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PRODUCT DETECTOR AND METHOD
THEREFOR

FIELD OF THE INVENTION

This invention relates in general to radio receivers and, in
particular, to the converting of signals in frequency.

BACKGROUND OF THE INVENTION

Direct conversion receivers are desirable in part because
they convert signals of interest directly to baseband (or near
zero hertz) from a radio frequency (RF) or an intermediate
frequency (IF). Simple direct conversion receivers, such as
receiver 10 shown in FIG. 1, suffer from multiple draw-
backs. The RF signal f; is mixed with the local oscillator
signal f,, and the signal of interest f,-f, is produced at
baseband at the output. Unfortunately, superimposed on the
signal of interest is the image f,—f,. The “image problem” of
simple direct conversion receivers is well known in the art
of receiver design, the solution to which has been the subject
of scholarly study for decades.

Image reject mixers, such as mixer 20 in FIG. 2, have
been developed in response to the image problem suffered
by simple direct conversion receivers. The operation of
image reject mixers, including the mathematical basis upon
which they operate, is described in detail in “High-
Performance, Single-Signal Direct-Conversion Receivers”
by Rick Campbell, published in the January, 1993 issue of
QST magazine. Image reject mixers utilize two local oscil-
lator signals, each differing from the other by 90 degrees in
phase. Image reject mixers also require the use of two
separate mixer elements. Image reject receivers represent a
complex and expensive solution to the image problem of
direct conversion receivers.

Both simple direct conversion receivers and image reject
mixers nominally exhibit a loss of 6 dB because half of the
signal is converted to fy+f;, the sum of the RF frequency and
the local oscillator frequency, and then discarded. In
practice, the loss is often greater than 6 dB because con-
ventional mixers are typically implemented with diodes
which exhibits a finite amount of loss themselves. Typical
conversion loss in prior art image reject mixers is 7-8 dB.

What is needed is a low-loss method and apparatus for
simply and inexpensively overcoming the image problem of
direct conversion receivers.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a prior art direct conversion receiver;
FIG. 2 shows a prior art image reject mixer;

FIG. 3 shows a direct conversion receiver in accordance
with a preferred embodiment of the present invention;

FIG. 4 shows a waveform in accordance with a preferred
embodiment of the present invention;

FIG. 5§ shows a product detector in accordance with a
preferred embodiment of the present invention;

FIG. 6 shows a product detector in accordance with an
alternate embodiment of the present invention; and

FIG. 7 shows a product detector in accordance with an
alternate embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The method and apparatus of the present invention rep-
resent a simple and inexpensive product detector which
facilitates the conversion of a signal to baseband without the
unwanted image from interfering. A commutating switch is
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used in combination with capacitors to integrate portions of
the input signal. The in-phase and quadrature signals that
result represent the signal of interest at baseband.

Turning now to the drawings in which like reference
characters indicate corresponding elements throughout the
several views, attention is first directed to FIG. 3. FIG. 3
shows a direct conversion receiver in accordance with a
preferred embodiment of the present invention. Direct con-
version receiver 30 includes resistor 32, bias network 34,
commutating switch 38, capacitors 72, 74, 76, and 78,
summing amplifiers 50 and 52, phase delay 58, and sum-
ming amplifier 60.

In operation, an RF or IF signal f, is received at resistor
32. Resistor 32, as is more fully discussed below, forms a
filter when taken in combination with capacitors 72-78.
After passing through resistor 32, the input signal is received
by commutating switch 38 at input 36. Commutating switch
38 switches input 36 to outputs 42, 44, 46, and 48. The rate
at which commutating switch 38 operates is controlled by a
signal present at control input 40. In the preferred embodi-
ment as shown in FIG. 3, the control signal input to control
input 40 is substantially equal to four times the local
oscillator frequency that would exist in a simple direct
conversion receiver. As a result, input 36 is switched to each
of the four outputs substantially once during each period of
the input signal f;.

