
PATENT SPECIFICATION                                    DRAWINGS ATTACHED
COMPLETE SPECIFICATION                     Angle-Modulated Wave
Demodulating Circuits       We, RADIO CORPORATION OF AMERICA, a  to be
demodulated are required for this     Corporation organized under the laws
of  type of operation. The values of the resistors     the State of
Delaware, United States of  and capacitors needed to obtain such time  45
America, of 30, Rockefeller Plaza, City and  constants in these load
networks would be too 5 State of New York, United States of America, large
for economical incorporation on  the     do hereby declare the invention,
for which  integrated circuit chip.     we pray that a patent may be
granted to us,    It is an object of the present invention,     and the
method by which it is to be performed,  therefore to provide a frequency
modulated  50     to be particularly described in and by the  detector
circuit which may be fabricated 10  following statement:-
using integrated circuit techniques.       This invention relates to angle
modulated    As will become clear hereinafter such fab-     wave
demodulating circuits.  More particu-  rication is made possible by
constructing the     larly, it relates to  frequency modulation  circuit so
that only a relatively small amount 55     detector circuits which may be
fabricated us-  of capacitance is then required to filter the 15  ing
integrated circuit techniques.           frequency modulated signal. This
eliminates       As used herein, the term "integrated cir-  the necessity
for the large capacitors -con-     cuit" refers to a unitary or monolithic
semi-  ventionally used to obtain peak rectification.     conductor device
or chip which is the equiva-  In the circuits disclosed the filtering
capaci-  60     lent of a network of interconnected active  tance for the
signal frequency and its har- 20  and passive circuit elements. At the
present  monics is provided by solely the distributed     state of the art
there is no satisfactory way  capacitance of resistors which may be inte-
of providing an inductor on an integrated  grated resistors.     circuit.
In addition, capacitors require a large    In accordance with the invention
an angle  65     area of the integrated circuit chip even to  modulated
wave demodulating system is dis- 25  provide a very small capacitance; and
due  cussed which includes a frequency discrimina-     to limitations of
present fabrication techniques,  tor transformer with a secondary winding a
capacitors may represent a potential source of  pair of rectifiers coupled
to said winding, load     trouble due to the incidence of shorting of the
resistance coupled to said rectifiers to form a  70     capacitor plates.
series connected circuit therewith and  with 30    In considering the
application of integrated  at least a portion of said secondary winding,
circuit techniques to frequency discriminator  and characterized in that
the load network     circuits, it is apparent that the tuned phase-  for
said rectifier comprises said load resis-     shift discriminator
transformer will not be  tance and principally the distributed capacity  75
incorporated on the integrated circuit chip.  across said resistance. 35
In addition, the remainder of known dis-    In accordance with an
embodiment of the     criminator circuits are not readily susceptible
invention an integrated form  of frequency     to fabrication using
integrated circuit tech-  modulation detector or discriminator circuit
niques. The reason for this is that known  is described which includes a
tuned phase-  80     discriminator circuits employ peak rectifi-  shift
discriminator transformer which is ex- 40  cation of applied signal
voltages, and dis-  ternal to the integrated circuit chip. The dis-
criminator load networks having time con-  criminator transformer is
connected to drive a     stants greater than the period of the wave  first
pair of rectifier devices formed on the         2
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integrated circuit chip. A pair of integrated nected to a positive terminal
of an operating     load resistors also on the integrated circuit potential
supply source, not shown.     chip are coupled to the pair of rectifier de-
The collector electrode of the transistor 28     vices to form  a series
circuit therewith and  is connected through a contact area 32 to  5  with
the  secondary  winding  of the  dis-  the primary winding 34 of a tuned
phase-shift  70     criminator transforme.  The load resistors
discriminator transformer 36.. The secon-     and solely their distributed
capacitance com-  dary winding 38 of the discriminator trans-     prise the
load network for the detector circuit,  former 36 is connected between a
pair of     with the distributed capacitance providing  contact areas 48
and 42, and a tertiary wind- 10  filtering of the frequency modulated
signal  ing 44 is connected between a centertap on  75      applied to the
primary winding of the trans-  the secondary winding 38 and an operating
former and of its harmonics. The time con-  potential supply terminal 46.
