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AUTOMATIC NOISE LIMITER (71)   We, MOTOROLA, INC., a'corpora-  adequately
provided limiting in response to tion organised and existing under the laws
the desired percent modulation level of the State of Delaware, United
States of    According to the present invention there America, of Corporate
Offices, Motorola  is provided an automatic noise limiter cir- 5 Center,
1303  East  Algonquin  Road,  cuit for use in a radio frequency receiver,
50 Schaumburg, Illinois 60196, United States  the receiver producing a high
frequency of America, do hereby declare the in-  signal which is amplitude
modulated by an vention, for which we pray that a patent  audio signal, the
automatic noise limiter may be granted to us, and the method by  comprising
peak detector means for recti- 10 which it is to be performed, to be
particu-  fying   and   filtering   the   amplitude 55 larly described in
and by the following  modulated high frequency signal to recover
statement:-                              the audio signal therefrom and
produce a This invention pertains to the com-  direct current signal
representative of the munication art and, in particular, to an  magnitude
of the high frequency signal, 15 automatic noise limiter for use in a radio
low pass filter means for processing the re- 60 receiver.
covered audio signal and the direct current Automatic  noise limiter
circuits, es-  signal from the peak detector means and pecially those used
in radio receivers, are  producing at its output a direct current well
known in the communication art. In  level, high pass filter means for
passing to 20 radio receiver applications the function of  its output a
predetermined proportion of 65 the noise limter is to detect noise signals,
the amplitude of the recovered audio signal e.g. those  signals  exceeding
a  pre-  from  the peak detector means the high determined threshold level,
and limit the  pass filter means preventing the peak de- noise signals to a
given level. Thus, the  tector means produced direct current level 25 audio
effect of the noise limiter is to mini-  from  passing to its output,
switch means 70 mize noise impulses or bursts which would  comprising  a .
semiconductor  rectifier otherwise be reproduced by the receiver.
coupled  between the output of the low Prior art noise limiter circuits,
especially  pass filter and the output of the high pass those used in
amplitude modulated re-  filter, the rectifier exhibiting a low  im- 30
ceivers, have proved less than satisfactory.  pedance response to the low
pass filter 75 Generally, such noise limiter circuits have  output
exceeding the high pass filter out- either been very sophisticated and
there-  put by a predetermined threshold level, the fore, expensive to
manufacture requiring  rectifier otherwise exhibiting a high im- large
numbers of costly components, or  pedance; a. bias means coupled to the 35
they have been very primitive both in  semiconductor rectifier for
producing zero 80 structure and in operation. Ideally, an  bias across said
rectifier in the absence of automatic noise limiter circuit for use in an
a high frequency signal from the receiver amplitude modulated receiver
should limit  said bias means comprising temperature all signals which
exceed a given percent  compensating means for maintaining said 40
modulation   figure,  commonly  100%   rectifier at zero bias over a
temperature 85 modulation, since  this  represents  the  range in the
absence of a high frequency known level of audio broadcast from the  signal
from the receiver. transmitter. Heretofore, inexpensively and    In an
embodiment of the invention, the easily manufactured noise limiter circuits
automatic noise limiter circuit is used in 45 for amplitude modulated
receivers have not  combination with a radio frequency re- 90    1 525 904
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ceiver which produces a radio frequency  is applied to a peak detector 28
comprised signal which is amplitude modulated by an  of a bipolar
transistor 30 having the collec- audio signal. A peak detector rectifies
and  tor load resistor 32 coupled to a bias or filters  the  amplitude
modulated  radio  B+ potential, and an emitter resistor 34 5 frequency
signal to both recover the audio  coupled to ground potential.           70
signal and to produce a direct current sig-    Amplitude  modulated
waveform    22 nal having a level representative of the  causes the peak
detector transistor 30 to magnitude of the radio frequency signal. A   be
driven into a non-linear region of oper- peak detector signal is low pass