In a preferred embodiment, commutating switch 38
remains closed at each of the four outputs for substantially
90 degrees at the frequency of the input signal. In alternate
embodiments, commutating switch 38 remains closed at
each of the four outputs for less than 90 degrees.

During the time that commutating switch 38 connects
input 36 to output 42, charge builds up on capacitor 72.
Likewise, during the time commutating switch 38 connects
input 36 to output 44, charge builds up on capacitor 74. The
same principle holds true for capacitors 76 and 78 when
commutating switch 38 connects input 36 to outputs 46 and
48 respectively. As commutating switch 38 cycles through
the four outputs, capacitors 72—78 charge to voltage values
substantially equal to the average value of the input signal
during their respective quadrants. Each of the capacitors
functions as a separate integrator, each integrating a separate
quarter wave of the input signal. This principle is described
more fully with respect to FIG. 4 below.

Output 42 represents the average value of the input signal
during the first quarter wave of the period, and is termed the
0 degree output. Output 44 represents the average value of
the input signal during the second quarter wave of the
period, and is termed the 90 degree output. Output 46
represents the average value of the input signal during the
third quarter wave of the period, and is termed the 180
degree output. Output 48 represents the average value of the
input signal during the fourth quarter wave of the period, and
is termed the 270 degree output.

The outputs of commutating switch 38 are input to
summing amplifiers 50 and 52. Summing amplifier 50
differentially sums the 0 degree output and the 180 degree
output, thereby producing baseband in-phase signal 54.
Summing amplifier 52 differentially sums the 90 degree
output and the 270 degree output, thereby producing base-
band quadrature signal 56. Baseband in-phase signal 54 and
baseband quadrature signal 56 are input to phase delay 58
which shifts the phase of baseband quadrature signal 56 by
90 degrees relative to baseband in-phase signal 54. The
resulting signals are then summed by summing amplifier 60
to produce the signal of interest 62.
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The combination of resistor 32, commutating switch 38,
and capacitors 72—78 form a portion of a preferred embodi-
ment of a product detector. This product detector is referred
to herein as a “Tayloe Product Detector.” The Tayloe Prod-
uct Detector has many advantages. One advantage is low
conversion loss. The Tayloe Product Detector can exhibit
less than 1 dB of conversion loss, which is 6—7 dB improve-
ment over the typical conversion loss of 7-8 dB in the prior
art. This 6—7 dB conversion loss improvement translates into
a 67 dB improvement in overall receiver noise figure. The
noise figure improvement results in substantial receiver
performance gains, in part because a pre-amplifier may
become unnecessary as a result. The use of a pre-amplifier,
while improving receiver noise figure by overcoming front
end receiver loss, causes large signal performance to suffer
due to an amplified high-level input signal overloading the
input mixer. Because the Tayloe Product Detector signifi-
cantly reduces front end loss, the pre-amplifier and its
associated problems may become unnecessary in future
direct conversion receiver designs.

Another advantage of the Tayloe Product Detector is its
narrowband detection characteristic. Resistor 32 and each of
capacitors 72-78 form lowpass filters. The commutating
effect of the four capacitors turns the lowpass response into
a bandpass response centered on f;. The width of the
bandpass is easily set by proper selection of resistor 32 and
capacitors 72-78.

Prior art high-performance receivers often use a highly
selective bandpass filter in front of the mixer. The width of
the filter is set to cover the entire range over which the
receiver can be tuned. The more selective the filter, the
higher the insertion loss, which in turn decreases the sensi-
tivity of the receiver. In contrast, the narrowband character-
istic of the Tayloe Product Detector is such that it is naturally
centered on the frequency to which the detector is set.
Substantial rejection is achieved outside the detection
bandwidth, and as a result, front end filtering requirements
along with the associated insertion loss are reduced, result-
ing in higher sensitivity.

