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AN} AVERAGE POWER DETECTOR Cl RCUI T Field of the Inventien Notr2p s

The present invention relates to electric circuit design in general, af¥s
re particularly, to nethods and apparatus which neasure the average power

5 derived froman electric signal. Background1 of the Invention

It is often necessary to neasure the averpge, in contrast to peak, power

‘of a given signal. Typically this has been acconplished for

W th o diode det cctor ANAYERAGEFUWERBIFGION ClRAIMLL " Ch"S/ gnal

whose power is to be nmeasured is placed across a di ode while the diode
I " biased to 'p .etﬁw'éﬁ re-law' region. As long as the

oscill ations do not drive the diode out of the square-I|aw
regi on, the vol tEhgepragand inventien rtlaseieto; eledtmciciceuii designdngeneral, and

proporti onal jnofd pdriiulRAYSlo higthbdsSthd dppiratus which measure the average power
5 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
10 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
15 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.

20 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

25 invention may enjoy one or more of the following advantages. First, the precision
with which 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

30 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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t he signal. \Wen, however, the signal to be nmeasured is conplex (i.e., has
mztlhti pl e 15 sinusoidal conponents) the respective sinusoidal conponents
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constructively interfere, thus pushing the di ode out of the
‘'square-| aw region and rendering the circuit inaccurate. Furthernore,
the di ode detector circuit has the disadvantage that the accuracy with
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~ subtracts the feedback signal from the reference signal, and advantageously outputs
the amplified difference to the summer.

Brief Description of the Drawing
FIG. 1 shows a block diagram of an illustrative embodiment of the
15 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

20 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
25 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

30 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




-2 - These results are obtained in an illustrative

enbodi ment of the present I nvention that conprises a first thermal
det ector, a second thermal detector, an error anplifier and a summer.
The first thermal detector provides a reference signal to the error

anplifier. The summer receives the inputjsignal to be measured and the

ZI gnal 5 output fromthe error arrplifier and feeds to the second thernal
etector a c site i s i,ndicati um of the
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i ndi cative cféedblaeksl@nalpnwearrormnpiﬁerh@llt Si gnal |s the out put of the error
anpl i fierg The error pagphicbiifiér 107 caeetth@efémt&eslg@s@h SOl thé T om t he
reference si gnal , a va eous y out |f|ed dlfference

to the sunmdeedback s1gnal on lead 119 and generates an "output signal” on lead 109. Th
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
10 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.
15 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
20 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).
25 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
30 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
35 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.,
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Brief Description of the Draw ng FIG 1 shows a bl ock

i agramof an illustrative enbodi nent of the 15 present invention.
F*G 2 depicts a schematic diagramof the illustrative enbodi ment
shown in FIG 1. Det ai | ed Description The

Il lustrative enbodi mrent shown in FIG Z4advantageously conprises 20
thermal detector 103, error anplifier 107, sumrer 113 and thernal detector
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10 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
15 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
20 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

25 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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‘detector 103 nodul ates the ref erefice si gnal , Wi th respect to changes
in the amnbi egl %?g;rperature Thermal detector 117 feeds the f eedback
signal into P a i fier 107 5 Error anplifier 107

recei ves the refere&@u@pmmdotwdumosaandtmmmgnal thatfig éndicative of theal on
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signal is i ortant in IS indica e aver age power derived

from the silyafirstithermal gesagter (103 @@rtmowéa&ﬁf@éeremwa&ﬁmﬁ%r 107

advant agecsjsmemaldetggamasp@rﬁm;@%lt put si gnal by subtracting the feedback
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that the enbodi nent for teceiving & berichmar
' (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
10 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
15 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.

20 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.

25 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: :

30 (1) in afirst thermal detector (103),
(a) providing a benchmark signal to a first radiator,



precisely as possible, it is preferred that the gain of error anplifier 107
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based on bot h t® imakamier (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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at RF frequencies. These results are obtained in an illustrative embodiment of the
present invention that comprises a first thermal detector (103), a second thermal
detector (117), an error amplifier (107) and a summer (113). The first thermal

10 detector provides a reference signal (105), which varies with the ambient
temperature, to the error amplifier. The summer receives the signal to be measured .
(111) and the signal output from the error amplifier, and outputs to the second
thermal detector a composite signal (115), which is indicative of the sum of the
power derived from input signal and the output signal from the error amplifier. The

15 second thermal detector receives the composite signal and outputs a feedback signal
(119), which is indicative of power derived from the composite signal, to the error
amplifier. The output signal, which is indicative of the power derived from the input
signal, is the output of the error amplifier. The error amplifier advantageously
subtracts the feedback signal from the reference signal, and advantageously outputs

20 the amplified difference to the summer.



thermal transfer characteristics of therm stor 215 and the 50 ohm resistor
associated 10 with it in thermal detector 117. The output. of operational