filtered  ation. In this mode the transistor effec- 10 producing  a  direct
current  level re-  tively becomes a halfwave rectifier since 75
presentative of both the direct current sig-  positive going excursions of
the input nal from the peak detector and the level of  waveform signal 22
caused the transistor to the recovered audio signal. The peak de-  conduct,
charging a filter capacitor 38 to tector output is also high pass filtered
the peak RF voltage, minus the base to 15 whereby the high pass filter
passes to its  emitter drop of transistor stage 30. The 80 output a
predetermined portion of the re-  value of emitter resistor 34 and of any
covered audio signal while blocking the  subsequent stage resistors
connected to the peak detector direct current signal. A   emitter of
transistor 30 are chosen to dis- switch, preferably a semiconductor diode,
charge filter capacitor 38 with a time con- 20 senses  both  the  direct
current level  stant of 0.2 milliseconds. Thus the total re- 85 produced by
the low pass filter and the  sistance acting on capacitor 38 causes the
recovered audio signal passed by the high  voltage at the output of the
peak detector pass filter and, in response to a pre-  to filter off RF
frequency signals and re- determined relationship between the two  produce
frequencies at 5 kilohertz and less. 25 signals, passes the recovered audio
signal  This is illustrated as waveform 40 wherein 90 to the noise limiter
output terminal for  the  RF  signals  from  the modulated further receiver
processing. Preferably, the  waveform 22 are filtered out, leaving the
switch is designed to pass only those audio  recovered audio signal, a
portion of the signals corresponding to radio frequency  impulse 24, and a
direct current signal 42 30 signals having 100% modulation or less.
having a level representative of the mag- 95 The invention will now be
described by  nitude of' the radio frequency signal 22. way of example only
with particular refer-    The output waveform 40 from the peak ence to the
accompanying  drawing in  detector stage 28 is processed through a which
the single figure is a schematic dia-  low pass filter stage 50 which is
comprised 35 gram of the preferred construction of the  of a pair of series
resistors 52, 54 with a 100 automatic noise limiter circuit when used
shunt capacitor 56 connected therebetween. in combination with a
conventional am-  The values of resistors 52, 54 are chosen plitude
modulated radio receiver.        to  provide  the  proper  discharge  to
The receiver includes an antenna 12  capacitor 38 in conjunction with
resistor' 34 40 which feeds' to an RF amplifier 14. The   as mentioned
above, and to act in con- 105 RF amplifier normally includes tuning cir-
junction with the capacitor 56 to produce, cuitry to provide selectivity at
that radio  at the junction 58 of the resistors 52, 54 frequency to which
the receiver is tuned.  and capacitor 56, a direct current signal The RF
amplifier feeds to one input of a  having a level representative of both
the 45 mixer 16, whose remaining input connects  DC level 42, and AC
recovered audio sig- 110 to a local oscillator 18. The mixer 16 oper-  nal
level 40 from the peak detector stage ates in a conventional manner to
convert  28. the received RF signal from the RF ampli-    The output of the
peak detector stage 28 fier 14 to an intermediate frequency. The  is also
passed through a high pass filter 60 50 converted RF signal from the mixer
16 is  comprised of a resistor 62 and a series 115 filtered and amplified,
in the well known  connected -capacitor 64. The high pass fil- manner, in
the IF amplifier and filter stage  ter passes to its output terminal 66 the
re- 20.                                       covered audio signal 43 from
peak detector The signal out of IF amplifier 20 is an  28, while the
capacitor 64 blocks the DC 55 amplitude  modulated  signal shown  as
component 42 of the detector 28 output.   120 waveform 22. Illustrated  is
a  100%      Coupled between the output terminal 59 modulated waveform
wherein the RF sig-  of the low pass filter 50 and the output nal assumes
an envelope determined by an  terminal 66 of the high pass filter 60 is a
audio modulating signal. For purposes of  semiconductor rectifying diode 70
having 60 illustration, the waveform is shown carry-  its anode connected
to terminal 59 and its 125 



ing a noise impulse 24. The impulse 24  cathode to terminal 66. The diode
70 acts was not transmitted by the transmitter  as a switch whereby'when
the output vol- rather the pulse 24 was introduced'via the  tage at
terminal 59 exceeds the voltage of communication medium.