stant of the load network is relatively short,    The secondary winding 38
of the discrimi-      and may be, for example, of the order of the  nator
transformer is connected to drive a 15  period of the modulated carrier
wave applied  pair of  oppositely poled rectifier devices 50  80      to
the discriminator transformer.             and 52. A pair of load resistors
54 and 56 are        The sole figure is a schematic circut dia-  connected
in series between the anode of      gram of an angle modulated wave
processing. the rectifier 50 and the cathode of the recti-      channel
embodying the invention.              fier 52 to form  a series circuit
therewith 20    The integrated circuit of the invention will  and with the
secondary winding 38 of the  85      be described in the context of a
television  transformer 36.  The discriminator circuit      receiver.  It
is to be undrstood, however,,  demodulates  applied  frequency  modulated
that the fundamental concepts to be described  signals, with the
demodulated signals appear-      are more generally applicable. For
example,  ing at the junction of the resistors 54 and 56. 25  the circuit
may be used in broadcast or com-  The demodulated signals are applied to,
and 90      munication receivers.                         provide the base
current drive for a transistor        The schematic circuit diagram  of
Figure  58 which has equal valued emitter and col-      1 shows an example
of specific circuitry em-  lector resistors 60 and 62 respectively. The
bodying the invention. The dashed rectangle  transistor 58 is connected as
an audio fre- 30  10 schematically illustrates a monolithic semi-  quency
amplifier, and push-pull output sig-  95      conductor circuit chip. The
chip has a plura-  nals  may be derived at the  contact areas 64      lity
of contact areas about the periphery there-  and 66. If desired,
single-ended audio signals      of through which connections to the circuit
on  may be derived at one or the other of the con-      the chip may be
made.  For example, the  tact areas 64 and 66. 35  chip 10 has a pair of
contact areas 12 and 14   Before describing the operation of the FM   100
which are coupled to a source of FM  waves.  demodulator circuit, it will
be noted  that      The  contact area 14 provides a common or  the
operating potential supply provides two      ground potential contact area
which is con- different voltages for application to the con-      nected to
the various circuit-ground  con-  tact areas 30 and 76. As indicated in the
40  nections shown on the chip. As to physical  Figure, these voltages are
plus 7 volts and plus  105      dimensions, the chip 10 may be of the order
of  2 volts, respectively, each being measured      50 mils X 50 mils, or
smaller.                with respect to ground. In addition, a refer-
FM  signals from a suitable source, such as  ence potential point for the
operation poten-      a video detector or video amplifier of a tele-  tial
supply is connected to the grounded con- 45  vision receiver, are applied
to a terminal 16  tact area 14. It is to be understood that a  110      and
coupled through a capacitor 18 to a  single operating potential supply
contact area      resonant circuit 20 which is tuned to the  and a ground
contact area may be connected      4.5 Mcs intercarrier beat between the
video  to the chip, and the various voltages may be      and sound carriers
of a television signal. The  derived from  a suitable tapped resistive or
50  resonant circuit 20 and the coupling capacitor  rectifier voltage
divider formed on the chip. 115      18 in the present example are external
to    In the operation of the circuit, amplitude      the chip, but are
coupled thereto through the limited frequency modulated waves are applied
contact areas 12 and 14.                      between the base electrode of
the transistor 26        The contact areas 12 and 14 are coupled to  and
ground.  The emitter coupled amplifier 55  a limiter amplifier 22 which is
of a design sus-  24 provides further limiting of the wave so  120
ceptible to integrated circuit fabrication pro-  that the output current in
the collector circuit     cesses.  The limiter amplifier stage 22 is  of
the transistor 28 is essentially a square     connected to drive an emitter
coupled ampli-  wave or a limited wave of substantially con-
fier-limiter stage 24 including a pair of tran- stant amplitude. The
limited wave is applied 60  sistors 26 and 28. The emitter electrodes of
through the tuned primary and secondary  125     the transistors 26 and 28
are connected in  windings of the discriminator transformer 36     common
through a resistor 29 to ground.  to the rectifiers 50 and 52. The load
circuit     The collector electrode of the transistor 26  for these two
rectifiers comprises the resistors     is connected to an operating
potential supply  54 and 56 and the distributed capacity of the 65  contact
area 30 which is adapted to be con-  load resistors 54 and 56 of the chip
and capa- 130         



1,124,276                                       3   city between the
closely spaced leads of the  Under these conditions the circuit has the
chip. Accordingly, the distributed capacity of  advantage that the
demodulated output E[err]     the load resistors 54 and 56 of the chip and
is independent of the amplitude of the secon-     the capacity between the
closely spaced leads  dary voltage. 5  of the chip function as the required
small    Where the secondary voltage is not large  55     filter capacity.
