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(54) MULTIPLEX DECODING SYSTEM (71)   We, RCA  CORPORATION, a  its
sidebands extending, for example, from corporation organized under the Iaws
of the  59 to 75 KHz. This "store-casting" compon- State of Delaware,
United States of America,  ent generally is removed in home receivers  50
of 30 Rockefeller Plaza, City and State of  by tuned filter circuits. 5
New York, 10020, United States of America,    In  order to reproduce the
stereophonic do hereby declare the invention, for which  audio program
material in the home receiver, we pray that a patent may be granted to us,
the 19 KHz pilot signal customarily is sepa- and the method by which it is
to be per-  rated from the remainder of the composite  55 formed, to be
particularly described in and  signal by further tuned filter circuits and
a 10  by the following statement:-              38 KHz carrier wave is
generated in timed This invention relates to multiplex radio  relation with
the 19 KHz pilot signal for receiver systems and, in particular, to a
multi-  recombination with and demodulation of the plex detector or decoder
circuit suited for  suppressed subcarrier difference signal side- 60
fabrication by integrated circuit techniques.  band information. The
generation of the 38 15   In the system presently employed in the  KHz
subcarrier wave and its recombination United States for stereophonic FM
broad-  with the difference signal information custom- casting, a main
carrier wave is frequency  arily entails the use of several inductive com-
modulated by the sum of two stereophonically  ponents   (i.e.,  coils
and/or  transformers).  65 related left (L) and right (R) audio frequency
These  and  other  inductive  components 20  signals, the carrier wave
being adapted for  required in the aforementioned tuned filter compatible
reception by either monophonic  circuits are relatively bulky and costly.
Such or stereophonic FM radio receivers. The main  components add to the
difficulty of manu- carrier wave  is modulated  further with  facturing
receivers since they usually must be  70 stereophonic information in the
form  of a  adjusted, thereby  requiring complex  elec- 25  suppressed
subcarrier wave amplitude modu-  tronic test equipment for the manufacture
lated with the difference of the two stereo-  of the receivers. If a
plurality of inductive phonically related audio signals (L-R), a
components are used, they must be physically continuous pilot signal for
use in demodulat-  located one with respect to the others so as  75 ing the
suppressed subcarrier wave at the  to minimize undesired interaction
between 30  receiver and, in some instances, an additional  their field
patterns. commercial background  music (SCA) fre-    Furthermore, the tuned
bandpass filter cir- quency modulated subcarrier wave.         cuits
normally used for separation of the In a conventional stereophonic FM
receiver,  pilot signal and for reconstruction of the 38  80 a composite
signal is produced at the output  KHz subcarrier difference signal are
rela- 35  of a frequency modulation detector, the com-  tively high Q
circuits and therefore are charac- posite signal comprising the sum  (L+R)
terized by marked phase sensitivity. That is, audio  signal component
usable either  by  a relatively small misalignment or shift in monophonic
or stereophonic FM  receivers  the resonant frequency of the tuned circuit
85 and extending within a frequency range of, causes a relatively large
change in the phase 40  for example, 0 to 15,000 Hertz (Hz), a 19  response
of the filter with respect to signals Kilohertz (KHz) pilot signal and
sidebands  at the nominal tuned frequency (19 KHz or of a suppressed 38 KHz
subcarrier represent-  38 KHz). In the case of a stereophonic FM ative of
the difference (L-R) signal com-  decoder, such a change in phase response
of  90 ponent extending within a frequency range  a filter results in
degradation of the separa- 45  of 23 to 53 KHz. The composite signal also
tion of the left and right stereophonically may include a 67 KHz background
music  related signals (i.e., crosstalk is introduced). (SCA) frequency
modulated subcarrier and  Misalignment of this type is often caused by    2
1,332,515                                         2 changes  in inductive
or capacitive  values  components. Such frequency selection func- caused by
operating temperature variations  tions may be performed by heterodyning a
or component aging.                         particular signal component
with a corre- It is therefore an object of the present  sponding locally
generated carrier signal so 



5  invention to provide decoder apparatus for  as to produce an output
difference-frequency a multiplex broadcast radio receiver, which  signal
referenced to zero  frequency. The apparatus needs relatively few inductive
com-  difference-frequency  signal then  may  be ponents.
filtered by simple R-C  filter circuits. This Relatively low level signals
of the type des-  type of frequency selection advantageously 10  cribed
above which are encountered in stereo-  may be performed with integrated
circuits by  75 phonic FM  decoding circuits advantageously  means of
amplifiers arranged as balanced syn- may be processed utilizing monolithic
inte-  chronous detectors. grated circuit chips (i.e., solid state
structures    In accordance with the present invention wherein a plurality
of active semiconductor  a multiplex signal decoder comprises a con- 15
devices, such as transistors and diodes, and  trollable oscillator
providing timing signals  80 passive circuit components, such as capaci-
from which a frequency scaling means pro- tors and resistors, are
simultaneously con-  duces a reference waveform  having a pre- structed and
interconnected on a common  determined timing relationship (phase) with
substrate of semiconductor material). Such  the oscillator output.
Preferably the oscillator 20  integrated circuit techniques offer size,
weight,  is tuned to to a harmonic of the (19 KHz)  85 reliability and, in
many instances, economic  stereo pilot signal and the frequency scaling
advantages when compared with the conven-  means frequency divides the
oscillator output tional assembly of circuit arrangements using  to a
frequency nominally that of the pilot discrete devices.
signal, the frequency scaling means being 25    In the design of integrated
circuits, as  realisable without using inductors. This refer-  90 compared
to circuits utilizing discrete devices,  ence wave is used in an automatic
frequency different economic considerations apply. For  and phase control
(AFPC) arrangement for example, discrete device circuit design places  the
oscillator by applying it to a  doubly a premium  on a minimum  number of
the  balanced synchronous  detector which  also 30  relatively costly
discrete active devices, but  receives the composite multiplex signal via
95 such devices are not relatively costly in the  a signal coupling means
the bandwidth of integrated circuit domain. In integrated cir-  which
extends over substantially the entire cuitry one desires functions to be
performed  frequency  range of the composite signal; i.e., on the chip,
using as few components as pos-  the complete composite signal is fed to
the 35  sible located outside the chip. The use of  detector, not only the
pilot signal filtered  100 integrated circuits is not so attractive when
from  it. The  detector corresponds to  the coils and/or transformers must
be used with  reference wave and to the composite signal the chip. Not only
are cost, size, weight and  to produce a control signal indicative of phase
reliability factors adversely affected. One or  and frequency errors
between the reference 40  more of the relatively few terminals avail-  wave
and the pilot signal, this control signal 105 able on a typical chip (e.g.,
sixteen terminals)  being applied to the oscillator to control the will be
required for interconnection with  phase and frequency of the timing
signals each inductive device. Furthermore, because  relatively to the
pilot signal. The frequency of the relatively small physical dimensions
scaling means also provides a second refer- 45  of a chip (e.g., of the
order of 0.1 inches  ence wave having the same frequency rela- 110 by 0.1
inches square or less), and the conse-  tionship to the first reference
wave as the quent close spacing of leads for external  pilot signal has to
the (38 KHz) subcarrier devices, it is desirable to minimize the num-
frequency of the suppressed subcarrier com- ber of external leads which are
required to  ponents of the composite signal. This second 50  carry
alternating signal currents and thereby  reference wave is applied to a
second syn- 115 reduce problems associated with unwanted  chronous detector
which also receives the coupling between various sections of the chip.
composite signal and thereby effects detec- In particular, in a
stereophonic FM  decoder  tion of the suppressed subcarrier components.
chip, it is desirable to process the 19 KHz    In particular the second
detector can pro- 55  and 38 KHz signals all within the chip area  duce
first and second outputs representative  120 so as to prevent coupling of
improperly  of oppositely phased audio difference signal phased signals to
the 38  KHz regeneration  components (L-R) and  -(L-R), where circuits
since, as was noted above, phase  these are the suppressed subcarrier
compon- errors in the 38 KHz subcarrier wave result  ents. The oppositely
phased audio difference 60  in crosstalk between the left and right audio
signal components and a separately detected  125 channels.
composite signal including the audio sum It is therefore desirable, when
performing  signal component (L+R) can then be applied frequency selection
(i.e, bandpass) functions  to signal matrixing means for producing sepa-
with an integrated circuit, to utilize active  rated left (L) and right (R)
audio signal com- 65  device  configurations devoid of  inductive  ponents
for reproduction by suitable means. 130    3
1,332,515                                        3 For example, the signals
may be  further  nal is too noisy for acceptable stereophonic  65 amplified
and used to energize loudspeakers.  reproduction. In stereophonic FM
receivers, it is also    In summary, the described embodiment has 



a desirable to provide an indication to the  a single oscillator arranged
to operate at a listener of when stereophonic broadcast frequency which is
an even harmonic of the material is being received. It is customary to
pilot signal, an even harmonic of the stereo  70 provide such an indication
by causing a light  difference subcarrier wave and above the to be
energized when a pilot  signal of suit-  highest signal frequency component
of the able amplitude and duration is present in the  composite signal. A
plurality of (non-conduc- 10  received signal.
tive) frequency divider means are coupled In an embodiment of the
invention, to be  to the oscillator for providing four harmonic-  75 ally
related reference signals to four syn- described, stereo indicator means
are pro- chronous detectors. The synchronous  detec- vided comprising means
coupled to the oscil-  tors are also supplied with the composite sig- lator
for producing a  further 19 KHz wave-  nal and are arranged, respectively,
to main- 15 form in phase quadrature relationship (90[err]  tain the
oscillator in predetermined timed 80 out of phase) with respect to the
reference  relation with the pilot signal component of waveform  supplied
to the AFPS detector.  the composite signal, to provide indications of This
quadrature wave producing means can  the presence of the pilot signal
component, also be devoid of inductors. A third syn-  to detect the
stereophonic difference signal 20  chronous detector circuit is provided
with 'the quadrature 19 KHz waveform  and with  component of   the
composite signal   and   to  85 the composite signal including the received
provide an indication of the presence of above- pilot signal waveform for
producing output  band noise components in the composite sig- nal. The
divider means may include a counter in response to continued presence of
pilot  stage  as  claimed   in  our  Application 25   signal. This output
is coupled to indicator  46007/72 (Serial No. 1332516) divided from   90
means for producing a visual indication of  the present Application.
reception of stereophonic broadcast material.   For a better understanding
of the present It is also well known that in order to pro-  invention,
reference should be made to the duce an acceptable stereophonic audio
signal , following description of the embodiment pre- 30  the
signal-to-noise ratio of a received FM   ferred, and the attached drawing,
in which:  95 broadcast signal must be higher than for    FIGURE 1
illustrates, in block diagram acceptable monophonic listening. It therefore
form, an FM  radio receiver employing an may be preferable from the
listener's view-  FM  stereophonic decoder circuit constructed point to
reproduce received stereophonic sig-  in accordance with the several
aspects of the 35  nals  monophonically under certain reception  present
invention;                      100 conditions.
FIGURE 2 is a schematic circuit diagram In the embodiment, therefore, means
are  of a  bistable counter module including typi- provided for measuring
signal-to-noise ratio  cal logic gating circuits suitable for construc- of
a received composite signal and for auto-  tion in integrated circuit form
for use as a 40  matically switching to  monophonic reception  frequency
divider in connection with the sys- 105 when the signal is too noisy for
acceptable  tem shown in FIGURE 1; stereophonic reproduction. The single
oscil-    FIGURE 3 illustrates, in block diagram lator of the decoder
circuit is arranged to  form, the manner in which a plurality of operate at
a frequency which is an even mul-  counter modules  of the  type shown  in
45  tiple of the received pilot (19 KHz) signal,  FIGURE 2 may be
interconnected to pro- 110 the even multiple being selected so that the
duce the  synchronous detection  switching oscillator frequency is greater
than or above-  waveforms required in the system shown in band with respect
to the frequency of any  FIGURE 1; 50  signal component of the composite
stereo sig-    FIGURE 4 is a series of waveform dia- nal (e.g., at the
sixth or twelfth harmonic  grams representative of switching waveforms 115
of the pilot signal). A fourth synchronous  produced by the apparatus shown
in FIGURE detector circuit is provided with an above-  3; band reference
wave derived from the oscilla-    FIGURE 5 is a schematic circuit diagram
tor output and with the detected composite  of a composite stereo signal
amplifier adapted 55  signal including noise components. A rela-  for
construction in integrated circuit form for 120 tively low frequency output
of the detector  use in connection with the system shown in circuit
representative of noise is compared  FIGURE 1; to a predetermined
acceptable noise threshold.    FIGURE 6 is a  schematic circuit diagram A
stereophonic disabling signal representative  of   a voltage  controlled
oscillator  system 60  of the presence of noise above the threshold
including a balanced AFPC detector adapted  125 is provided to a stereo
indicator  and/or to  for construction in integrated circuit form for
automatic stereo switching apparatus to per-  use in connection with the
system shown in mit switching of the receiver to monophonic  FIGURE 1;
operation when  the processed composite sig-    FIGURE 7 is a schematic
circuit diagram    4                                         1,332,515
4 