terminal 66 by a predetermined threshold 65   The amplitude modulated RF
signal 22  level the diode 70 is forward biased and 130 L    3
1 525 904 acts as a low impedance. When the bias  wherein the audio signal
102 is passed on across diode 70 is less than the threshold  to the audio
amplifier 92 and speaker 93 the diode is reverse biased and exhibits a  and
the noise impulse 24 is shown limited very high impedance.
in magnitude to the peak audio level. Thus 5   Also coupled to the cathode
of diode 70  the limiting circuit automatically clips any 70 is a bias
circuit 74. Bias circuit 74 is com-  noise impulses to the maximum  allowed
prised of series connected resistors 76, 78  audio signal at 100%
modulation. connected at a common point 80 with the    Temperature
compensating  circuit 90 free end of resistor 78 connected to ground
controls the quiescent bias on diode 70 10 potential. A third resistor 82
couples from   whereby the proper zero bias is applied to 75 the DC bias B
+ source to the common  diode 70 under quiescent conditions over a terminal
80. The value of the resistors 76.  wide range of temperatures. For
example, 78, and 82 in the bias circuit 74 are  with increasing temperature
the threshold selected such that in the absence of an RF   voltage of diode
70 decreases whereby in 15 signal appearing from the radio receiver to  the
absence of an RF applied signal the 80 the peak detector stage 28 the DC
voltage  diode might be biased to a low impedance bias across diode 70 is
zero. Thus, the bias  state. To compensate for this, diode 91, circuit 74
maintains the diode 70 in a high  having an identical characteristic to
that of impedance stage in the absence of a radio  diode 70, also decreases
in threshold vol- 20 frequency signal.                       tage in
exactly the right proportion to 85 A temperature compensating network 90
maintain the bias at the cathode of diode comprised of a diode 91,
identical to diode  70 at a zero biased state. Thus a change in 70, and a
resistor 94. The compensating  the threshold. voltage of diode 70 due to
circuit 90 is connected in parallel with the  ambient temperature variation
does not af- 25 capacitor 64 the high pass filter 60.   fect the
performance of the system. Re- 90 In operation, as the radio frequency sig-
sistors 62. 94 are chosen to equal resistors nal input to the peak detector
stage 28 in-  52, 54 such that identical bias currents creases, the average
DC voltage level, and  flow through each of the diodes 70. 91 the peak
audio recovered audio level out  thereby maximizing the temperature track-
30 of the peak detector increase in proportion  ing characteristic of the
diodes.  95 to one another. The average DC level from  In  summary, an
improved automatic the peak detector 28 causes a current to  noise limiter
circuit has been described flow through resistors 52, 54, diode 70, and
which  uses a limited  number of in- resistor 76 as well as resistors 62.
94 and  expensive components to achieve a high 35 diode 91, thus forward
biasing diode 70 to  precision of automatic noise limiting.  100 a low
impedance state. The recovered    WHAT WE CLAIM IS:- audio signal from the
detector 28 is pre-    1. An automatic noise limiter circuit determinedly
attenuated by resistors 62 and  for use in a radio frequency receiver, the
76 and is applied to the high pass filter 60  receiver producing a high
frequency signal 40 to the cathode of diode 70. The attenua-  which is
amplitude modulated by an audio 105 tion provided by resistor 62 and 76 is
such  signal, the automatic noise limiter com- that under 100%  modulation
of the RF  prising peak detector means for rectifying carrier signal the
peak audio voltage ap-  and filtering the amplitude modulated high pearing
at the output terminal 66 of the  frequency signal to recover the audio
signal 45 high pass filter 60 equals the direct current  therefrom and
produce a direct current sig- 110 voltage at common connection 58 in the
nal representative of the magnitude of the low pass filter 50. Thus, for
signals having  high frequency signal, low pass filter means above 100%
modulation diode 70 is re-  for processing the recovered audio signal verse
biased and in a high impedance  and the direct current signal from the peak
50 state. For signals at 100% modulation, or  detector means and producing
at its output 115 



therebelow, diode 70 is biased to a con-  a direct current level, high
pass filter ductive state and the recovered audio sig-  means for passing
to its output a pre- nal appearing at the high pass filter output
determined proportion of the amplitude of 66 couples through the diode 70
to the  the recovered audio signal from the peak 55 output of the low pass
filter 59 and there-  detector means, the high pass filter means 120 after
to the output of the automatic noise  preventing  the  peak  detector
means limiter circuit to be amplified by an audio  produced direct current
level from passing amplifier 92 and subsequently transduced   to its
output, switch means comprising a to audibility by a speaker 93.