enough to overcome the rectifier "contact"       By returning the tertiary,
winding 44 of  potential, the switching angle is reduced and     the
discriminator transformer 36 to a positive   sin [err]     voltage, for
example, plus 2 volts with res-  -    increases.  Thus, the demodulated 10
pect to ground at terminal 46, the input elec-    [err]     trodes of the
rectifiers 50 and 52 are also  output also increases, as shown in the
follow-     raised to this voltage.  When a signal is  ing table:
60     applied, this voltage causes current to flow     through the load
resistors 54 and 56 so that                               Sin [err] 15 the
same plus 2 volts appears at the junction  Switching     of resistors 54
and 56 at the center signal    Angle       [err]              err]
frequency.  Thus, bias voltage is provided     through the discriminator
network for the    180[err]         -               0.64     output
amplifier transistor 58 in a balanced                  2 20  fashion.
In the circuit shown, average detection is  90             -
0.90     employed with a substantially resistive load.                 4
Filtering of the signal frequency and of its                [err]
harmonics is provided by the distributed capa-  45[err]           -
0.98 25  citances of the load resistors 54 and 56, and                  8
this filtering is further augmented by the     0[err]          0
1.0     65     capacitances between the leads of the chip.       The
detection can be analyzed in terms of    The effective sensitivity of the
average or     a switching action, wherein the junction of  sampling
detector described above is increased 30 the resistors 54 and 56 is
periodically con-  over that of the conventional peak detector     nected
to the tertiary signal voltage at the  variety by virtue of its reduced
loading. For     centertap of the transformer secondary wind-  an average
rectifier type of detector operating  70     ing 38.
into a load R, the equivalent loading reflected       If E[err]=peak value
of the tertiary voltage;  to the driving source is determined as fol- 35
2[err]=angle during which the rectifiers 50  lows:             and 52 are
conducting; and          [err]=phase shift with frequency deviation    1
E[err]    E[err]             from the center frequency (resonant
where E=rms input signal             frequency of the tuned circuit of    2
R    (2R) 40          winding 38)
[err]             75     Then the demodulated output voltage E[err] is
given by                                   In the case of a peak rectifier
type of detector                                                working
into a load R shunted with a capa-               [err]              [err]
80                                                 Accordingly, the loading
on the discriminator                transformer driving source in an
average 45          [err]                     detector is reduced below
that of a conven-                                                tional
peak detector by a factor of 4 to 1.
This reduced loading is an important ad-  85       If the secondary voltage
is large enough  vantage because it can be used to make the     with
respect to the rectifier "contact" poten-  discriminator slope sensitivity
and the peak-     tial to switch over 180 degrees,           to-peak
separation substantially independent
of variations in the integrated load resistors.               [err]
The latter tend to vary as much as 20%   90           in resistance value
because of variations in               2                                the
present process of making the diffused               2
resistors used in monolithic integrated circuits. 50
In the average detector of the figure, however,-               [err]
the loading reflected by the diffused resistors  95         



is reduced to such a low level that it plays a  junction of the two load
resistors 54 and 56.       negligile role in determiningtde-discriminator
Because of the series nature of the circuit,       characteristics. Thus,
linearity and peak-to-  these two positions can be interchanged so
peak separation can be maintained over the  that the bias voltage is
applied at the junc-  65   5 fall range of resistance values. The decreased
tion of the two load resistors and the de-       loading, in addition,
makes possible higher  modulated output is taken off at a point on
efficiency, reduced power consumption, and  the tertiary winding 44.
greater immunity to impulse noise.              Although the circuit  shown
shows trans-         Desirable operating  characteristics  have  former 36
as having a separate tertiary wind-  70   10  been obtained in the chip
circuit of the figure  ing 44, it will be readily apparent to one
with the distributed capacity of the load  skilled in the art that this
winding can be       resistors 54 and 56 and the capacity between
eliminated by connecting the "hot" side of       the leads of the chip.