of a balanced synchronous stereophonic differ-  for direct application to
various circuit ele- ence signal detector, automatic stereo switch-  ments
within stereo decoder chip 22. Stereo ing means and matrix amplifiers for
produc-  decoder 22 further comprises a voltage con- ing left and right
audio signals adapted for  trolled oscillator 26 arranged to operate at 5
construction in integrated circuit form for use  a frequency of 228 KHz,
an even harmonic in the system shown in FIGURE 1;           of both the 19
KHz pilot signal and the 38 FIGURE' 8 is a schematic circuit diagram   KH
stereo difference signal subcarrier. The of a balanced synchronous
above-band noise  frequency of operation of oscillator 26 is detector and
an associated voltage supply  determined primarily by means of a parallel
10  adapted for construction in integrated circuit  resonant tank circuit
comprising an inductor  75 form  for use  with the  system shown  in  82
and a capacitor 80 located external to FIGURE 1; and
the decoder chip 22 and connected thereto via FIGURE 9 is a schematic
circuit diagram  terminals [err]. The 228  KHz output of a balanced
synchronous pilot signal pre-  waveform produced by oscillator 26 is
shaped, 15  sence detector and an associated stereophonic  as will be
explained below  in connection   80 reception indicator  and switching
system   with FIGURE 6,  to provide a substantially adapted for
construction in integrated form  symmetrical square wave output. The output
for use in  the system shown in FIGURE 1.   of  oscillator 26 is maintained
in predeter- Referring  to FIGURE  1, an FM  radio  mined timed
relationship with respect to the 20  receiver adapted for reception of
monophonic  received 19 KHz pilot waveform  by means  85 or stereophonic
broadcast material is illus-  of an  automatic frequency and phase control
trated in simplified block  diagram form. In  (AFPC) loop. The AFPC loop
comprises fre- FIGURE 1, numerous signal paths are illus-  quency divider
means coupled to the output trated by means of a single line originating
of oscillator 26 for producing a waveform 25  at' one block and, before
termination  at  having a frequency (nominally  19 KHz)  90 another block,
the single line is split into two  which is an integral submultiple
(one-twelfth) lines. It should be understood that this sym-  of the
oscillator output frequency and is in bol indicates coupling of push-pull
signals  predetermined time relationship with respect (ie., two signals
180[err] out of phase but other-  to  the  oscillator output waveform. The
30  wise substantially identical) from the origin-  desired frequency
division and time relation-  95 ating block to the terminating block. The
ship are obtained by means of a first fre- illustrated  radio  receiver
comprises an FM   quency divider 28 coupled to oscillator 26 tuner-detector
20 of conventional form  for  and arranged to divide by two (nominal out-
selectively receiving,  amplifying and detect-  put of 114 KHz), a second
frequency divider 35 ing FM broadcast material. FM  tuner-detec-  30
coupled to divider 28 and arranged to  100 tor,20 produces at an input
terminal [err] of an  divide by three (nominal output of 38 KHz), FM
stereophonic decoder circuit 22 either  a phase selector 32 coupled to
divider 30 an audio frequency sum (L +R) signal in the  and arranged to
provide a predetermined one case of reception of monophonic broadcast  of
opposite phases of the nominal 38 KHz 40  material or, in the case of
reception of stereo-  waveform to a third frequency divider 34. 105 phonic
broadcast material,  a  composite  Frequency divider 34 is arranged to
divide stereophonic signal comprising a sum (L+R)  the output of phase
selector 32 by a  factor signal, a pilot (19 KHz) signal, and a sup-  of
two to produce a nominal 19 KHz output pressed subcarrier difference (L-R)
signal.  waveform  in push-pull fashion to a doubly 45  In either case, FM
background (SCA) music  balanced synchronous AFPC  detector 36. 110 signals
also  may be present at input terminal  AFPC  detector 36 is provided with
the push- [err]                                        pull composite
signal output, including For convenience, the signal supplied to  received
19 KHz pilot signal, provided by terminal [err] will be referred to as a
compo-  composite signal amplifier 24, as well as with 50  site signal in
all cases. In stereo decoder 22,  the output of frequency divider 34. A
differ- 115 all elements included within the dashed out-  ential  direct
voltage representative of the line may be and preferably are constructed
phase difference  between the received pilot in integrated form on a single
semi-conductor  signal and the  nominal 19 KHz waveform substrate.
Terminals [err] are pro-  derived from the output of oscillator 26 is 55
vided on the integrated circuit "chip" for  developed across a filter
capacitor 38 mounted 120 connection to  external components, signal
external to chip 22 and coupled to AFPC sources  or other circuits.
detector 36 by means of terminals [err]  . The detected composite signal
supplied to  The  differential direct voltage  developed terminal [err] of
decoder 22 is coupled to a  across capacitor 38 is coupled to oscillator 60
composite stereo signal amplifier 24 which is  26 in balanced fashion  to
correct the operat- 125 arranged to amplify, in a linear manner, sig-  ing
frequency and phase thereof  Specifically, nals in'the rage  of
approximately 10 Hz to  the AFPC loop maintains the  19 KHz out- 150 KHz so
as to produce first and second  put of divider 34 substantially in a
specific substantially identical but 180[err] out of phase  quadrature
phase relation with respect to the 65  (i.e., push-pull)  amplified
composite signals  received 19 KHz pilot signal.        130    
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5 Frequency divider 30 is arranged to gener-  composite signal amplifier
24, is coupled in ate the required 38 KHz subcarrier waveform   push-pull
fashion to a balanced synchronous for detection of the difference (L-R)
audio  pilot presence detector 60. The output of fre- signal from  the
received sidebands of the  quency divider 58 is also coupled in push- 38
KHz suppressed subcarrier signal. Those  pull fashion to detector 60 such
that differ-  70 sidebands, along with the remainder of the  ential direct
voltage outputs are produced composite signal produced at the output of
across capacitors 62a, 62b  which are coupled, composite signal amplifier
24, are supplied  respectively, from  terminals [err] to in push-pull
fashion to a balanced synchron-  ground. 10  ous  subcarrier detector 40.
The locally gener-    The differential voltage between terminals  75 ated
38 KHz subcarrier signal provided by  [err] is amplified by means
associated divider 30, which is maintained at proper  with detector 60 so
as to produce, at output phase and frequency by operation of the  terminal
[err] a direct voltage referenced to above-described AFPC loop, is coupled
in  ground potential indicative of the presence 15 push-pull fashion from
the output of fre-  of pilot  signal in  the received  program   80 quency
divider 30 to subcarrier detector 40.  material. A stereo indicator 64
typically con- Detector 40 is arranged  as a  "doubly  sisting of an
incandescent lamp and a switch- balanced" synchronous detector, as will be
ing transistor is coupled to terminal [err] and pointed out below, and
therefore produces  provides visual indication of stereo recep- 20
push-pull outputs  including  (L-R)  and  tion.
85 --(L-R), the desired difference audio sig-    Stereo decoder 22 further
comprises means nals. The positive and negative  difference  coupled to
synchronous subcarrier detector audio signals are supplied, respectively,
to  40 for disabling operation of the subcarrier matrix amplifiers 42 and
44 to which the  detection circuits when the prolonged absence 25  sum
(L+R) audio signals, as well as the  of substantial pilot signal indicates
that non-  90 remainder of the composite signal output of  stereophonic
(monophonic) program material amplifier  24, are also supplied.          is
being received or when the signal to noise Matrix amplifiers 44 and 42
produce at  ratio of the received signal is judged too poor their
respective output terminals, [err] and  for satisfactory stereo
reproduction. The dis- 30  [err] uncompensated left (L) and right (R)
abling means comprises a logical OR circuit 95 audio signals. The
uncompensated left and  66 having one input coupled to the terminal right
audio signals are coupled to standard  [err] associated with pilot presence
detector de-emphasis networks 46 and 48 and the  60 and a second input
coupled to a balanced resulting compensated signals are supplied to
synchronous noise detector 68, the function 35  respective audio amplifiers
50 and 52. The  of which will be described below.         100 outputs of
amplifiers 50 and 52 are coupled    With regard to the output  of pilot
presence to loudspeakers 54 and 56, respectively. The  detector 60, OR
circuit 66 provides an output de-emphasis networks 46, 48 further serve to
signal to a stereo disabling or stereo killer remove the ultrasonic
remnants of the bal-  circuit 70 which is coupled in turn to syn- 40  anced
detection process as well as the pilot  chronous subcarrier detector 40 to
disable  105 signal and modulation components of the 38  detector 40 either
in the absence of accept- KHz subcarrier which are present in the com-
able pilot signal or where the detected com- posite signal outputs of
amplifier 24.     posite signal does not have adequate signal- Means  are
also provided within  stereo  to-noise ratio  for acceptable  stereophonic
45  decoder 22 for producing an indication of the  reproduction. When
subcarrier detector 40 is 110 presence, in the signals received by FM
tuner-  disabled, monophonic  (L+R) information detector 20, of
stereophonic program material.  only  is supplied to matrix amplifiers 42
and Specifically, means  are provided for sensing  44. As will be pointed
out below in connec- the presence of the pilot signal  which is pre- tion
with FIGURE 8, where it is desired to 50  sent during a stereophonic
broadcast, but not  provide an indication of stereo reproduc- 115 during a
monophonic broadcast. The stereo-  tion (ratherthan stereo reception as
described phonic presence detector comprises a' fourth  above), stereo
indicator 64 is coupled to the frequency divider 58 coupled to a  second
output of OR circuit 66 rather than directly output of phase selector 32 at
which there is  to detector 60. Stereo disabling circuit 70 is 55
provided' a 38 'KHz waveform  180[err] out of  associated with time delay
means comprising  120 phase with the waveform  coupled to fre-  a capacitor
72 coupled between terminal [err] quency divider 34. The second output
wave-  and ground and associated resistor (not shown) form of phase
selector 32 is divided by two  which may, for example, be incorporated in
in frequency divider 58 to produce a 19  the integrated circuit chip 22.
The resistor 60  KHz'waveform in a predetermined substan-  and capacitor 72
are  arranged with a time  125 tially  quadrature phase relation with
respect  constant sufficiently great to require continu- to the output of
frequency divider 34 and  ous presence of a pilot signal indication at
substantially in phase with the  received pilot  the output of detector 60
for a protracted signal waveform. The pilot signal waveform   period (e.g.,
one second) before enabling sub- 65   along with the remainder of the
output of  carrier detector 40.                       130   



1,332,515                                        6 The balanced synchronous
noise detector  transistors 201 and 203 together with col- 68 is supplied
with push-pull composite sig-  lector resistors 205 and 207 form a bistable
nal outputs from composite signal amplifier  or flip-flop circuit by virtue
of the connec- 24 and with push-pull square wave outputs  tion of the
collector electrode of transistor 5  having a fundamental frequency of 114
KHz  203 to the base electrode of transistor 201, from frequency divider
28. A capacitor 76 is  the connection of the collector electrode of coupled
from terminal [err] to ground, termi-  transistor 201 to the base electrode
of tran- nal [err] being coupled to the output of noise  sistor  203, the
common connection of the detector 68 to develop a voltage representa-
emitter electrodes of transistors 201 and 203 10  tive of noise components
in the composite  to a source of biasing voltage (+3 [err] i.e.,  75 signal
at frequencies higher than the highest  three times the conduction
base-emitter volt- signal component. It has been found to be  age drop of
NPN  transistors connected as convenient to detect such above-band noise
diodes not shown on chip 22) and the com- at a frequency in the
neighborhood of 100  mon connection of collector resistors 205 15  KHz. The
particular frequency of 114 KHz  and 207 to a source of operating voltage
(e.g., 80 is chosen here for convenience with respect  +6.2  volts).
Biasing and supply  voltages to its derivation from voltage controlled
oscil-  associated with the counter module are stated lator 26 which is
constrained to operate at a  herein with respect to a reference level which
frequency which is a harmonic of both the  is ground in the illustrated
circuits. 20  19 KHz pilot signal frequency and the 38    Transistors 209
and 211 together with col-  85 KHz  subcarrier frequency. The  detected
lector load resistors 213 and 215 form  a above-band noise is compared to a
permissible  second or commutating flip-flop similar to reference
signal-to-noise level by means (see  that described above with the
exception that FIGURE  8 below) associated with  noise  the emitter
electrodes of transistors 209 and 25  detector -68 which provide a
disabling signal  211 are coupled in common to a triggering  90 to OR
circuit 66 when the detected signal-to-  circuit comprising a source of
trigger pulses noise ratio is below the permitted threshold  (e.g., voltage
controlled  oscillator 26  of or reference level. As noted above, stereo
indi-  FIGURE 1) coupled via a resistor 217 to the cator 64 may be coupled
to the output of  base electrode of a switching transistor 219. 30  OR
circuit 66 such that the stereo indicator  The emitter electrode of
transistor 219 is con-  95 light will be extinguished whenever the stereo
nected to a reference potential such as ground disabling circuit 70
operates to disable sub-  while the collector electrode of transistor 219
carrier detector 40.                       is coupled via a current
limiting resistor 221 In the block diagram of FIGURE 1, addi-  to  the
common connection of the emitter elec- 35  tional terminals are associated
with decoder  trodes of transistors 209 and 211.      100 chip 22 for
connection to external compon-    In the flip-flop comprising transistors
201 ents. For example, a ground connection is  and 203,  first and second
series connected shown at terminal [err] while a B+ (external  gating
diodes 223 and 225 are connected voltage  supply)  connection is shown at
ter-  between the base and collector electrodes of 40  minal[err] Terminals
[err]  are con-  transistor 203 and are poled in the same 105 nected by
means of numerous conductors  direction as the collector-base diode of
tran- within chip 22 (not shown) to various com-  sistor 203. Similarly,
third and fourth series ponents within  the  illustrated  functional
connected  gating diodes 227 and 229 are blocks.  Such connections will be
shown in  connected  between the base and  collector 45  detail in
subsequent figures of the drawing.  electrodes  of transistor 201. The
junction  110 External capacitors 78a and 78b are coupled  between diodes
223 and 225 is directly con- between ground and terminals T15 and T16,
nected to the junction of the collector elec- respectively, associated with
composite sig-  trode of transistor 211 and the base electrode nal
amplifier 24. As will appear below in  of  transistor 209  Similarly, the
junction 50  connection with FIGURE 5, capacitors 78a  between diodes  227
and 229 is directly con- 115 and 78b serve a signal bypassing function in
nected to the junction' of the collector elec- the  biasing circuits
associated with amplifier  trode of transistor 209 and the base electrode
24 -                                       of transistor 211. A clamp
transistor 231 is Referring to FIGURE 2 of the drawing, a  provided having
a base electrode coupled to 55  counter module, including input and output
the common connection of the emitters of 120 circuits, suitable for use in
connection with  transistor  201, 203, a collector electrode frequency
dividers  28, 30,  34, 58  of  coupled  to B+  and an emitter  electrode
FIGURE 1  is illustrated. As shown  in  coupled to the common connection of
the FIGURE 1,  all elements of the frequency  emitters of transistors 209,
211. 60  dividers 28, 30, 34, 58 are internal to decoder    In operation,
each time a' trigger pulse is 125 chip 22. Therefore, all elements or
compon-  applied to the base electrode of transistor ents shown in FIGURE 2
are capable of  219, one or the other of transistors 209 and being
constructed in integrated form  on a  211, as will be explained below  is
driven single chip.                               into conduction  and' a
corresponding one of 65    In the frequency divider or counter module,
transistors 201 and  203 is driven into con- 130  
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7 duction to change the state of the latter flip-  of +4 [err] now
decreases to the sum of the flop. The transistors 209, 211 in the com-
above-described collector voltage of transistor mutating flip-flop then
both return to their  211 (+2 [err] and the voltage across diode off
condition to await the next trigger pulse.  223 [err] Since the emitter
electrode of On the occurrence of the next trigger pulse,  transistor 203
is at +3 [err] transistor 203  70 the one of transistors 209, 211 which
remained  ceases conduction. As the voltage of the col- off during the
preceding trigger pulse con-  lector electrode of transistor 203 increases,
ducts, again changing the state of the flip-  transistor 201 is driven to
conduction and flop 201, 203.                               transition of
the flip-flop 201, 203 is com- 10    Specifically, assume that the
transistor 203  pleted.                                    75 is conducting
while the transistor 201 is non-    Upon the occurrence of the next trigger
conducting. With the biasing illustrated in  pulse, transistor 209 will
conduct, causing FIGURE 2, the base electrode of conducting  the flip-flop
201, 203 to again change state. transistor 203 will be at +4 [err] (for
example,  Emitter-follower transistors 233, 243, the col- 15  approximately
+2.8 volts) as will the col-  lector electrodes of which are shown con-  80
lector electrode of non-conducting transistor  nected to +6.2 volt
operating potential have 201. At the same time, the collector electrode
their base electrodes connected to the base of conducting transistor 203
will be at sub-  electrodes of transistors 203 and 201, respec- stantially
+3 [err] plus the collector-emitter  tively. The emitter electrodes of
transistors 20  saturation  voltage of  transistor 203  (for  233, 243
provide logic voltage levels of +2   85 example, a total of +2.2 volts) as
will the  [err] and +3 [err] suitable for direct appli- base electrode of
non-conducting transistor  cation to the synchronous detectors shown in
201. It can therefore be seen that the output  FIGURES 7, 8 and 9. voltages
at the  collector electrodes of tran-    The emitter electrode of
transistor 233 is 25  sistors 201 and 203 will vary between sub-  coupled
to ground by a voltage divider com-  90 stantially + 3 [er] and +4 [err]
(the rela-  prising resistors 235 and 237, the midpoint tively small
collector-emitter saturation volt-  of  which divider connects to the base
elec- age of approximately 0.1 volts will hereafter  trode of a further
emitter-follower transistor be neglected for simplification). Considering
239. Resistor 241 couples the emitter elec- 30  the commutating flip-flop
209, 211, with no  trode output of emitter-follower transistor  95 trigger
input applied to transistor 219, neither  239 to ground. The voltage
divider reduces transistor 209 nor transistor 211 conducts.  the logic
voltage levels by a factor 3/4, and Since the collector electrode of
transistor 201,  each of emitter-follower transistors 233 and as set forth
above, is at +4 [err] and col-  239 produces a one [err]  drop in passing
sig- 35  lector resistor 213 (associated with transistor  nal. The logic
voltages provided across resis-  100 209) is  coupled by  means of  diode
227  tor 241 are, then, for the two logic states, between that voltage and
the operating volt-   +1 1/4 [err] and + 1/2 [err] above ground. age source
(+ 6.2 volts) which is  greater than  These logic voltage levels are
particularly 5 [err] diode 227 is forward biased to con-  suitable for
switching transistors wherein the 40  duction so that the base electrode of
tran-  emitters are substantially at ground potential. 105 sistor 211 is at
a voltage of [err] By simi-    Similar translation is  accomplished by the
lar reasoning, it can be seen that the base  series connection of resistors
247 and 249 electrode of transistor 209, by reason of its  providing a
voltage divider emitter load for connection to the base electrode of
transistor  the emitter-follower transistor 243. The mid- 45  201 via diode
225, is at a voltage of +4 [err]  point between resistors 247 and 249 is
coupled  110 When transistor 219 is turned on (driven to  to the base
electrode input of transistor 245. saturation) by a positive trigger pulse,
the  Transistor 245 is arranged as an emitter fol- collector current of
transistor 219 is steered  lower  with its collector electrode shown con-
into transistor 211 since the base electrode  nected to +6.2  volt,
operating potential and 50  of transistor 211 is at a more positive voltage
its  emitter electrode coupled to ground by  115 [err] higher) as compared
to  the base elec-  resistor 251, across which resistor logic out- trode of
transistor 209. Transistor 211 is  put voltages may be taken. therefore
driven to saturation conduction so     It can be seen from considering the
opera- that its collector electrode tends to drop to  tion  of the counter
module illustrated  in 55  a voltage substantially  equal to the sum of the
FIGURE 2 that that counter may be utilized  120 saturation
collector-emitter voltages of tran-  as a  frequency divider such as
frequency sistors 211 and 219. However, clamp transis-  divider  28
described  in connection  with tor 231  conducts to maintain its emitter at
FIGURE  1. Where the trigger input  supplied substantially +2 [err]  The
collector of tran-  to transistor 219 is a square wave having a 60  sistor
211 therefore is essentially also at +2   fundamental  frequency of 228 KHz
as is pro-  125 [err] which voltage is coupled from -the col-  vided by
oscillator 26 in FIGURE  1, the lector electrode of transistor 211 to the
junc-  counter of  FIGURE 2 will provide comple- tion of diodes 225  and
223. The base elec-  mentary square  wave outputs across resistors trode of
transistor 203 which, since that tran-  241 and 249 at 114 KHz, as is
required 65  sistor was conducting,  had been at a voltage  from frequency
divider 28. Furthermore, by  130 
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interconnection of a plurality  of  connection  with  FIGURE 2. A positive
logic counters as shown in FIGURE 2, the addi-  convention is assumed in
the discussion which tional frequency division and selection func-
follows. For simplicity, the diagrams shown tions ascribed to frequency
dividers 30, 34,  in FIGURE 3 illustrate interconnections util- 5  58 and
phase selector 32 of FIGURE 1 may  izing positive logic AND circuits.
However, 7 be provided.                              it should be
remembered, as pointed out in Interconnection  of two  or more  such
connection with FIGURE 2, that the AND counters advantageously is
accomplished by  function is particularly easily accomplished in circuit
components performing logical AND   the  present environment by supplying
the 10  and OR functions. For example, if it is desired  complement of a
particular signal to a cir-  75 to trigger the counter of FIGURE 2 by  cuit
arrangement such as resistor 255 and means of either the illustrated
trigger input  transistor 253 in connection with transistor supplied to the
base of transistor 219 or by  219. a second trigger input (such as the
output of    Referring to FIGURE 3 in connection with 15  a second
counter), an additional transistor  FIGURE 4, a 228 KHz voltage controlled
80 having a base electrode coupled to an output  oscillator 26 supplies a
continuous substanti- of the second  counter and  collector and  ally
sinusoidal wave output to a limiter cir- emitter electrodes directly
connected to the  cuit 310, the output of which is a continuous
corresponding electrodes of transistor 219 may  square wave having a
fundamental frequency 20  be utilized to achieve such a logical OR   of 228
KHz (waveform A, FIGURE 4). The  85 function. Such an OR  function would be
228 KHz square wave A is supplied to the achieved utilizing the positive
logic conven-  trigger input (T) of a first frequency divid- tion (i.e.,
logical "1" defined by a greater  ing bistable circuit or flip-flop 312
which pro- voltage than a logical "0"). In order to  vides at its output
terminals ("0", "1") com- 25  achieve a logical AND function utilizing a
plementary 114 KHz square waves (wave-  90 positive logic convention, it is
convenient in the present case to apply the well-known tech-  forms B,
[err], FIGURE 4) having positive and nique of providing an OR function in a
negative-going   level transitions coincident negative logic convention
utilizing comple-  with positive-going level  transitions of wave- 30
ments of the data and then inverting the out-  form A. The 228 KHz square
wave output put of the OR function.                    of limiter 310 is
also supplied to an inverter  95 In the illustrated counter, complemented
circuit 314 which provides at its output a logic outputs are derived from
counter out-  228 KHz square wave (FIGURE 4, waveform put transistors such
as transistor 239 and the 35  emitters of all output transistors for a par-
[err]) which is complementary to or inverted' ticular negative OR function
are coupled to  with respect to the output of limiter 310. a single
resistor such as resistor 241. A suit-  That is, each negative-going level
transition of 100 able inverter comprises transistor 243 con- nected as
shown.                           waveform [err] substantially coincides
with a 40    In operation, if any of the complemented  positive-going level
transition of waveform A logic outputs across the resistor such as 241  and
vice versa. is a  logical "1" ( 1 1/4 [err] then a "1" will    A second
flip-flop 316, arranged'to change be supplied via resistor 255 to the base
of  state in synchronism with only selected ones 105 transistor 253 causing
it to conduct. The  of the positive-going level transitions of wave- 45
trigger input to transistor 219 will be inhibited and the flip-flop 201,
203 will not change  form A provides at its output terminal ("1" ) state in
response to a trigger pulse. However,  an asymmetrical pulse waveform
(FIGURE if the input to transistor 253 is a logical "0"  4, waveform C).
The positive-going and nega- [err] as described above), the trigger input
tive-going level transitions of waveform  C  110 50   will be passed to
transistor 219 to change  occur  substantially  simultaneously  with the
state of flip-flop 201, 203.           selected positive-going transitions
of waveform A  plurality of outputs readily may be derived from either side
of flip-flop 201, 203  [err]. The manner in which waveform  C is by
coupling, in parallel with transistor 239,  developed will be discussed
below. '55  additional transistors such as transistor 257    A third
flip-flop 318 arranged to provide 115 adapted for connection to a gating
circuit of  complementary square wave outputs having the type illustrated
by transistor 253.    a 38 KHz fundamental frequency is triggered Referring
now to FIGURE 3 of the draw-  at its input terminal (T)     upon the
simultan- ing, a plurality of counters and interconnect-  eous occurrence
of a positive-going transition 60  ing logic circuits are illustrated  in
block dia-  in waveform A and a "high" (" 1") condition  120 gram  form.
Each of the counters may be  of waveform C. Triggering of flip-flop 318 is
identical to the counter described in connec-  accomplished by coupling the
228 KHz out- tion with FIGURE 2 above while the logic  put of limiter 319
(waveform  A) and the functions (AND and OR) may be performed  asymmetrical
output of flip-flop 316 (wave- 



