
EP 0105 369 B1                    2 Description
In accordance with the present invention a combined phase detector and low
pass filter Technical field                                   comprising:
This invention relates generally to an electronic  charge storage means for
producing output circuit, and, in particular, to a combined phase    5
signals responsive to an input signal and to a first detector and low pass
filter.                     control signal, said first control signal
having a first frequency; Background of the invention
first gating means responsive to the charge The present invention concerns
an electronic    storage means output signals for gating or block- circuit
which functions simultaneously as a phase   10  ing such signals in
response to a second control detector and low pass filter. Phase detectors
of  signal; various types are well known in the electronic      second
gating means responsive to the charge arts. They find utility, among other
places, in   storage means output signals for gating or block- circuits for
decoding stereophonic signals in     ing such signals in response to a
third control stereophonic equipment such as tape recorders,   15   signal,
said second and third control signals being phonographs, and radios.
180 degrees out of phase with respect to each Low pass filters are also
well known in the      other; and electronic arts, and they find utility in
a wide   integrating means having first and second input variety of
electronic signal processing circuits.  terminals, said terminals being
responsive to the Prior art phase detector circuits have been   20   charge
storage means output signals when such fabricated in partially integrated
circuit form, but  signals are gated by the first and second gating until
the present invention certain of the circuit  means, the connection of the
charge storage components have had to be connected to the         means
output signals to the integrating means integrated circuit off-chip, thus
considerably    input terminals being reversed in polarity through
increasing the cost of the phase detector circuit in   25   said first and
second  gating  means, said the particular application.
integrating means integrating the signals applied From European Patent
EP--A-0039076 there is     to its input terminals and generating an output
known an integrator with sampling stage com-      signal, prising: charge
storage means for producing         is characterized in that: output
signals responsive to an input signal and   30  said charge storage means
has first and second to a first control signal, said first control signal
output signals of opposite polarity; and having a first frequency; first
gating means        said second and third control signals have a responsive
to the charge storage means output     frequency one-half the frequency of
the first signals for gating or blocking such signals in    control signal,
response to a second control signal; second    35   whereby the magnitude
of said integrating gating means responsive to the charge storage
means output signal is indicative of the phase means output signals for
gating or blocking such   difference between the input signal and the first
signals in response to a third control signal, said  control signal. second
and third control signals being 180 degrees out of phase with respect to
each other;   40   Brief description of the drawings and integrating means
having first and second       The invention is pointed out with
particularity in input terminals, said terminals being responsive  the
appended claims. to the charge storage means output signals when
However, other features of the invention will such signals are gated by the
first and second     become more apparent and the invention will be gating
means, the connection of the charge   45   best understood by referring to
the following storage means output signals to the integrating    detailed
description in conjunction with accom- means input terminals being reversed
in polarity   panying drawings in which: through said first and second
gating means, said    Fig. 1 shows a block diagram illustrating a
integrating means integrating the signals applied  preferred embodiment of
a combined phase to its input terminals and generating an output   50
detector and low pass filter of the present inven- signal.
tion. The combined phase detector and low pass           Fig. 2 shows a
detailed circuit schematic of the filter of the present invention may be
fabricated in  combined phase detector and low pass filter of a completely
integrated circuit form. Thus the    the present invention. external
components necessary in prior art cir-   55  Fig. 3 shows various waveforms
illustrating the cuits can be completely eliminated. The result is a
operation of the present invention. circuit of substantially increased
commercial importance.                                        Detailed
descripiton of the invention Referring now to Fig. 1, a block diagram of
the Brief summary of the invention               60   combined phase
detector and low pass filter of Accordingly, it is an object of the present
the present invention is shown. invention to provide a combined phase
detector      Charge storage means 10 has two input ter- and low pass
filter which may be fabricated        minals 1 and 2 across which an input
signal VI is 



completely in integrated form on a single silicon  applied. Input signal VI
can in the usual instance chip.                                        65
be an alternating current signal. Charge storage 2    3  .            EP
0105 369 B1                      4 means 10 is also responsive to a first
control signal  terminals of transistors T1 and T2. A second S1. Charge
storage means 10 accumulates a           control signal S2 is applied to
the gate terminals of charge in response to the application of input
transistors T3 and T4. A third control signal S3 is signal VI, which signal
is gated in upon receipt of  applied to the gate terminals of transistors
T5 and control signal S1. The charge stored in charge    5    T6. In a
preferred embodiment of the invention the storage means 10 is conducted
over conductor        control signals are digital signals. They may be
pairs 5, 6 and 3, 4 to a first gating means 12 and a  generated in any
convenient way. For example, second gating means 14, respectively.