The 0.1p second  the  primary winding 34, or a tap thereon,       time
constant formed with the 10K resistors  directly to the centertap on the
secondary  75   15  54 and 56 is less than the 2p second period  winding
38.  The positive voltage for the       of the applied signal. For a 4.5
Mc/s FM   discriminator network is then obtained directly       wave, the
0.1p second time constant is of the  from the winding 34.       order of
the 0.2p second signal. In the figure,       this includes the input
capacitance of the audio    WHAT WE CLAIM  IS:-   20  amplifier transistor
58.                         1. An angle modulated wave demodulating  80
This use of relatively-short time constant  system having a frequency
discriminator trans-       discriminator load network provides several
former with a secondary winding, a pair of       important advantages as
applied to integrated  rectifiers coupled to said winding, load resis-
circuits. First, the very small value of capa-  tance coupled -to sad
rectifiers to form a series   25  citance required (as compared with prior
art  connected circuit therewith and with at least  85       discriminator
circuits) reduces or eliminates  a portion of said secondary winding, and
the amount of area required for capacitors  characterized in that the load
network for       on the integrated circuit chip and makes it  said
rectifier comprises said load resistance       practical to integrate the
discriminator load  and principally the distributed capacity across   30
network. Second, the reduction in reflected  said resistance.
90       loading makes it possible to obtain a uniformly    An angle
modulated wave demodulating       linear discriminator characteristic of
desired  system according to claim 1, characterized in       peak-to-peak
separation despite large produc- that said pair of rectifiers and said load
resis-       tion variations in the values of the diffused  tance are
disposed in an integrated circuit.   35  load resistors.  Third, the large
pulses of 3. An angle modulated wave demodulating  95       current
characteristic of peak rectifier dis-  system according to claim 1,
characterized in       criminator circuits can be eliminated and the  that
the time constaht of said load resistance       harmonic radio-frequency-
interference which  and distributed capacity is substanally  no       they
would otherwise cause in  television  and  greater than  the period of an
applied angle   40 communications receivers can be suppressed.  modulated
wire.                                 100         The  discriminator
rectifiers 50 and  52    4. An integrated circuit  useful in  a dis-
should be fabricated in-a manner to provide a  criminator circuit
comprising a load resis-       relatively small junction area to prevent
un-  tance in series with a  pair of rectifiers, said       balance of the
discriminator. There is more  circuit also having contacts for series
connec-   45  capacitance from the cathodes of the various  tion to a
discriminator transformer, the load  105       rectifiers to the integrated
circuit chip sub-  resistance  and  principally its distributive
strate than from  their anodes.  Acordingly,  capacitance comprising the
load network for       there is effectively more capacitance-to-ground  the
discriminator circuit.       from the cathode of the rectifier:52 than from
5. An angle modiulated wave demodulating   50  the anode of the rectifier
50. This inequality  system  substantially as described and illus-  110
may be overcome by making the relative sizes  trated in the accompanying
specification and       of the junctions of the iectifiers such that the
drawings.       total mean capacitances from the anode of the   6. An
integrated circuit useful in a dis-       rectifier 50 to ground, and from
the cathode of  criminator circut substantially as described   55  the
rectifier 52 to ground are of the same  and illustrated in the accompanying
specifi- 115       value. The same principle may be used to  cation and
drawings.       balance the load network capacitances of the
For the Applicants:       discriminator circuit.
MATTHEW'S, HADDAN  & CO.,          In the circuit shown the plus 2 volt
bias            Chartered Patent Agents,   60  voltage is applied to the
tertiary winding  44         31-32,  Bedford  Street,       and the
demodulated output is taken off at the         London, W.C. Printed for Her
Majesty's Stationery Office by  the Courier Press, Leamington Spa, 1968.
Published by the Patent Office, 25, Southampton Buildings, London, W.C.2,
from which copies may be obtained.          
