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This invention relates to frequency modulation trans-
mission systems and more particularly to circuits used
in such systems for limiting the amplitude modulated
components fortuitously impressed upon -the frequency
modulated signal.

In a frequency modulation transmission system, any
amplitude modulation present in the signal constitutes
undesirable noise. A theoretically ideal limiter circuit
incorporated in such a system would completely eliminate
all amplitude modulation in the signal. In the past, this
objective has only been partially realized. That is, lim-
iter circuits have been developed which reduce the am-
plitude of each carrier cycle to a constant value, thereby
reducing the amplitude modulation. This, however, does
not mean that amplitude modulation has been totally
climinated from the signal.  Fourier analysis of such a
“clipped” envelope indicates the presence of amplitude
modulation within the envelope.

This phenomenon is readily understandable. - For ex-
ample, consider that portion of a half cycle of the F.-M.
carrier signal sloping from the abscissa to the positive
boundary of the “clipped” envelope. An A.-M. noise sig-
nal impressed at this point may produce a concave or
convex irregularity in the curve depending upon whether
the noise signal is in its positive or negative excursion at
that point. This irregularity may occur anywhere along
the sloping curve depending upon the nature of the A.-M.
noise signal, i. e., anywhere between the abscissa and the
boundary of the “clipped” envelope.' Therefore, although
further reduction of the amplitude of each carrier cycle
will reduce the amplitude modulation to a still lower
level, theoretically perfect limiting cannot be achieved by
this process without infinite loss, corresponding to zero
output from the limiter.

The consequences of the failure to eliminate all am-
plitude modulation components are felt in the discrimi-
nator stage which usually follows the limiter circuit in
F.-M. systems. The output of a discriminator stage is
just as readily distorted by A.-M. components within the
“clipped” carrier envelope as it would be if A.-M. com-
ponents existed external thereto.

It is a primary object of the invention, therefore, to
provide limiting action which eliminates all A.-M. com-
ponents present in an F.-M. carrier signal.

It is an additional object of the invention to provide
an improved limiting action in a limiter circuit wherein
the amplitude of the F.-M. carrier signal is not appre-
ciably attenuated. L

In accordance with the present invention the ampli-
tude modulated, or noise, signal is made totally self-de-
structive by balancing a portion of it against itself. A
portion of the A.-M. signal may be isolated and directed
in phase opposition to the remaining portion of the
A.-M. signal. By properly proportioning the amplitudes
of the two components, in accordance with the invention,
the A.-M. signal completely balances itself out.  This is
achieved in a limiting circuit in the following way. From
the A,-M, modulated side-bands a portion of the A.-M.
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signal is demodulated to a baseband frequency and is
caused to pass through a pure resistance which partially
determines the amplitude of the demodulated or base-
band A.-M. signal. The remaining undisturbed portion
of the side-bands is caused to pass through a second pure
resistance of a different value than the first. 'This second
resistance partially determines the amplitude of the un-
disturbed side-bands. By an appropriate arrangement of
high and low-pass filters, the undisturbed side-bands are
not affected by the first resistance, while the baseband
signal is unaffected by the second resistance. The de-
modulated baseband signal is then reimpressed upon the
carrier so that a new remodulated side-band is created
in phase opposition to the undisturbed side-band passing
through the second resistance. By appropriately select-
ing.the values of the two resistors in accordance with the
invention, the amplitudes of the remodulated and undis-
turbed side-bands may be made equal. Since these side-
bands are in phase opposition they will effectively cancel
each other and all amplitude modulation is thereby elimi-
nated.

These and other objects and features of the present in-
vention, the nature of the invention and its advantages,
will appear more fully upon consideration of the illus-
trative embodiment shown in the accompanying drawing
and the following detailed description.