in the manner and by the means described in  form C) to' a logical AND
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9 output of AND circuit 320 is coupled to  is accomplished by coupling one
of the 38 the trigger input (T) of flip-flop 318 to  pro- duce at the
output terminals ("0", "1") of   KHz outputs of flip-flop 318 (waveform D),
flip-flop 318 complementary square waves  one of the 19 KHz outputs of
flip-flop  322 (waveform E) and one of the 19 KHz out-  60 5  (waveforms D,
[err]) having a fundamental fre- puts of flip-flop 328 (waveform F) to a
logic quency of 38 KHz. Waveforms D, D pro-  AND circuit 330. Furthermore,
the other of duced at the output of flip-flop 318 are suit-  the outputs of
flip-flop 318 (waveform D), able for application to synchronous subcarrier
the other of the outputs of flip-flop 322 (wave- detector 40 of FIGURE 1.
The combination 10  of flip-flops  312, 316 and 318 may be con-  form E)
and the other of the outputs of flip-  65 sidered  to be the equivalent of
frequency  flop 328 (waveform  F) are coupled to a dividers 28 and 30 of
FIGURE 1 and serves  further logic AND circuit 332. The outputs to
frequency divide the 228 KHz output of  of AND circuits 330, 332 are
combined in a limiter 310 (waveform  A) by a factor of  logical OR circuit
334  and the output of 15 six.   It should  be noted  that each level OR
circuit 334 is, in turn, coupled to the  70 trigger input (T) of flip-flop
328. Whereas transition of waveforms D and D occurs in  each of flip-flops
312, 316, 318 and 322 is synchronism with a positive-going level tran-
triggered by one of the 228 KHz' waveforms sition of the 228 KHz waveform
A. A fourth flip-flop 322 arranged to provide  A, A, flip-flop 328 is
supplied only with 20  complementary square wave outputs (wave-  trigger
information  from  others of the  75 forms E, E) having a fundamental
frequency  associated flip-flops. The waveforms F, [err] of 19 KHz is also
provided. Triggering of  therefore are relayed slightly with respect to
flip-flop 322 is accomplished by  coupling the 228 KHz output of limiter
310 (waveform  the basic timing waveforms A, A. This delay 25  A), the
asymmetrical output of flip-flop 316  does not alter the basic  operation
of the pilot (waveform C) and  one of the 38 KHz outputs  presence detector
60 in which waveforms F, 80 of flip-flop 318 (waveform [err])  to a logical
F are utilized except to the extent that a AND circuit 324. The output of
AND cir-  slightly reduced output voltage is obtained cuit 324 is connected
to the trigger (T) input  from detector 60. However, the delay is util- 30
of flip-flop 322 to produce the 19 KHz wave-  ized to advantage in
connection with the oper- forms'required for operation of AFPC detec-
ation of a pulse stretching circuit as will be  85 tor 36 of FIGURE 1. It
should be noted  explained below in connection with FIGURE that each level
transition of the waveforms E,  8. The manner in which the asymmetrical
out- [err] occurs in timed relation with a positive-  put  (waveform C) of
flip-flop 316 is pro- 35  going level transition of waveform A as was
duced will now be explained. Triggering of 90 the case for the 38  KHz
waveforms D,  flip-flop 316 is accomplished by coupling the 228 KHz output
of inverter 314 (wave- [err] Level transitions of the output of flip- flop
322 therefore occur substantially simul-  form A), the 114  KHz output of
flip-flop 312 taneously with transitions of the output of  (waveform B) and
the 38 KHz output of 40 flip-flop 318. It should also be noted that the
flip-flop (waveform D) to a logical AND cir-  95 positive-going level
transitions of waveform  cuit 336. Furthermore, the 228 KHz output E
coincide with negative-going transitions of waveform D. This timing
relationship, which  output of inverter 314  (waveform  A), is constantly
maintained by virtue of the fact  the other 114 KHz output of flip-flop 312
45  that flip-flops 318 and 322 are triggered in parallel by waveform A,
insures accurate syn-  (waveform [err]) and the other 38 KHz out- chronous
detection of the stereophonic differ- ence signal information, thereby
minimizing  put of flip-flop  318 (waveform  D) are  100 crosstalk as will
appear below in connection  coupled to a  logical AND circuit 338. Still 50
with  the discussion of FIGURE 7. A fifth  further, the 228 KHz output of
inverter 314 flip-flop 328 arranged to provide complement- ary square wave
outputs (waveforms F,  (waveform [err]), the  fist-mentioned 38 KHz output
of flip-flop 318 (waveform D) and [err])  having a fundamental frequency of
19  the output of flip-flop 316 (waveform C) are 105 KHz but substantially
in quadrature rela-  coupled to a logical AND circuit 340. The outputs of
AND circuits 336. 338, 340 are 55 tionship  with respect to waveforms E,
[err] combined in  a logical  OR circuit 342, the is also provided.
Triggering of flip-flop 328  output of which, in turn, is connected to the 



10                                          1,332,515
10 trigger (T) input of flip-flop 316. Since each    It should be noted
that each of the flip-  60 of AND circuits 336, 338, 340 is supplied
flops, upon initial turn-on of the system, may be in either logic state
("1" or "O"). In order with  the 228 KHz trigger waveform  [err],  to
obtain the desired relative time relation- and since, as noted above in
connection with  ships between the outputs of the several flip- 5  FIGURE 2
the flip-flop 316 (as well as the  flops, the logic circuits preceding such
flip- other flip-flops shown) changes state, if at all,  flops are arranged
to take into account the only on application of a positive-going trig-
existence  of these  two possibilities.  For ger pulse, it is apparent that
flip-flop 316  example, flip-flop 316 initially may be in will change state
upon the occurrence of  either state ("1"  or "O") when a trigger pulse 10
selected ones of the positive-going transitions  is  supplied via OR
circuit 342. AND circuit  70 340 is provided so that the positive going of
waveform [err]. This is in contrast to the  and negative going transitions
of waveform other flip-flops 312, 318, 322, 328 which  C as illustrated in
FIGURE 4 are not trans- change state substantially upon the occur-  posed
but occur in the illustrated relation- rence of positive-going transitions
of wave-  ship with respect to the other waveforms. The  75 15  form  A,
which are displaced one-half the  logic circuits associated with the
remaining period of the 228 KHz waveform from the  flip-flops are also
arranged to provide the waveforms illustrated in FIGURE 4. positive-going
transitions of waveform  A.    The manner in which  the square wave A
further characteristic of the output of flip- flop 316 is that the high
("1") and low ("0") outputs B, [err],D, D, [err], E and F, [err] are util-
80 20  portions thereof are of unequal duration (i.e.,  ized in the decoder
chip 22 will be explained the waveform  C is asymmetrical). Such an  below
in connection with FIGURES 6, 7, asymmetrical waveform is advantageous par-
8 and 9. ticularly in connection with the generation of    Referring to
FIGURE 5 of the drawing, a schematic diagram of a composite stereo sig-  85
the 38  KHz waveforms D, [err], which require  nal amplifier arranged to
provide balanced 25  dividing the 228 KHz waveform  A  by a  push-pull
composite stereo signals in the man- factor  of  six (a  number which is
not an  ner described in connection with amplifier integral power of two).
24 of FIGURE 1 is shown. The illustrated In the above-described frequency
dividing  composite stereo signal amplifier is particu-  90 system, it
should be noted that the oscillator  larly adapted for construction on the
inte- 30  26 is arranged to operate at an even harmonic  grated circuit
chip 22 as shown in FIGURE of the 38 KHz subcarrier frequency and also  1.
at an even harmonic of the 19 KHz pilot fre-    In FIGURE 5  the composite
signal pro- quency. Selection  of the frequency of opera-  duced by an FM
tuner-detector is coupled  95 tion of oscillator 26 in this manner
facilitates  by means of a capacitor 501 external to chip 35  generation
(or timing)  of  each of the leading  22 and terminal [err] of chip 22 to a
balanced and trailing edges of the generated 38 KHz  differential amplifier
configuration. Each half switching waveform  from  a single polarity  of
the differential amplifier configuration may of the oscillator clock pulse
output waveform.  be  characterized as  an emitter  follower 100 The
average axis crossings of the 38 KHz  wherein the emitter load impedance
includes 40  switching waveform  are therefore accurately  a shunt
regulator. Specifically, one half of controlled to provide, as  will appear
below,  the differential amplifier configuration com- good separation of
the detected stereophonic-  prises an emitter follower transistor 503 hav-
ally related audio signals.                 ing a signal variant emitter
load impedance  105 Other timing relationships are possible, but
comprising the collector-emitter path of a 45  the above-described system
adds to the sim-  shunt regulator transistor 505, the emitter of plicity of
the logic and frequency dividing  transistor 505 being coupled to ground by
circuits.                                   means of a resistor 507. The
collector elec- It is also possible to generate the required  trode  of
transistor 505 is directly connected  110 sets of complementary  square
wave outputs  to the emitter electrode of emitter follower 50  utilizing
different logic functions than those  transistor 503 and to one terminal of
a differ- employed in the apparatus shown in FIGURE  ential output load
resistor 509. The collector 3. For example, in connection with the gener-
electrode of transistor 503 is  coupled to a ation of the output of
flip-flop 316, AND cir-  source  of  operating voltage (B+  such as 115
+8.5 volts) by means of a resistor 511. cuit 340 may be supplied with the
inputs A,    Composite input signals are coupled from terminal [err] to the
base electrode of emitter 55    C and [err] rather than the inputs [err], C
and D  follower transistor 503 by means of a Dar- shown in FIGURE 3. The
same waveforms  lington-connected emitter  follower transistor 120 as those
shown in FIGURE 4  will result in  513. The collector current of emitter
follower either case.  Other modifications are also pos-  transistor 503 is
maintained substantially con- 
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11 virtue of a feedback system coupled from the  tial amplifier is
identical to the first half collector electrode of emitter follower tran-
described above with the exception that the sistor 503 to the base
electrode of variable  base electrode of the constant collector cur-
impedance transistor 505. The feedback sys-  rent emitter follower
transistor 549 is not 5    tem  comprises an emitter follower transistor
supplied with signals but is maintained at a  70 515 and a direct voltage
translation network  substantially fixed direct voltage by means of
comprising a current source transistor 517  a voltage divider comprising a
resistor 551 having its emitter electrode coupled to ground   and a zener
diode 553 connected between a by means of a resistor 519 and its collector
source of voltage (B+) and ground, the junc- 10  electrode coupled to the
emitter electrode of  tion of resistor 551 and diode 553 being  75
transistor 515 via a dropping resistor 521.  coupled by means of a
Darlington-connected The  collector electrode of current  source  emitter
follower transistor 555 to the base transistor 517 is coupled to the base
electrode  electrode of transistor 549. The base of tran- of variable
impedance transistor 505 by a  sistor  513 in the half of the  differential
15  series of cascaded emitter follower transistors  amplifier previously
described is also coupled  80 523, 525 and 527 which are provided with  to
the zener diode 553 by means of a resistor respective emitter load
resistors  529, 531 and  557. 533 returned to ground. A  resistor 535 is
In the same manner as was described above coupled between the emitter of
follower tran-  in connection with transistors 505 and 517, 20  sistor 523
and the base of follower transistor  the  quiescent collector currents of
transistors  85 525.                                          547 and 559
are also substantially equal to Bias voltage is supplied to the base elec-
each other and, by virtue of the differential trode of current source
transistor 517 by   connection via resistor 519, all four quiescent means
of emitter follower transistors 537 and  collector currents (517, 505, 547,
559) are 25  539 having associated emitter load resistors  substantially
equal. Furthermore, all base  90 541 and 543. Emitter follower transistor
537  bias voltages at similar points in the two is direct coupled to
emitter follower transis-  halves of the amplifier are substantially equal
tor 523 in parallel with emitter follower tran-  (e.g., voltages at  bases
of transistors 517 and sistor 525 by means of a resistor 545 equal  547 are
equal and voltages at bases of tran- 30  to resistor 535. Alternating
current signals  sistors 503 and 549 are equal). The amplifier  95 are
by-passed at the input of transistor 537  therefore provides good common
mode rejec- by means of a capacitor 78a coupled to ter-  tion of the direct
bias voltages. Another con- minal [err] and mounted external to decoder
sequence of the differential connection via chip 22 (see FIGURE 1).
Capacitor 78a is  resistor 519 is that the base bias voltages of 35
returned to ground.                           a plurality of output
transistors such as tran-  100 The above-described configuration insures
sistors 561 and 563 will all be equal. In the that the direct base bias
voltage applied to  quiescent (no signal) condition, substantially current
source transistor 517 and the direct  zero current flows in resistor 509
which is base bias voltage applied to shunt regulator  coupled between the
emitters of transistors 40  transistor 505 are equal. That is, each of  503
and 549. That is, these emitters are at 105 transistors 505 and 517 is
supplied with  substantially the same direct voltage 2 [err] direct base
bias voltage from the same source  below the voltage across zener diode
553. (the emitter of transistor 523) by means of    In operation, composite
signals applied to components which are substantially identical.  terminal
[err] via capacitor 501 tend to modu- 45  The bases of transistors 505 and
517 may  late or vary the collector current of transis-  110 be considered
to be directly connected to each  tors '503 and 549 in a differential
manner. other so far as  direct bias voltage is con-  However, the
respective feedback  circuits cerned. Note the emitter load resistor 507 of
coupled from the collector electrodes of tran- transistor 505 is twice as
great as the emitter  sistors 503 and 549 to the base electrodes of 50
load resistor 519 of transistor 517. However,  transistors 505 and 559 vary
the impedances  115 resistor 519 is also coupled to a correspond-  of
transistors 505 and 559 in a manner to ing current source transistor 547
associated  maintain the collector currents of transistors with the other
half of the illustrated differen-  503  and 549  substantially constant.
For tial amplifier and will therefore be supplied  example, if  the
composite  signal input 55  with twice the direct current supplied to
increases positively, tending to increase con-  120 resistor 507. The
direct voltage drops across  duction of transistor 503, the associated
feed- resistors 507 and 519 are therefore equal and  back circuit provides
less positive signal to the direct bias base-emitter voltages of tran-  the
base electrode of transistor 505 which sistors, 505 and 517 will be
substantially  increases the impedance (decreases conduc- 60  equal.
Therefore, the direct quiescent (no  tion) of transistor 505. At the same
time, the  125 signal) collector currents of transistors 505   applied
input signal tends to decrease con- and 517 will be substantially
identical for  duction of transistor 549 (signal is coupled identical
transistor structures as in the inte-  to the emitter electrode of
transistor 549 via 