FIG. 4 shows a waveform in accordance with a preferred
embodiment of the present invention. Waveform 100
includes signal 125 which corresponds to the input signal f;.
Superimposed on signal 125 are points 105, 110, 115, and
120. Point 105 represents the voltage to which capacitor 72
(FIG. 3) charges. Likewise, point 110 represents the voltage
to which capacitor 74 charges, point 115 represents the
voltage to which capacitor 76 charges, and point 120 rep-
resents the voltage to which capacitor 78 charges. One
skilled in the art will understand that if f, is a carrier signal
with no information signal superimposed, and the carrier
signal frequency is exactly equal to f,, four evenly spaced
samples of f; will continuously be taken by the action of the
Tayloe Product Detector, and the voltages represented by
points 105, 110, 115, and 120 will be stationary. Stationary
voltages on the integrating capacitors 72—78 represent no
signal of interest at baseband.

The operation just described is the case where f; is a pure
carrier and the local oscillator is tuned to bring the carrier to
zero Hz so that no signal is present at baseband. The tuning
operation of the Tayloe Product Detector can be best under-
stood by way of example where the tuning is not as in the
previous example, but rather is slightly off. By way of
example, assume that the Tayloe Product Detector of FIG. 3
has input signal f; and control signal 4f, where f, differs in
frequency by Af, that is, f;—f,=Af. Referring now to FIG. 4,
points 105, 110, 115, and 120 will not be stationary, but
instead will move along the contour of f;, because f; does
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not exactly equal 4f,. Points 105, 110, 115, and 120, which
represent the integrated voltages on capacitors 72-78, will
change at a rate equal to Af, which is the frequency of the
signal of interest at baseband. One skilled in the art will
understand that when information bearing signals are super-
imposed on f,, the Tayloe Product Detector translates those
information bearing signals to baseband in the same manner
that Af is converted to baseband in the previous example.

FIG. 5 shows a product detector in accordance with a
preferred embodiment of the present invention. Product
detector 150 includes resistor 152, commutating switch 154,
and capacitors 156 and 157. Commutating switch 154 is
controlled by a signal present at control input 153. Product
detector 150 differs from the product detector embodied in
FIG. 3 in that only two outputs exist. Commutating switch
154 samples the input signal f; at two points rather than at
four points as in FIG. 3. Commutating switch 154 creates the
baseband in-phase signal 158 by connecting input 151 to
output 162 once for each period of the input signal f,.
Commutating switch 184 also creates the baseband quadra-
ture signal 160 by connecting input 151 to output 164 once
for each period of the input signal f1. Input 151 is connected
to outputs 162 and 164 at points in time which represent
substantially 90 degrees at the frequency of the input signal
f,. Commutating switch 154 preferably remains closed for
substantially 90 degrees of the input signal f; for each of
outputs 162 and 164.

In operation, under control of control signal f, at input
153, commutating switch 154 operates as follows: input 151
is connected to output 162 for substantially 90 degrees at the
frequency of the input signal f, thereby allowing capacitor
157 to charge to the average value of the input signal during
the period which commutating switch 154 was closed on
output 162. Then, input 151 is connected to output 164 for
substantially 90 degrees at the frequency of the input signal
f; thereby allowing capacitor 156 to charge to the average
value of the input signal during the period which commu-
tating switch 154 was closed on output 164. As a result of
the operation of product detector 150, baseband in-phase
signal 158 and baseband quadrature signal 160 represent
integrated samples of the input waveform where the samples
have been taken substantially 90 degrees apart. Product
detector 150 can be substituted into direct conversion
receiver 30 (FIG. 3) to reduce the parts count at the expense
of some gain.

