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(54) SWITCHABLE FREQUENCY TONE DETECTOR (71)   We, MOTOROLA, INC., a
described in the abovenoted patent em- corporation of the State of
Delaware,  ploys field effect transistor (PET) switches 50 United States of
America, of 5725 East  to switch. the impedance elements which River Road,
Chicago, Illinois 60631, United. determine the frequency of the active
filter. 5 'States of America, do hereby declare the  Field effect
transistors are the best switches invention, for. which we pray that a
patent  for this purpose; however, the  voltage may be granted to us, and
the method by  necessary to reduce the "one  channel 55 which it is to be
performed, to be par-  resistanceof a PET to an acceptable level in
ticularly described in and by the following  this usage is greater than one
volt. A high 10  statement:-                             voltage must be
supplied to operate the This invention relates to a switchable  switches,
yet this must be supplied from a frequency tone detector for receiving and
one  cell battery. The 'voltage. must, 60 passing a plurality of tone
signals in  therefore, be supplied in a manner which sequence.
minimises the one cell battery current drain, 15    Switchable frequency
tone   detectors,  and yet is consistent with. the desire to employing
switchable frequency active  minimise the number of pins, terminals, and
filters, are becoming quite 'popular in ap-  wiring connections in the
detector.  65 plications such as tone actuated paging    It is, therefore,
an object of this invention receivers. An example of such a system is  to
provide i switchable frequency tone 20  shown  and  described  in  Patent
No.  detector for switching the active filter to the 1,412,897. It is
desirable to be able  to  next expected tone signal frequency in the
program the detector and filter in such a  sequence. A detector, coupled to
the output 70 system to detect and select any one of a  of the active
filter, is operative in response number of tone signal frequencies for each
to each of the tone signals passed in turn by 25  of the tone signals in
the sequence. Further-  the filter to develop for each a particular more,
it is desirable to be capable .of  sequence signal. An electronically con-
providing this plurality of tone  signal  trolled code plug is coupled to
the detector .75 frequencies selections for each of the tone  and operative
in- response to each of the signals after the first in the sequence' in
particular sequence signals such as a. count 30  response to a single
detection signal for a  signal to- develop  a particular group of prior
tone signal in the sequence.      binary signals such as a predetermined
four. The 'detector of this application  is  bit binary signal. A converter
is coupled to  80 commonly used in paging receivers.  the electronically
controlled code plug and Because of the small size of such receivers,  to
the PET switches and is operative in 35 it is desirable to minimise the
number of  response to each particular group of binary pins, terminals and
wiring connections in  signals to develop one of the plurality of this
circuitry. This must be accomplished  particular control signals for
actuating one  85 while  still providing  the  above-noted  of the. FET .
switches. number of tone selections for each tone in    According to the
present invention there 40 the sequence. It is even more desirable to be
is provided a tone signal detector switchable capable of changing  the
tone . signal  to detect a particular plurality of tone signal sequence
without wiring changes in the unit,  frequencies in sequence including  a
one-cell 90 and by insertion and removal of an elec-  battery and a voltage
converter providing an tronically controlled code plug.        output
voltage  greater than the output 45   Present day paging receivers are
designed  voltage  of said battery, switchable filter to operate from a one
cell battery. That is,'. means including a plurality of 'field effect they
are designed to operate at 0.85 to 1.25   transistor switches each
operative in  95 volts. The switchable active filter shown and  response to
one of a plurality of particular    2
1,479,176 control signals of a first predetermined  is coupled to the
discriminator of receiver 



voltage level greater than t  voltage of said  11 for receiving a
particular number of pre- battery to determine a particular tone signal
determined tone signals in sequence. Tone frequency which  said
switchable  filter  detector 15 controls circuitry connected to 5  means
couples therethr ugh, detector  audio amplifier 12, for maintaining audio-
70 means coupled to said   battery and  the  amplifier 12 in an inoperative
condition output of said filter means  d operative in  until the correct
tone signal sequence has response to said particular pluarlity of tone
been detected by detector 15. Tone detector signal frequencies  in  s
quence  being  15 then provides a selective squelch feature 10  coupled
thereto to develop a succession of  which allows the audio to be reproduced
75 signals, coding means coupled to said  only upon receipt   of  the
particular pre- battery  and  said  detect r means and  determined tone
sequence for that receiver. . operative in response to e  h signal in the
In  the  embodiment  shown, - five succession of signals to develop a
particular  sequentially received, predetermined tone 15  group of binary
signals corresponding to a - signals are necessary to cause the operation
80 tone signal frequency in the particular  of tone detector 15. Each tone
signal has a sequence to be detected   a second pre-  time period of 33
milliseconds  The first determined  voltage  level, lower than the  tone
signal of the predetermined tone signal output voltage of said battery, and
converter  sequence is coupled from the discriminator 20  means coupled to
said batt  , said voltage  of receiver 11 to active tone filter 19. Active
85 converter and said coding means and said  filter  19 in the preferred
embodiment is a. switch means and operativ in response to  hybrid circuit
module. Active tone filter 19. each said particular group of binary signals
is adjusted to  have a centre 'frequency to develop one of said plurality
of particular  corresponding to the first tone frequency via 25  control
sigals, said converter means in-  circuitry more  fully described below.