grated circuit case.                          transistors 513, 503 and
resistor 509). The 65    The second half of the illustrated differen-
feedback circuit of the second half of the  130    12
1,332,515                                          12 amplifier causes the
transistor 559'to increase  sisitor 565 conducts substantially immediately,
conduction  to maintain the collector current  since the B+ voltage is
applied directly to its of transistor 549 substantially constant. Cur-
base electrode. Transistor 567 is in a high rent is coupled from transistor
503 via resis-  impedance state  at this time. Capacitor 78a is 5  tor 509
to transistor 559. The decreased col-   charged rapidly via transistor 565
and operat-  70 lector  current of transistor  505 and  the  ing bias is
established on the base electrodes increased collector current of
transistor  559   of transistors 537, 539, 517 and 567. As represent the
amplified composite signal input.  transistor 567 being to conduct, the
voltage Amplified push-pull composite signal outputs  at the   base of
transistor 565 decreases tend- 10  are provided by coupling, for example,
the  ing  to turn  transistor 565 off. When the  75 base-emitter circuits
of one or more transis-  capacitor  78a reaches a predetermined desired
tors, such as transistors 561 and 563 in paral-  quiescent voltage,
transistor 565 is shut off lel with the base-emitter circuits of transis-
and remains in that condition until the receiver tors 505 and 559 to
provide  current repeaters  is again turned off and on again. 15  for
coupling  the  output signals to, for    Referring to FIGURE 6 of the
drawing, a  80 example, detectors 36, 40, 60 and 68 in  controlled
oscillator particularly adapted for FIGURE 1.
fabrication using integrated circuit techniques The  composite signal
amplifier 24  is  and arranged to  operate at a frequency of arranged to
provide linear amplification of  228 KHz  as indicated in the stereo
decoder 20  signals in the range of 10 Hz to 150 KHz  chip 22 of FIGURE  1
is illustrated. In  85 and to supply such amplified signals to a plu-
FIGURE 6, elements which are also shown in rality of variable impedance
loads via tran-  FIGURE 1   are designated by the reference sistors 561 and
563 as will appear below.    numerals used  in FIGURE 1. In order to insure
rapid  turn-on of the     The  controlled oscillator is 'of the type 25
amplifier 24 when power is applied to the  shown in  our co-pending Patent
Application  90 receiver,  means are  provided for  rapidly  No. 46438/70
(Serial'No. 1317625). charging the relatively large filter capacitors
The controlled oscillator 26 is arranged 78a and 78b. The charging means
for capa-  to provide  substantially square wave outputs citor 78a
comprises a transistor 565 having 30  a collector electrode coupled to the
main  (waveforms A, [err] of FIGURE 4) having a [err] voltage  supply, an
emitter electrode  fundamental frequency of 228 KHz and a  95 connected to
capacitor 78a at terminal [err]  predetermined  time relationship to the 19
and a  base electrode coupled to a source of   KHz pilot signal produced at
the output of switching signals. The source of switching  composite 'signal
amplifier 24 to clock the 35  signals is' arranged for switching transistor
operation of the frequency divider circuits 565 to a conductive or low
impedance con-  illustrated in FIGURE 3.                      100 dition
at turn-on of the receiver and  for    Oscillator  26  comprises  an
amplifier switching transistor 565 to an off or high  arrangement including
a tuned reactive cir- impedance condition after a predetermined
cuit'coupled  in a  positive feedback  path 40  time interval elapses. The
signal source com-  between the output and the input of the prises a
transistor 567 having a collector elec-   amplifier.  The amplifier is
arranged as a  105 trode coupled to the main (B+) voltage sup-
differential amplifier and comprises emitter ply via series connected
resistors 569 and  coupled transistors 611 and 619 coupled to 571, an
emitter electrode coupled to ground  a common emitter resistor 613 which,
in turn, 45  via a  resistor 573 and  a base  electrode  is returned to
ground. The tuned reactive coupled, for example, to the base electrode of
circuit comprising inductor 82 and capacitor  110 transistor 517. The
collector electrode  of  80 is coupled between a point of reference
transistor 567 is directly coupled to'the base  potential (ground) and a
common input-out- electrode of transistor 565.                 put
terminal 607 of the differential amplifier, 50    The  charging means for
capacitor 78b  the common terminal being the base electrode comprises two
additional transistors and an  of a transistor 609 arranged in a Darlington
115 emitter resistor (not shown) which are coupled  configuration with
transistor 611. Transistor in the same manner as transistors 565, 567  619
is also associated with a transistor 617 in and resistor 573 to the B +
voltage supply.  a second  similar Darlington  configuration. 55' The base
of  the additional transistor corre-  The' collector electrodes of
transistors 609 sponding to transistor 567 is  coupled  to the  and 611 are
directly connected to the oper-  120 base of transistor 547 while the
emitter of  ating voltage  supply (B+) while the  col- the ' additional
transistor corresponding  to  lector electrodes  of transistors 617 and 619
transistor 565 is coupled to terminal [err] The  are coupled to B+  via a
load resistor 615. 60  illustrated  turn-on  circuit associated  with  The
joined collector electrodes'of transistors capacitor 78a will now  be
described.  The  617 and 619  are coupled  to the input-output 125 similar
circuit associated with capacitor  78b  terminal 607 via a direct voltage
translating 



operates in the same manner.                arrangemenq comprising a PNP
transistor 603 In operation, when the  main voltage sup-  having an emitter
electrode coupled  to B+' 65  ply (B +) of the receiver is energized, tran-
via a  resistor 621, a  base electrode coupled    13
1,332,515                                         13 to  resistor 615 and a
collector  electrode  649 coupled to one of the push-pull outputs  65
coupled to the junction of the anode of a  of the composite signal
amplifier 24 shown in diode 623 and the base electrode of a tran-  detail
in FIGURE 5. For example, transistor sistor 601. The cathode of diode 623
is  649 corresponds to transistor 561 in FIGURE 5 returned to ground. A
resistor 605 is con-  5. The first differential amplifier detector of
nected between the emitter electrode of tran-  FIGURE 6 further comprises a
pair of switch-  70 sistor 601 and ground while the collector  ing
transistors 651 and 653 having emitter electrode of transistor 601 is
directly con-  electrodes connected in common to the col- nected to the
base electrode of transistor 609  lector electrode of current source
transistor 10  (i.e., to the input output-terminal 607).    649, collector
electrodes connected to respec- As noted in connection with FIGURE 1  tive
ones of output terminals [err] and  75 above, inductor 82 and capacitor 80
are  base electrodes connected to respective ones mounted external to the
integrated circuit  of the complementary 19 KHz square wave chip 22 and are
coupled to chip 22 via ter- 15  minals [err]. The base electrode of
outputs (E, [err]) of flip-flop 322 of FIGURE 3. transistor 617 is coupled
to terminal [err] a    Detector 36 further comprises a second point at
which the direct voltage is sub-  differential amplifier detector
comprising a  80 stantially equal to that at terminal [err] the  second
composite signal current source tran- latter terminal  being connected to
the base  sistor 655 (corresponding to transistor 563 20  electrode of
transistor 609. Output signals  in FIGURE 5) having a collector electrode
developed across resistor  615 are coupled  coupled to the emitter
electrodes of a pair via an emitter follower transistor 677 and  of
switching transistors 657, 659. The base  85 appropriate voltage
translation and inversion  electrode of transistor   655 is coupled to the
opposite one, as compared to transistor 649, means 671 to output terminals
A and [err].    of the push-pull outputs of the composite 25    A  current
sampling arrangement is asso-  signal amplifier 24 of FIGURE 5. The base
ciated with the resonant circuit comprising  electrodes of transistors 657
and 659 are  90 inductor 82 and capacitor 80 and comprises  coupled,
respectively to the complementary a constant current emitter follower
transistor 625 coupled to a shunt regulator or variable  square wave
outputs E, [err] of flip-flop 322 of 30  load transistor 627. The base
electrode of  FIGURE 3. The collector electrodes of tran- transistor 625 is
biased at a substantially  sistors 657 and 659 are connected to output
fixed voltage by means of a reference voltage  terminals [err]
respectively. That is,  95 supply comprising the series combination of  the
collector electrodes of transistors 651, a resistor 629 and a zener diode
631 coupled   653, 657 and 659 are cross-connected. The 35  across the B+
voltage supply. Feedback to  cross-connected collector electrodes of tran-
accomplish the shunt regulation   of the cur-  sistors 653 and 657 are
coupled to a source rent in the emitter follower transistor 625 is  of
operating voltage (B+) by means of a  100 provided from the collector
electrode of tran-  collector load resistor 661 and, similarly, the sistor
625 to the base electrode of transistor  collector electrodes of
transistors 651 and 40  627 by means of a direct voltage translating   659
are coupled to the source of operating network comprising a forward biased
diode  voltage (B+) by means of a collector load 635, a zener diode 637 and
a resistor 639  resistor 663. Alternatively, in order to mini- 105 returned
to ground. The emitter electrode of  mize the effects of any mismatch
between the transistor 625 is directly connected to termi-  resistors 661
and 663, smaller valued resis- 45  nal [err] associated with inductor 82.
The col-  tors may be substituted (e.g., 6K) and the lector electrode of
transistor 627 is directly  ends of such resistors remote from terminals
coupled to terminal [err] via the emitter-col- [err]  may be connected
together, the  110 lector current path of a controllable conduc-
last-named connection, in turn, being coupled tion transistor 641.
Transistor 641, along with  to  the operating voltage via an  additional 50
a similarly functioning transistor 643 and  common resistor (e.g., also 6K,
not shown). An transistor 627 form a current splitter arrange-  output
signal filter capacitor 38 is coupled ment for providing a controllable
reactive cur-  between terminals [err]  external to the  115 rent in
parallel with inductor 82 as is integrated circuit chip. Additional filter
explained in detail in our co-pending Patent  capacitors 673, 675 are
connected from each 55  Application  No.  46439/70  (Serial  No.  of
terminals [err]  to ground external 1322516). Differential direct control
voltages  to the chip. Capacitors 673 and 675 are pro- for varying the
reactive current supplied in  vided to reduce the dynamic range of the  120
parallel with inductor 82 are provided to  detected  signals. The emitters
of  current transistors 641 and 643 via emitter follower  source
transistors 649 and 655 are returned 60  transistors 645  and 647  from  a
doubly  to ground by means of resistors 665 and 667, 



balanced,  synchronous pilot signal  AFPC   respectively, and are
cross-coupled by a resis- detector 36. Detector 36 comprises  a first  tor
669 to provide increased gain in  the  125 differential amplifier detector
having a first  detector. composite  signal current source transistor    In
operation, the illustrated oscillator cir-    14
1,332,515                                       14 cuit produces a
substantially sinusoidal wave-  numerous outputs of the flip-flops
illustrated  60 form at terminal T[err] at a nominal frequency  in FIGURE 3
are therefore maintained in of 228 KHz, the frequency being determined
predetermined timed relationship with respect primarily by inductor 82 and
capacitor 80.  to the 19 KHz pilot signal output of ampli- 5    The
sinusoidal waveform produced across  fier 24, making it possible to utilize
synchron- the resonant circuit 82, 80 is limited sym-  ous detection
techniques to recover pilot  65 metrically  by operation of the
differential  signal, stereo difference signal and above- amplifier 609,
611, 617, 619 and associated  band noise information as will be explained
components to produce  a symmetrical sub-  below in connection with FIGURES
7, 8 and 10  stantially square wave having a fundamental  9. frequency
component at 228 KHz across resis  The non-synchronous components (i.e.,
all  70 tor 615. This square wave is coupled via  components other than the
19 KHz pilot transistor 677 and the associated direct volt-  signal) of the
applied composite stereo signal, as well as the 19 KHz switching square age
translating  means to the terminal A 15  to provide one of a pair of
complementary  waves E, E supplied to the base electrodes of 228 KHz square
wave outputs. The second  transistors 651, 653, 657, 659 do not pro-  75
228 KHz square wave output A is  provided  duce direct voltage components
across the by means of the additional voltage transla-  output terminals
[err] because of the syn- tion and inverter means 671. Typically, the
chronous nature of detector 36. Other higher 20  voltage  translating
arrangements  provide  frequency components generated by detector square
waves having upper and lower voltage  36 are removed at the output of
detector 36  80 levels of almost two volts and ground.     by the low pass
filtering of the capacitor 38 and associated resistances. The  square wave
outputs A, A  are    It should be noted that, initially, the oper-
processed by frequency divider and logic cir-  ating  frequency of
oscillator 26 may  be 25  cuits in the manner described above in con-
aligned by measuring the direct voltages at  85 nection with FIGURES 1, 3
and 4 to  pro-  terminals T[err] and T[err]  in the absence of a duce,
among other waveforms, a pair of com- received stereo signal, tuning the
receiver to plementary 19 KHz switching square waves  a stereo signal and
then varying the induct- ance (as by a tuning slug) of inductor 82 to E, E
having a predetermined time relation-  restore the previously measured
voltages. The  90 30  ship with respect to the 228 KHz square  oscillator
26 will then be operating at its nominal 228 KHz frequency in the desired
waves A, [err] as illustrated by the correspond-  time relationship with
respect to the received ingly labelled waveforms shown in FIGURE   19 KHz
pilot signal. This alignment pro- 4. All positive-going and negative-going
tran-  cedure normally will be performed in the fac-  95 sitions of
waveform E coincide with positive-  tory but, because of its simplicity and
lack 35  going transitions of waveform A, the positive-  of complex test
equipment, readily may be going transitions of waveform E occurring in
performed  by a service technician in the coincidence with every twelfth
positive-going  home. This procedure is the only frequency transition of
waveform A.                  alignment that need be performed with respect
100 The phase or time occurrence of the 19  to the entire decoder chip 22
illustrated in FIGURE 1 and in subsequent figures of the 40  KHz switching
waveforms E, [err] is compared  drawing. in  AFPC detector 36 with the
phase of the    Referring to FIGURE 7 of the drawing, 19 KHz pilot signal
supplied by amplifier  means are shown for detecting the difference 105 24.
Differential direct voltages are produced  signal (L-R) component of the
composite across terminals T[err] and T[err] whenever the  stereo signal
and for combining such com- 45  pilot signal  component produced at the
out-  ponent with the audio sum  (L+R) signal put  of amplifier 24  is not
in  quadrature  component so as to produce stereophonically (90[err])
relationship with respect to the 19  related left and right channel audio
signals. 110 The illustrated difference signal detector and KHz switching
waveforms E, [err]. The polarity  combining (matrix amplifier) means are
par- of the direct voltage across terminals [err] and  ticularly adapted
for fabrication using inte- 50  [err] is indicative of whether the pilot-
signal  grated circuit techniques and are arranged lags or leads the
switching waveform. The  for connection to composite signal amplifier 115
differential direct voltages are supplied   to  24 (FIGURES 1 and  5) and
flip-flop 318 current splitter transistors 641 and 643 in  (FIGURE  3) all
within integrated circuit a manner to produce a  reactive current  in  chip
22. 



