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APPARATUS FOR DETECTING THE ENVELOPE OF RF
POWER SIGNALS

Field of the Invention

The present invention relates to the field of Radio Frequency (RF)
detectors. More particularly, the invention relates to an amplifier-based
RF detector for real-time detection of the amplitude envelope of RF

signals, having large power level.

Background of the Invention

Conventional communication systems employ RF power amplifires for
controlling the magnitude of transmitted signals. Such RF power
amplifiers sometimes require the detection of the level of input signals to,
or output signals from, said amplifiers, in order to allow the adaptation of
their performance to varying signal levels. Such requirement is disclosed,
for example, in WO 01/67598, which discloses an RF power amplifier that
changes its operation mode whenever the 1eye1 6f the input signal to said
power amplifier exceeds a predetermined threshold level. Therefore,
‘prompt reliable detection of signal levels is essential for optimal operation

* of such amplifier.

A conventional technique for the detection of RF signals employs diode-
based detectors. However, such detector diodes are usually capable of
handling low-power signals, in the order of 1+10 mW, which are typical
levels in various laboratory equipment and in communications receivers.

In recent years, high performance RF power amplifiers have been
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developed, which are capable of handling transmission in the KW power
range. Consequently, the ancillary circuitry designed for properly
controlling such power amplifiers are often required to detect hluch higher
levels of RF signals, such as to output pulses, in the order of several Watts.
Therefore, whenever diode-based detectors are used to detect the envelope
of an RF signal, this envelope should also be amplified (since the actual
detected signal is the mean value of the envelope), resulting in a
substantial delay, which is unacceptable when fast occuring changes in the

amplitude of the RF signal should be detected and used for control.

The method described above has not yet provided satisfactory solutions to
the problem of real-time amplitude detection of high level RF signals,
amplified by an RF power amplifier.

It is an object of the present invention to provide an apparatus for

detecting the amplitude of high level RF signals, essentially without delay.
It is still another object of the present invention to provide an apparatus
for detecting the amplitude of high level RF signals, and outputting

corresponding high-level envelope signals.

Other objects and advantages of the invention will become apparent as the

description proceeds.

Summary of the Invention

The present invention is directed to a method for detecting the
envelope of an RF signal. An RF transistor, operating essentially at
a non-linear operating point, such as in Class B, Class AB or Class
C, at the RF frequency range, is provided. The RF transistor is fed
by a DC power supply trough an RF filter and terminated by a
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dummy load for the RF components in the output signal of the RF
transistor. An RF signal is feeding into the input of the RF
transistor and an output signal representing the envelope from the
fluctuating current drawn by the RF transistor from the DC power
supply during the time period when the RF signal is applied td the
input is obtained. The detected signal may be obtained by filtering
out the RF components from the ﬂﬁctuating current, thereby
obtaining the mean detected current, being monotonically related to

the envelope of the RF signal.

Whenever the RF transistor is a FET having a grounded source or a
bipolar transistor having a grounded emitter, the ou’ﬁput signal is
obtained by connecting one contact of an RF filter to the drain of the
FET or to the collector of the bipolar transistor, connecting the negative
contact of the DC power supply to ground, connecting the positive
contact of the DC power supply to the other contact of the RF filter
through a impedance, which may be a pure resistance, a pure reactance
or any combination thereof, and coupling the voltage developed across
the impedance by a coupling capacitor. By doing so, the polarity of the
output signal is determined to be opposite to the polarity of the DC
power supply.

Whenever the RF transistor is a FET having a drain, or a bipolar
transistor having an collector, being connected to the positive contact
of the DC power supply, the output signal is obtained by connecting the
negative contact of the DC power supply to ground, connecting the
source of the FET or the emitter of the bipolar transistor to ground
through a impedance, biasing the gate of the FET, or the base of the
bipolar transistor, through a biasing resistor connected in series with

an RF filter, connected to the gate or to the base, connecting a capacitor
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between the common contact of the RF filter and the biasing resistor,
and the source or the emitter and coupling the voltage developed across
the impedance by a coupling capacitor. By doing so, the polarity of the
output signal is determined to have polarity being similar to the

polarity of the DC power supply.