FIG. 6 shows a product detector in accordance with an
alternate embodiment of the present invention. Product
detector 170 shows an alternate embodiment in which each
integrating capacitor has its own resistor. For example, 0
degree output 180 has a voltage controlled by the combi-
nation of capacitor 175 and resistor 171. Likewise, 90
degree output 182 has a voltage controlled by the combi-
nation of capacitor 176 and resistor 172, 180 degree output
184 has a voltage controlled by the combination of capacitor
177 and resistor 173, and 270 degree output 188 has a
voltage controlled by the combination of capacitor 178 and
resistor 174. Resistor 171 and capacitor 175 form a first
integrator. The commutating switch of product detector 170
connects the input to this first integrator for substantially 90
degrees of the input signal. One skilled in the art will readily
understand that the remaining resistor/capacitor pairs also
form integrators, each of which preferably integrates for
substantially 90 degrees of the input signal. In one
embodiment, all resistor/capacitor pairs have the same
values, and in alternate embodiments, the resistor capacitor
pairs have different values. In these alternate embodiments
the separate integrators can have different time constants.
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FIG. 7 shows a product detector in accordance with an
alternate embodiment of the present invention. Product
detector 200 includes analog multiplexer 202 and digital
counter 220. Input signal f; is received at resistor 204 and is
then input to analog multiplexer 202. Analog multiplexer
202 is controlled by control signals 214 which are generated
by digital counter 220. Digital counter 220 runs at a clock
frequency of substantially 4f;. One skilled in the art of
analog and digital circuit design will readily understand that
input signal f; is connected to each of the four outputs of
analog multiplexer 202 for substantially 90 degrees of the
input signal. As embodied in FIG. 7, 0 degree output 210 and
90 degree output 212 are used to generate baseband in-phase
and quadrature signals. Of course, the remaining two outputs
(180 degrees and 270 degrees) can be utilized as embodied
in FIG. 3 to achieve greater gain.

Digital counter 220 includes up/down control 224. When
digital counter 220 counts up, output 210 is the O degree
output and output 212 is the 90 degree output. When digital
counter 220 counts down, the opposite is true. When count-
ing down, output 210 represents the 90 degree output and
output 212 represents the 0 degree output. The Tayloe
Product Detector, therefore, provides for a simple and effi-
cient mechanism to switch from the image above the carrier
to the image below the carrier. One well-known common
used for switching between images is for switching between
upper side band (USB) and lower side band (LSB) when
listening to single side band (SSB) transmissions.

EXPERIMENTAL RESULTS

A direct conversion receiver which utilizes a Tayloe
Product Detector has been built. The receiver design is the
same as direct conversion receiver 30 (FIG. 3) utilizing an
analog multiplexer and a digital counter as shown in FIG. 7.
The analog multiplexer is a Texas Instruments
SN74BCT3253D. The digital counter is an industry standard
74ACT163. The analog multiplexer is a 5 volt part which
has an effective input range of substantially zero to four
volts. Bias network 34 biases the input of the analog
multiplexer to substantially 2 volts. This represents the
ability to handle input signals of up to substantially +19
dBm. This is advantageous in part because typical maximum
signal ranges for prior art diode mixers is substantially +7
dBm. A further advantage is that analog multiplexers
capable of operating at higher voltages can be readily
obtained or easily designed, thereby increasing the dynamic
range further.

The prototyped direct conversion receiver has an input
bandwidth of roughly 1 kHz centered at 7 MHz. This was
accomplished with resistor 32 at 50 ohms, and each of
capacitors 72—78 at 0.3 microfarads. The clock input to the
SN74ACT163 digital counter is nominally 28 MHz, and the
receiver is tuned by varying this clock frequency. It is
possible to build receivers at much higher frequencies, the
only limitation being the rate at which the signal can be
commutated through the integrators, which at the time of
this writing is many orders of magnitude greater than the
prototyped unit. The scope of the present invention is
intended to include receivers at these higher frequencies.

In summary, the method and apparatus of the present
invention provides an advantageous means for generating
baseband in-phase and quadrature signals from an RF or IF
signal. While we have shown and described specific embodi-
ments of the present invention, further modifications and
improvements will occur to those skilled in the art. For
example, the method and apparatus of the present invention
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have been described primarily in the context of direct
conversion receivers; however, the Tayloe Product Detector
is applicable anywhere signals need to be converted to
baseband, such as in the last stage of a superheterodyne
receiver. We desire it to be understood, therefore, that this
invention is not limited to the particular forms shown and we
intend in the appended claims to cover all modifications that
do not depart from the spirit and scope of this invention.