The  90 cluding level shifting means coupled to said  first predetermined
tone signal will be: coding means and operati  in response to  coupled
through filter 19 to tone detector each signal of-said particul group of
binary  20. If the. tone signal is coupled to tone signals to shift it from
the   second predeter-  detector 20 for  a predetermined time 30  mined
level-to the first predetermined   period,  it will develop a detection
signal. 95 voltage level and logic circuit means  The detection signal is
coupled to counter operative in response. to  each signal   in said  21,
causing the counter to change from a "1" . second particular group o
signals at said  to a "2" count. The detection signal is also first
predetermined voltage level  to develop   coupled to timing circuit 22.
Timing circuit 35 one of said particular control signals.    22 is more
fully described in the Above- 100 The invention will now  e described by
noted patent and is a counter timer  which way  of example  only
particular  resets upon receipt of' an input signal and reference to the
accomp  ying drawings  begins a new timing  cycle. wherein:-
The  "2" count signal developed' by 40   Figure 1 is a block diagr   of a
selective  counter 21 in response to the detection of 105 signalling paging
receiver employing the  the first tone signal is coupled via conductor
switchable frequency tone detector of this  28 to code plug 24. Code plug
24 is a hybrid invention;                               circuit module
which may be inserted into Figure 2 is a partial schatic and partial
detector 15 via contacts 25 after the correct 45 logic block diagram of the
binary to decimal  tone  frequency sequence has been preset 110 decoder in
the portion o the switchable  therein. Code plug 24 will develop a four bit
active filter shown in Figure 1 and the switch    binary signal in response
to the "2 count means of the active tone  ter and        signal coupled
thereto via line 28. This four Figure 3 is a schematic diagram of  the  bit
binary signal defines in binary language a 50 electronically controlled   e
plug shown in  particular one of the plurality of tone signal 115 Figure1.
frequencies of filter 19. As a four bit binary Referring to Figure 1,.
radio frequency   code is developed, it is possible to define signals,
modulated by audio  frequency   any one of sixteen different tone signal
signals and predetermined tone signals are  frequencies in  response to the
"2"  count 55 received at antenna 10 and coupled to   signal coupled to
code plug 24 via conductor 120 receiver 11. Receiver 11   may be astandard
28. In the preferred embodiment, twelve double conversion FM  receiver
such- as is  different tones may be employed in the five well known in the-
art. The radio frequency  tone sequence. Only eleven conductors are .
signals are demodulated     in receiver 11 and  shown, however, because
the-twelfthtone is' 60  the predetermined tone signals and and audio
produced by a fixed 'component in active' 125 signals are coupled to audio
amplifier 12.  filter 19 The amplified audio signals are reproduced    The
four bit binary code is coupled from by loudspeaker 13 which is  coupled to
audio  code plug 24 to binary  to decimal decoder amplifier 12
and level- shifter 26.' Binary to decimal 65  A switchable frequency tone
detector 15   decoder and level shifter 26 is a level shifter' 130 



1,479,176                                    3 and logic circuit which
accepts the four bit  decoder and level shifter 26. Binary to binary
signals coupled thereto from code  decimal decoder and level shifter 26
will plug 24 and first increases the voltage  levels  develop a control
voltage  signal on one of of these binary signals and their comple-  leads
27 in response to the four binary bits. 5. ments to a second predetermined
voltage  This control voltage signal when coupled to 70 level. The
increased voltage level binary  switchable active filter 19 will cause it
to signals are then coupled to logic circuits  change  its  centre
frequency  to  the which are operative in response thereto to frequency of
the first tone in its  pre- couple one of a plurality of particular
determined tone sequence, thus resetting 10 control voltage signals to
active filter 19 via  the unit for another call        75 one of conductors
27. Active filter 19 will    A one cell battery 34, is shown in Figure I
respond to the voltage coupled thereto to  coupled to a majority of stages
of the paging change its centre frequency to  the fre-  receiver. One cell
battery 34 is coupled to quency of the second tone in its pre-  receiver
11, audio amplifier 12, switchable 15 determined tone sequence.
