol circuit 23, in
response to the "zero" count trol signals in response to the  "one" count
will develop control signals which are coupled 15  signal which are coupled
to filter 19 over con-  to filter 19 over conductors 24. The control 80
ductors 24. Eleven conductors are shown in  signals coupled to filter 19
cause it to change this embodiment, although only five sequential  its
center frequency to the frequency of the tones are required to actuate tone
detector 15. first tone in its predetermined tone sequence, Eleven
conductors are shown because there  thus resetting the unit for another
call. 20  are twelve tones which may be empolyed in    If an improper tone
signal sequence is  85 the five tone sequence. Only eleven conduc-  coupled
to tone detector 15, the incorrect tone tors are necessary as the twelfth
tone is pro-  in the sequence will not be coupled through duced by a fixed
component. Frequency con-  filter 19 to audio detector 20, and counter 21
trol circuit 23 is programmed in accordance  will not develop the
appropriate counting sig- 25  with the desired tone signal sequence so as
nal. Timing circuit 22 will be reset and start 90 to provide particular
combinations of control  a timing cycle in response to each detection.
signals on conductors 24 in response to each  If an improper tone sequence
is received, for count. It is to be understood, however, that  example, the
third tone being incorrect, it this invention is not limited to a five tone
will not be coupled through filter 19, and 30  detector or to a frequency
control circuit hav-  detected by detector 20. Timing circuit 22 will 95
ing eleven outputs. The control signals coupled  develop the second timing
signal after 45 milli- to filter 19 from frequency control circuit 23
seconds. This second timing signal will be cause filter 19 to change its
center frequency  coupled to counter 21, causing it to reset to to the
frequency of the second tone in its  a "zero" count Detector 15 is then
reset to 35 predetermined tone sequence.                begin receipt of a
new tone sequence.     100 Tone signals 2, 3, 4 and 5 in the predeter-
Referring to Fig. 2, there is shown a more mined tone signal sequence are
then sequen-  detailed schematic and block diagram of the tially received
and coupled to tone detector  filter 19 in Fig. 1 The schematic and block
15 producing the same sequence of operation  diagram shown in Fig. 2 is an
electronically 40  as described above with respect to the first variable
active filter employing three opera- 105 tone. Counter 21 upon receipt of
the second  tional amplifier stages. The predetermined tone detection will
register a "2" count; upon  tone signals developed at the discriminator of
receipt of the third tone detection will regis-  receiver 11 are coupled to
input terminal 35 ter a "3" count, etc. Each detection by audio  of filter
19. Resistor 36 connects input ter- 45  detector 20 will cause timing
circuit 22 to  minal 35 of filter 19 to input terminal 37 of 110 reset and
develop a first timing signal which is  operational amplifier 38. Resistor
39 is coupled coupled to filter 19 and detector 20. The first in parallel
with operational amplifier 38. timing signal, from  timing circuit 22 will
Resistor 42 connects the output of operational cause an increase in the
bandwidth of filter  amplifier 38 to the input of operational ampli- 50  19
for the predetermined time period, thus  fier 43. Capacitor 44 is coupled
in parallel 115 substantially increasing the energy decay rate  with
operational amplifier 43. The output of and will also discharge the tone
signal energy  operational amplifier 43 is coupled to output of detector
20. Each count from counter 21  terminal 46, and to the parallel
combination will also be coupled to frequency control cir-  of resistor 48
and capacitor 49. The parallel 55  cuit 23. Frequency control circuit 23
will combination of resistor 48 and capacitor 49 120 develop control
signals in response to each  couples the output of operational amplifier 43
count which are coupled'to filter 19, causing  to the input of operational
amplifier SO. the filter to change its center frequency to the  Capacitor
51 and resistor 48 are coupled in next predetermined frequency in the tone
sig-  parallel with operational amplifier 50, and 



60  nal sequence.                             the output of operational
amplifier 50 is 125 When the fifth tone in the tone signal  coupled through
resistor 52 to input terminal seqnence is detected, counter 21 will develop
37 of operational amplifier 38. Amplifiers 38, a "5" count signal. The
signal is coupled to  43 and 50 each have extremely high gain; alarm 30 for
producing an audio alerting sign  however, with the components in parallel
65  nal, and to audio amplifier 12, allowing ampli-  across each amplifier
as shown, a feedback 130    4
1,412,897                                        4 path is provided which
reduces the gain to less  formula 4, the energy decay rate in filter 19
than 1.                                    will be increased in proportion
to any increase Amplifier 38 with resistor 39 thereacross,  in the
bandwidth. An increase in bandwidth operates as an adder circuit. Amplifier
43  alone, however, may be undesirable as it 5  with capacitor 44
thereacross, and amplifier 50  allows additional energy to be coupled
through  60 with capacitor 51 thereacross both operate as  filter 19.