semiconductor rectifier coupled between 60   For signals exceeding 100%
modulation,  the output of the low pass filter and the 125 such as the
noise impulse signal 24, diode  output of the high pass filter, the
rectifier 70 bocomes reverse biased thereby limiting  exhibiting a low
impedance response to the the output voltage level to the maximum  low pass
filter output exceeding the high allowable audio signal at 100%  modula-
pass filter output by a predetermined 65 tion. This is shown in waveform
100  threshold level, the rectifier otherwise ex- 130    3
1 525 904 acts as a low impedance. When the bias  wherein the audio signal
102 is passed on across diode 70 is less than the threshold  to the audio
amplifier 92 and speaker 93 the diode is reverse biased and exhibits a  and
the noise impulse 24 is shown limited very high impedance.
in magnitude to the peak audio level. Thus 5 Also coupled to the cathode of
diode 70 the limiting circuit automatically clips any 70 is a bias circuit
74 Bias circuit 74 is com-  noise impulses to the maximum  allowed prised
of series connected resistors 76, 78  audio signal at 100% modulation.
connected at a common point 80 with the    Temperature  compensating
circuit 90 free end of resistor 78 connected to ground  controls the
quiescent bias on diode 70 10 potential. A third resistor 82 couples from
whereby the proper zero bias is applied to 75 the DC bias B + source to the
common  diode 70' under quiescent conditions over a terminal 80. The value
of the resistors 76,  wide range of temperatures. For example, 78, and 82
in the bias circuit 74 are  with increasing temperature the threshold
selected such that in the absence of an RF  voltage of diode 70 decreases
whereby in 15 signal appearing from the radio receiver to  the absence of
an R  applied signal the 80 the peak detector stage 28 the DC voltage
diode might be biased to a low impedance bias across diode 70 is zero.
Thus, the bias  state. To compensate for this, diode 91, circuit 74
maintains the diode 70 in a high  having an identical characteristic to
that of impedance stage in the absence of a radio  diode 70, also decreases
in threshold vol- 20 frequency signal.                       tage in
exactly the right proportion to 85 A temperature compensating network 90
maintain the bias at the cathode of diode comprised of a diode 91,
identical to diode  70 at a zero biased state. Thus a change in 70, and a
resistor 94. The compensating  the threshold voltage of diode 70 due to
circuit 90 is connected in parallel with the  ambient temperature variation
does not af- 25 capacitor 64 the high pass filter 60.   fect the
performance of the system. Re- 90 In operation, as the radio frequency sig-
sistors 62, 94 are chosen to equal resistors nal input to the peak detector
stage 28 in-  52, 54 such that identical bias currents creases, the average
DC voltage level, and flow through each of the diodes 70, 91 the peak audio
recovered audio level out  thereby maximizing the temperature track- 30 of
the peak detector increase in proportion  ing characteristic of the diodes.