active filter 19, tone detector 20, counter 21, 80 Tone signals 2, 3, 4 and
S in the pre  alarm circuit 33 and code plug 24. One cell determined tone
signal sequence are then  battery 34 provides a voltage to the above-
sequentially received and coupled to tone  noted stages which varies from
0.8 volts to detector 15 producing the same sequence of  1.25 volts
depending upon the state of 20  operation as described above with respect
to  charge of the one 'cell battery. One cell 85 the first tone. Counter 21
upon receipt of the  battery 34 is also coupled to a voltage second tone
detection will register a "3"  converter 35. Voltage converter 35 may be
count which is coupled via conductor 29 to  any type converter commonly
known to code plug 24. Upon receipt of the 3rd and  those skilled in the
art. For example, it may 25 4th tone detection, "4" and "5" count signal
be a voltage doubler. Its function is to  90 will be coupled to code plug
24 via con-  provide an output voltage which is always ductors 30 and 31,
respectively. Each count  greater than 1.5 volts in response to the signal
coupled to code plug 24 will cause it  voltage supplied by one cell battery
34. The to develop a. predetermined four bit binary  output of voltage
converter 35 is coupled to 30 signal corresponding to that count and
binary to decimal decoder and level shifter 95 couple that group of four
binary signals to  26. binary to decimal decoder and  level. shifter
Referring to Figure 2, binary to decimal 26. Binary to decimal   decoder
and. level  decoder and level shifter 26 is shown in shifter 26 will
respond to each four bit binary  greater detail. In the preferred
embodiment, 35 signal group to develop a control voltage  decoder and level
shifter 26 is a part of the 100 signal of a first predetermined voltage
level  hybrid circuit module containing active on one of conductors 27 and
couple that  filter 19. The binary signals from code plug signal to active
filter 19 to change its centre  24 are coupled to input terminals 40, 41,
42 frequency to the frequency of the -next  and 43 of level shifters 45,
46, 47 and 48, 40 succeeding tone in the predetermined tone  respectively.
Each level shifter has two  105 sequence.
outputs. An inverted output, shown  by a When the 5th tone in the tone
signal little circle adacent the triangle of amplifier sequence is
detected, counter 21 will 45 and identified as 50; and a non-inverted
develop a zero count which will be coupled  output shown as 51. Each of the
remaining 45 to alarm 30 for producing an audio alerting  level shifters
has an inverted and a non- 110 signal. This  zero count will also be
coupled  inverted output identified in the same to audio amplifier 12,
allowing amplifier 12  manner as shown with respect to level to amplify the
audio signals and couple them  shifter 45. Level shifters 45 to 48 in the
to speaker 13 for reproduction.   -    preferred embodiment employ field
effect 50   When the message is completed, the  user  transistors (FETs) in
order to minimise the. 115 may actuate reset switch 32. Reset switch 32..