integrator circuits. The design of an opera-    Although the frequency will
remain the tional amplifier active filter as shown in Fig.  same when the
bandwidth is increased, as 2 is commonly known by those skilled in the
shown by formula 1, formulas 2 and 3 show 10  art, and with the
configuration as shown oper-  that there will be a proportionate  decrease
in  65 ates as a bandpass filter.               filter gain with a
bandwidth increase. That is, The center frequency of this operational the
bandwidth product is a constant. amplifier active bandpass filter is
defined by  When the gain is reduced, less signal is the formula:
coupled  through filter 19. Extraneous signals will not, therefore, be
coupled through the  70 15    1.          [err]                      filter
19, even though the bandwidth is in- creased. This decrease in gain when
band- Where                                      width is increased allows
use of the technique of  bandwidth increase to speed up energy [err]
decay rate in filter 19, without causing spurious  75 or false operation of
filter 19 and tone de- The radian bandwidth for this filter is de-  tecter
15. fined by the formula:                        If it is desired to futher
speed up the energy decay rate of the filter, resistor 48, the fre- 20
2.            [err]                    quency determining resistor, can be
varied in  80 value so as to change the filter frequency to The gain of
this filter at the resonant fre-  the center frequency of the next tone
signal quency is defined by the formula:        in the sequence. This
change in frequency of the filter also acts to produce an increase in 3.
[err]                the energy decay rate of filter 19. The two  85
switching actions can be used in combination. These show that by varying
[err] the reson-   That is the increase in the bandwidth and the 25  ant
frequency of this active bandpass filter  change  in frequency can be used
together to can be changed with no influence on band-  f urther increase
the energy decay rate in the width and gain. Accordingly, by programming
filter, thus allowing a substantially increased  90 values of [err], the
filter will have the   property  rate of receipt of sequential tones. of
having a programmable center frequency    Switching network 55 includes the
circuitry 30  with a constant bandwidth and gain. This   necessary to
switch the frequency and band- perty is particularly important in tone
coded  width of filter 19. Network 55 includes a plur- selective signalling
systems where the tones  ality of switching circuits 59, 66, 73, 81 and  95
are equally spaced to ensure equal selectivity  89 with each being
connected in parallel with for each tone.
resistor 48 and capacitor 49. Only five switch- 35    In response to an
energy pulse at the fre-  ing circuits are shown in Fig. 2, however, in
quency to which the filter is tuned, the en-  the preferred embodiment,
eleven are used. velope of the filter output at terminal 46 will
Switcing circuit 59 in network 55 includes 100 exponentially increase with
a time constant  capacitor 60 having one terminal connected to given by the
formula:                      one terminal of capacitor 49 and a second
terminal connected to drain electrode 61 of 40    4.            T=2/B
field effect transistor (FET) 62. The source electrode 63 of FET 62 is
connected to the 105 Similarly, when the signal to which the  other
terminal of capacitor 49. Gate electrode filter is tuned is removed, the
output signal  64 of FET 62 is connected to terminal 65. at terminal 46
will decrease or decay with the  Terminal 65 is connected to timing circuit
22 same time constant.                       shown in Fig 1. Switching
circuit 59 is effec- 



45    As noted above, in sequential tone selective  tively coupled in
parallel with bandwidth deter- 110 signalling applications, it is desirable
that the  g capacitor 49. The series combination signal energy developed by
the filter, in re-  of capacitor 60 and FET 62 comprise a net- sponse to a
predetermined ton, decay as  work for changing the badwidth of filter 19.
rapidly as possible once the tone is detected   Switching circuit 66
includes resistor 67 hav- 50  This rapid decay is necessary in order to
more  ing a first terminal connected to one terminal 115 quickly begin an
energy build up in response  of resistor 48 and a second terminal connected
to the next tone in the sequence, which in turn  to-drain electrode 68 of
FET 69. The source allows an increase in the rate at which  the  electrode
70 of FET 69 is- coupled to the tone signals may be received and detected.