The drawing is a combined electrical schematic and
block diagram representation of a limiter circuit present-
ed as an example, in accordance with the invention,
purely for the purpose of illustration. The limiter cir-
cuit comprises two meshes. The first mesh is excited by
an input signal; the second mesh excites an output load
10.  The input signal exciting mesh 1 comprises a fre-
quency modulated carrier -signal upon which has been
impressed an amplitude modulated noise signal. For
the purposes of this discussion, and for reasons herein-
after to be explained, the input signal may appropriately
be considered a carrier plus two side-bands caused by
the amplitude modulated noise signal. Output load 19
may be, for example, a second limiter stage, a discrimi-
nator, or an amplifier depending upon the requirements
of the particular system in which the limiter is used.
Each of the meshes contains a non-linear impedance,
which may, for example, be vacuum tube diodes or semi-
conductor diodes 11 and 12 as depicted in the drawing.
Diodes 11 and 12 are disposed so that their like elec-
trodes are connected, i. e., the easy direction of condnc-
tivity of the diodes are in series opposition. The two
meshes have a common branch disposed between diodes
11 and 12 and comprising two resistors 13 and 14. The
magnitudes of resistors 13 and 14 fulfill an important
function in the operation of the limiter, and will herein-
after be discussed at greater length. Resistors 13 and 14
are disposed in-a series relationship. Shunting resistor
13 is a low-pass filter 15, which may be simply an in-
ductive coil while a high-pass filter 16, which may be
simply a capacitor, shunts resistor 14. As a consequence,

‘high frequency energy, such as the carrier and its side-

bands, will pass through resistor 13 but will not pass
through resistor 14 which is shunted by the high-pass fil-
ter. Baseband signals (signals having a frequency equal
to the difference between the carrier and its side-bands)
on the other hand, will pass through resistor 14 but not
through resistor 13 by virtue of the low-pass filter shunt-
ing resistor 13. It may be seen therefore that meshes
1 and 2 are coupled at baseband frequencies by virtue of
the mutual resistor 14 while at carrier and side-band fre-
quencies the meshes are coupled by virtue of the mutual
resistor 13. . A means for biasing diodes 11 and 12 is in-
cluded in this branch in series with resistors 13 and 14.
In the drawing this takes the form of battery 19. It
may be noted that high-pass filter 16 is not only in a
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shunt relationship with resistor 14 but also with battery
19. Therefore, carrier energy need not pass through bat-
tery 19 and, as a consequence, the attenuation inherent
in this process is avoided. The input signal is suitably
coupled to mesh 1 through transformer 17 while output
load 1@ is coupled to mesh 2 by transformer 18. Di-
rect or resistance-capacitive coupling may alternatively
be employed if preferred. :

Consider now the operation of the embodiment of the
invention depicted in the drawing. With the application
of an input signal the carrier and the side-band currents
in mesh 1 will flow through diode 11 and resistor 13.
In mesh 2 they will flow through diode 12 and the same
resistor 13. It may be noted that the carrier and side-
band currents of mesh 2 excite the output load through
transformer 18. It will be clear to those skilled in the
art that the amplitudes of the side-band currents of mesh
2 are partially determined by the value of resistor 13.
As the amplitude level of the input signal is increased
above the biasing level afforded diodes 11 and 12 by bat-
tery 19, the diodes begin to switch to their back resist-
ances for respectively different portions of the signal cy-
cle. When this occurs the A.-M. noise signal is effec-
tively demodulated across diodes 11 and 12. As a re-
sult, a baseband current, whose frequency is equal to the
difference between the frequencies of the side-bands and
the carrier, flows through resistor 14, but not through
resistor 13 because of the low-pass filter shunting re-
sistor 13. It is apparent, therefore, that the amplitude
of the baseband current is partially determined by the
value of resistor 14. The voltage drop across resistor 14
due to the baseband current flowing therethrough, may be
considered a new or secondary input signal applied to
diodes 11 and 12. This signal actually constitutes a por-
tion of the energy of the A.-M. noise signal which pre-
viously was carried by the side-bands. This secondary
input signal then beats with the carrier across diodes 11
and 12 producing a new pair of remodulated side-bands.
Because diodes 11 and 12 are poled in series opposition
as previously described, the remodulated side-bands in
mesh 2 are in phase opposition to the undisturbed por-
tions of the side-bands flowing in the same mesh.

