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| (57) Abstract

A combined phase detector and low pass filter comprises charge storage means (10) which is responsive to an input
signal (VI) and which is charged to a level dependent upon the magmtude and phase of the input signal is response to a
first control signal (S1) which is a digital signal of given frequency. The potential stored in the charge storage means (10) is
alternatively gated out by first and second gating circuits (12, 14) into an integrating circuit (16) havmg an output VO. The
gating circuits are connected such that the polarity of the connection of the stored potential to the integrating circuit is al-
ternated. The gating circuits are responsive to second and third control signals (82, S3), respectively, the second and third
control signals having a frequency one-half that of the first control signal, and the phase difference between the second
and third control signals being 180 degrees. The rate of-increase in magnitude of the output signal (VO) represents the
phase difference between the input and the first control signal.
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.COMBINED PHASE CETECTOR AND LOW PASS FILTER

TECHNICAL FIELD

This invention relates generally .to an electronic ecircuit, and, in

particular, to a combined phase detector and low pass filter.
BACKGROUND OF THE INVENTION

The present invention concerns an electronic circuit which functions
simultaneously as a phase detector and low. pass filter. Phase detectors of
various types are well known in the electronic arts. They find utility, amang
other places, in circuits for decoding ste-r,eophonic signals in stereophonic

equipment such as tape recor‘de-rs, phonographs, and radios.

Low pass filters are also well known in the electronic arts, and they find

utility in a wide variety of electronic signal processing circuits.

Prior art phase detector circuits have been fabricated in partially
integrated circuit form, but until the present invention certain of the circuit
components have had to be connected to the integrated circuit off-chip, thus

considerably increasing the cost of the phase detector circuit in the particular

application.
The combined phass detector and low pass filter of the present irivention

may be fabricated in a completely integrated circuit form. Thus the external
components necessary in prior art circuits can be completely eliminated. The

result is a circuit of substantially increased commercial importance.
BRIEF SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide an

improved phase deteétpr.
It is also an 'objéct of the present invention to provide an improved low

pass filter. _
It is a further object of the present invention to provide a combined phase

detector and low pass filter in completely integrated-form on a single silicon

chip.
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These and other ;ijects are achieved in accordance with a preferred
embodiment of the invention by providing a combined phase detector and low
pass filter comprising charge storage means responsive to an input signal and to
a first control signal, the first control signal having a first frequency, the
charge' storage means having first and second output signals of opposite

polarity, first gating means reponsive to the charge storage means output

- signals for gating or blocking such signals in response to a second control signal,

such second control signal having a frequency one-half the frequency of the

first control signal, second gating means responsive to the charge storage -

means output signals for gating or blocking such signals in response to a third
control signal, such third control! signal having a frequency one-half that of the
first control signal, such second and third contro! signals being 180 degrees out
of phase with respect to each other, and integrating means having first and
second input terminals, such terminals being responsive to the chéarge storage
means output signals when such signals are gated by the first and second gating
means, the connection of the charge storage means output signals to the
integrating means input terminals being reversed in polarity through said first
and second gating means, sucl:t integrating means integrating the signals applied
to its input terminals and generating an output signal, the magnituée of such

output signal being indicative of the phase difference between the input signal

- and the first control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is pointed out with particularity in the appended claims.
However, other features of the invention will become more apparent and the
invention will be best understood by referring to the following detailed
description in conjunction with the accompanying drawings in which: '

Fig. 1 shows a block diagram illustrating a preferred embodiment of a
éombined phase detector and low pass filter of the present invention.

Fig. 2 shows a detailed circuit schematic of the combined phase detector
and low pass filter of the present invention.

Fig. 3 shows varicus waveforms illustrating the operation of the present

invention.
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DETAILED DESCRIPTION OF THE INVENTION

. Referring now to Fig. 1, a block diagram of the combined phase detector

and low pass filter of the present invention is shown.
Charge storage means 10 has two input terminals 1 and 2 across which an

'input signal VI .is applied. Input signal VI can in the usual instance be an

alternatmg current signal. Charge storage means 10 is also responsive to a first
control signal S1. Charge storage means 10 accumulates a charge in response
to the application of input signal V1, which signal -is gated in upon receipt of
control signal S1. The charge stored in charge storage means 10 is conducted
over conductor pairs 5,6 and 3,4 to a first gating means 12 and a second gating
means 14, respectively. C S T

The first gating means 12 is responsive to a second control signal 52, and
the second gating means 14 is responsive to third control sxgnal 53. The first
gating means conveys charges applied to it over input lines 5 and 6' to output
lines 7 and 9, respectively. In similar fashion, the second gating means 14
conveys charges applied to it over input lines 3 and 4 to output lines 18 and 17,
respectively. '