power and current requirements so as to causes counter 21 to be reset to a
"1" count, allow usage in a paging receiver. The level and terminates the
audio alerting signal shifters employed herein are more fully from alarm
33. If the user does not manually  shown and described in United. States
Patent 55  reset the unit after counter 21 reaches the  No. 3,801,831. The
battery voltage from the. 120 zero count, timing circuit 22 will develop a
cell battery 34 is coupled to terminal 52 and second timing signal 45
milliseconds after  the higher voltage from voltage converter 35 the zero
count occurs. The second timing  is coupled .to input terminal 53.. The
binary signal is coupled to counter 21, causing  input signals coupled to
terminals 40 to 43 60  counter 21 to reset to a "1" count. This  "1" shift
in voltage between ground and the 125 



count will be coupled  to code plug 24 via  maximum voltage of one cell
battery 34. The conductor 23 causing code plug 24  to  binary output
signals developed on the develop  a  four  bit binary  signal inverted and
non-inverted outputs of each of corresponding to that count. These signals
level shifters 45 to 48 shift in voltage level 65  again are   coupled to
binary  to  decial between the voltage supplied at terminal 53 130    4
1,479,176 and ground potential. The. output signals  In orderto minimise
the channel on-. developed by level shifters .45 to 48 are  resistance of
FETs 75 to 78, a voltage in. therefore at  a. first. predetermined voltage
excess of 1.5 volts must be coupled to the level, greater than  the voltage
level of a one  drain of the field' effect transistor  switch 5. cell
battery and the second predetermined  when it is turned on.  It is to
provide this  70 voltage level of the binary  input  signals   voltage
in,,excess of 1.5 volts that level. applied to the level shifters.  The
inverted  shifters 45 to 48 are provided. Furthermore,. and
non-invertedoutputs of  amplifiers 5 to  in order to provide this  higher
voltae while 10.    48 are coupled to particular inputs of NOR   still
operating from  one cell bettery 34,  level gates  55 to  65 .For example,
the inverted  shifters 45 to 48 and NOR gates 55 to 65  75 output 50 of
level  shifter 45   is coupled to  employ FETs arranged so as to minimise
one input of NOR gates 55, 56, 57, 58,  power and current  drain
requirements. 59, 60, 61 and 62. The non- inverted output    Field effect
transistor switches 68 to 74, of level shifter 45 is couple to one'inputof
when switched to  an on state may have a 15  NOR gates 63, 64 and 65.'  ,
higher 'impedance in the preferred em-  80 Whenn a  particular group of
binary signals  bodiment This is because frequencies to is coupled to input
terminals  40 to 43 from   wh ich active filter 19 is switched in response
the code  plug  4 via pat  25, t      he inter-  to operation of switches
68 to 74 are much connection of level shifters  45 to 48 and lower. This
lower frequencyoperationisnot 20   NOR gates 55 to  65 will cause  one of
NOR   seriously affected by a higher impedance  85 gates 55 to   65 to
develop an output signal.  due to the  transistor switches. In order
directly related to the voltage level  of the  external components and
allow fabrication input signal and the            to each  in integrated
circuit form, switches 68 to 74 25  NOR gate from terminal 53 In the
preferred        are identical to switches 75 to  78.     90 embodiment,
the  higher  voltage  level  of Referring to Figure 3, a schematic diagram
voltage converter 35 is coupled to the NOR of code plug 24 is  shown. In ut
gates 55 to  65, as is  the second pre-    signals are coupled to input
terminals  100    to determined voltage level from level shifters 104 via
leads. 23, 28., 29, 30 and 31 ,. 30  45 to 48. The voltage at the output of
the, respectively. The output terminals of code 95 activated NOR gate,
referred to as the      plug 24 are  labelled 105, 106, 107 and 108.
control voltage, will therefore    be in excess  Each input terminal is
connected to resistors of 15 volts. Again, as with the level shifters  that
are in series with the base electrode of NOR gates 55 to 65, include   ETs
in order  four transistors. T he ollector electrode of 35 to minimise the
power and  current drain each of  the  four transistors is connected to 100
requirements of the paging  receiver.       one of output     terminals 105
to  108. For Each output of  NOR   gates 55 to 65 is  example,  input
terminal 100 is coupled coupled to agate electrode of FETs 68 to 78
through resistors 111 through, 114 to base through the corresponding  path
27 between  electrodes 116 to 119 of  transistors 121 to 40  binary to
decimal  converter 26  and active  124, respectively. Collector electrode
126 of  105 filter 19. FETs 68 to 78 are   all transistor  transistor 121
is coupled to output terminal switches located in active  ter 19. They are
105; collector electrode 127 of transistor 122 more clearly shown and
described in UK  is coupled  to output terminal 106; collector Patent No.