they may be produced digitally by frequency- The first gating means 12 is
responsive to a      dividing a clock frequency. Or they may be pro- second
control signal 52, and the second gating    10   duced by analog means, as,
for example, by means 14 is responsive to third control signal S3.
utilising level sensing circuits responsive to a The first gating means
conveys charges applied to   triangular or sinusoidal signal having a
frequency it over input lines 5 and 6 to output lines 7 and 9,  equal to
that of the second or third control signals, respectively. In similar
fashion, the second gating  S2 or S3, respectively. means 14 convey charges
applied to it over input   15  A preferred relationship between control
signals lines 3 and 4 to output lines 18 and 17, respectively.      S1-S3
is shown in portion 100 of Fig. 3. Control Integrating means 16 receives at
a first input    signals S2 and S3 have a frequency one-half that of
thereto charges received overconductive pair7,17    control signal S1. The
phase difference between and receives at a second input thereto charges
control signals S2 and S3 is 180 degrees. The received overconductive
pair8,18.Thefirstgating    20   digital pulses of control signals S2 and S3
occur meansand second gating means 14arecoupledto         midway between
those of control signal S1 in an the outputs of the charge storage means 10
such     alternating fashion as shown in Fig. 3. The duty that the polarity
of the outputs of the charge      cycle of control signal S1 (i.e., that
portion of its storage means 10, as seen by the integrating
cyclewhen it is "ON") should be less than one-half means 16, coming from
the first gating means 12,   25   of its period. is reversed to that coming
from the second gating     The operation of the preferred embodiment of
means 14. Integrating means 20 produces an          the invention will now
be described with reference output VO at its output terminal 20.
to Figs. 2 and 3. In Fig. 3 portion 100 depicts the Referring now to Fig.
2, a detailed circuit dia-  relationship between control signals S1-S3, and
gram of a preferred embodiment of the combined    30   portions 101, 102,
and 103 show the relationhip phase detector and low pass filter is shown.
between a respresentative input signal VI and the The circuit comprises an
input terminal 21 for     resulting output signal VO for different phase
receiving an input signal VI, which may be an       relationships between
the input signal VI and alternating current signal, and a voltage bias
control signal S1. terminal to which an appropriate bias voltage    35   In
Fig. 3 the input signal VI` is depicted as an VBIAS is applied.
alternating current signal of uniform frequency, Input terminal 21 is
coupled to one side of a     although it should be realized by one of
ordinary capacitor C1, the other side of which is coupled to  skill in the
art that the present invention may the source terminal of an MOS transistor
T1.        operate as well upon input signals of variable Capacitor C1
functions as a DC blocking capacitor,   40   frequency. blocking large
lowfrequency signals from interfer-    Portion 102 of Fig. 3 illustrates
the output signal ing with the input signal VI, thereby improving the  VO
generated by the circuit for the condition when performance of the circuit.
the frequency of the input signal VI is equal to one- The drain terminal of
transistor T1 is coupled to  half that of the first control signal S1, and
when the one side of capacitor C2 and to the source   45   falling edge 110
of the "ON" pulses of the first terminals of transistors T3 and T5.
Capacitor C2    control signal S1 occur at the time of maximum has a value
substantially less than that of capacitor  amplitude of the input signal
VI. The charge stored C1.
in the charge storage means 10 corresponds to the The voltage bias terminal
22 is coupled to the   voltage amplitude of the input signal VI at the end
source of transistor T2, to the drains of transistors   50   of the
sampling period-i.e. when control signal T4 and T5, and to the
non-inverting terminal N of    S1 turns "OFF". The input signal VI received
at operational amplifier 26. The other side of         input terminal 21 is
applied to capacitor C2 each capacitor C2 is coupled to the drain terminal
of    time transistors T1 and T2 are rendered conductive transistor T2 and
to the source terminals of         bythe"ON" pulsesof control signal
S1,sothatthe transistors T4 and T5.                         ss   voltage
developed across C2 reaches substantially The drain terminals of
transistors T3 and T6 are  that of the input signal VI at the end of each
coupled together and to the inverting terminal I of  conductive period. 