As previously indicated, the amplitudes of the remodu-
Jated side-bands and the undisturbed side-bands depend
partially upon resistors 14 and 13, respectively. The
values of resistors 14 and 13, are chosen, in a manner
hereinafter to be described, so that the amplitudes of the
remedulated and undisturbed side-bands are equal. ‘With
equal amplitudes and an opposing phase relationship in

the remodulated and undisturbed side-bands, the net side- ;

band current in mesh 2, and therefore in output load 16,
is zero. Since these side-bands are the vehicles for the
A.-M. noise signal, the noise signal is completely elimi-
nated and only the frequency modulated carrier excites

the output load. This corresponds to perfect A.-M. lim- 3

iting.

An expression for the side-band currents flowing in
mesh 2 may be obtained by mesh analysis of the limiter
circuit. This expression contains two parameters, R,
and Ry, independent of each other, which represent the
values of resistors 13 and 14, respectively. Since perfect
limiting occurs when the side-bands in mesh 2 are elimi-
nated, it may be seen that the limiting action is a func-
tion of the resistor variables, i. e., by selecting values for
resistors 13 and 14 the expression representing the side-
band currents in mesh 2 may be made equal to zero.
Since meshes 1 and 2 each contain non-linear resistive
elements by virtue of diodes 11 and 12, respectively, cer-
tain assumptions must be made before a mesh analysis
is possible. It is known in the art that any non-linear
resistance may be represented by a Fourier. series, the
coefficients  of which have the dimensions of resistance.
However, this is true only for a low-index modulation
system, i.-e., only if the carrier is large compared with
the amplitude of the A.-M. noise signal impressed- on
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the carrier. Yt may be pointed out at this time that the
side-bands representing the information bearing F.-M.
signal, due to their phase relationships relative to the
carrier, do not demodulate and remodulate as do the
A.-M. side-bands. Therefore, the F.-M. side-bands have
no part in this analysis. They pass through the circuit
suffering the same loss as the carrier. With this explana-
tion and the restriction that the A.-M. modulation index
is low, the limiter circuit can be solved by the usual
linear circuit techniques. Specifically, mesh equations
are obtained including the Fourier representation of di-
odes 11 and 12. Then, mesh equations are grouped for
each mesh at each frequency, i. e., the carrier, baseband,
direct-current, and A.-M. side-band frequencies. The
mesh equations for the side-bands in mesh 2 may then
be solved. The solution for the side-bands, straightfor-
wardly obtained, is represented by the following equation:

D 5,=kp(RdGot R0 (But R —RA-"PR,)
D

In this expression ry and R, are the direct-current co-
efficients of the Fourier series respectively representing
diodes 11 and 12; r; and R, are the carrier frequency
coefficients of the Fourier series representation, respec-
tively, of diodes 11 and 12; Ry, and R, are the parameters
representing the values of resistors 14 and 13, respec-
tively; E is the amplitude of the input signal and % is the
index of modulation. D, which is the denominator of
Equation 1, is an involved expression, the details of which
are not necessary for the purpose of this discussion since
we are interested in the entire equation being equal to
zero. This occurs when the numerator is equal to zero.
Although the numerator of Equation 1 is not a simple
expression, it does define the relationship of Ry, and R,
and consequently the requirements for perfect limiting.
More simply, from Equation 1, it is seen that perfect
limiting occurs if, and only if, the following equation
holds:
1)

(2) 0=RJ(ro-+Rp) (Ro}Ry) — Rl — 3

Equation 2 may be satisfied by values of R, and R,
wherein Rp=4R, and also wherein Rp=R,. However,
certain advantages accrue stemming directly from Equa-
tion 2, when the preferred relationship, Ry54R,, is used.
Thus, if poor and inexpensive diodes are used, that is
diodes having a small ratio of back to forward resistance,
less loss is involved in the limiter circuit when the pre-
ferred relationship is used. In addition, it is well known
that the back to forward resistance ratio in diodes tends
to decrease with an increase in frequency. Therefore, at
high frequency the preferred relationship permits less loss
in the circuit while maintaining perfect limiting action.