1,412,897. Each drain electrode  electrode 128 of transistor 123 is:
coupled to 45   80 to 90 of FET switches 68 to 78 is con-  output terminal
107; and  collectorelectrode .110 nected to a resistance as shown in the
above-  129 of transistor 124 is coupled t o output noted patent. When one
of NOR gates 55 to  terminal 108.Emitter electrode 131 to.134 of 65 turns
on, that is, switche from a low to a     transistors 121 to 124
respectively are each high state, a control voltag of the first pre-   co
upled through a resistance element, 135 50  determined voltage level and in
excess of 1.5  to 138, respectively, to ground potential. In  115 volts is
coupled to the gate electrode of the  the  preferred ' embodiment
resistance FET switch 68 to 78 associated with that  elements 135 . to  138
are  150 ohms. NOR gate. The, signal will cause the FET Each of the other
four input terminals 101 to switch to turn on and couple the resistance 104
are  coupled to transistors which are 55  couped to its   drain electrode
to active filter  coupled to output terminals 105 to 108 in 120 19, causin
g active filter I to switch to a exactly the same manner as  described with



frequency determined by   the impedance  respect       t      o input
terminal 100. Although the connected to t he drain electrode of that p r e
ferred embodiment is shown with the field  effect transistor switch.
collector    electrodes of the  transistors 60 Field effect  transistor
switches  75 to 78, , coupled.to the output terminals  the emitter 125 when
switched to an on stae must have   an  electrodes coupled to ground
potential, and impedance less than aproximately  150  the base electrodes
coupled through Ohms in order to prevent the FET  switch .resistors to  the
input terminal  is to be impedance from  seriousl  affecting the
understood   that other   transistor con- 65  frequencyto which active
flter 19 is tuned.   figurations may be employed . .    130    1,479,176
5 In operation, a "1" signal, for example,  trollable code plug is provided
for selecting may be coupled from counter 21 via con-  the tones in the
sequence. The switchable ductor 23 to input terminal 100. If each of
frequency active filter and tone detector transistors 121 to 124 are
connected as  and the paging receiver in which it is em- 5  shown in Figure
3, they will each turn on in  ployed, are capable of operating from a one
70 response to the "1" signal coupled thereto  cell battery, except for the
active filter field and develop a "0" signal at output terminals  effect
transistor switches. Level shifting cir- 105 to 108, respectively. If it is
desired to  cuitry and logic circuitry are provided in provide a binary
combination other than all  order to operate the field effect transistors
10  "zeroes" at output terminals 105 to 108 in  employed in the switchable
active filter. The  75 response to a  1" at input terminal 100,  level
shifting ad logic circuitry is designed transistors 121 to 124 may be
programmed  to require minimum power and current. in order to provide this
modified binary output. Transistors 121 to 124 may be       WHAT WE CLAIM
IS:- 15  programmed by disconnecting either the      1. A tone signal
detector switchable to emitter electrodes from the emitter resistor  detect
a particular plurality of tone signal 80 connected  thereto, fusing  the
emitter  frequencies in sequence including a one-cell resistor, or
disconnecting  the collector  battery and a voltage converter providing an
electrodes from  the appropriate output  output voltage greater than the
output 20  terminal. By programming each of the   voltage of said battery,
switchable filter transistors to prevent it from switching on in   means
including a plurality of field effect 85 response to a "1" signal coupled
to input  transistor switches each operative in terminal 100, the
particular output terminal' response to one of a plurality of particular
connected to the disconnected transistor  control signals of a first
predetermined 25  will remain at a "1" state when a "1" is  voltage level
greater than the voltage of said coupled to input terminal 100.