operational amplifier 26. Operational amplifier 26    Capacitor C2 is
alternatively discharged into the has an output 20 at which an output
signal VO is    integrating circuit 26 via the MOS transistor pairs
generated. One side of a capacitor C3 is coupled to   60   T3, T4 and T5,
T6, in response to the second and the output of operational amplifier 26,
and the     third control signals, respectively. In this manner other side
of capacitor C3 is coupled to the        the sense of polarity in which the
potential stored inverting input terminal I of operational amplifier  in C2
is connected to the integrating circuit 26 26.
alternates. A first control signal S1 is applied to the gate   65  For the
condition illustrated by portion 102 of    5               EP  0 105 369
B1                    6 Fig. 3 capacitor C2 will be charged alternatively
in  It will be noted that the integrating circuit 26 the positive ,and
negative polarity to equal         does not receive any signal at the
frequency of the amplitudes. The exact amplitude depends upon        input
signal. The phase detector is thus of the so- the relative phases of the
input signal and the first  called "double balanced" type. control signal.
Between the charging periods,    5     It will be apparent to those skilled
in the art that capacitor C2 is discharged into the integrating     the
disclosed Combined Phase Detector and Low circuit 26, and since the
polarity of the connec-    Pass Filter may be modified in numerous ways
tions between them is alternated, the integrating    and may assume many
embodiments other than circuit 26 will be charged always in the same
the preferred form  specifically set out and sense and will thus accumulate
a charge, the    10   described above. magnitude of which is dependent upon
the               For example, the DC blocking capacitor C1 may amplitude
of the input signal VI at the end of the   be eliminated, if desired, at
the expense of a sampling period and upon the relative phase
certain degree of circuit performance. between the input signal VI and the
first control      It will also be appreciated that the integrating signal
S1. The output signal VO shown as line 120   15   circuit 26 may be
modified in various ways so that in portion 102 of Fig. 3 is shown to
gradually       other filter characteristics may be obtained. For increase
in magnitude as a rate corresponding to     example, an R-C network could
be utilised to the charge accumulated in capacitor C2.              modify
the transfer function of the circuit. Portion 103 of Fig. 3 illustrates the
condition when the input signal VI is sampled at a time    20   Claims
which does not coincide with the maximum amplitude of signal VI. The
corresponding output       1. A combined phase detector and low pass signal
VO shown as line 122 is shown to increase     filter comprising: in
magnitude at a rate which is somewhat less          charge storage means
(10) for producing output than that of the output signal in portion 102.
25   signals responsive to an input signal and to a first Portion 101 of
Fig. 3 illustrates the condition    control signal, said first control
signal having a when the input signal VI is sampled at its zero-     first
frequency; crossing points, and the output voltage VO is thus     first
gating means (12) responsive to the charge shown to be of zero magnitude.
storage means output signals for gating or If the input signal frequency
differs from that of   30   blocking such signals in response to a second
one-half the first control frequency, the potential  control signal; to
which C2 is successively charged varies at a        second gating means
(14) responsive to the frequency which is equal to the difference
charge storage means output signals for gating or between the input signal
and one-half the first      blocking such signals in response to a third
control signal. The integrating circuit output VO    35   control signal,
said second and third control will reproduce this "beat note " frequency
with-     signals being 180 degrees out of phase with out any steady or
steadily increasing component.     respect to each other; and It will be
understood by one of ordinary skill in    integrating means (16) having
first and second the art that the herein-disclosed circuit also func-
input terminals, said terminals being responsive tions as a low pass
filter. Capacitor C2 together   40   to the charge storage means output
signals when with the integrating means function essentialy as    such
signals are gated by the first and second a switched capacitive filter. The
filter transfer    gating means, the connection of the charge
characteristic can be derived as follows:            storage means output
signals to the integrating Let us assume [err]
means input terminals being reversed in polarity Capacitor C2 is charged to
VI twice per cycle, so    45   through said first and second gating means,
said the charge transferred into C3 twice per cycle may   integrating means
integrating the signals applied be expressed. by
to its input terminals and generating an output signal (VO), dVO
VI 2f C2                         characterized in that: =-
(1)     so      said charge storage means has first and second dt
C3                           output signals of opposite polarity; and said
second and third control signals have a 



Expressed in Laplace Transform notation,           frequency one-half the
frequency of the first control signal, 1                      55
whereby the magnitude of said integrating G(s)=[err]                 (2)
means output signal is indicative of the phase difference between the input
signal and the first where
control signal. 2. The invention as recited in claim 1 wherein 60   said
input signal is an alternating current signal. T= [err]
3. The invention as recited in claim 1 wherein the first, second, and third
control signals are digital signals. and where 2f is the frequency of the
first control     4. The invention as recited in claim 3 wherein signal S1.