other terminal of resistor 48, and gate elec- 55  As can be seen by
reference to the above noted  trode 71 is coupled to terminal 72. Terminal
120    5                                         1,412,897
5 72 is coupled via one of conductors 24 to fre-  capacitor 60 is no longer
coupled in parallel quency control circuit 23 shown in Fig. 1. with
capacitor 49 so that the bandwidth of Switching circuit 66 is effectively
coupled in  filter 19 returns to the bandwidth determined parallel with
frequency determining resistor 48  by the value of capacitor 49. 5  and
switching circuit 59. The series combina-    A  control signal from.
frequency control 70 tion of resistor 67 and field effect transistor
circuit 23 will be coupled to gate electrode 69 comprises one circuit for
changing the fre-  71 of FET 69 in switching circuit 66 via one quency of
filter 19.                       of conductors 24, causing FET 69 to
conduct. Switching circuit 73 includes resistor 74  With FET 69 conductive,
resistor 67 will be 10 having a first terminal coupled to one ter-  coupled
in parallel with frequency determin-  75 minal of resistor 48 and a second
terminal  ing resistors 48 in filter 19. The combined coupled to drain
electrode 75 of FET 76. The  parallel impedance of resistors 48 and 67 will
source electrode 77 of FET 76 is coupled to  cause a change in the center
frequency of filter the other terminal of resistor 48, and the gate  19.
Removal of the control signal from con- 15 electrode 78 is coupled to
terminal 79. Ter-  ductors 24 will render FET 69 non-conduc-  80 minal 79
is connected via one of conductors  tive. With FET 69 non-conductive,
resistor 67 24 to frequency control circuit 23 shown in  is no longer in
parallel with resistor 48 and Fig. 1. Switching circuit 73 is also
effectively  the filter 19 will return to the center fre- in parallel with
frequency determining resistor  quency determined by the value of frequency
20  48 and switching circuit 66 and constitutes a  determining resistor 48.
85 second network for changing the frequency of    Switching circuits 73,
81 and 89 each oper- filter 19.                                ate in a
manner identical to switching circuit Switching circuit 81 includes
resistor 82  66 when the appropriate control signal is coupled to one
terminal of resistor 48 and to  coupled thereto from frequency control
circuit 25  drain electrode 83 of FET 84. Source elec-  23. Any one of the
switching circuits 66, 73, 90 trode 85 of FET 84 is. coupled to the other
81 and 85 can be individually actuated for terminal of resistor 48, and
gate electrode 86  varying the center frequency of filter 19 or a is
coupled to terminal 87. Terminal 87 is  number of them  can be actuated
simnul- coupled via one of conductors 24 to frequency  taneously. The
resistances of those in parallel 30  control circuit 23 shown in Fig. 1.
Switching  which have been actuated will then determine  95 circuit 81 has
the same function as circuits  the center frequency to which filter 19 will
be 66 and 73 and is effectively in parallel with  tuned. each and resistor
48.                       In the embodiment shown, it is advan- Switching
circuit 89 includes resistor 90  tageous to simultaneously actuate combina-
35  having one terminal coupled to resistor 48  tions of circuits, in order
to cause filter 19  100 and a second terminal coupled to drain elec-  to
tune to each tone signal frequency in the trode 91 of FET 92. Source
electrode 93 of  desired code. By using combinations of net- FET 92 is
coupled to the other terminal of works, a decreased switch size may be used
resistor 48, and the gate electrode 94 is  for each FET, allowing the
entire circuit 40  coupled to terminal 95. Terminal 95 is con-  shown to be
manufactured more readily in 105 nected via one of conductors 24 to
frequency  integrated circuit form. control circuit 23 shown in Fig. 1.
Switching     FETS provide the necessary switching in circuit 89 has the
same function as circuits  switching circuits 59, 66, 73,. 81 and 89 be-
66, 73 and 81 and is effectively in parallel cause they minimize the
control power re- 45  with each, and in parallel with frequency  quired and
provide high isolation between fre- 110 determining resistor 48 and
bandwidth capaci-  quency control circuit 23 and filter 19. In addi- tor 49
in filter 19. A bias resistor 96 is  tion, FETS may be easily fabricated in
inte- coupled from the junction of each source elec-  grated circuit form.