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reduced to such a low level that it plays a  junction of the two load
resistors 54 and 56.                negligible role in determining the
discriminator  Because of the series nature of the circuit,
characteristics.  Thus, linearity and peak-to-  these two positions can be
interchanged so                peak separation can be maintained over the
that the bias- voltage is applied at the junc- 65             5  full range
of resistance values. The decreased  tion of the two load resistors and the
de-                loading, in addition, makes possible higher  modulated
output is taken off at a point on                efficiency, reduced power
consumption, and  the tertiary winding 44.                greater immunity
to impulse noise.               Although the circuit shown shows trans-
Desirable  operating  characteristics  have  former 36 as having a separate
tertiary wind- 70            10  been obtained in the chip circuit of the
figure  ing 44, it will be readily apparent to one                 with
the- distributed capacity of the load  skilled in the art that this winding
can be                 resistors 54 and 56 and the capacity between
eliminated by connecting the "hot" side of                 the leads of the
chip.  The 0.1p second  the primary winding 34, or a tap thereon,
time constant formed with the 10K resistors  directly to the centertap on
the secondary  75            15  54 and 56 is less than the 2p second
period  winding 38.  The positive voltage for the                of the
applied signal. For a 4.5 Mc/s FM   discriminator network is then obtained
directly                wave, the 0.1p second time constant is of the  from
the winding 34.                order of the 0.2p second signal. In the
figure,                this includes the input capacitance of the audio
WHAT WE CLAIM  IS: -            20  amplifier transistor 58.
1. An angle modulated wave demodulating 80                   This use of
relatively short time constant  system having a frequency discriminator
trans-                 discriminator load network provides several  former
with a secondary winding, a pair of                 important advantages as
applied to integrated  rectifiers coupled to said winding, load resis-
circuits. First, the very small value of capa-  tance coupled to said
rectifiers to form a series            25  citance required (as compared
with prior art  connected circuit therewith and with at least  85
discriminator circuits) reduces or eliminates  a portion of said secondary
winding, and                 the amount of area required for capacitors
characterized in that the load network for                 on the
integrated circuit chip and makes it  said rectifier comprises said load
resistance                 practical to integrate the discriminator load
and principally the distributed capacity across            30  network.
Second, the reduction in reflected  said resistance.
90                 loading makes it possible to obtain a uniformly    2. An
angle modulated wave demodulating                 linear discriminator
characteristic of desired  system according to claim 1, characterized in
peak-to-peak separation despite large produc-  that said pair of rectifiers
and said load resis-                 tion variations in the values of the
diffused  tance are disposed in an integrated circuit.            35  load
resistors.  Third, the large pulses of    3. An angle modulated wave
demodulating  95                 current characteristic of peak rectifier
dis-  system according to claim 1, characterized in
criminator circuits can be eliminated and the  that the time constant of
said load resistance                 harmonic radio-frequency interference
which  and distributed capacity is substantially no                 they
would otherwise cause in television and  greater than the period of an
applied angle            40  communications receivers can be suppressed.
modulated wire.                                100                   The
discriminator rectifiers 50  and 52    4. An integrated circuit useful in a
dis-                 should be fabricated in a manner to provide a
criminator circuit comprising a load resis-                 relatively
small junction area to prevent un-   tance in series with a pair of
rectifiers, said balance of the discriminator. There is more  circuit also
having contacts for series connec-            45  capacitance from the
cathodes of the various  tion to a discriminator transformer, the load  105
rectifiers to the integrated circuit chip sub-  resistance  and
principally  its  distributive                 strate than from  their
anodes.  Acordingly,  capacitance comprising the load network for
there is effectively more capacitance-to-ground  the discriminator circuit.
from the cathode of the rectifier 52 than from  5. An angle modulated wave
demodulating            50  the anode of the rectifier 50. This inequality
system  substantially as described and illus- 110                 may be
overcome by making the relative sizes  trated in the accompanying
specification and                 of the junctions of the rectifiers such
that the  drawings.                 total mean capacitances from the anode
of the  6. An integrated circuit useful in a dis-                 rectifier
50 to ground; and from the cathode of  criminator circut substantially as
described            55  the rectifier 52 to ground are of the same  and
illustrated in the accompanying specifi- 115                 value. The
same principle may be used to  cation and drawings.                 balance
the load network capacitances of the              For the Applicants:
discriminator circuit.                             MATTHEWS, HADDAN  & CO.,
In the circuit shown, the plus 2 volt bias           Chartered Patent
Agents,            60  voltage is applied to the tertiary winding 44
31-32, Bedford Street,                 and the demodulated output is taken
off at the              London, W.C.2.          Printed for Her Majesty's
Stationery Office by the Courier Press, Leamington Spa, 1968.
Published by the Patent Office, 25, Southampton Buildings, London, W.O.2,
from which copies may be obtained.    