battery to determine a particular tone signal go In the preferred
embodiment, code plug  frequency which  said  switchable  filter 24 is
programmed before insertion into a   means couples therethrough, detector
paging receiver. It is placed in a special pro-  means coupled to said
battery and the 30  gramming device and the particular binary  output of
said filter means and operative in signals which are desired at output
terminals  response to said particular plurality of tone  95 105 to 108 in
response to a "1" signal at  signal frequencies  in  sequence  being
terminal  100  are  indicated  on  the   coupled thereto to develop' a
succession of programming device; then, current is passed  signals, coding
means coupled to said 35 through particular ones of transistors 121 to
battery and  said  detector means aid 124 in order to fuse particular ones
of  operative in response to each signal in the 100 emitter resistors 125
to' 138, and thus  succession of signals to develop a particular disconnect
the emitter electrode of the  group of binary signals corresponding to a
appropriate transistor. For example, if an  tone signal frequency in the
particular 40 output code of 0101 is desired at output  sequence to be
detected at a second pre- terminals 105 to  108, respectively, in
determined voltage level, lower than the 105 response to a "1" signal at
input terminal  output voltage of said battery, and converter 100, emitter
resistors 136 and 138 of transis   means coupled to said battery, said
voltage tors 122 and 124, respectively, are fused.  converter and said
coding means and said 45 Thus, when a "1" signal is coupled to input
switch means and operative in response to terminal 100, only transistors
121 and 123  each said particular group of binary signals 110 will switch
on and develop a "0" signal at  to develop one of said plurality of
particular output terminals 105 and 107, respectively.  control signals,
said converter means in- Although the remaining transistor inter-  cluding
level shifting means couple to said 50 connections from input terminal to
output  coding means and operative in response to terminal are not
described, nor is the pro-  each signal of said particular group of binary
115 



gramming of these transistors described, it is  signals to shift it from
the second pre- to be understood that their interconnection,  determined
level to the first predetermined programming and operation are the same as
voltage level and  logic circuit means 55 the transistors connected to
input terminal  operative in response to each signal at said 100 and output
terminals 105 to 108.     first predetermined voltage level to develop 120
As can be seen, a switchable frequency  one of said particular control
signals. active filter and tone detector is provided    2. A tone signal
detector as claimed in which is capable of providing a plurality of  Claim
1 wherein said switchable filter means 60 tone signal selections for each
tone signal in  includes impedance means coupled to said the tone signal
sequence in response to a  field effect transistor switches for deter- 125
single detection signal for a prior tone in the  mining a particular one of
the plurality of sequence. This is provided with a minimum   tone signal
frequencies said active filter of pins, terminal and wiring connections. An
means couples therethrough, said field 65 insertable and removable
electronially con-  effect transistor switches being operative to
479,176                     -              5 In operation, a "1" signal,
for. example,  trollable code plug is provided for selecting may be
coupled, from counter 21 via con-  the tones in the sequence. The
switchable ductor 23 to input terminal 100. If each of  frequency ative
filter and tone detector transistors 121 to' 124 are connected as  and the
paging receiver in which it is em- 5  shown in Figure 3, they will each
turn on in  ployed, are capable of operating from a one  70 response to
the  "1" signal  coupled thereto  cell battery, except for the active
filter field and develop a "0" signal at output terminals  effect
transistor switches. Level shifting cir- 105 to 108, respectively. If it is
desired to  cuitry and logic circuitry are provided in provide a binary
combination other than all  order to operate the field -effect transistors
10  "zeroes" at output terminals 105 to  108 -in  employed in the
switchable active filter. The  75 response to a "1" at input terminal 100,
level shifting and logic circuitry is designed transistors 121' to 124 may
be programmed  to require minimum power and current. in order' to provide
.this modified binary output. Transistors, 121 to 124 may be      WHAT WE
CLAIM IS:- 15  programmed by disconnecting  either  the     1. A tone
signal detector switchable to emitter electrodes from  the emitter resistor
detect a particular plurality of tone signal 80 connected  thereto, fusing
the  emitter  frequencies in sequence including a one-cell resistor, or
disconnecting th&  collector  battery and a voltage converter providing an
electrodes from  the appropriate output  output voltage' greater  than the
output 20  terminal. By programming each of the   voltage of said battery,
switchable fiter transistors to prevent it from switching on in   means
including a plurality of field effect 85 response to a "1" sigal coupled to
input  transistor switches each operative. in terminal 100, the particular
output terminal  response to one of a .plurality of particular connected to
the donnennected transistor  control signals  of a first predetermined 25.
will remain at a "1"   state when a "1"is  voltage level greater than the
voltage of said coupled to input terminal 100          battery to determine
a particular tone signal 90 In the preferred embodiment, code plug
frequency  which  said 'switchable  filter 24 is programmed 'before
insertion into a   means couples therethrough, detector. paging receiver.