55  parallel with tuned circuit 82, 80 of suffici-    The illustrated
difference signal detector ent magnitude to change the phase and/or
comprises a  doubly balanced  synchronous 120 frequency  of oscillator 26
to restore  the  detector  having first  and second  current required
quadrature relationship between the  source transistors 701 and 703 which
corre- above-mentioned 19 KHz  waveforms. The  spond to transistors 561 and
563 in FIGURE    15                                      1,332,515
15 5. The base electrodes of transistors 701 and  applied to transistors
729 and 731 are sup-  65 703 are directly connected to separate ones  plied
from amplifier 24 to the base electrodes of the push-pull composite signal
outputs of  of compensating transistors 737 and 739. The the composite
signal amplifier 24 of FIGURE   collector electrodes of transistors 737 and
5  5. The emitter electrodes of transistors 701  739 are directly
connected, respectively, to and 703 are individually returned to ground
the emitter electrodes of followers 721 and  70 by resistors 705 and 707,
respectively. The  723. The emitter electrodes of transistors 737 collector
electrode of transistor 701 is directly  and 739 are returned to ground by
separate connected to joined emitter electrodes of a  resistors 741 and
743. 10  first pair of switching transistors 709, 711    As the output
signals produced by compo- while the collector electrode of transistor 703
site signal amplifier 24 vary, conduction of  75 is directly connected to
joined emitter elec-  transistors 731 and 739 vary equally and trodes of a
second pair of switching transis-  oppositely (push-pull input signals).
There- tors 713, 715. The base electrodes of tran-  fore, the sum of the
collector currents of tran- 15  sistors 709 and 713 are connected to one of
sistors 731 and 739 (which load transistor the complementary 38 KHz square
wave out-  723) remains substantially constant. Simi-  80 puts (D) of
flip-flop 318 (FIGURE 3) while  larly, variations in the output of
composite the base electrodes of transistors 711 and 715  signal amplifier
24 do not produce variations are connected to the other of the comple-  in
the load on transistor 721 since the sum of the collector currents of
transistors 729 20  mentary 38 KHz square wave outputs ([err]).  and 737
remains substantially constant as the  85 A  source  of operating  voltage
(B+)  is  output  of composite  signal amplifier  24 coupled to the
collector electrodes of each  varies. Accurate matrixing of the sum  and of
transistors 709 and 715 by means of an  difference signal components is
therefore not output resistor 717 and to the collector elec-  compromised.
25  trodes of each of transistors 711 and 713    In the operation of the
difference signal  90 by means of an output resistor 719 substan-  detector
of FIGURE 7, the complementary tially equal to resistor 717.
38 KHz square wave outputs of flip-flop 318 Push-pull output signals
including the demodulated  difference  signal components  (D, [err]) are
maintained in the appropriate, 30  [(L-R) and -(L-R)] are developed across
predetermined time relationship with respect resistors 717 and 719 and are
coupled, respec-  to the received pilot signal component, as was  95 tively
to emitter follower transistors 721 and  explained above in connection with
FIGURES 723. Transistors 721 and 723 serve as volt-  3 and 6, to achieve
synchronous detection of age sources to produce the desired push-pull  the
difference signal. The doubly balanced 35  difference signal components
across resistors  synchronous detector comprising transistors 725 and 727,
respectively. The sum (L+R)  701, 709, 711 and transistors 703, 713, 715
100 signal information is also developed, along  provides complementary
signal components with the remainder of the composite signal,  including
voltage components representative across resistors 725 and 727 by means of
of (L-R) and -(L-R), respectively across 40  transistors 729 and 731, the
collector elec-  resistors 717 and 719. The difference signal trodes of
which are coupled to resistors 725  voltage components are coupled via
follower 105 and 727 and the base electrodes of which are  transistors 721
and 723 and are combined, coupled to one of the push-pull outputs (at
prior to de-emphasis, at resistors 725 and which L+R is provided) of
composite sig-  727 with currents representative of the sum 45  nal
amplifier 24. The emitter electrodes of  signal component (L+R) provided by
ampli- transistors 729  and 731  are returned  to  fier 24. The sum signal
current components  110 ground by means of individual resistors 733  are
supplied by current source transistors  729 and 735, respectively.
Transistors 723 and  and 731 to their respective load resistors 725 731
comprise matrix amplifier 42 (FIGURE   and 727. The superposition of the
difference  - 50  1), the output of which (e.g., R) is coupled  signal
voltage sources and the sum signal cur- via terminal [err] a de-emphasis
network 46  rent sources provides the desired matrixing  115 and an audio
power amplifier to audio repro-  which is substantially independent of
loading ducing means such as a loudspeaker. Tran-  at the output terminals
[err]. The sistors 721 and 729 comprise matrix ampli-  de-emphasis networks
48 and 46 coupled to 55  fier 44 (FIGURE 1), the output of which  terminals
[err] modify the matrixed (e.g., L) is  coupled via  terminal [err] a
signals to produce the desired left (L) and  120 de-emphasis network 48 and
a second audio  right (R) audio signal components. Because power amplifier
to audio reproducing means  of the doubly balanced nature of the illus- 



such as a second loudspeaker.               trated synchronous detector and
the low pass 60    In order to reduce modulation of the base-
characteristics of the de-emphasis networks emitter voltages of follower
transistors 721  46, 48, components other than the desired  125 and 723 as
the collector currents of transis-  left  and right audio signals are not
present tors 729 and 731 vary, complementary com-  across the output filter
capacitors of the net- posite signals with respect to the signals  works
46, 48.    16                                         1,332,515
16 Correct matrixing of the sum and difference  transistor 745 is coupled
to a multiple [err] signal components is  dependent in part upon  bias
supply of the type described in  our matching of the currents supplied by
the  Patent No. 1229274. As used herein, the term source transistors 701,
703, 729 and 731. In  [err] is defined as the forward voltage drop 5  the
integrated  circuit environment, such  across the base-emitter junction of
a normally  70 matching is relatively easily accomplished by  conducting
transistor  (e.g., approximately constructing  substantially  identical
transis-  0.65 to 0.7 volts for  silicon transistors such tors 701, 703,
729, 731 and substantially  as are fabricated in integrated circuits).
Refer- identical associated emitter resistors 705, 707,  ence voltage
supplies (usually internal to the 10  733 and 735 in close proximity on the
chip  integrated circuit) which provide one or more  75 22.
integral  multiples of [err] above ground poten- Correct matrixing is also
dependent upon  tial at a low impedance are designated as the ratios of
resistors 717 and 719 to resis-  "multiple [err] supplies". In the present
case, tors 725 and 727, respectively. In the illus-  the multiple [err]
supply comprises a com- 15  trated doubly-balanced synchronous detector
mon collector transistor 749 and a common  80 arrangement, the  switching
transistors 709,  emitter transistor 751 coupled together in a 711, 713,
715 are supplied with 38 KHz sym-  negative feedback arrangement. The
collec- metrical square waves of correct phasing so  tor electrode of
transistor 749 is coupled to that full wave detection of the 38 KHz differ-
the source of operating voltage while a plu- 20  ence signal subcarrier
signal is obtained. The  rality of resistors 753, 755, 757 are coupled  85
resultant peak to peak value of the audio  in series relation between the
emitter elec- frequency components of the detected differ-  trode of
transistor 749 and ground. The junc- ence signal is related to the peak
rectified  tion of  resistors 755 and 757 is connected to carrier wave at
the output of the detector  the base electrode of transistor 751. The 25
by a factor of 2/[err]. The peak difference car-  emitter electrode of
transistor 751 is con-  90 tier 'wave for the composite signal is set by
nected to ground while the collector electrode the standards for
stereophonic broadcasting  of transistor 751 is directly connected to the
as equal to the peak sum component for a left  base electrode  of
transistor 749. As is only or a right only signal. Therefore, in  explained
in our Patent No. 1229274, when 30  order to obtain proper matrixing of the
sum   transistors  749 and 751 are conducting, a  95 and difference
signals,  resistors 717 and 719  voltage  equal to [err] exists across
resistor are selected [err]/2 times  as large as the resis-  757.  Resistor
757 is selected smaller than tors 725 and 727 across which the sum sig-
the base-emitter impedance of transistor 751 nal components are developed.
and the additional resistors 753, 755 are 35    The synchronous difference
signal detec-  selected smaller than the input impedances  100 tor
illustrated in FIGURE 7  further com-  of the respective circuits to which
they are prises means for automatically disabling oper-  coupled. In that
case, voltages are developed ation of the difference  signal detection cir-
across each of the series connected resistors cuits either when the
prolonged absence of  753, and 755 equal to the product of [err] and 40
pilot  signal greater than a  predetermined  the ratio between the
particular resistor (753  105 amplitude  indicates  that non-stereophonic
or 755) and resistor 757. Specifically, in the (monophonic) program
material is being  circuit illustrated in FIGURE 7, voltages of received or
when the signal-to-noise ratio of  7 [err]  and  4 [err] are developed  at
the emit- the received signal is judged too poor for satis-  ter electrode
of 'transistor 749 and at the 45  factory stereo reproduction. The manner
in  junction of resistors 753'and 755, respectively.  110 which a stereo
disabling signal  is derived will    The junction of resistors 753 and 755
is be  described  below  in  connection  with  is coupled to the base
electrodes of a pair of FIGURES 8 and 9. For purposes of the pre-  stereo
disabling or stereo killer transistors sent discussion it is sufficient to
recognize  759 and 761. The emitter electrodes of tran- 50  that such a
disabling signal is produced for  sistors 759 and 761 are coupled,
respectively, 115 either of  the above-noted conditions,       to the
joined emitter electrodes of  switching In the apparatus  shown in  FIGURE
7,  transistors 709, 711 and the joined emitter stereo disabling signals
are supplied to an  electrodes of switching transistors 713, 715. amplifier
comprising a first transistor 741  The collector electrodes of  transistors
759 and 55  having a collector electrode connected to a  761 are directly
joined together and this col- 120 source of operating voltage (B+), a base
lector junction is connected to the emitter electrode coupled' to a source
of stereo dis-  electrodes of current splitter transistors 763 abling
signals and  an emitter  electrode  and  765 via separate emitter resistors
767 



coupled via a resistor 743 to the base elec-  and 769. The base electrodes
of current split- 60  trode of a switching transistor 745. The emit-  ter
transistors 763 and 765 are  directly con- 125 ter electrode of transistor
745 is connected  nected to the emitter electrode of transistor to ground
and an output switching signal is  749 (7 [err]   when the multiple V[err]
supply derived  at the collector  electrode   thereof  is  operating). The
collector electrodes  of across a resistor 747 coupled to the source
splitter transistors 763 and 765 are connected 65  of operating voltage.
The output  of switching  to resistors 717 and 719, respectively.   130
17                                          1,332,515
17 A feedback circuit is coupled between the     The difference signal
detector is  main- input and output of the switched multiple  tained in an
inoperative or bypassed condi- V[err] supply to increase the rate at which
the  tion  until an  input to transistor 741 repre- system switches from
stereophonic to mono-  sentive of the presence of adequate pilot sig-
phonic mode. This circuit comprises a tran-  nal is provided to switch
transistors 741 and  70 sistor 771 having a collector electrode coupled
745 on and to  thereby switch the multiple via a resistor 773 to the base
electrode of  [err] supply, and the killer and splitter stages transistor
745, a base electrode coupled via  off. a resistor 775 to the emitter
electrode of    As noted above, an input signal greater 10  transistor 749
and an emitter electrode con-  than approximately one volt (low current
[err]   75 nected to ground.                            of transistor 741
plus moderate current [err] In operation, upon the loss of stereophonic  of
transistor 745) is sufficient to maintain information suitable for
reproduction as indi-  conduction of transistors 741 and 745 (and cated by
the apparatus to be described below   therefore maintain operation in the
stereo- 15  in connection with FIGURES 8 and 9, the  phonic  mode).
However, when  transistors  80 voltage at the base electrode of transistor
741   741 and  745 are switched off and transistor falls below a
predetermined level (e.g., one  771 is on (i.e., monophonic operating
mode), volt) and transistors 741 and 745 begin to  a positive  voltage
greater than one volt is switch to an off or non-conductive condition.
required at the base of transistor 741 to 20  The voltage at the base
electrode of transis-  re-initiate stereophonic operation since resis-  85
tor 749 increases positively causing transistor  tors 743 and 773 are then
coupled via tran- 749 and then transistor 751 to conduct so that  sistor
771 as a voltage divider across the the multiple [err] supply switches on.
This  input  (base-emitter) terminals of transistor switching action is
aided by the presence of  745. An input voltage of approximately 3 [err] 25
transistor 771 which commences conduction  (approximately two volts) is
thus required at  90 along with transistors 749 and 751. Transis-  the base
of transistor 741 to switch to stereo- tor 771 serves to switch transistor
745 off  phonic mode  The difference between the rapidly once the switching
operation begins.  levels required at the base of transistor 741 A positive
voltage (4 [err] provided at the  to initiate and to remain in stereophonic
mode 30  junction of resistors 753 and 755  causes killer  provides a
desirable hysteresis characteristic  95 transistors 759 and 761 to conduct.
Similarly,,  whereby  once  stereophonic reproduction  is a positive
voltage (7 [err] provided at the  initiated it will be  maintained even
though emitter electrode of transistor 749 causes  momentary fluctuations
occur  either in the splitter transistors 763 and 765 to conduct.  received
pilot signal level or in signal-to- 35    When killer transistors 759 and
761 con-  noise ratio of the detected signal.            100 duct, a
sufficiently positive voltage (3 V[err] is    When stereophonic information
suitable for coupled to the joined emitter electrodes of  reproduction is
received and processed by the switching transistors 709 and 711 and to the
associated  receiver (as indicated by the appa- joined  emitter electrodes
of switching tran-  ratus to be described below  in connection 40  sistors
713, 715 to reverse bias such switch-  with FIGURES 8 and 9), a
sufficiently posi-  105 ing transistors and thereby disable the differ-
tive input voltage is supplied to the base of ence signal detector. The
push-pull composite  transistor 741 to render it conductive. Tran- signals
supplied via current source  transis-  sistor 745 also conducts, so that
the input tors 701 and 703 are then diverted through  to transistor 749 is
not   sufficiently positive 45  killer transistors 759 and 761 and cancel
to produce conduction in transistor 749. The  110 each other at the joined
collector electrodes  multiple V[err]  supply comprising transistors of
transistors 759, 761. The joined collector  749 and 751 is therefore
switched "off" and electrodes of transistors 759 and 761 also  each of
transistors 759, 761, 763 and 765 is serve to combine the direct current
compon-  switched "off". Under these conditions, the 50  ents of the
outputs of current source transis-  difference signal  detector circuits
operate to  115 tors 701 and 703. The combined direct cur-  produce (L-R)
and -(L-R) signals in the rent components are then split into equal  manner
previously described. It should also components by means of resistors 767,
769  be noted that transistor 771 is off under these and transistors 763,
765 and the equal com-  conditions. 55  ponents are coupled to load
resistors 717 and   Referring to FIGURE 8  of the drawing, 120 719. The
direct bias voltage coupled  to mat-  means are illustrated for detecting
the signal- rix transistors 721 and 723 is therefore:main-  to noise ratio
of the received composite sig- 



