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AN AVERAGE POWER DETECTOR CIRCUIT

Field of the Invention

‘The present invention relates to electric circuit design in general, and
more particularly, to methods and apparatus which measure the average power
derived from an electric signal.

Background of the Invention

It is often necessary to measure the average, in contrast to peak, power
of a given signal. Typically, this has been accomplished for alternating-éurrent
("AC") signals, especially at radio-frequencies, with a diode detector circuit. In a
diode detector circuit the signal whose power is to be measured is placed across a
diode while the diode is biased to be in its "square-law" region. As long asthe
oscillations from the signal do not drive the diode out of the square-law region, the
voltage across the diode is indicative (e.g., proportional) of the power derived from
the signal. When, however, the signal to be measured is complex (i.e., has multiple
sinusoidal components) the respective sinusoidal components can constructively
interfere, thus pushing the diode out of the square-law region and rendering the
circuit inaccurate. Furthermore, the diode detector circuit has the disadvantage that
the accuracy with which the circuit can measure the power derived from the signal
deteriorates with changes in the ambient temperature.

Summary of the Invention

Embodiments of the present invention are capable of measuring the
power derived from a signal, whether that signal is a direct-current ("DC") signal or
an alternating-current ("AC") signal, while avoiding many of the costs and
restrictions associated with prior methods. Speciﬁcally, embodiments of the present
invention may enjoy one or more of the following advantages. First, the precision
with whlch embodiments of the present invention can measure the power derived
from a signal is invariant with respect to changes in ambient temperature. Second,
the precision of embodiments of the present invention is unaffected by the presence
or absence of complex signals. Third, embodiments of the present invention can be
fabricated from inexpensive and readily available circuit elements, and lastly,
embodiments of the present invention can have excellent circuit characteristics at
radio-frequencies ("RF").
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These results are obtained in an illustrative embodiment of the present
invention that comprises a first thermal detector, a second thermal detector, an error
amplifier and a summer. The first thermal detector provides a reference signal to the
error amplifier. The summer receives the input signal to be measured and the signal
output from the error amplifier, and feeds to the second thermal detector a composite
signal, which is indicative of the sum of the power derived from the input signal and
the output signal from the error amplifier. The second thermal detector receives the
composite signal and outputs a feedback signal, which is indicative of péwer in the
composite signal, to the error amplifier. The output signal, which is indicative of the
power in the input signal, is the output of the error amplifier. The error amplifier

the amplified difference to the summer.

Brief Description of the Drawing
FIG. 1 shows a block diagram of an illustrative embodiment of the

present invention.
FIG. 2 depicts a schematic diagram of the illustrative embodiment
shown in FIG. 1.

Detailed Description _

The illustrative embodiment shown in FIG. 1 advantageously comprises
thermal detector 103, error amplifier 107, summer 113 and thermal detector 117.
Thermal detector 103 receives a "benchmark signal” on léad 101. Itis preferred that
the root-mean-squé.red ("RMS") value of the benchmark signal be invariant with
respect to temperature during the interval in which the input signal’s power is
measured. The benchmark signal is advantageously DC, but it will be clear to those
of ordinary skill in the art how to make and use embodiments of the present

‘invention where the signal is AC.

Thermal detector 103 generates a "reference signal” on lead 105 that is .
indicative of the power derived from the benchmark signal and that is modulated by
the ambient temperature. The reference signal on lead 105 is fed into error
amplifier 107, which is described infra.

Thermal detector 117 receives a "composite signal” on lead 115 and
produces a "feedback signal” on lead 119 that is indicative of the power derived from
the cornposite signal and that is modulated by the ambient témperature. The origin
of the composite signal is described infra. It is preferred that thermal detector 117
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modulate the feedback signal, with respect to changes in the ambient temperature, in
precisely the same manner that thermal detector 103 modulates the reference signal,
with respect to changes in the ambient temperature. Thermal detector 117 feeds the
feedback signal into error amplifier 107.

Error amplifier 107 receives the reference signal on lead 105 and the
feedback signal on lead 119 and generates an "output signal” on lead 109. The
output signal is important in that it is indicative of the average power derived from
the signal whose power is to be measured. Error amplifier 107 advantageously
generates the output signal by subtracting the feedback signal from the reference
signal and by amplifying the difference. So that the embodiment operates as
precisely as possible, it is preferred that the gain of error amplifier 107 be as high as
practical. It will be clear to those of ordinary skill how to fabricate error
amplifier 107 from readily available components. The output signal on lead 109 is
the ultimate product of the illustrative embodiment and is also fed into summer 113.