In the preferred embodi- trode of FETS 62, 69, 76, 84 and 92, to  ment, the
source electrode of each PET is con- 



50  ground potential. Resistor 96 acts to provide  nected together and to a
common reference 115 the necessary biasing for operation of each of point
at the junction of resistor 96 and resistor the above noted FETS.
48. The use of a common reference point for In operation, a control signal
from timing  each FET eliminates the possibility of inter- circuit 22 is
coupled to gate electrode 64 of  action between each of the switching
circuits, 55  PET 62 in switching circuit 59 causing FET  so that no
isolation is required between each 120 62 to conduct.  With FET  62
conductive, FET  switch. By eliminating the need for capacitor 60 is
effectively coupled in parallel isolation between the switches, integration
on with bandwidth determining capacitor 49 in  a single integrated circuit
is facilitated. filter 19. The combined capacitive reactance    A problem,
however, associated with con- 60  of capacitors 60 and 49 cause an increase
in  necting each source electrode to a common  125 bandwidth of filter 19.
The control signal from  reference point on an integrated circuit chip
timing circuit 22 is coupled to FET 62 for a  is that the common reference
point, being predetermined time period. When the control necessarily large
in area, gives rise to a signal is removed. FET 62 again becomes non-
capacitance between the source electrode and 65  conductive. With  FET  62
non-conductive,  the substrate material of the integrated circuit 130    6
1,412,897                                           6 chip. This
capacitance could be detrimental  to the following tone signal frequency in
said to the operation of filter 19 if the source elec-  sequence, and to
increase the bandwidth of  65 trode were connected to the input of
amplifier  said filter means for temporarily increasing the 50, because it
would impropely load the  energy decay rate therein. 5  input of amplifier
50. To eliminate this prob-    2. A tone detector as claimed in claim  1
lem, the  combined  source electrodes  are  wherein said circuit means
includes, detector coupled to the output of amplifier 43. The  means
coupled to said filter means and opera-  70 impedance at the output of
amplifier 43  is  tive to develop a detection signal in response such that
it will not be affected by the source-  to said filter means coupling each
of said tone 10  to-substrate capacitance.                    signals in
said sequence therethrough, and logic When one or more of the FETS are
actu-  means coupled to said detection means and ated, a drain electrode to
substrate capacit-  operative in response to each detection signal  75 ance
is, however, developed at the input of  to develop control signals for
changing the amplifier 50. This drain electrode to substrate  tone signal
frequency said filter means couples 15  capacitance will combine with the
source elec-  therethrough to the following tone signal fre- trode to
substrate capacitance and form  a  quency in said sequence. shunt
capacitance across bandwidth determin-    3. A tone detector as claimed in
claim 2  80 ing capacitor 49. This shunt capacitance can  wherein said
circuit means further includes detrimentally increase the bandwidth of
filter  first circuit means coupled to said first cir- 20  19. In order to
eliminate this effect in an  cuit element and to said logic means  and re-
integrated circuit chip, the integrated circuit  sponsive to said control
signals for changing chip substrate material is directly connected to  said
tone signal frequency said filter means  85 either an AC or DC ground
potential. The  couples therethrough to another of said plur- source
electrode to substrate capacitance, and  ality of tone signal frequencies,
and second. 25  drain electrode to substrate capacitance will  circuit
means coupled to said second circuit then act as small capacitive loads to
ground  element and said detector means and respon- on the outputs and
inputs of amplifiers 43 and  sive to said detection signals to increase the
90 50, respectively. Because of the values of  bandwidth of said filter
means for increasing capacitances involved, and the input and out-  the
energy decay rate therein. '30  put impedances of the active filter
amplifiers,    4. A tone detector as claimed in claim  3 a minimal loading
on the amplifiers will be  wherein said filter means is a multi-stage
provided.                                   active filter circuit
95 As can be seen, a filter has been provided   5. A tone detector as
claimed in claim 4 which has a variable frequency and band-  wherein said
first circuit element includes 35  width, and can select and pass a
plurality of  first resistance means, and said first circuit tones in
succession. The filter can pass a plur-  means includes at least one
switching circuit, ality of tones in rapid succession because of  said
switching circuit including second resist- 100 the rapid filter energy
decay rate provided by  ance means and first switching means coupled
selectively increasing the filter bandwidth. The  together and to said
first circuit element and 40  filter includes switching circuitry which
pro-  said logic  means, said first switching means vides high isolation
between the filter and the  operative in response to said control signals
logic circuitry for providing the control sig-  coupled thereto to
selectively couple said  105 nals and is designed to be easily implemented
second resistance means to said first resist- in integrated circuit form.