Integrating means 16 receives at a fxrst input thereto charges received
over conductive pair 7, 17 and receives at a second input thereto charges
received over conductive pair 8, 18. The first gating means and second gating
means 14 are coupled to the outputs of the charge storage means 10 such that
the polarity of the outputs of the charge storage means 10, as seen by the
integrating means 16, coming from the first gating means 12, is reversed to
that coming from the second gating means 14. Integrating ‘means 20 produces
an output VO at its output terminal 20. '

Referring now to 'F'ig. 2, a detailed circuit diagram of a preferred
embodiment of the combined phase detector and low pass filter is shown. |

The circuit compnses an input terminal 21 for receiving an input signal
V1, which may be an alternating current signal, and a voltage bias terminal to
which an appropriate bias voltage VBIAS is applied.

Input terminal 21 is coupled to one side of a capacitor Cl, the other side
of which is coupled to the source terminal of an MOS transistor T1. Capacitor
C1 functions as a DC blocking capacitor, blocking large low frequency signals

from mterfermg with the input signal VI, thereby improving the performance of

the circuit.
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The drain terminal of transistor T1 is coupled to one side of capacitor C2
and to the source terminals of transistors T3 and T5. Capacitor C2 has a value

SUbst,angially less than thé{: of capacitor C1.

. . The voltage bias terminal 22 is coupled to the source of transistor T2, to .

the drains of transistors T4 and TS5, and to the non-inverting terminal N of
operational amplifier 26. The other side of capacitor C2 is coupled to the drain
terminal of transistor T2 and to the source terminals of transis;oré T4 and T5.

- The drain terminals of transistors T3 and Té are coupled together and to
the inverting terminal I of operational amplifier 26. Operational amplifier 26
has an output 20 at which an output signal VO is generated. One side of a
capacitor C3 is coupled to the output of operational amplifier 26, and the other
side of capacitor C3 is coupled to the inverting input terminal I of operational
amplifier 26.

A first control signal S1 is applied to the gate terminals of transistors T1

.and T2. A -second control signal S2 is applied to the gate terminals of

transistors T3 and T4. A third control signal S3 is applied to the gate terminals

of transistors T5 and T6. In a preferred embodiment of the invention the -

control signals are digital signals. They may be generated in any convenient
way. For example, they."may be produced digitally by frequency-dividing a
clock frequency. Or they may be produced by analog rﬁeans, as, for example,
by utilising level sensing circuits responsive to a triangular or sinusocidal signal
having a frequency equal to that of the second or third control signals, S2 ar S3,
respectively. '

A preferred relationship between control signals 51-S3 is shown in portion
100 of Fig. 3. Control signals S2 and S3 have a ffequency one-half that of
control signal S1. The phase difference betWeen control signals S2 and S3 is 180
degrees. The digital pulsés of control signals 52 and 53 occur midway between

those of control signal S1 in an alternating fashion as shown in Fig. 3. The duty

~ cycle of control signal Sl (i.e., that portion of its eycle when it is "ON") should

be less than one-half of its period.

The operation of the preferred embodiment of the invention will now be
described with reference to Figs. 2 and 3. In Fig. 3 portion 100 depicts the
relationship between control signals $1-S3, and portions 101, 102, and 103 show
the relationship between a representative input signal VI and the resulting
outpu;t signal VO for different phase relationships between the input signal VI
and control signal S1.

i
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In Fig. 3 the input signal VI is depicted as an alternating current signal of

uniform frequency, although it should be realized by one of ordinary skill in the -

art that the present invention may operate as well upon input signals of variable '

-frequency.

‘Portion 102 of Fig. 3 illustrates the output s1gnal VO generdted by the

cireuit for the condition when the frequency of the input signal VI is equal to

".one-half that of the first control signal S1, and when the falling edge 110 of the

"ON" pulses of the first control signal.S1 occur at the time of maximum
amplitude of the input signal VI. The charge stored i 1n the charge storage means
10 corresponds to the voltage amplitude of the input signal VI at the end of the
sampling period - i.e. when control signal S1 turns "OFF"." The input signal VI
received at input terminal 21 is applied to capacftor C2 each time transistors
T1 and T2 are rendered conductive by the "ON" pulses of control signal S1, so
that the voltage developed across C2 reaches substantially that of the input
signal VI at the end of each conductive period. '

Capacitor C2 is alternatively discharged into the integrating circuit 26
via the MOS transistor pairs T3, T4 and T5, T6, in response to the second and
third control signals, respectively. In this manner the sense of polarity in which
the potential stored in C2.is connected to the integrating circuit 26 alternates.

For the condition illustrated by portion 102 of Fig. 3 capacitor C2 will be

charged alternatively in the positive and negative polarity to equal amplitudes.