65   the duty cycle of the first control signal is less 4    5
EP 0105 369 B1                      6 Fig. 3 capacitor C2 will be charged
alternatively in  It will be noted that the integrating circuit 26 ne
positive and negative polarity to equal          does not receive any
signal at the frequency of the amplitudes. The exact amplitude depends upon
input signal. The phase detector is thus of the so- the relative phases of
the input signal and the first  called "double balanced" type. control
signal. Between the charging periods,    5    It will be apparent to those
skilled in the art that capacitor C2 is discharged into the integrating
the disclosed Combined Phase Detector and Low circuit 26, and since the
polarity of the connec-    Pass Filter may be modified in numerous ways
tions between them is alternated, the integrating    and may assume many
embodiments other than circuit 26 will be charged always in the same
the preferred form  specifically set out and sense and will thus accumulate
a charge, the    10   described above. magnitude of which is dependent upon
the              For example, the DC blocking capacitor C1 may amplitude of
the input signal VI at the end of the   be eliminated, if desired, at the-
expense of a sampling period and upon the relative phase          certain
degree of circuit performance. between the input signal VI and the first
control      It will also be appreciated that the integrating signal S1.
The output signal VO shown as line 120    15   circuit 26 may be modified
in various ways so that in portion 102 of Fig. 3 is shown to gradually
other filter characteristics may be obtained. For increase in magnitude as
a rate corresponding to     example, an R-C network could be utilised to
the charge accumulated in capacitor C2.              modify the transfer
function of the circuit. Portion 103 of Fig. 3 illustrates the condition
when the input signal VI is sampled at a time    20   Claims which does not
coincide with the maximum amplitude of signal VI. The corresponding output
1. A combined phase detector and low pass signal VO shown as line 122 is
shown to increase     filter comprising: in magnitude at a rate which is
somewhat less         charge storage means (10) for producing output than
that of the output signal in portion 102.  25   signals responsive to an
input signal and to a first Portion 101 of Fig. 3 illustrates the condition
control signal, said first control signal having a when the input signal VI
is sampled at its zero-     first frequency; crossing points, and the
output voltage VO is thus     first gating means (12) responsive to the
charge shown to be of zero magnitude.                       storage means
output signals for gating or If the input signal frequency differs from
that of   30   blocking such signals in response to a second one-half the
first control frequency, the potential  control signal; to which C2 is
successively charged varies at a       second gating means (14) responsive
to the frequency which is equal to the difference           charge storage
means output signals for gating or between the input signal and one-half
the first     blocking such signals in response to a third control signal.
The integrating circuit output VO    35   control signal, said second and
third control will reproduce this "beat note " frequency with-     signals
being 180 degrees out of phase with out any steady or steadily increasing
component.     respect to each other; and It will be understood by one of
ordinary skill in    integrating means (16) having first and second the art
that the herein-disclosed circuit also func-  input terminals, said
terminals being responsive tions as a low pass filter. Capacitor C2
together   40   to the charge storage means output signals when with the
integrating means function essentialy as    such signals are gated by the
first and second a switched capacitive filter. The filter transfer
gating means, the connection of the charge characteristic can be derived as
follows:            storage means output signals to the integrating Let us
assume [err]                              means input terminals being
reversed in polarity Capacitor C2 is charged to VI twice per cycle, so
45   through said first and second gating means, said the charge
transferred into C3 twice per cycle may  integrating means integrating the
signals applied 



be expressed by                                     to its input terminals
and generating an output signal (VO), dVO
characterized in that: = -  [err]                  (1)     50      said
charge storage means has first and second dt
output signals of opposite polarity; and said second and third control
signals have a Expressed in Laplace Transform notation,          frequency
one-half the frequency of the first control signal, 1
55     whereby the magnitude of said integrating G(s)=--                (2)
means output signal is indicative of the phase ST
difference between the input signal and the first where
control signal. 2. The invention as recited in claim 1 wherein C3
60   said input signal is an alternating current signal. T =   [err]
3. The invention as recited in claim 1 wherein 2f C2
the first, second, and third control signals are digital signals. and where
2f is the frequency of the first control     4. The invention as recited in
claim 3 wherein signal S1.                                     65   the
duty cycle of the first control signal is less 4    7               EP
0105 369 B1                    8 than half of its period.