Summer 113 receives the output signal on lead 109 and an "input signal”
on lead 111, and produces the composite signal on lead 115 that is fed into thermal
detector 117. The input signal is the signal whose power is to be measured by the
illustrative embodiment and may be either AC or DC. The composite signal on
lead 115 is advantageously generated by adding the output signal on lead 109 and the
input signal on lead 111. It is preferred that the range of the feedback signal on
lead 119, due to fluctuations in the input signal on lead 111, not exceed the absolute
value of the reference signal on lead 105. :

Referring to FIG. 2, the benchmark signal on lead 101 is preferably
derived from a temperature stable DC voltage reference (e.g., a resistor/diode pair).
For the purposes of this description all resistor values are in Ohms, all capacitor
values are in micro-Farads, and all inductor values are in micro-Henrys. First
thermal detector 103 advantageously buffers the benchmark signal with operational
amplifier 201 and uses the buffered signal to drive a radiator, such as a 50 ohm
resistor. It is preferred that the power dissipated in the 50 ohm resistor be invariant
with respect to ambient temperature and constant over time. It is also preferred that
thermistor 211 receive at least some of the energy radiated by the 50 ohm resistor
and modulate the reference signal on lead 105 based on both the ambient
temperature and on the amount of energy radiated by the 50 ohm resistor in thermal
detector 103. Thermistor 211 preferably has a negative temperature coefficient. It
will be clear to those skilled in the art that either or both of thermistor 211 and =
thermistor 215 can be replaced with other temperature sensitive transducers (€.g.,



Fa

10

15

-4.-

thermocouples, temperature sensing integrated circuits, semiconductor diodes, etc.)

~ Error amplifier 107 receives the reference signal on lead 105 and feeds it
into the non-inverting input of operational amplifier 203. Error amplifier 107 also
receives the feedback signal from lead 119 and feeds it through a 5.11K ohm resistor
into the inverting input of operational amplifier 203. Operational amplifier 203 has
associated with it 2 511K ohm resistor and two capacitors that stabilize the
embodiment. It will be clear to those of ordinary skill that the values of the resistive
and capacitive components in any given embodiment depend primarily upon the
thermal transfer characteristics of thermistor 215 and the 50 ohm resistor associated
with it in thermal detector 117. The output of operational amplifier 203 is the output
signal on lead 109, which varies inversely with respect to the power derived from the
input signal.

Summer 113 receives the output signal on lead 109 and buffers it with
operational amplifier 205. Summer 113 also receives the input signal on lead 111
and feeds it through a capacitor and onto lead 115. The output of operational
amplifier 205 is fed through an inductor where it is added to the input signal to create
the composite signal on lead 115. The capacitor and inductor in summer 113 are
used when the input signal is AC. It will be clear to those of ordinary skill that the
capacitor and inductor in summer 113 should be replaced with resistors when the
input signal is DC. : '

Thermal detector 117 receives the composite signal on lead 115 that
drives a 50 ohm resistor associated with thermistor 215. Thermistor 215 preferably
receives at least some of the energy radiated by the 50 ohm resistor and modulates
the feedback signal on lead 119 based on both the ambient temperature and on the
amount of energy radiated by the 50 ohm resistor. Thermistor 215 preferably has the
same electrical and thermal characteristics as thermistor 211.

What is claimed is:
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Claims: .
1. An apparatus for producing an output signal that is indicative of the
power derived from an inpixt signal, said apparatus CHARACTERIZED BY:
(1) a first thermal detector (103) for providing a reference signal, said first
thermal detector (103) comprising:
~ " (a) a first radiator for receiving a benchmark signal, and
(b) a first thermal sensor for receiving at least some of the energy radiated
by said first radiator and for modulating said reference signal;
(2) a second thermal detector (117) for providing a feedback signal, said second
thermal detector (117) comprising:
(a) a second radiator for receiving a composite signal, and
(b)a second thermal sensor for receiving at least some of the energy
radiated by said second radiator and for modulating said feedback signal;
(3) first means (107) for producing said output signal, said output signal being
indicative of the difference of said reference signal minus said feedback signal; and
(4) second means (113) for producing said composite signal, said composite
signal being indicative of the sum of said output signal and said input signal.

2, The apparatus of claim 1 wherein said first radiator comprises a
resistor and said second radiator comprises a resistor.

3. The apparatus of claim 1 wherein said first thermal sensor (103)
comprises a first thermistor and wherein said second thermal sensor (113) comprises
a second thermistor.

4. The apparatus of claim 1 wherein said output signal varies
proportionally with respect to the power produced by said input signal.

5. The apparatus of claim 1 wherein said output signal is the amplified
difference of said reference signal minus said feedback signal.

6. A method for producing an output signal that is indicative of the
power derived from an input signal, said method CHARACTERIZED BY the steps
of: :

(1) in a first thermal detector (103),
(a) providing a benchmark signal to a first radiator,
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(b) receiving with a first thermal sensor at least some of the energy
radiated by said first radiator, and _
(c) modulating a reference signal based upon the ambient temperature and
the amount of energy received from said first radiator;
5 (2) in a second thermal detector (117),
(a) providing a composite signal to a second radxator,
(b) receiving with a second thermal sensor at least some of the energy
radiated by said second resistor, and
(c) modulating a feedback signal based upon the ambient temperature and
10 the amount of energy recqlved from said second radiator;
(3) in an error detector (107), producing said output signal, said output signal
being indicative of the difference of said reference signal minus said feedback

)

signal; and |
(4) in a summer (113), producing said composite signal, said composite signal
15 being indicative of the sum of said output signal and said input signal.

7. The method of claim 6 wherein said first radiator comprises a resistor
and said second radiator comprises a resistor.

8. The method of claim 6 wherein said first thermal sensor (103)
comprises a first thermistor and wherein said second thermal sensor (113) comprises
20 asecond thermistor.

9. The method of claim 7 wherein said output signal varies
proportionally with respect to the power produced by said input signal.

10. The method of claim 9 wherein said output signal is the amplified
difference of said reference signal minus said feedback signal. .
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