95 to one another. The average DC level' from  In  summary, an  improved
automatic the peak detector 28 causes a current to  noise limiter circuit
has been described flow through resistors 52, 54, diode 70, and  which
uses a limited  number of in- resistor 76 as well as resistors 62, 94 and
expensive components to achieve a high 35 diode 91, thus forward biasing
diode 70 to  precision of automatic noise limiting.  100 a low  impedance
state. The recovered    WHAT WE CLAIM IS: - audio signal from the detector
28 is pre-    1. An automatic noise limiter circuit determinedly attenuated
by resistors 62 and  for use in a radio frequency receiver, the 76 and is
applied to the high pass filter 60  receiver producing a high frequency
signal 40 to the cathode of diode 70. The attenua-  which is amplitude
modulated by an audio 105 tion provided by resistor 62 and 76 is such
signal, the automatic noise limiter com- 



that under 100%  modulation of the RF  prising peak detector means for
rectifying carrier signal the peak audio voltage ap-  and filtering the
amplitude modulated high pearing at the output terminal 66 of the
frequency signal to recover the audio signal 45 high pass filter 60 equals
the direct current  therefrom and produce a direct current sig- 110 voltage
at common connection 58 in'the  nal representative of the magnitude of the
low pass filter 50. Thus, for signals having  high frequency signal, low
pass filter means above 100%  modulation diode 70 is re-  for processing
the recovered audio signal verse biased and in a high impedance  and the
direct current signal from the peak 50 state. For signals at 100%
modulation, or  detector means and producing at its output 115 therebelow,
diode 70 is biased to a con-  a direct current level, high  pass filter
ductive state and the recovered audio sig-  means for passing to its output
a pre- nal appearing at-the high pass filter output  determined proportion
of the amplitude of 66 couples through the diode '70 to the  the recovered
audio signal from the peak 55 output of the low pass filter 59 and there-
detector means, the high pass filter means 120 after to the output of the
automatic noise  preventing  the  peak  detector  means limiter circuit to
be amplified by an audio  produced direct current level from passing
amplifier 92 and subsequently transduced  to its output, switch means
comprising a to audibility by a speaker 93.          semiconductor
rectifier coupled between 60   For signals exceeding 100% modulation,  the
output of the low pass filter and the 125 such as the noise impulse signal
24, diode. output of the high pass filter, the rectifier 70 bocomes reverse
biased thereby limiting  exhibiting a low impedance response to the the
output voltage level to the maximum  low pass filter output exceeding the
high allowable audio signal at 100%  modula-  pass filter output by a
predetermined 65 tion. This is shown in waveform  100  threshold level, the
rectifier otherwise ex- 130    1 525 904
4 hibiting a high impedance; a bias means  claimed in Claim 3 wherein the
high pass coupled to the semiconductor rectifier for  output terminal.
producing zero bias across said rectifier in    4. An automatic noise
limiter circuit as the absence of a high frequency signal  to  the cathode
of the diode a pre- 5 from  the receiver said bias means com-  determined
portion of the recovered audio 25 prising temperature compensating means
signal such that for 100% or less modula- for maintaining said rectifier at
zero bias  tion of the high frequency signal the diode over a temperature
range in the absence of  exhibits a low impedance. a high frequency signal
from the receiver.   5. An automatic noise limiter circuit as 10   2. An
automatic noise limiter circuit as  claimed in any preceding claim wherein
the 30 claimed in Claim  1 wherein the switch  low pass filter comprises a
"T" network means includes means for passing the high  having a pair of
series connected resistors pass filtered audio signal to an output ter-
with a shunt capacitor therebetween. minal of the noise limiter circuit
for, all of    6. An automatic noise limiter circuit 15 said audio signals
corresponding to 100%   substantially as hereinbefore described and 35 or
less modulation of the high frequency  as shown in the accompanying
drawing. signal. 3. An automatic noise limiter circuit as        For the
Applicants: claimed in Claim 2 wherein the rectifier is  F. J. CLEVELAND &
COMPANY, 20 comprised of a semiconductor diode having        Chartered
Patent Agents, its anode coupled to the low pass filter         Lincoln's
Inn Chambers, output and its cathode coupled to the high  filter means
includes a means for passing pass filter output. and wherein the anode
40-43 Chancery Lane, of the diode couples to the noise limiter
London WC2 1JQ. Printed for Her  Majesty's Stationery Office by The
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