. amplifier 203 is the output signal on |ead 109, which varies inversely
Wi th respect to the power derived fron1the1/2 i nput si gnal

Summer 113 receives the output signal on lead 109 and buffers it with
operational anplifier 205. Summer 113 al so receives the input signal on

|l ead 111 15 and feeds it through a capacitor and onto | ead 115. The. out put

of operati onal anplifier 205 is fed through an inductor where it is-
added to the input signal to create the conposite signal on |lead 115.
The capacitor and inductor in sunmer 113 are used when the input

-~ signal is AC. It will be clear to those of ordinary skill that the
capacitor and inductor in sumrer 113 should be replaced with resistors when
the 20 input signal is DC Thermal detector 117 receives
the conposite signal on |ead 115 that drives a 50 ohmresistor
associated with therm stor 215. Therm stor 215 preferably recei ves at

| east some of the energy radiated by the 50 ohmresistor and nodul at es
.the feedback signal on | ead 119 based on both the anbient tenperature and
on the 25 anount of energy radi ated by thﬁﬁi? hm resi stor. Therm stor 215
preferably has the sare electrical a na’ characteristics as
therm stor 211. _ What is clainmed is:
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tV\hat Is clained is: 1. An apparatus for producing an output signal that
Is indicative of the power drawn froman input signal, said apparatus
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torand for creating said reference signal based on the qutéfff‘iﬁffﬁsof
énergy received fromsaid first . t hermal radi ator. (2) a second

t hermal detector (117) for providing a f eedback signal, said second
thermal detector (117) conpri si ng: (a). a second thermal radiator
for receiving a com posite signal and for radiating a quantity of
heat energy that is drawn from said conposite SI naI . and
(b) a second thermal semHmVE&AGEd@WE&DﬁTEG QRCIRC some of the

ener gy radi a}g@é\é&sal d second ther- radi ator and for creating
sai d feedbac I based on the quantlt of energy received from
sai d second t her nal rAdlappm;usmdl@dpsﬁle@G aecumsely Togasures; Over 8Wide ng sai d

out put si gnal QitaR g@ egxgj“rég Ve

of said refer er?éeemémgﬁér%um nug sa| ee ackdbﬁdécp%‘nﬁ&éctﬁm s@n%ﬁ; egggond
means (113J Furthermanrecembpdimentsaf throRrpsest inventiol Eﬁ‘i‘a’-?e fagﬁ?*ﬁe&yﬁbom te signal
bei ng i ndi catihesPertive, oef- the-sheﬁ"é&r@f)né‘rﬁs shdeanrhiave ekeplieht circhitohathcienistis

signal. at RF frequencies. These results are obtained in an illustrative embodiment of the

present invention that comprises a first thermal detector (103), a second thermal
detector (117), an error amplifier (107) and a summer (113). The first thermal

10 detector provides a reference signal (105), which varies with the ambient
temperature, to the error amplifier. The summer receives the signal to be measured
(111) and the signal output from the error 'ampliﬁer, and outputs to the second
thermal detector a composite signal (115), which is indicative of the sum of the
power derived from input signal and the output signal from the error amplifier. The

15 second thermal detector receives the composite signal and outputs a feedback signal
(119), which is indicative of power derived from the composite signal, to the error
amplifier. The output signal, which is indicative of the power derived from the input
signal, is the output of the error amplifier. The error amplifier advantageously
subtracts the feedback signal from the reference signal, and advantageously outputs

20 the amplified difference to the summer. '
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Weo72¢-5 3tos

radi at or

_ ct‘orrprl ses a resistor and said second.therfeli :radiator ©aAp
fir

~resistor. 3. The apparatus of claim1 vvherel n sai d:

(103) conprises a first therm stor and wherein sai d e
- (113) conprises a second thermstor. 1‘15 The apparat us

- wherein said output signal
varies proportionally with respect to the power pro-

duc

| t;;hé'r.;nalg
nd.t her, rra[ﬁ

FEIS  SG

. SehSAkeq
59 aged

sed. to pagvd

n h&]tpdged

- signal .

= RECEIPT .21l
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What is claimed is:

1. -An apparatus for producing an output signal that is
indicative of the power drawn from an input signal, said
apparatus comprising:

(1) a first thermal detector (103) for providing a refer-
ence signal, said first thermal detector (103) com-
prising:

(a) a first thermal radiator for receiving a bench-
mark signal and for radiating a quantity of heat
energy that is drawn from said benchmark sig-
nal, and -

(b) a first thermal sensor for receiving at least some
of the energy radiated by said first thermal radia-
tor and for creating said reference signal based
on the quantity of energy received from said first
thermal radiator; ' '

(2) a second thermal detector (117) for providing 2
feedback signal, said second thermal detector (117)
comprising:

(2) a second thermal radiator for receiving a com-
posite signal and for radiating a quantity of heat
energy that is drawn from said compostte signal,
and

(b) a second thermal sensor for recewmg at least

some of the energy radiated by said second ther--

mal radiator and for creating said feedback signal

based on the quantity of energy received from

said second thermal radiator;

(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.Theapparatus of claim 1 wherein said first thermal

radiator comprises a resistor and said second thermal
radiator comprises a resistor.