The exact amplitude depends upon the relative phases of the input signal and

the first control signal. - Between the charging periods, capacitor C2 is

'discharged into the integrating circuit 26, and. since the polarity of the

connections between them is alternated, the integrating circuit 26 will be
charged always in the same sense and will thus accumulate a charge, the
magnitude of which is ‘dependent upon the amplitude of the input signal VI at
the end of the sampling period.and upon the relative phase between the input
signal VI and the first control signal S1. The output signal VO shown as line 120
in portion 102 of Fig. 3 is shown t6 gradually increase in magnitude at a rate
corresponding to the charge accumulated in capacitor C2.

Portion 103 of Fig. 3 illustrates the condition when the input signal VI is
sampled at a time which does not coincide with the maximum amplitude of
signal VI. The corresponding output signal VO shown as line 122 is shown to

increase in magnitude at a rate which is somewhat less than that of the output

signal in portion 102.
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Portion 101 of Fig. 3 illustrates the condition when the input signal VI is
sampled at its zero-crossing points, and the output voltage VO is thus shown to
be of zero magnitude. o L _ '

If the input signal frequency differs from that of one-half the first control

frequency, the potential to which C2 is successively charged varies at a

frequency which is equal to the difference between the input signal and one-

~ half the first control signal. The integrating circuit output VO will ;'.eproduce‘ ‘

this "beat note" frequency without any steady or steadily increasing component.

It will be understood by one of ordinary skill in the art that the herein-
disclosed circuit also functions as a low pass filter. Capacitor C2 together with
the .'integrating means function essentially as a switched capacitive filter. The
filter transfer characteristic can be derived as follows:

Let us assume Cj >>>Co

Capacitor C2 is charged te VI twice per cycle, so the charge transferred
into C3 twice per cycle may be expressed by

_dvo . VI 2f C2 (1)

dt ) c3

"Expressed in Laplaéé Transform notation,

: 1
G(S) = - —S—‘F_- (2)

c3
2f C2

where T = .

and where 2f is the frequency of the first control signal S1.

It will be noted that the integrating circuit 26 does not receive any signals
at the frequency of the input signal. The phase detector is thus of the so-called
"double balanced" type. :

It will be apparent to those skilled in the art that the disclosed Combined
Phase Detector and Low Pass Filter may be modified in numerous ways and may
assume many embodir;xents other than the preferred form specifically set out

and described sbove.
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For example, the DC blocking capacitor C1 may be eliminated, if desired,
at the expense of a certain degree of circuit performance.

It will also be appreciated that the integrating circuit 26 may be modified
in various wajs so that other filter characteristics may be obtained. For
example, an R-C network could be utilised to modify the transfer function of
the circuit. . '

Accordingly, it is intended by the appended claims to cover all

modifications of the invention which fall within the true spirit and scope of the

invention.

What is claimed is:
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CLAIMS

1. A combined phase detector and low pass filter
comprising:

charge storage means (10) responsive to an input
signal and to a first control signal, said first control
signal having a first frequency, said charge storage means
having first and second output signals of opposite
polarity;
) first gating means (12) responsive to the charge
storage means output signals for gating or blocking such
signals in response to a second control signal, said second
control signal having a frequency one-half the frequency of
the first control signal; '

second gating means (l14) responsive to the charge
storage means output signals for gating or blocking such
signals in response to a third control signal, said third
control signal having a frequency one-half that of the
first control signal, said second and third control signals
being 180 degrees out of phase with respect to each other;
and

integrating means (16) having first and second input
terminals, said terminals being responsive to the charge
storage means output signals when such signals are gated by
the first and second gating means, the connection of the
charge storage means output signals to the integrating
means input terminals being reversed in polarity through
said first and second gating means, said integrating means
integrating the signals applied to its input terminals and
generating an output signal (VO), the magnitude of said
output signal being indicative of the phase difference
between the input signal and the first control signal.

2. The invention as recited in claim 1 wherein said input

signal is an alternating current signal.
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3. The invention as recited in claim 1 wherein the first,

second, and third control signals are digital signals.

4. The invention as recited in claim 3 wherein the duty
cycle of the first control signal is less than half of its

period.

5. The invention as recited in claim 3 wherein the first,

_ second, and third control signals are represented by series
of digital pulses, the pulses of said second and third

control signals occurring alternatingly half-way between
the pulses of the first control signal.

6. The invention as recited in claim 1 wherein said
charge storage means comprises a capacitor, said first and
second gating means each comprise at least one MOS '
transistor, and said integrating means comprises an

.

operational amplifier.

7. The invention as recited in claim 6, wherein said
second and third control signals are applied to the gates
of at least one MOS transistor of said first and second

gating means respectively.

8. The invention of claim 1 fabricated as an integrated

circuit on a single substrate.
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