What is claimed is:

1. A product detector for detecting a signal of interest at
an input frequency, and producing baseband in-phase and
quadrature signals which represent the signal of interest,
said product detector comprising:

an input port;

an in-phase output port;

a quadrature output port;

a commutating switch having an input coupled to the
input port of the product detector, and having a zero
degree output coupled to the in-phase output port, a 90
degree output coupled to the quadrature output port, a
180 degree output, and a 270 degree output, wherein
the commutating switch couples the input to each of the
four outputs in a periodic fashion at a rate of substan-
tially four times the input frequency, thereby coupling
the input to each of the four outputs substantially once
during each period of the input frequency;

a first charge storage device coupled between the zero
degree output and a reference potential;

a second charge storage device coupled between the 90
degree output and the reference potential;

a third charge storage device coupled between the 180
degree output and the reference potential; and

a fourth charge storage device coupled between the 270°
degree output and the reference potential.

2. The product detector of claim 1 further comprising a
resistor coupled between the input port of the product
detector and the input of the commutating switch.

3. The product detector of claim 1 further comprising:

a first differential summer responsive to the zero degree
output and the 180 degree output, said first differential
summer having an output coupled to the inphase output
port; and

a second differential summer responsive to the 90 degree
output and the 270 degree output, said second differ-
ential summer having an output coupled to the quadra-
ture output port.

4. The product detector of claim 1 further comprising:

a first resistor coupled between the zero degree output and
the first charge storage device;

a second resistor coupled between the 90 degree output
and the second charge storage device;

a third resistor coupled between the 180 degree output and
the third charge storage device; and

a fourth resistor coupled between the 270 degree output
and the fourth charge storage device, wherein the
inphase output port is coupled to a point between the
first resistor and the first charge storage device, and the
quadrature output port is coupled to a point between the
second resistor and the second charge storage device.

5. The product detector of claim 1 wherein the commu-
tating switch includes a control input responsive to which
the switch commutates.

6. The product detector of claim 5 further comprising a
controller having an output coupled to the control input of
the commutating switch.
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7. The product detector of claim 6 wherein the controller
comprises a digital counter.

8. The product detector of claim 1 wherein the commu-
tating switch comprises an analog multiplexor.

9. The product detector of claim 8 further comprising a
bias circuit on the input to the commutating switch.

10. An apparatus for generating baseband inphase and
quadrature signals from an input signal having a carrier
frequency, said apparatus comprising:

a first integrator having an input periodically coupled to
the input signal for a first time portion of the input
signal;

a second integrator having an input periodically coupled
to the input signal for a second time portion of the input
signal, wherein the first time portion of the input signal
and the second time portion of the input signal are
separated by substantially 90 degrees at the carrier
frequency;

a third integrator having an input periodically coupled to
the input signal for a third time portion of the input
signal; and

a fourth integrator having an input periodically coupled to
the input signal for a fourth time portion of the input
signal, wherein the third time portion of the input signal
and the second time portion of the input signal are
separated by substantially 90 degrees at the carrier
frequency, and wherein the fourth time portion of the
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input signal and the third time portion of the input
signal are separated by substantially 90 degrees at the
carrier frequency.

11. The apparatus of claim 10 wherein the first time
portion of the input signal is substantially equal to 90
degrees at the carrier frequency, and the second time portion
of the input signal is substantially equal to 90 degrees at the
carrier frequency.

12. The apparatus of claim 10 wherein the first time
portion of the input signal is equal to less than 90 degrees at
the carrier frequency and the second time portion of the
input signal is equal to less than 90 degrees at the carrier
frequency.

13. The apparatus of claim 10 wherein the first integrator
further includes an output for producing the baseband
inphase signal, and the second integrator further includes an
output for producing the baseband quadrature signal.

14. The apparatus of claim 10 wherein the first time
portion of the input signal is substantially equal to 90
degrees at the carrier frequency, the second time portion of
the input signal is substantially equal to 90 degrees at the
carrier frequency, the third time portion of the input signal
is substantially equal to 90 degrees at the carrier frequency,
and the forth time portion of the input signal is substantially
equal to 90 degrees at the carrier frequency.
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