The filter, switch-  ance means for changing said tone signal fre- 



45  ing circuitry and logic circuitry act together  quency through said
filter means t another of to provide a switchable frequency tone detector
said plurality of tone signal frequencies. capable of responding to a
plurality of pre-    6. A tone detector as claimed in claim  5  110
determined tones in rapid succession.        wherein said second circuit
element is a first reactance means and said second circuit means includes
second'reactance means and second WHAT WE CLAIM IS:-
switching means coupled together and to said 50    1. A switchable
frequency tone detector for  second circuit element and said detector
means, 115 receiving and passing a plurality of tone sig-  said second
switching means operative in re- nals in sequence including filter means
hav-  sponse to said detection signal coupled thereto ing a predetermined
energy build up and decay  to couple said second reactance means to said
rate in response to said tone signals, and in- . second circuit element for
increasing the band- 55  cluding a first circuit element for determining
width of said filter means.   -        120 the tone signal frequency said
filter means    7. A tone detector as claimed in claim  6 couples
therethrough, and a second circuit ele-  wherein said first switching means
is a field ment for determining the bandwidth of said  effect transistor
having gate, source and drain filter means, circuit means coupledto said
electrodes, said drain and source electrodes 60  filter means and operative
in response to each  being coupled in series with said second resist- 125
of said tone signals in said sequence being  ance means, said gate
electrode being coupled coupled thereto to change the tone signal fre-  to
said logic means, said second resistance quency said filter means couples
therethrough  means and said field effect transistor being    6
1,412,897                                          6 chip. This capacitance
could be detrimental  to the following tone signal frequency in said to the
operation of filter 19 if the source elec-  sequence, and to increase the
bandwidth of  65 trode were connected to the input of amplifier  said
filter means for temporarily increasing the 50, because it would impropely
load the  energy decay rate therein. 5  input of amplifier 50. To eliminate
this prob-    2. A tone detector as claimed in claim  1 lem, the  combined
source electrodes are  wherein said circuit means includes, detector
coupled to the output of amplifier 43. The  means coupled to said filter
means and opera-  70 impedance at the output of amplifier 43 is  tive to
develop a detection signal in response such that it will not be affected by
the source-  to said filter means coupling each of said tone 10
to-substrate capacitance.                    signals in said sequence
therethrough, and logic When one or more of the FETS are actu-  means
coupled to said detection means and ated, a drain electrode to substrate
capacit-  operative in response to each detection signal 75 ance is,
however, developed at the input of  to develop control signals for changing
the amplifier 50. This drain electrode to substrate  tone signal frequency
said filter means couples 15  capacitance will combine with the source
elec-  therethrough to the following tone signal fre- trode to substrate
capacitance and form  a  quency in said sequence. shunt capacitance across
bandwidth determin-    3. A tone detector as claimed in claim 2  80 ing
capacitor 49. This shunt capacitance can  wherein said circuit means
further includes detrimentally increase the bandwidth of filter  first
circuit means coupled to said first cir- 20  19. In order to eliminate this
effect in an  cuit element and to said logic means and re- integrated
circuit chip, the integrated circuit  sponsive to said control signals for
changing chip substrate material is directly connected to  said tone signal
frequency said filter means  85 either an AC or DC ground potential. The
couples therethrough to another of said plur- source electrode to substrate
capacitance, and  ality of tone signal frequencies, and second 25  drain
electrode to substrate capacitance will  circuit means coupled to said
second circuit then act as small capacitive loads to ground  element and
said detector means and respon- on the outputs and inputs of amplifiers 43
and  sive to said detection signals to increase the  90 50, respectively.