3. The apparatus of ciaim I 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 whercin said output signal

-
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is the anplified di

fference of said reference signal mnus said feedback

6. A method for producing an output signal that is

indicative of the power derived from ar input signal,
said method comprising the steps of:

(1) in a first thermal detector (103),

(2) radiating, with a first thermal radiator, a quan-
tity of heat energy that is drawn from a bench-
mark signal,

(b) receiving with a first thermal sensor at least
some of the energy radiated by said first thermal
radiator, and

(c) creating a reference signal based upon the ambi-
ent temperature and the amount of energy re-
ceived from said first thermal radiator;

(2) in a second thermal detector (117),

(a) radiating, with a second thermal radiator, 2
quantity of heat energy that is drawn from a
composxte signal,

(b) receiving with a second thermal sensor at least

some of the energy radiated by said second ther-

mal radiator, and
(c) creating a feedback signal based upon the ambi-
ent temperature and the amount of energy re-
ceived from said second thermal 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 feed-

back signal; and

(4) in a summer (113), producing said composite sig-

nal, said composite signal being indicative of the
sum of said output signal and said input signal.
7. The method of claim 6 wherein said first thermal

radiator comprises a resistor and said second thermal
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 a second

thermistor.

9. The method of claim 7 wherein said output signal

| O

indicative

si gnal . 6. A nethod for producing an output signal that is
of the power derived froman input signal, said nethod conprising the
steps of: (1) inafirst thermal detector (103), (a) radiating,
with a first thermal radiator, a quan- tity of heat energy that is
drawn from a bench- mark signal, ~ 6 “(b) receiving with a first
t hermal sensor at | east some of the energy radiated by said first
t her mal - rad| ator (c) creating a reference signal based
. upon the anbi - ?&L gy re-
- ceived fromsaid g%ﬁaﬁ&uﬁﬁ?&ﬁ&?zg I n seco t her mal
 detector (117), ra LN second H‘]'@B ragiator, a
~quantity of heat en gg gnEF si gnal ,
- (b) receiving wit® £Ff¢%51 minu$ne of the
- energy radiated b M-er- radi at or, and
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(cf creating a feedback signal based upon the anbi- ent tenperature

-and the amount of energy re- ceived fromsaid second thernal

radi at or; (3) in an error detector (107), producing said out put

signal said output signal being indicative of the di fference of said
reference signal mnus said feed- bagk signal; and (4) in a sumer
(113), producing said conposite sig- =~ ‘nal, said conposite signal being
i ndi cative of the sum of said output signal and said input signal. T
7. The nethod of claim6 wherein said first thermal radiator conprises a
resistor and said second thernmal radiator conprises a resistor. 8. The

nmet hod of claim6 wherein said first thermal sensor (103) conprises a first
thrm stor. o TREcpRBpaRTay, Wil fRiptesing HahelpRr SO0 @ second
duced by said input signal. :
10. IﬁmxneﬂuxiofchunﬂDvduunux&nd:nnpntmgnal
" js the amplified difference of said reference signal minus
said feedback signal.
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eot26-5 Tpos
-7- Vvaries proportionally with respect to the power pro- duced by said

i nput si gnal 10. The method of claim9 wherein said output gEME ENTtSHEET
anplified difference of said reference signal m nus said feedback signal

-8 -

! e

AN AVERAGE POWER DETECTOR CIRCUIT

Abstract

An apparatus is disclosed which accurately measures, over a wide
ambient temperature range, the average power derived from an electrical signal.
Furthermore, embodiments of the present invention can be fabricated with
inexpensive, off-the-shelf components and can have excellent circuit characteristics
at RF frequencies. These results are obtained in an illustrative embodiment of the
present invention that comprises a first thermal detector (103), a second thermal
detector (117), an error amplifier (107) and a summer (113). The first thermal
detector provides a reference signal (105), which varies with the ambient
W temperature, to the error amplifier. The summer receives the signal to be measured
(111) and the signal output from the error amplifier, and outputs to the second
thermal detector a composite signal (115), which is indicative of the sum of the
power derived from input signal and the output signal from the error amplifier. The
second thermal detector receives the composite signal and outputs a feedback signal
(119), which is indicative of power derived from the composite signal, to the error
amplifier. The output signal, which is indicative of the power derived from the input
signal, is the output of the error amplifier. The error amplifier advantageously

subtracts the feedback signal from the reference signal, and advantageously outputs
20 the amplified difference to the summer.
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FIGURE 1.