tained   substantially equal for either  stereo-  nal and for providing a
stereo disabling sig- phonic or monophonic reproduction modes. If  nal
whenever such ratio  is less than a pre- 60  such direct bias voltage was
allowed to change  determined  limit  suitable   for  acceptable  125 when
the   operating mode  of the  system   stereophonic  reproduction   of
program changed  a thump would be heard in the asso-  material.  The
illustrated   signal-to-noise ciated  loudspeakers.  The  above-described
detector and associated  circuits are particu- arrangement precludes
production of such an  larly adapted for fabrication using integrated 65
undesirable sound.                            circuit techniques  and are
arranged for con- 130    18
1,332,515                                         18 nection  to composite
signal amplifier  24  direct voltage balancing arrangement com- (FIGURES 1
and 5) and flip-flops 312, 318,  prising  differentially  connected
transistors  65 322, 328 (FIGURE 3), all within integrated  567 and 835
which are associated with the circuit chip 22.
composite signal  amplifier 24. The base elec- 5     The  illustrated
signal-to-noise  detector  trodes of transistors 567 and 835 are directly
comprises  a  balanced   synchronous  noise  connected to the base
electrodes of transistors detector 68 having first and second current  517
and 547 described above in connection  70 source transistors 801 and 803.
The base  with FIGURE  5. The collector electrodes electrodes. of
transistors 801 and 803 are  of transistors 567 and 835 are coupled to the
10  directly connected to separate ones of the  B+  operating voltage
source by means of push-pull composite signal outputs of the  series
connection of resistors 569 and 571. composite signal amplifier 24 of
FIGURE 5.  A direct reference voltage derived from the  75 The emitter
electrodes of transistors 801 and  junction of resistors 569 and 571 is
directly 803 are returned to ground by means of a  connected to the base
electrode of transistor 15  single resistor  805. The collector electrode
825. This direct reference voltage supply is of transistor 801 is directly
connected to  a direct current replica of the noise detector joined emitter
electrodes of a first pair of  elements 801-817 and provides a direct bias
80 switching transistors 807, 809 while the col-  which varies in the same
manner as the lector electrode of  transistor 803 is directly  quiescent
direct bias provided at the base of 20  connected to  joined emitter
electrodes of a  transistor 829 by the noise detector. second pair of
switching transistors 811, 813.    The output of the differential noise
sens- The base electrodes of transistors 807 and  ing amplifier comprising
transistors 825, 827,  85 811 are connected to one of the complement-  829
is  developed across a resistor 843 coupled between the B+ operating
voltage source and ary  114 KHz square wave outputs B, B   the joined
collector electrodes of transistors 25  of flip-flop 312 (FIGURE 3) while
the base  827 and 829. An average detector including electrodes of
transistors 809 and 813 are con-  means for increasing the duration of
noise-  90 nected to the other  of the complementary  representative pulses
is coupled to resistor 843. The average detector comprises a detec- square
wave outputs B, [err]. A source of oper-  tor transistor 845 having an
emitter electrode ating voltage (B+) is connected directly to  coupled to
ground via a resistor 847, a col- 30  the collector electrodes of
transistors 807 and  lector electrode coupled to the B+  operat-  95 813
and is connected via the series combina-  ing voltage source via a load
resistor 849 tion of a forward biased voltage dropping  and  a base
electrode coupled to a  pulse diode 815 and a resistor  817 to the joined
stretching circuit indicated generally  by the collector electrodes of
transistors 809 and  reference  numeral  851  which  will  be 35  811. The
joined collected electrodes of tran-  explained below. The collector
electrode of 100 sistors 809 and 811 are also coupled to ter-  transistor
845 is coupled to terminal T8 of minal T14 of the integrated circuit chip
and  the integrated circuit chip (FIGURE 1) and via a zener diode 819 to
the operating volt-  to OR circuit 66 associated with stereo dis- age (B+)
source. A  capacitor 76, which  abling circuit 70 (FIGURE  1). Capacitor 40
determines the bandwidth of the noise detec-  62b (see FIGURE 1) is also
coupled to ter-  105 tor 68, is coupled externally of the integrated  minal
T8 and provides filtering of the out- circuit between terminal T14 and
ground. A   put of transistor 845. noise threshold control comprising
adjustable  The pulse stretching circuit 851 comprises resistor 821 coupled
across the operating volt-  a bistable circuit having first and second 45
age source and  a series resistor 823 coupled  transistors 853 and 855
arranged as a set-reset 110 between terminal T14 and the wiper arm of
flip-flop. Noise indicative pulses developed resistor 821 may be provided
external to  across resistor 843 are coupled to the "set" the integrated
circuit chip 22 for adjusting the  terminal of the flip-flop (i.e., the
base elec- level  of signal-to-noise ratio at which stereo-  trode of
transistor 853) by means of a volt- 50  phonic disabling signals are
provided. A fixed  age translation and amplifying circuit com- 115
acceptable signal-to-noise ratio also may be  prising transistor 857, zener
diode 859, resis- provided solely by components within chip  tor 861,
resistor 863 and transistor 865. The 22 such that the circuit elements 821
and  elements 857, 859, 861 and 863 are coupled 823 may be omitted.
in the named order across the B+ operating 



55   A  differential noise sensing amplifier is  voltage supply. The
resistor 843 is connected  120 provided comprising transistor 825  and  a
to the base electrode of transistor 857 (which Darlington  connected
combination of tran-  is of opposite type conductivity as compared sistors
827 and 829. The base electrode of  to the vast majority of the transistors
on the transistor 829 is coupled  to terminal T14.  integrated circuit
chip) while the base elec- 60  The base electrode of transistor 825 is
coupled  trode of transistor 865 is connected to the  125 to a direct
reference voltage supply indicated  junction of resistors 861 and 863. The
col- generally by the reference numeral 831  Refer-  lector electrode of
transistor 865 is connected ence voltage  supply 831 is derived from  a  to
the base electrode of transistor 853 and to    19
1,332,515                                         19 the collector
electrode of transistor 855. The  measure of signal level at the output of
ampli-  65 base electrode of transistor 855 (the "reset"  fier 24. This
direct voltage, provided by cir- input of the set-reset flip-flop) is
connected  cuit 831 then may be compared with detected to a source of
regularly recurring pulses pro-  noise components to measure
signal-to-noise 5 vided by the combination of outputs from   ratio. Where
the variable resistor 821 is pro- flip-flops 318, 322 and 328.
Specifically, one  vided, it is manually adjusted (e.g., factory  70 of the
19 KHz square wave outputs (E) of  adjustment) to provide a bias voltage to
maintain transistors 827 and 829 cut off for flip-flop 322, one of the 19
KHz outputs ([err])  all detector output signals at terminal T14 of
flip-flop 328 and one of the 38 KHz out-  less than the acceptable
out-of-band noise 10  puts (D) of flip-flop 318 are combined in  level
established by such adjustment.        75 an OR function and inverted twice
by means. of an amplifier comprising transistors 867    The push-pull
composite signal outputs of and 869. The collector electrode of transistor
amplifier 24 are supplied to current source 869 is connected to the base
electrode of  transistors 801 and 803. Switching transis- 15 transistors
855 and 871 (as well as to the col- tors 809 and 811 are switched
alternately lector electrode  of transistor  853).  The  between saturation
and cutoff by means of  80 stetched pulse output of the flip-flop 853,
their respective 114 KHz square wave input 855, which is developed at the
collector elec- trode of transistor 853 as will appear below,  signals B
and B supplied by flip-flop 312. 20  is coupled via a voltage translating
stage  Noise in the composite signal output of ampli- comprising transistor
871, resistors 873 and  fier 24 at or near the 114 KHz switching 875,
transistor 877 and resistor 879 to the  rate is translated by the
heterodyning action  85 base electrode of detector transistor 845.  of
detector  68 to a  band of frequencies In the operation of the apparatus
illustrated  extending upwardly  from  zero  frequency 25  in FIGURE 8, the
direct reference voltage  while other components in the composite sig-
provided by the circuit indicated generally by  nal are translated outside
the low pass charac- the  reference numeral 831 is related to the
teristics of the filter comprising capacitor 76  90 quiescent direct
voltage supplied to the base  and the associated resistors (eg., resistors
of transistor 829 from the noise detector 68.  821 and 823). Capacitor 76
is selected in 30  That is, the current source transistors 801  conjunction
with such resistors to provide the and 803 are biased in the same manner as
desired  noise detector frequency  response. transistors 567 and 835, and
since only one-  Noise within the predetermined bandwidth  95 half the
direct current supplied by transistors around 114 KHz produces pulses at
termi- 801 and 803 reaches load resistor 817, the nal T14. Transistors 827
and 829 are respon- 35  corresponding load resistor 569 in the refer-  sive
to positive going pulses having an ampli- ence voltage supply 831 is
selected to be  tude which, in conjunction with the bias one-half the load
resistor 817. Resistor 571  voltage provided via resistor 821 across capa-
100 simulates the effect of the switching tran- citor 76, is sufficient to
overcome the bias sistors 809, 811 in the detector 68. Diode 815  provided
via transistor 825. Each such posi- 40  provides a portion of the desired
threshold  tive going pulse, representative of the pre- offset between the
inputs of transistors 825  sence of excessive out-of-band noise, is trans-
and 827, as does the base-emitter conduction  lated and inverted by means
of the circuit 105 threshold of transistor 829. Since the refer- comprising
transistors 827, 829, 857, 865 and ence voltage supply 831 and the detector
68  associated components. The  resultant nega- 45  are supplied from a
common B+ supply and  tive-going pulses are coupled to the base elec- are
in the same environment on chip 22,  trode of transistor 853 to place the
set-reset variations in the one direct voltage will also  flip-flop 853,
855 in its set condition (i.e., 110 appear in the other and the effect of
such  transistor 853 off, transistor 855 on and the variations on  the
operation  of the  noise  output supplied to transistor 871 in the high 50
detector 68 will be avoided.                voltage or "1" state).
Flip-flop 853, 855 will As is well known in the FM  radio receiver  remain
in the "1" state until the next nega- art, the peak amplitude of audio (and
higher  tive-going transition occurs in the "reset"  115 frequency) signals
provided at the output of input supplied to the base electrode of tran- the
FM detector 20 will be substantially con-  sistor 855 from transistor 869.
The genera- 



55  stant irrespective of the particular reception  tion  of the  reset
pulses  is illustrated  in conditions (i.e., r-f signal level and tuner
FIGURE 4 by means of the three waveforms noise). That  is, the peak
detected  signal  labelled "E+F", "E+F+D", and E+F+D. 120 amplitude is set
by the frequency deviation  Generation of such reset pulses takes advan-
established at the signal transmitter and the  tage of the fact as noted
above in connection 60  transfer characteristics of the detector, not  with
FIGURE 3, that the output of flip-flop by the received signal amplitude.
Amplifier  328 is delayed by a small interval (e.g., of 24 is arranged to
provide a stable gain charac-  the order of five microseconds) as compared
125 teristic. Therefore, it is possible to utilize  to the transitions of
the main triggering wave- a substantially constant direct voltage as a
forms provided by oscillator 26. The reset    20
1,332,515                                         20 pulse is generated
during this small interval.  phonic reception is not desired). That is,
while When multivibrator  853, 855 is in the  the noise threshold circuit
825, 827, 829 pro- "1" state  (excessive noise present), transis-  vides an
output which includes the amplitude tors 871, 877 and 845 are all
conductive and  characteristics of the  detected noise, the set- 5
capacitor 62b discharges. If the excessive  reset flip-flop 853, 855
normalizes the ampli-  70 noise is present for a sufficient duration, capa-
tudes of the above-threshold noise pulses. The citor 62b discharges
sufficiently to activate  set-reset flip-flop 853, 855 serves effectively
OR circuit 66 and thereby activate stereo dis-  to amplify the short
duration pulses relative abling circuit 70 as will be pointed out more  to
long duration pulses by stretching each of 10  fully below in connection
with the descrip-  such  types of pulses on the average to an  75 tion of
FIGURE 9.                            equal extent determined by the reset
rate of In  the  absence  of noise-representative  flip-flop 853, 855 (19
KHz in the present pulses at the set input of flip-flop 853, 855,  case).
The amplitudes of the noise pulses the pulses supplied to the base of
transistor  which trigger flip-flop 853, 855 are indistin- 15  855
maintains flip-flop 853, 855 in the reset  guishable from  each other at
the output of  80 condition so. that transistors 871, 877 and  flip-flop
853, 855. The normalized output of 845 are all turned off. The voltage
across  flip-flop  853, 855 is then supplied to a sig- capacitor 62b is
then  representative only of  nal integrating means (capacitor 62b) which
the presence or absence of pilot signal (see  serves to convert the
stretched durations of 20  FIGURE 9 below) and appropriate opera-  the
detected pulses to voltage amplitudes.  85 tion of the stereo disabling
circuit 70 fol-  The   subsequent  stereophonic-monophonic lows.
mode switching circuitry (FIGURES 7 and The apparatus comprising flip-flop
853,  9) is arranged to respond to a relatively high 855 and  flip-flop
322 serves to stretch the  voltage  across  capacitor 62b which is repre-
25  detected noise-representative pulses so as to  sentative of the
sustained presence of noise  90 provide an effective increase in detection
gain  in excess  of the preset noise threshold. The of such noise pulses
without requiring an  momentary  presence of large amplitude noise increase
in the amplitude (dynamic range) of  in excess  of the permissible noise
threshold signals handled by, for example, detector  produces only a
comparatively low voltage 30  transistor 845 and preceding transistor
stages.  across capacitor 62b and does not activate  95 Specifically, it
can be seen that the ran-  the mode' switching apparatus. domly occurring
noise-representative pulses,    In FIGURE  8,  a voltage supply is illus-
which are characteristically of short duration  trated which is suitable
for supplying voltage and varying amplitude, when processed  by  levels of
for example, +6.2 volts and +3 35  multi-vibrator 853, 855, are  converted
to  [err] volts which are useful in other portions  100 pulses of  varying
duration (dependent upon  of the chip 22 '(e.g., the flip-flops shown in
the relative timing of the reset pulse  wave-  FIGURES 2 and 8). Numerous
voltage sup- form  and detected noise pulses)  and fixed  ply
configurations  may be used and that which amplitude (determined by "1"
state output  is shown is included only for the purpose of 40  voltage of
853, 855). Depending upon the  showing one complete configuration for the
105 relative timing of the reset pulses and the  various portions of chip
22. detected noise-representative pulses, the out-    In the voltage supply
shown in FIGURE put of multivibrator 853, 855 may be in the  8, an external
source: of B+  voltage (e.g., "1" state as long as the 19 KHz period or
+85 volts) is' coupled via chip terminal [err] 45  as short as zero time.
Therefore, the average  to the collector electrode of a first emitter 110
duration of the processed pulses provided by  follower transistor 802. The
emitter electrode multivibrator 853, 855 will be one-half the  of
transistor 802 is returned to ground via period of the applied reset
waveform  (i.e.,  the series combination of a resistor 804 and
approximately 25 microseconds).               a plurality of transistors
806, 808, 810 and 50    The noise-representative direct voltage pro-  812.
Each of transistors 806 and 810 is con- 115 duced at the output (collector
electrode) of  nected as a diode with its collector electrode detector
transistor 845 is therefore enhanced  directly connected to its base
electrode. The or increased by the pulse stretching opera-  emitter
electrodes of transistors 806 and 810 tion of flip-flop 853, 855 and
associated cir-  are connected, respectively, to the base elec- 