der der nutzbare Zyklus des ersten Steuersignals 5. The invention as
recited in claim 3 wherein  weniger als die Halfte seiner Periode ist. the
first, second, and third control signals are    5. Erfindung, wie im
Anspruch 3 bezeichnet, bei represented by series of digital pulses, the
pulses  der das erste, zweite und dritte Steuersignal of said second and
third control signals occurring    5    durch Reihen digitaler Impulse
wiedergegeben alternatingly half-way between the pulses of the   werden und
die Impulse des zweiten und dritten first control signal.
Steuersignals  abwechselnd  auf der HAIfte 6. The invention as recited in
claim 1 wherein   zwischen den Impulsen des ersten Steuersignals said
charge storage means comprises a capacitor,   erscheinen. said first and
second gating means each comprise   to  6. Erfindung, wie im Anspruch 1
bezeichnet, bei at least one MOS transistor, and said integrating  der der
Ladungspeicher einen Kondensator ent- means comprises an operational
amplifier.          halt, die beiden Verknupfungsschaltungen jeweils 7. The
invention as recited in claim 6, wherein   mindestens einen MOS-Transistor
enthalten und said second and third control signals are applied  die
Integriermittel einen Operations-Verstarker to the gates of at least one
MOS transistor of said   15   enthalten. first and second gating means
respectively.          7. Erfindung, wie im Anspruch 6 bezeichnet, bei 8.
The invention of claim 1 fabricated as an      der das zweite und dritte
Steuersignal den Tore- integrated circuit on a single substrate.
lektroden mindestens eines MOS-Transistors der ersten bzw. zweiten
Verknupfungsschaltung Patentanspruche                               20
zugeleitet wird. 8. Erfindung des Anspruches 1, hergestellt ats 1.
Phasendetektor in Kombination mit einem        integrierte Schaltung auf
einer einzigen Unter- TiefpaSfilter, enthaltend:
lage. einen Ladungsspeicher (10) zur Erzeugung von Ausgangssignalen in
Abhangigkeit von einem    25   Revendications Eingangssignal und einem
ersten eine erste Fre- quenz aufweisenden Steuersignal,
1. D6tecteur de phase et filtre passe-bas com- eine erste auf die
Ausgangssignale des            bin6s comprenant: Ladungsspeichers
ansprechende Verknupfungs-          un moyen de stockage de charges (10)
pour schaltung (12) zum DurchlaB oder Sperren derar-   30   produire des
signaux de sortie reagissant A un tiger Signale in Abhingigkeit von einem
zweiten     signal d'entree et A un premier signal de com- Steuersignal,
mande, le premier signal de commande ayant eine zweite auf die
Ausgangssignale des           une premiere frequence; Ladungsspeichers
ansprechende Verknupfungs-          un premier moyen a porte (12)
reagissant aux schaltung (14) zum DurchlaB oder Sperren derar-   35
signaux de sortie du moyen de stockage de tiger Signale in Abhangigkeit von
einem dritten    charges pour laisser passer ou bloquer ces Steuersignal,
wobei das zweite und dritte Steuer-   signaux en reponse A un deuxieme
signal de signal bezuglich einander um 1800 auler Phase      commande;
sind, und                                            un deuxieme moyen A
porte (14) reagissant aux Integriermittel (16) mit zwei Eingangsklemmen,
40   signaux de sortie du moyen de stockage de 



die auf die Ausgangssignale des Ladungsspei-        charges pour laisser
passer ou bloquer ces chers ansprechen, wenn diese Signale die zwei
signaux en r6ponse A un troisieme signal de Verknupfungsschaltungen
durchlaufen, wobei in       commande, les deuxieme et troisieme signaux de
dem   AnschluB  der  Ausgangssignale  des           commande 6tant dephases