Because of the values of  bandwidth of said filter means for increasing
capacitances involved, and the input and out-  the energy decay rate
therein. 30  put impedances of the active filter amplifiers,    4. A tone
detector as claimed in claim 3 a minimal loading on the amplifiers will be
wherein said filter means is a multi-stage provided.
active filter circuit.                       95 As can be seen, a filter
has been provided    5. A tone detector as claimed in claim 4 which has a
variable frequency and band-  wherein said first circuit element includes
35  width, and can select and pass a plurality of  first resistance means,
and said first circuit tones in succession. The filter can pass a plur-
means includes at least one switching circuit, ality of tones in rapid
succession because of  said switching circuit including second resist- 100
the rapid filter energy decay rate provided by  ance means and first
switching means coupled selectively increasing the filter bandwidth. The
together and to said first circuit element and 



40  filter includes switching circuitry which pro-  said logic means, said
first switching means vides high isolation between the filter and the
operative in response to said control signals logic circuitry for providing
the control sig-  coupled thereto to  selectively couple said  105 nals and
is designed to be easily implemented  second resistance means to said first
resist- in integrated circuit form. The filter, switch-  ance means for
changing said tone signal fre- 45  ing circuitry and logic circuitry act
together  quency through said filter means to another of to provide a
switchable frequency tone detector  said plurality of tone signal
frequencies. capable of responding to a plurality of pre-    6. A tone
detector as claimed in claim 5  110 determined tones in rapid succession.
wherein said second circuit element is a first reactance means and said
second circuit means includes second reactance means and second WHAT WE
CLAIM  IS:-                        switching means coupled together and to
said 50    1. A switchable frequency tone detector for  second circuit
element and said detector means, 115 receiving and passing a plurality of
tone sig-  said second switching means operative in re- nals in sequence
including filter means hav-  sponse to said detection signal coupled
thereto ing a predetermined energy build up and decay  to couple said
second reactance means to said rate in response to said tone signals, and
in-  second circuit element for increasing the band- 55  cluding a first
circuit element for determining  width of said filter means.
120 the tone signal frequency said filter means    7. A tone detector as
claimed in claim 6 couples therethrough, and a second circuit ele-  wherein
said first switching means is a field ment for determining the bandwidth of
said  effect transistor having gate, source and drain filter means, circuit
means coupled to said  electrodes, said drain and source electrodes 60
filter means and operative in response to each  being coupled in series
with said second resist- 125 of said tone signals in said sequence being
ance means, said gate electrode being coupled coupled thereto to change the
tone signal fre-  to said logic means, said second resistance quency said
filter means couples therethrough  means and said field effect transistor
being    7                                           1,412,897
7 coupled in parallel wth said first circuit ele-  thereto to connect said
second impedance ment.                                        means to said
first impedance means for 8. A tone detector as claimed in claim  7
changing said tone signal frequency coupled wherein said second switching
means is a field  through said filter means to another of said 5  effect
transistor having gate, drain asnd source  plurality of tone signal
frequencies.     70 electrodes, said drain and source electrodes of    15.
A filter as claimed in claim 14 wherein said field effect transistor being
coupled in  said second circuit element is a third imped- series with said
second reactance means, said  ance means and said second circuit means in-
gate electrode being coupled to said detector  cludes a fourth impedance
means and second 10  means, said second reactance means and field
switching means  coupled together and to said  75 effect transistor being
coupled in parallel with  third impedance means, said second switching said
second circuit element.                 means operative in response to said
second 9. A tone detector as claimed in claim  8   control signals coupled
thereto to connect said wherein said filter means has a gain which  fourth
impedance means to said third imped- 15  varies in accordance with said
bandwidth, the  ance means for changing the bandwidth of  80 gain bandwidth
product being a constant      said filter means. 10. A tone detector as
claimed in claim 9     16. A filter as claimed in claim 15 wherein wherein
said second circuit element is opera-  said first and second impedance
means are tive in response to said detection signal coupled  resistance
means and said third and fourth 20  thereto to increase said bandwidth for
a pre-  impedance means are reactance means.        85 determined period of
time.  17. A filter as claimed in claim 16 wherein 11. A tone detector as
claimed in claim 10  said second switching means is a field effect wherein
said logic means includes counter  transistor having gate, source and drain
elec- means for counting said detection signals, said - trodes. 25  counter
means developing said control signals    18. A filter as claimed in claim
14 wherein  90 in response to each count.                   each of said
switching circuit means includes 12. A tone detector as claimed in claim 11
a field effect transistor with gate source and wherein said circuit means
includes timing  drain  electrodes and a second  impedance means coupled to
said detector means and said  means coupled in  series with the drain and
30  second circuit means, said timing means being  source electrodes of the
respective transistor, 95 responsive to said detection signals to operate
said  series combination  being  coupled  in said second circuit element
for said predeter-  parallel with said first impedance means, and mined
period and to terminate said detection  each field eflect transistor being
operative in signals, said  timing  means being  further  response to said
first control signals being 



35  coupled to said counter means and responsive  coupled to the gate
electrode thereof to allow  100 to the absence of a detection signal to
reset  conduction therethrough from the drain to the said counter means.