It is placed in a special pro-  means coupled to said battery and the 30
gramming device and the particular binary   output of said filter means and
operative in signals which are desired at out ut terminals  response to
said particular plurality of tone  95 105 to 108 in response to a  1"
signal at  signal frequencies  in  sequence  being terminal  100  are
indicated   on  the  coupled thereto to develop'a succession of programming
device; then, current is  passed  signals,  coding means coupled to  said
35 through particular ones of transistors 121 to  battery and  said
detector means and 124 in order to fuse particular ones of  operative in
response to each signal in the 100 emitter resistors 125 to  138, and thus
succession of signals to develop a particular disconnect the emitter
electrode of the  'group of binary signals corresponding to a appropriate
transistor. For example, if an  tone signal frequency in the particular 40
output code of 0101  is desired at output  sequence to be detected at a
second pre- terminals 105 to  108, respectively, in  determined voltage
level, lower than the 105 response  to a "1" signal at input terminal
output voltage of said battery, and converter 100, emitter resistors 136
and 138 of transis-  means coupled to said battery, said voltage tors 122
and 124, respectively, are fused.  converter and said coding means and said
45 Thus, when a "1"  signal is coupled to input  switch means and operative
in response to terminal 100, only transistors 121 and 123  each said
particular group of binary signals 110 



will switch on and develop a "0" signal at  to develop one of said
plurality of particular output terminals 105 and 107, respectively.
control signals, said converter means in- Although the remaining transistor
inter-  cluding level shifting means couple to said 50 connections from
input terminal to output  coding means and operative in response to
terminal are not described, nor is the pro-  each signal of said particular
group of binary 115 gramming ofthese transistors described, it is  signals
to shift it from  the second pre- to be understood that their
interconnection,  determined level to the first predetermined programming
and operation are the same as  voltage  level and  logic circuit means 55
the transistors connected to input terminal  operative in response to each
signal at said 100 and output terminals 105 to 108.      first
predetermined voltage level to develop 120 As can be seen, a switchable.
frequency  one of said particular control signals. active filter and tone
detector is provided    2. A tone signal detector as claimed in which is
capable of providing a plurality of  Claim 1 wherein said switchable filter
means 60 tone signal selections for each tone signal in  includes
.impedance means coupled to said the tone signal sequence in response to a
field effect transistor switches for deter- 125 single detection signal for
a prior tone in the  mining a particular one of the plurality of sequence.
This is provided with a minimum   tone signal frequencies said active
filter of pins, terminal and wiring connections. An  means couples
therethrough, said field 65 insertable and removable electronically con-
effect transistor switches being operative to    1,479,176 conduct in
response to a control voltage and   wherein one of said transistor
electrodes are couple said impedance means to said     disconnected   from
said matrix circuit switchable filter means, said field effect   means to
preset same to enable operation transistor switches having a low impedance
7. A tone signal detector as claimed in     35 5 when conductive   due to
said  first  pre-   Claim   2, wherein one of said field effect detemined
voltage level of said control  transistor  switches and  one of said im-
voltage.                                    pedance means  are coupled in
series said 3. A detector as claimed  in  Claim  1,  fiel  effect
transistor switches  each having a wherein said electroncally controllable
series  impedance  which  varies  in  ac- 40 10 coding means includes
matrix circuit means    cordance with said first predetermined
40 having a plurality of inputs coupled to said    voltage level, said
first predetermined coupled  to  said converter means, said            said
series impedance below a first pre- 15  response to each said particular
sequence          determined impedance. signal coupled thereto to develop a
par-     8. A detector as claimed  in Claim 7, ticular group of binary
signals.           wherein said first predetermined voltage 4. A detector
as claimed in Claim 3,         predetermined impedance is less than 150
wherein said matrix circuit means includes  a   ohms 20   plurality of
circuit elements each operable in      9. A detector as claimed in Claim 8.
50 response to said particular sequence signals    wherein said series
impedance varies in- coupled thereto develop a binary signal in
versely with said first predetermined voltage said group of binary signals,
each of said         level. 25  circuit elements being reset to enable
10. A switchable frequency tone detector   55 operation in response to said
particular        substantially as hereinabove described and sequence
signals.                                as shown in the accompanying
drawings. 5. A detector as claimed in Claim 4,                    For the
Applicants, wherein said circuit elements are transistors
F.J.CLEVELAND & COMPANY, having base, emitter and collector elec-
chartered Patent Agents trodes.
40-43 Chancery Lane. London WC2A 1JQ 6. A detecor as claimed in Claim 5,
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