As indicated above, the efficiency of the limiter circuit
is dependent upon the input signal being one having a
low index of modulation. In one of several successful
reductions to practice, with Ry%R,, an input signal hav-
ing a 20 percent modulation index provided 45 db of
amplitude modulation suppression at ‘a one megacycle
carrier frequency with only a 7 db loss in the carrier sig-
nal. Although it is the case that the efficiency of opera-
tion of the limiter is a function of the index of modulation
of the input signal, signals having high indices of modu-
lation may also be efficiently and satisfactorily limited
in a manner well known in the art. This can be achieved
by cascading two or more of the limiters depicted in the
drawing; the number of limiting stages employed increas-
ing with the index of modulation and the efficiency de-
sired. From the above discussion the efficiency and ver-
satility of a limiter circuit in accordance with the inven-
tion is therefore apparent.

Although a single limiter circuit is disclosed in.the
drawing, various equivalent and dual circuits thereof may
be mechanically developed by employing the standard

By
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transformation techniques and equations well known to
those skilled in the art. Furthermore, it is to be under-
stood that the above-described arrangement is merely illus-
trative of the application of the principles of the inven-
tion. Numerous other arrangements may be devised by
those skilled in the art without departing from the spmt
and scope of the invention.

‘What is claimed is:

1. In a frequency modulanon transmission system ca-
pable of propagating a frequency modulated carrier sig-
nal upon which has been impressed an amplitude modu-
lated noise signal, an amplitude modulation limiter cir-
cuit comprising two diodes disposed with their like elec-
trodes connected, means for biasing said diodes, whereby
at all signal levels greater than the biasing level afforded
the diodes said diodes each demodulate a portion of the
A.-M. noise signal from the F.-M. carrier at respectively
different halves of the signal cycle, said demodulated por-
tion of the A.-M. signal constituting a new and distinct
baseband signal whose frequency is equal to the differ-
ence between the carrier frequency and that of the am-
plitude modulated side-bands, two resistors in a series
relationship disposed across said limiter circuit between
said two diodes, a low-pass filter shunting the first of said
two resistors, a high-pass filter shunting the second of
said two resistors, whereby said demodulated baseband
signal current flows through said second resistor but not
through said first resistor while said carrier signal and
side-band currents flow through said first resistor but not
through said second resistor, said first resistor having a
value of resistance different from that of said second
resistor.

2. In a frequency modnlation transmission system
capable of propagating a frequency modulated carrier sig-
nal upon which has been impressed an amplitude modu-
lated noise signal, an amplitude modulation limiter cir-
cuit comprising an input circuit, an output circuit includ-
ing a utilizing means, means in each of said input and
output circuits for demodulating a portion of said A.-M.
signal to baseband frequencies, means for electrically
biasing each of said demodulating means, a first means
including a first resistive portion for electrically coupling
said input and output circuits at said carrier and its
A.-M. side-band frequencies, a second means including a
second resistive portion for electrically coupling said input
and output circuits at said baseband frequencies, said first
resistive portion having a different value of resistance than
said second resistive portion.

3. A combination as recited in claim 2, wherein said
first coupling means comprises a low-pass filter in parallel
to said first resistive portion, said second coupling means
comprises a high-pass filter in parallel to said second re-
sistive portion, said first and second resistive portions
being in a series relationship one to another, whereby
said carrier and A.-M. side-band frequencies pass through
said first resistive portion but not through said second
resistive portion and said baseband frequencies pass
through said second resistive portion but not said first
resistive portion.

4. A combination as recited in claim 2, wherein said
first coupling means comprises a high-pass filter in series
to said first resistive portion, said second coupling means
comprises a low-pass filter in series to said second re-
sistive portion, said first and second resistive portion being
in a series relationship one to another, whereby said
carrier and A.-M. side-band frequencies pass through said
first resistive portion but not through said second re-
sistive portion and said baseband frequencies pass through
said second resistive portion but not said first resistive por-
tion.