source electrode thereof and connect the re- 13. An electrically variable
filter for receiv-  spective second impedance means in parallel ing a
plurality of tone signals in sequence in-  with said first impedance means.
40  cluding, in combination, filter circuit means    19. A filter as
claimed in claim 17 wherein  105 having a predetermined energy build up and
said second circuit means includes said fourth decay rate and including a
first circuit ele-  impedance means coupled in series with said ment for
determining the tone signal frequency  field effect transistor drain and
source elec- said filter circuit means couples therethrough,  trodes, said
series combination being coupled 45  and a second element for determining
the  in parallel with said third impedance means, 110 bandwidth of said
filter circuit, first circuit  said field effect transistor being operative
in means coupled to said first element and re-, response to said second
control signals being sponsive to first control signals coupled there-
coupled to said gate electrode to allow conduc- to to change the tone
signal frequency said  tion therethrough from  said drain to source 50
filter means couples therethrough to another  electrode and connect said
fourth impedance 115 of said tone signal frequencies, and second  means in
parallel with said third impedance circuit means coupled to said second
element    means. and  responsive  to  second  control signals   20. A
filter as claimed in claim 19 wherein coupled thereto to increase
temporarily the said first and second circuit elements are 55  bandwidth of
said filter means for increasing coupled in parallel and said first and
second  120 the energy decay rate therein.             circuit means are
coupled in parallel. 14. A filter as claimed in claim 13 wherein    21. A
filter as claimed in claim 20 wherein said first circuit element is a first
impedance  said filter circuit means is a multi-stage active means, and
said first circuit means includes a  filter circuit including first, second
and third 60  plurality of switching circuit means each of  operational
amplifiers each having an input 125 said switching circuit means including
second  and output, said first amplifier output being impedance means and
first switching means  coupled to said second amplifier input, said coupled
together and to said first element,  first and second circuit elements
coupling said said first switching means operative in re-  second amplifier
output to said third ampli- 65  sponse to said first control signals
coupled  fier input, said third amplifier output being  130    8
1,442,897                                           8 coupled to said first
amplifier input, said tone  to the drain electrode of the field effect
tran- signals being coupled to said first amplifier  sistor of said second
switching means, the input and coupled from said. second amplifier  source
electrode of which is coupled to said output
second amplifier output. 5     22. A filter as claimed in claim 21 wherein
25. A filter as claimed in any of claims 17 said third and fourth impedance
means are  to 24 wherein said filter is manufactured in capacitors.
integrated circuit form, said field effect tran- 23. A filter as claimed in
claim 21 wherein  sistor source electrode being coupled together said
switching circuit means includes resist-  thereon, said integrated circuit
having a sub-  30 10  ance means having a first and second terminal,
strate  layer,  said  substrate  layer  being said first terminal being
coupled to said third- grounded. amplifier input and said second terminal
being    26. A switchable frequency tone detector and coupled to said field
effect transistor drain  filter substantially as hereinbefore described
electrode, said field effect transistor source  and as shown in the
accompanying drawing.   35 15  electrode being coupled to said second
ampli- fier output.                                             For the
Applicants: 24. A filter as claimed in claim 21 wherein    F. J. CLEVELAND
& COMPANY, said second circuit means includes a capacitor         Chartered
Patent Agents, having, first and second terminals, said first
Lincoln's Inn Chambers, 20  terminal being coupled to said third amplifier
40-43, Chancery Lane, input and said second terminal being coupled
London, WC2A 1JQ. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa 1975. Published by The Patent Office 25
Southanmpton Buildings, London, WC2A 1AY, from which copies may be
obtained.    