55  cuits.                                      trodes of transistors 808
and 812. The col-  120 The  pulse-stretching noise detector  des-  lector
electrodes of transistors 806 and 808 cribed above, unlike a simple noise
integrator  are directly connected together  and to the or high 'gain noise
amplifier, discriminates  end of resistor 804 remote from the emitter
between the sustained  presence of relatively  electrode of transistor 802.
The collector elec- 60  low level  noise greater than the preset noise
trodes of  transistors 810 and 812  are directly  125 threshold level (a
condition where  switching  connected together and to the emitter  elec- to
monophonic  reception is desired) and the  trode of transistor 808. The
emitter electrode momentary presence of high level, short dura-  of
transistor 812 is connected to ground. Bias tion bursts of static noise (a
condition which   is provided at the base electrode of transistor 65  is
temporary and therefore switching to  mono-  802 by means of a voltage
divider coupled  130    21
1,332,515                                        21 between terminal [err]
and ground, the divider  connection  to composite signal amplifier 24
comprising the series combination of a resis-  (FIGURES 1 and 5), flip-flop
328 (FIGURE tor 814, a zener   diode 816 (exhibiting a  3), the stereo
disabling apparatus (FIGURE nominal zener voltage of 5.5 volts) and the  7)
and the noise sensing apparatus (FIGURE 5 combination of transistors 810
and 812. An  8) within integrated circuit chip 22.      70 amplifier having
a low output impedance is    The  illustrated pilot presence  detector
coupled to the junction of resistor 804 and  comprises a  doubly balanced
synchronous the joined collector electrodes of transistors  detector
having  first and second  current 806 and 808. The amplifier comprises a
col-  source transistors 901 and 903. The base 10  lector load resistor 818
coupled between the  electrodes of transistors 901 and 903 are con-  75
terminal T[err] and the collector electrode of a  nected to separate ones
of the push-pull com- transistor 820, a further transistor 822 hav-  posite
signal outputs  of the composite signal ing a collector electrode directly
connected  amplifier 24 of FIGURE 5. The emitter elec- to the emitter
electrode of transistor  820, an  trodes of transistors 901 and 903 are
coupled 15  emitter resistor 824 connected between the  together by a
resistor 905 and are indi-  80 emitter electrode  of transistor  822  and
vidually returned to ground by resistors  907 ground, and a feedback
connection compris-  and 909, respectively. The collector electrode ing a
zener diode 826 connected from  the  of transistor 901 is directly
connected to collector electrode of transistor 820 to the  joined emitter
electrodes  of a first pair of 20  base electrode of transistor 822 and a
resis-   switching transistors 911, 913 while the col-  85 tor 828
connected from the base electrode of  lector electrode of transistor 903 is
directly transistor 822 to ground.                   connected to joined
emitter electrodes of a In operation, transistor 802 is biased to  second
pair of switching transistors 915, 917. conduction by means of the base
biasing cir-  The base electrodes of  transistors 911 and 25  cuit
comprising circuit elements 814, 816, 915 are connected to one of the
complement-  90 810 and 812. The transistors 810 and 812 are conductive and
provide a nominal direct  ary square wave outputs F, F of flip-flop 328
voltage of +2 [err] at the base electrode of  of FIGURE 3 while the base
electrodes of transistor 810 (the designation [err]  being  transistors 913
and 917 are connected to the 30  defined as a range of voltage values which
other of the complementary square wave out- exist across the base-emitter
junction of a transistor when that junction is conductive).  puts  F, F.
The collector electrodes of tran-  95 It should be recognized that in the
illustrated  sistors 911 and 917 are connected to an out- arrangement, the
transistor 812 will conduct  put terminal [err] while the collector
electrodes 35  more than transistor 810 and therefore the  of transistors
913 and 915 are connected to base-emitter voltage of the former will actu-
an output terminal T[err]. Filter capacitors 62a ally be somewhat greater
than that of the  and 62b mounted external to chip 22 are  100 latter.
However, this difference is unimport-  coupled from terminals [err] to
ground. ant for present purposes and will be ignored.  The base-emitter
junction of a clamping tran- 40    Since transistor 802 is conductive, a
volt-  sistor 921 is connected between terminals [err] age drop of [err] is
produced across its base-  and T[err]  A source of operating voltage (B+)
emitter junction. Therefore, the voltage at  is directly connected to the
collector electrode  105 the emitter electrode of transistor 802 will  of
transistor 921, to the collector electrodes be equal to the sum of the
voltage across zener  of transistors 911 and 917 by means of resis- 45
diode 816 and one [err] (e.g., approximately  tor 849 (see also FIGURE 8)
and to the col- + 6.2 volts).                              lector
electrodes of transistors 913 and 915 Transistors 820 and 822  are also
biased  by means of the series connection of resistors 110 for conduction,
the base electrode of transis-   923 and 925. A differential sensing
amplifier tor 820 being at a voltage of +4[err] by vir-  comprising
transistors 927 and 929 is coupled 50  tue of the operation of the
combination of  to the terminals T[err] and T[err]. The emitter elec-
transistors 806, 808, 810 and 812. The emit-  trodes of transistors 927 and
929 are coupled ter electrode of transistor 820 is therefore  by means of a
common resistor 931 to ground. 115 maintained at + [err] (e.g.,
approximately  The base electrode of transistor 927 is sup- 



two volts) and provides a low  impedance  plied with  the output developed
at the col- 55  voltage source for use in numerous flip-flops  lector
electrodes of transistors 911 and 917 on chip 22 as set forth above.
by coupling that base electrode to terminal Referring to FIGURE 9 of the
drawing,  [err]  The noise presence indicative output of 120 means are
shown for producing indications  transistor 845 (FIGURE 8) is also coupled
of the reception of stereophonic broadcast  to terminal [err] The base
electrode of tran- 60  material which is suitable for reproduction.  sistor
929  is  supplied  with the  output The illustrated apparatus, which
includes a  developed at the collector electrodes of tran- pilot presence
detector and  means for pro-  sistors 913  and 915 by coupling that base
125 viding automatic stereo switching signals  is  electrode to the
junction of divider resistors particularly adapted for fabrication using
inte-   923   and 925. Resistors 923  and 925 are 65  grated circuit
techniques and is arranged for  selected to maintain transistor 929 conduc-
22                                        1,332,515
22 tive in the absence of a differential voltage  terminal [err] of chip
22. The output developed (i.e., in  the absence of a pilot  presence indi-
at terminal [err]  is coupled to the base elec- cation) across terminals
T[err] and T[err] . The col-  trode   of  a lamp  supply transistor  967
lector electrode of transistor  929 is connected  arranged in  a grounded
emitter configura- 5  directly to the operating voltage supply (B+)  tion
(external to chip 22). A pilot indicator  70 while the collector  electrode
of transistor 927  lamp 969 is coupled between the collector is coupled via
an output load resistor 933  electrode of  transistor 967 and an appropri-
to the operating voltage supply (B+). Sig-  ate external direct voltage
supply capable of nals developed across resistor 933, representa-  lighting
lamp 969. 10  tive  of the combination of the presence of a    In  the
operation of the pilot presence  75 19 KHz pilot component and the absence
detector the push-pull composite signals sup- of excessive noise in the
output of amplifier  plied by amplifier 24 to current source tran- 24 (as
will be  explained below), are coupled  sistors  901  and  903  are
synchronously to a level translating stage comprising an  demodulated by
means of  the complementary 15  emitter follower transistor 935, an emitter
load resistor 941 and a  zener diode 939  19  KHz square waves F, F
supplied  to  80 coupled between resistor 941 and the emit-  switching
transistors  911, 917, 915, 913. ter of transistor 935. The collector
electrode  When the composite signal includes a con- of transistor 935 is
connected to  the oper-  tinuous 19 KHz pilot component indicative 20
ating voltage supply. The junction of resistor  of reception of stereo
broadcast material, 941 and diode 939 is coupled in parallel to
differential direct voltage components are pro-  85 the base electrodes of
a first common emitter  duced by the detector arrangement across transistor
937 and a further common emitter  capacitors 62a and 62b. The system
(particu- transistor 947 via identical resistors 945 and  larly the phasing
of flip-flop 328) is arranged 25 943, respectively  The collector electrode
of such that with oscillator 26 operating pro- transistor 947 is coupled to
an operating  perly, the resulting direct voltage component  90 voltage
(+6.2V ) by a load resistor 971. Sig-  across capacitor 62b is more
positive than the nals developed across resistor 971 are coupled  direct
voltage component produced across via an emitter follower transistor 973
and  capacitor 62a. Transistor 927 therefore is 30  a time constant network
975 to  the stereo  rendered conductive when pilot signal is pre- disabling
input of transistor 741 (FIGURE   sent. When transistor 927 conducts,
transis-  95 7). Time constant network 975 comprises an  tors 935 and 937
decrease conduction. As emitter resistor 977 coupled between the
transistor 937 decreases conduction, transis- emitter  electrode of
transistor 973  and  tor 955 increasingly conducts. The voltage at 35
ground, a relatively large  series coupling  the  emitter electrode  of
transistor  955 resistor 979 connected from the emitter elec-  becomes more
positive and, when it exceeds 100 trode of transistor 973 to the base
electrode  the sum of the zener breakdown voltage of of transistor 741 and
a filter capacitor 72  diode  963 plus the forward voltage of diode coupled
from the  base electrode of transistor  961, a positive voltage is coupled
to the emit- 40  741 to ground. Capacitor  72 is mounted  ter electrode of
transistor 937 to turn tran- external to chip 22 and is coupled via termi-
sistor 937 off and maintain it off. At the same  105 nal  [err] to chip 22.
time, when the emitter voltage of transistor Returning  to  the second load
coupled  955 is  sufficiently positive, transistor 967 is across resistor
941, the collector electrode of  turned on. Indicator light 969 or other
indi- 45  transistor 937 is coupled via the series com-  cator  means
(e.g., an  electromagnetically bination of a resistor 949 and a  diode 951
deflected iron vane indicator) is therefore  110 to the source  of
operating voltage (B +).    energized to indicate reception of stereo
broad- The collector electrode of transistor 937 is  cast material to the
listener. also coupled to an emitter follower transis-    Under these
conditions (stereo presence 50  tor 955. Transistors 937 and 955 and
associ-   indicated by conduction of transistor 927), ated components are
arranged as a regenera-  transistor 947 also is rendered non-conduc- 115
tive switching or "latch" circuit having two  tive and transistor 973
conducts. Capacitor 72 



stable states, the latch circuit being indicated  begins  to charge to a
positive voltage via generally as the numeral 919. To this end,  transistor
973 and resistor 979 at a predeter- 55  the series combination of a zener
diode 963  mined rate. After: a predetermined continu- and an  emitter
resistor  957 is  coupled  ous interval of stereophonic reception (e.g.,
120 between the emitter electrode  of transistor  one second), capacitor 72
charges sufficiently 955 and ground. An emitter resistor 959 is  to render
transistor 741 (FIGURE 7) con- coupled  between the emitter electrode of
ductive, thereby initiating the operating cycle 60  trasistor 937 and
ground. A  diode 961 is  described above in  connection with FIGURE coupled
between  the ends of resistors  957  7 for enabling the stereo difference
signal 125 and 959 remote from ground. An output is  detector. The delay
provided by the com- derived from transistor 955  by means of a  bination
of resistor 979 and capacitor 72 is resistor 965 coupled from  the
junction of  selected to reasonably assure continued stereo 65  resistor
957 and zener diode 963 to output  reproduction once it is initiated.    23
1,332,515                                       23 In'the absence of
substantially continuous  ing of the pilot-presence synchronous detec- 19
KHz pilot signal component at the output  tor under these conditions.
Transistor 929 is of amplifier 24, the differential direct voltage
maintained conductive by reason of its fixed component between terminals
T[err] and T[err] will  base bias provided via resistors 923 and 925 5
not be sufficiently positive to maintain tran-  and transistor 927 is cut
off. The presence of  70 sistor 927 conductive and, because of the  pilot
signal at the output of amplifier 24 is differential connection of
transistors 927 and  ineffective to change the voltage across capa- 929,
transistor 929 tends to conduct. Resis-  citor 62a under these conditions.
The stereo tors 923 and 925 are selected to maintain  indicator light 969
therefore is shut off and 10  transistor 929 biased for conduction for this
a disabling signal is  supplied to transistor  75 condition (i.e., absence
of 19 KHz pilot sig-  741 so as to place the system in the mono- nal). As
transistor 927 ceases conduction,  phonic reproduction mode. transistor 935
conducts and provides an input    Certain aspects of the stereophonic
decoder to transistor 937 of the proper sense to ren-  system described
above which pertain to rela- 15  der transistor 937 conductive. Transistor
937  tionships among several of its subsystems will  80 remains
non-conductive until transistor 935  now be described. conducts
sufficiently to overcome the reverse    The stereophonic decoder chip 22
and asso- bias coupled to the emitter electrode of tran-  ciated external
components are arranged, in sistor  937 by transistor 955. When this bias
several respects, to provide high performance 20  is overcome and
transistor 937 conducts,  when noise components are present in the pro-  85
transistors 955 and 967 are switched off. The  cessed composite signal and
to discriminate stereo indicator light 969 is thereby extin-  against such
noise components in favor of guished. At the same time, since transistor
transmitted signal components. The manner 935 conducts, transistor 947
conducts. Tran-  in which the system precludes operation in 25  sistor 947
is arranged in a grounded emitter  the stereophonic mode when excessive
noise is  90 configuration  which serves  to invert the  present was
described in detail in connection applied signal and thereby renders
transis-  with FIGURES 7, 8, and 9. The signal-to- tor 973 non-conductive.
Capacitor 72 dis-  noise detector arrangement shown in FIGURE charges at a
relatively slow rate determined  8 and  the additional apparatus shown  in
30  by resistors 977 and 979 such that, after a  FIGURES 7 and 9 for
switching between  95 predetermined time interval during which no
monophonic and stereophonic reproduction pilot signal is detected,
capacitor 72 dis-  modes  also are arranged to  discriminate charges
sufficiently so that transistor  741  between actual unacceptable
signal-to-noise (FIGURE 7) also is rendered non-conduc-  conditions and
certain acceptable signal con- 35  tive. The stereo disabling circuitry
described  ditions which might be misconstrued as con- 100 above in
connection with FIGURE 7 there-  taining excessive noise. upon operates to
switch the apparatus of    For example, when the  composite signal FIGURE 7
to the monophonic reproduction  provided by amplifier 24 includes
particularly mode.                                      high  level signals
(e.g., repetitive  cymbal 40    It can  thus be seen that the voltage delay
crashes in an orchestral selection), such sig- 105 associated with
transistor 937 switching on  nals may also be accompanied by spurious and
the time constant delay  associated with  ultrasonic components which are
produced  as discharge of capacitor 72 serve, respectively,  a result of
over-modulation and the resultant to maintain indicator lamp 969 on and
stereo  generation of harmonic distortion compon- 45  switching transistor
741 off for an interval  ents at the broadcast transmitter. It is likely
110 after pilot signal level decreases below the  that such spurious
harmonic components  will level initially required to switch  the system
fall  within the band of frequencies to which into stereophonic
reproduction mode. In this  the noise detector (FIGURE 8) is sensitive.
manner, short term  fading or drop-out of  That noise detector therefore is
arranged 50  the pilot signal will not interrupt stereo repro-
automatically to change  the acceptable level 115 duction.
of ultrasonic components (eg., in the vicinity 