de 180 degres entre Ladungsspeichers zu den Eingangsklemmen der   45   eux;
et Integriermittel die Polung von den beiden Ver-       un moyen
d'integration (16) comportant des kndpfungsschaltungen umgekehrt wird und
die         premiere et deuxieme bornes d'entr6e, les bornes
Integriermittel die ihren Eingangsklemmen zuge-     reagissant aux signaux
de sortie du moyen de fuhrten Signale integrieren und ein Ausgangssi-
stockage de charges quand ces signaux sont gnal (VO) erzeugen,
50   transf6r6s par les premier et deuxieme moyens a dadurch
gekennzeichnet, daB                       porte, la polarit6 des signaux de
sortie du moyen der Ladungsspeicher zwei Ausgangssignale          de
stockage de charges envoyes aus bornes entgegengesetzter Polung abgibt und
d'entree du moyen d'int6gration etant inversde die zweiten und dritten
Steuersignale die halbe   dans les premier et deuxieme moyens a porte, le
Frequenz des ersten Steuersignals aufweisen,  55   moyen d'integration
integrant les signaux appli- wobei die Gr6ge des.Ausgangssignals der Inte-
ques a ses bornes d'entree et engendrant un griermittel die Phasendifferenz
zwischen dem Ein-   signal de sortie (VO), gangssignal und dem ersten
Steuersignal angibt.      caract6rises en ce que: 2. Erfindung, wie im
Anspruch 1 bezeichnet, bei    le moyen de stockage de charges comporte des
der das Eingangssignal ein Wechselstromsignal   60   premier et deuxieme
signaux de sortie de polarite ist.
opposee; et 3. Erfindung, wie im Anspruch 1 bezeichnet, bei    les deuxieme
et troisieme signaux de corn- der das erste bis dritte Steuersignal
digitale      mande ont une frequence egale 3 la moiti6 de la Signale sind.
frequence du premier signal de commande, 4. Erfindung, wie im Anspruch 3
bezeichnet, bei   65  I'amplitude du signal de sortie du moyen d'intM - 5
9               EP  0 105 369 B1                    10 sration etant de la
sorte indicative du dephasage    et troisierne signaux de commande se
produisant entre le signal d'entree et le premier signal de
alternativement en une seule alternance entre les commande.
impulsions du premier signal de commande. 2. Detecteur de phase et filtre
passe-bas corn-    6. Detecteur de phase et filtre passe-bas corn- bines
selon la revendication 1, dans lesquels le    5    binds selon la
revendication 1, dans lesquels le signal d'entr~e est un signal de courant
alternatif.  moyen de stockage de charges comprend un 3. Detecteur de phase
et filtre passe-bas corn-  condensateur, les premier et deuxieme moyens a
binds selon la revendication 1, dans lesquels les  porte comprennent chacun
au moins un transis- premier, deuxieme et troisieme signaux de corn-    tor
MOS, et le moyen d'integration comprend un mande sont des signaux
num6riques.            10   amplificateur operationnel. 4. Detecteur de
phase et filtre passe-bas corn-    7. Detecteur de phase et filtre
passe-bas corn- bines selon la revendication 3, dans lesquels le   bines
selon la revendication 6, dans lesquels les temps de mise sous tension du
premier signal de    deuxi6me et troisieme signaux de commande commande est
inferieur a la moitie de sa periode.  sont appliques aux grilles d'au moins
un transis- 5. Detecteur de phase et filtre passe-bas corn-   is   tor MOS
respectivement des premier et deuxieme bines selon la revendication 3, dans
lesquels les  moyens a porte. premier, deuxieme et troisieme signaux de
com-       8. Detecteur de phase et filtre passe-bas com- mande sont
representes par une serie d'impul-      bines selon la revendication 1
fabriqu6s comme sions numeriques, les impulsions des deuxieme      un
circuit int6gre sur un seul substrat. 20 25 30 35 40 45 50 55 60 65    