5. An amplitude modulation limiter circuit com-
prising two non-linear impedances disposed with their like
electrodes connected, a first and a second resistor dis-
posed in a series relationship to each other across said
limiter cireuit between said diodes, means for by-passing
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said first resistor at low frequencies and means for by-
passing said second resistor at high frequencies, said
resistors having values satisfying the equation

Och[(7‘0+Rb) (RH—Rb) .;sz]_TIR1 R,

wherein Ry, and R, are the parameters representing the
values of the second and first resistors respectively.

6. In a frequency modulation transmission system, an
amplitude modulation- limiter circuit comprising first
and ‘second meshes, means; for coupling an input signal
to said first mesh, said input signal comprising a fre-
quency modulated carrier signal upon which is impressed
an amplitude modulated noise signal, a utilizing means,
means for coupling said second mesh to said utilizing
means, said first and second meshes each including a non-
linear impedance, said non-linear impedances disposed
with their like electrodes connected, means for biasing
said non-linear impedances included in a branch common
to said first and second meshes, first and second resistors
also included in said common branch, means for shunt-
ing said first resistor at frequencies less than said carrier
and its side-bands and means for shunting said second
resistor at frequencies in the band of said carrier and its
side-bands, whereby said first mesh is coupled to said
second mesh by said first resistor at said higher frequen-
cies and by said second resistor at said lower frequencies.

7. In a frequency modulation transmission system, an
amplitude modulation limiter comprising input and out-
put circuits, a non-linear impedance located within each
of said circuits, said non-linear impedances disposed
with their like electrodes connected, means for producing
a biasing current in each of said non-linear impedances
in their forward direction, said input and output circuits
having a common resistive element, a low-pass filter
shunting a portion of said common resistive element,
and a high-pass filter shunting a different portion of said
common resistive element, whereby said common resis-

‘tive element couples said input and said output circuits

at different frequencies.

8. A combination as recited in claim 7, wherein said
non-linear impedances comprise semi-conductor diodes.

9. A combination as recited in claim 7 above, wherein
said high-pass filter comprises a capacitor and said low-.
pass filter comprises an inductive coil.

10. In a frequency modulation transmission system,
an amplitnde modulation limiter comprising an input cir-
cuit and an output circuit including a utilizing means, a
non-linear impedance located in each of said circuits
disposed with their like electrodes connected, means for
biasing each of said diodes relative to a common refer-
ence point, a resistive element common to said input and
output circuits, at least one reactive element defining a
long-time constant shunting a first portion of said resis-
tive element, and at least one reactive element defining
a short-time constant shunting a second portion of said
resistive element.

11. A combination as recited in claim 10, wherein
said first portion of said resistive element and said second
portion of said resistive element have values satisfying
the equation

0=RJ[(ro+ Rs) (Ro+R:) _sz]_rleRb

wherein Ry, and R, are parameters representing the values
of the second and first resistive portions respectively.
12. In a frequency modulation transmission system
capable of propagating a frequency modulated carrier
signal wpon which has been impressed an amplitude
modulated noise signal, an amplitude modulation limiter
circuit comprising an input circuit, an output circuit in-
cluding a utilizing means, means in each of said input
and output circuits for demodulating a portion of said
A.-M. signal to baseband frequencies, means for elec-
trically biasing each of said demodulating means, a first
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{
means including a first resistive portion for electrically
coupling said input and output circuits at said carrier
and its A.-M. side-band frequencies, a second means in-
cluding a second resistive portion for electrically cou-
pling said input and output circuits at said baseband
frequencies, said first and second resistive portions hav-
ing values satisfying the equation
g TR
0=Ra[(To+Rb)(Ro+Rb)—Rb“]——z“Rb

wherein Ry, and R, are parameters representing the values
of said second and first resistive portions respectively.

10
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13. A combination as recited in claim 12 wherein R,
has a value different from that of R.
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