In the case where sufficient pilot 'signal is  of 114 KHz) and thereby
maintain continu- present for stereophonic reproduction but an  ous
stereophonic reproduction of such high acceptable signal-to-noise ratio is
present, the  level signals even though a relatively high 55  following
operation  results. As  explained  level of ultrasonic components is
present. A  120 above in connection with the apparatus shown  noise
detector having  a threshold  which in FIGURE  8,' an unacceptable
signal-to-  remains fixed under such signal conditions noise condition is
indicated by conduction of  undesirably  could cause switching to  the
transistor 845. When transistor 845 conducts,  monophonic mode. 60  the
voltage at terminal T[err] (the  base electrode    Referring to FIGURE 8,
the automatic  125 of transistor 927) decreases to a relatively  noise
threshold adjustment is accomplished low value. Clamping transistor 921
insures  by virtue of the manner in which transistors that terminal [err]
declines only to a value  801, 803, 807, 809, 811 and 813 are arranged.
substantially one [err] less than terminal [err]  Specifically, when normal
or relatively low 65  to prevent interference with the proper bias-  level
composite signals are supplied by ampli- 130    24
1,332,515                                         24 fier 24 to current
source transistors 801 and  fiers and a 38 KHz  tuned bandpass circuit.
803,  the switching  transistors 807, 809, 811  The  38 KHz subcarrier
regenerated by such and 813  operate as a synchronous detector  a system is
contaminated by amplitude modu- to produce cross resistor 817 an output
signal  lation noise components which, if the noise 5  which is relatively
linearly related to the 114  is in or near the audio frequency range, pro-
70 KHz components of the composite signal. A   duce, after detection,
audible outputs in the relatively constant quiescent  direct  current
associated  sound  reproducing  apparatus. flows in resistor 817. For high
amplitude com-  Furthermore, the regenerated  subcarrier  in posite
signals, however, one of  the transistors  such a system is contaminated
with frequency 10  801 and 803 is driven to cutoff as the other  and
phase modulation noise  components  75 is driven to high conduction. This
result fol-  which 'adversely affect stereophonic  separa- lows because of
the  common connection of  tion of the detected'audio signals. the emitters
of  transistors 801 and 803 to  While a portion of the undesired noise
resistor 805. Under these conditions, a direct  components may be
eliminated in the sub- 15  current component  geater than the normal
carrier regeneration channel by narrowing the  80 quiescent direct current
component is pro-  bandwidth of the tuned bandpass circuits, a duced in
resistor 817. For sustained  high  practical lower limit of this bandwidth
exists level composite  signals, the direct voltage  because of the  phase
sensitivity of a narrow across resistor 817 will therefore increase and
band filter. That is, as the  bandwidth of the 20  the resultant reference
voltage  across capaci-  channel  is decreased, the rate of change of  85
tor 76' will decrease. Therefore, the level of  phase  error as a function
of deviation'from detected noise required to exceed the thrshold  the
center frequency  of the bandpass circuit of operation  of transistors 829,
827  will  increases. Therefore,  a relatively slight mis- increase. Thus
for high level composite sig-  tunning ' of a narrow bandwidth channel will
25  nals,  the acceptable level of  components  produce  a  relatively
large error in the phase   90 around 114 KHz is automatically increased.
of  the  regenerated subcarrier and  thereby The above-described operation
of the noise  adversely  affect  stereophonic  separation. detector  may
also be considered as provid-  Furthermore,  narrow bandwidth  subcarrier
ing the 'desirable characteristic of a noise  regeneration  circuits
generally exhibit  an 30  detector which  is more sensitive  to noise
asymmetrical bandpass characteristic  which  95 during periods of low
signal modulation than  will also result  in subcarrier phase  variations
during  periods of  high signal modulation.  and attendant loss of
separation in the pre- It is possible, in view of this self-adjusting
sence of noise. Oscillators which are locked characteristic  of  the noise
detector for high  by injection of separated pilot signal are also .35  and
low level signals and the noise amplitude  prone to noise modulation of
their output 100 compression characteristics of the noise pulse  because
substantial injection  of signal  is stretcher described  in  connection
with  required to secure tight enough phase lock- FIGURE 8  above,  to
employ a wider detec-  ing.  The oscillator cannot be  de-coupled tion
bandwidth for the  noise'detector than  sufficiently from  noise modulation
compon- 40  would  be practical in the absence of such  ents  of the pilot
signal to prevent them from   105 characteristics.
causing phase and amplitude modulation of Typically a  bandwidth
(determined essen-  its output' signal. tially  by capacitor 76, resistor
817 and resis-   In the presently described system, a 38 tors 821 and 823
if used) of the order of 20  KHz switching waveform or regenerated sub- 45
KHz may be employed, which results in an  carrier  is produced by
frequency-scaling of 110 acceptable noise sensitivity    characteristics
for  the output of oscillator 26, which output is the noise detector. The
self-adjusting feature  maintained in timed relation  with the received
also makes   it possible  to eliminate  the  pilot signal  by means of
synchronous AFPC threshold adjustment components 821, 823  circuit 36 (see
FIGURE 6). A characteristic 50  without undue restriction on tolerances of
of  this arrangement of oscillator 26  and  115 



remaining components of the detector.       AFPC circuit 36 is that the
oscillator 26 is Certain other aspects of  this system  con-  substantially
insensitive to amplitude, phase tribute to its ability to provide quiet,
noise-  or frequency modulation  of the pilot signal free  stereophonic
reproduction. In particular,  by noise components in and near the audible
55  the 38 KHz  difference channel subcarrier is  spectrum. Thus the 38 KHz
switching sub- 120 regenerated  in 'the above-described  system   carrier
which is derived from the output of essentially free of  the spurious
modulation  oscillator 26 is  also  free of such undesired components
encountered in conventional sub-  noise components. carrier regeneration
circuits where signals over    Specifically, because of the synchronous, 60
a  bandwidth of at least 1 -2 KHz  are per-  quadrature relationship
between the received  125 mitted passage through the subcarrier regener-
pilot signal and the 19 KHz reference switch- ation circuit.
ing waveform  supplied to AFPC detector 36, Typically, pilot signal
doubler arrange-  the control voltage output of detector 36 is ments
comprise a  19 KHz tuned bandpass     substantially free of noise-induced
amplitude 65  circuit, two or more frequency doubler recti-  variations  of
the pilot signal. Therefore, the  130    25
1,332,515                                       25 phases (as well as the
amplitudes) of the out-  24,  noise sensing  apparatus and  matrix put of
oscillator 26 and the generated 38  amplifier arrangement, respectively:
46439/ KHz switching waveforms are each free of  70, 60159/70, 60160/70,
60161/70, (Serial the effect of such noise components.       Nos. 1322516,
1332513 and 1332514). With regard to noise induced frequency and phase
modulation components of the pilot    WHAT WE CLAIM  IS: -
70 signal, the bandwidth of AFPC detector 36,    1. Decoder apparatus
adapted to develop which is determined by associated resistance-  signals
from  a composite  multiplex signal capacitance filter elements rather than
by  including at least a pilot frequency compon- 10  tuned circuits, may
be made extremely small  ent and a modulated suppressed subcarrier (of the
order of 10-20 KHz)  while the loop  component; the frequency of said
subcarrier  75 gain of the AFPC system is selected suffici-  being a
multiple of said pilot frequency, com- ent to acquire and maintain phase
and fre-  prising a controllable oscillator for providing quency lock of
oscillator 26. In that case, the  timing  signals; frequency  scaling
means 15  noise-induced phase and frequency modula-  responsive to said
timing signals for produc- tion components of the pilot signal pass  ing a
first reference wave in predetermined  80 through the switching transistors
of AFPC   timing relationship therewith and a second detector 36 but are
almost entirely  removed  reference wave having a fundamental fre- from the
AFPC control signal by means of  quency the same multiple of the frequency
of 20  the narrow band R-C filter at the output of  said  first reference
wave; signal coupling the AFPC detector 36. This filtering process  means
for coupling signals from a source of  85 decouples  oscillator 26 (and
therefore  the  said composite signal; a first, doubly bal- generated 38
KHz switching waveform) from   anced, synchronous detector coupled to
receive the audio frequency phase and frequency  said  composite signal via
signal  coupling 25  modulation  components which  accompany  means having
a bandwidth extending over the pilot signal during noisy reception.
substantially the entire frequency range of. 90 Variations exist of the
scheme to use a  said composite signal, and responsive to said narrow-band
AFPC detector synchronizing an  first reference wave and to said composite
oscillator to obtain a narrow-band subcarrier  signal for producing a
control signal indicat- 30  regeneration system. A narrow-band subcarrier
ing phase and frequency errors between said regeneration  system reduces
the noise  in  first reference wave and said pilot compon-  95 recovered
stereophonic signals during weak-  ent and being coupled to an input of
said signal reception. An oscillator with 19 KHz  controllable oscillator
to control the phase center frequency can be automatically-phase-  and
frequency of said timing signals rela- 35  and-frequency-controlled with
the' output of  tively to said pilot component; and a second the phase
detector synchronous at 19 KHz  synchronous detector responsive to said
sec- 100 and its output doubled to provide 38 KHz  ond reference wave to
said composite signal subcarrier to the stereophonic subchannel syn-  for
effecting detection of components of said chronous detector. In such case,
the doubler  composite signal synchronous at the frequency 40  would be a
frequency scaling means linking  of said second reference wave, being the
sup- the subcarrier input of the stereophonic sub-  pressed sub-carrier
components.        105 channel synchronous detector to the 19 KHz    2.
Decoder apparatus as claimed in Claim oscillator, and the subcarrier input
of the  1, said first synchronous detector comprising synchronous AFPC
detector would be pro-  an amplifier with a first and a second output 45
vided from the 19 KHz oscillator itself. In  providing equal-amplitude
anti-phase signals the claims the term frequency scaling means  in response
to signal applied from said sig- 110 defines either a frequency multiplier
or a fre-  nal coupling means, a low-pass filter having quency divider, and
the frequency scaling  at least two inputs and synchronous switches means
may have an output providing signal  connecting each input of said low-pass
filter 



50  which is not translated in frequency from the  to alternative ones of
said first and second signal applied to its input.               amplifier
outputs on each half-cycle of said 115 Also, while the present invention
has been  first reference wave to produce said electric described above  in
terms  of a  complete  control signals. stereophonic decoding system,
various of the    3. Decoder apparatus as claimed in Claim 55  subsystems
may be employed separately to  1 or 2, said first synchronous detector
includ- advantage. Furthermore, modifications may  ing low pass filter
means in the output cir- 120 be made to the subsystems without departing
cuit thereof. from the scope of the various aspects of the    4. Decoder
apparatus as claimed in any present invention (e.g., all inductors may be
of the previous claims, said frequency scal- 60  eliminated by using a
different type oscilla-  ing means including a frequency multiplier tor).
portion for producing said second reference  125 Reference has been made to
certain pend-  wave in its required frequency relationship ing patent
applications in the preceding des-  to said first reference wave. 65
cription. In addition, the following applica-    5. Decoder apparatus as
claimed in Claim tions relate to the composite signal amplifier  1, 2 or 3,
said frequency scaling  means    25
1,332,515                                      25 phases (as well  as the
amplitudes) of the out-  24,  noise sensing  apparatus and  matrix put of
oscillator 26 and the generated 38  amplifier arrangement, respectively:
46439/ KHz switching waveforms are each free of  70, 60159/70, 60160/70,
60161/70, (Serial the effect of such noise components.       Nos. 1322516,
1332513 and 1332514). With  regard to noise induced frequency and phase
modulation  components of the pilot    WHAT WE CLAIM  IS: -
70 signal, the bandwidth of AFPC detector 36,    1. Decoder apparatus
adapted to develop which is determined by associated resistance-  signals
from  a composite  multiplex signal capacitance filter elements rather than
by  including at least a pilot frequency compon- 10 tuned circuits, maybe
made extremely small  ent and a modulated  suppressed subcarrier (of the
order of 10-20 KHz) while the loop  component; the frequency of said
subcarrier  75 gain of the  AFPC system is selected suffici-  being a
multiple of said pilot frequency, com- ent to acquire  and maintain phase
and fre-  prising a controllable oscillator for providing quency lock of
oscillator 26. In that case, the  timing  signals;  frequency  scaling
means 15  noise-induced  phase and frequency modula-  responsive to said
timing signals for produc- tion components of the pilot signal pass  ing a
first reference wave in predetermined  80 through the switching transistors
of AFPC   timing  relationship  therewith and a second detector 36 but are
almost entirely removed  reference wave having a fundamental fre- from the
AFPC control signal  by means of  quency the same multiple of the frequency
of 20  the narrow band R-C filter at the output of  said  first reference
wave; signal coupling the AFPC detector 36. This filtering process  means
for coupling signals from a source of  85 decouples  oscillator 26 (and
therefore  the  said composite signal; a first, doubly  bal- generated  38
KHz switching waveform) from   anced, synchronous detector coupled to
receive the audio frequency phase and frequency  said   composite signal
via signal  coupling 25 modulation  components which  accompany  means
having a bandwidth extending over the pilot signal during noisy reception.
substantially the entire frequency range of  90 Variations exist of the
scheme to use a  said composite signal, and responsive to said narrow-band
AFPC detector synchronizing an  first reference  wave and to  said
composite oscillator to  obtain a narrow-band subcarrier  signal  for
producing a control signal indicat- 30  regeneration system. A narrow-band
subcarrier  ing phase and frequency errors between said regeneration
system reduces the noise  in  first reference wave and said pilot compon-
95 recovered stereophonic signals during weak-  ent and being coupled to an
input of said signal reception An oscillator with 19 KHz  controllable
oscillator to control the phase center frequency can be
automatically-phase-  and frequency of said timing signals rela- 35
and-frequency-controlled with the  output of  tively to  said pilot
component; and a second the phase detector synchronous at 19 KHz
synchronous detector responsive to said sec- 100 and its output doubled to
provide 38 KHz  ond reference wave to said composite signal subcarrier to
the stereophonic subchannel syn-  for effecting detection of components of
said chronous  detector. In such case, the doubler  composite signal
synchronous at the frequency 40  would be a frequency scaling means linking
of said second reference wave, being the sup the subcarrier input of the
stereophonic sub-  pressed sub-carrier components.       105 channel
synchronous detector to the 19 KHz    2. Decoder apparatus as claimed in
Claim oscillator, and the subcarrier input of the  1, said first
synchronous detector comprising synchronous AFPC detector would be pro-  an
amplifier with a first and a second output 45  vided from the 19 KHz
oscillator itself. In  providing equal-amplitude anti- phase signals the
claims  the term frequency scaling means  in response to signal applied
from said sig- 110 defines either a frequency multiplier or a fre-  nal
coupling means, a low-pass filter having quency divider,  and the frequency
scaling  at least two inputs and synchronous switches 



means may have an output providing signal  connecting each input of said
low-pass filter 50  which is not translated in frequency from the  to
alternative ones of said first and second signal applied to its input.
amplifier outputs on each half-cycle of said 115 Also, while the present
invention has been  first reference wave to produce said electric described
above  in terms  of a  complete  control signals. stereophonic decoding
system, various of the    3. Decoder apparatus as claimed in Claim 55
subsystems may be employed separately to  1 or 2, said first synchronous
detector includ- advantage. Furthermore, modifications may  ing low pass
filter means in the output cir- 120 be made to the subsystems without
departing  cuit thereof. from the scope of the various aspects of the    4.
Decoder apparatus as claimed in any present invention (e.g., all inductors
may be  of the previous claims, said frequency scal- 60  eliminated by
using a different type oscilla-  ing means including a frequency multiplier
tor).                                      portion for producing said
second reference  125 Reference has been made to certain pend-  wave in its
required frequency relationship ing patent applications in the preceding
des-  to said first reference wave. cription. In addition, the following
applica-    5. Decoder apparatus as claimed in Claim 65  tions relate to
the composite signal amplifier  1, 2 or 3, said frequency scaling  means
including a frequency divider portion for pro-  chronous at the frequency
of said above-band ducing said first reference wave in its required
reference wave.                     35 frequency relationship to said
second refer-    9. Decoder apparatus as claimed in  Claim ence wave.
7 or 8, comprising controllable switching 6. Decoder apparatus as claimed
in Claim   means for a reception mode indicator at least 1, 2 or 3, said
frequency scaling means includ-  one of said synchronous detectors other
than ing a first frequency divider for producing  said first and second
synchronous detectors  40 said first reference wave and a second fre-
providing indicator  control siganls for said quency divider for producing
said second  controllable switching means. 10  reference wave.
10. Decoder apparatus as claimed in any 7 . Decoder apparatus as claimed in
Claim     of Claims 7, 8 and 9 comprising controllable 6  said   frequency
scaling  means including a   means  for disabling said second synchronous
45 detector in  response to disablement control third frequency divider for
providing a third   signals provided by at least one of said syn- reference
wave having its fundamental fre-   chronous detectors other than said first
and 15  quency component in quadrature phase rela-  said second synchronous
detectors. tionship  with the fundamental  frequency    11. Decoder
apparatus as claimed in Claims  50 component of said first reference wave;
and a  9 and 10 including means for establishing in third synchronous
detector responsive to said  respect of said  disablement control signals
third reference wave being coupled to receive  an effective response time
slower than that 20  said composite signal for effecting detection
effective for said indicator control signals. of components thereof
synchronous at the fre-    12. Decoder apparatus substantially as des-  55
quency of said third reference  wave.     cribed with reference to Figure 1
of the 8. Decoder apparatus as claimed in any  accompanying drawings.
preceding  Claim, said  frequency  scaling    13. Decoder apparatus as
claimed in claim 25  means having an output providing an above-  12. having
any  of the several parts thereof band reference wave with a fundamental
fre-  constituted  substantially as described  with  60 quency component
above the signal frequency  reference to the relevant one of the remain-
band of said composite multiplex signals, and  ing figures of  the
drawings. an above-band synchronous detector respon- 30  sive to said
above-band reference wave being         JOHN A. DOUGLAS, coupled to receive
said composite signal for.       Chartered  Patent Agent, effecting
detection of above-band components    50 Curzon Street, London. W1Y 8EU,
accompanying said composite signal and syn-         Agent for  the
Applicant. Printed for Her Majesty's Stationery Office, by the Courier
Press, Leamington Spa, 1973. Published by The Patent Office. 25
Southampton Buildings, London, WC2A 1AY, from, which copies may be
obtained.    