Two output signals having opposite polarities may be obtained by
connecting one contact of an RF filter to the drain of the FET or to the
collector of the bipolar transistor, connecting the negative contact of the
DC power supply to ground, connecting the positive contact of the DC
power supply to the other contact of the RF filter through a first
impedance, connecting the source of the FET or the emitter of the
bipolar transistor to ground through a second impedance, biasing the
gate of the FET or the base of the bipolar transistor through a biasing
resistor connected in series with an RF filter, connected to the gate or
to the base, connecting a capacitor between the common contact of the
RF filter and the biasing resistor, and the source or the emitter,
coupling the Voltage developed across the first impedance by a coupling
capacitor, for determining the polarity of the output pulse-type signal
to be opposite to the polarity of the DC power supply and coupling the
voltage developed across the second impedance by a coupling capacitor,
for determining the polarity of the output signal to have polarity being
similar to the polarity of the DC power supply.

Preferably, the input and the output of the amplifier are matched in
order to cause the amplifier to be unconditionally stable under any load

and/or level of RF signal.

The present invention is also directed to an apparatus for detecting the

envelope of an RF signal, that comprises:
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a) an RF transistor operating essentially at a non-linear
operating point at the RF frequency range;

b) a DC power supply for feeding the RF transistor;

c) a dummy load for terminating the output of the RF
transistor; and

d) at lease one impedance, through which the DC power supply
feeds the RF transistor, for obtaining an iridication signal developed across
the impedance, the indication signal representing the envelope, from the
fluctuating current drawn by the RF transistor from the DC power supply
during the time period when the RF signal is applied to the feeding input.

The indication signal may be proportional to the envelope of the

detected RF signal.

The apparatus may further comprise circuitry for matching the input
and the output of the RF transistor, for causing the RF transistor to be

unconditionally stable under any load and/or level of RF signal.

In one aspect, the apparatus comprises:

a) an RF power transistor biased to operate essentially under
Class B condition at the RF frequency range;

b) a DC power supply for feeding the RF transistor, connected to
ground by a first capacitor, and to the output port of the transistor
through an RF filter for isolating RF frequency components from
reaching the DC power supply;

c) an input matching circuitry for matching the RF transistor
to the source of the RF signal, the amplitude of which is detected;

d) an output matching circuitry for matching the RF transistor

to a dummy load, terminating the output port; and
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e) an output contact, connected to a contact of the RF filter, at
which an indication signal representing the amplitude, or variations in
the amplitude, from the fluctuating current drawn by the RF transistor
from the DC power supply during the time period when the RF signal is
applied by the source, is developed.

Whenever the RF transistor is a FET having a grounded source or a
bipolar transistor. having a grounded emitter, the apparatus may
comprise:

a) an RF filter, connected to the drain of the FET or to the
collector of the bipolar transistor;

b) | a DC power supply, having a negative contact being
connected to ground and a positive contact being connected to the other
contact of the RF filter through a impedance; and

c) a coupling capacitor, connected to the other contact, for
coupling the voltage developed across the impedance, the polarity of which

being opposite to the polarity of the DC power supply.

Whenever the RF transistor is a FET having a drain, or a bipolar
transistor having a collector, being connected to the positive contact of
the DC power supply through an RF filter, the negative contact of
which is connected to ground, the apparatus may comprise:
a) a first impedance, connected between the source
of the FET, or the emitter of the bipolar
transistor, and ground;
b) a biasing resistor, connected in series with an
RF filter that is connected to the gate of the FET
or to the base of the bipolar transistor, for

biasing the gate or the base;
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¢) a capacitor, connected between the common
contact of the RF filter and the biasing resistor,
and the source or the emitter; and

d) a first coupling capacitor, connected to the
ungrounded contact of the first impedance, for
coupling the voltage developed across the first
impedance, the polarity of which being similar to

the polarity of the DC power supply.

The apparatus may further comprise:

a) a second impedance, connected in series between the RF filter
and the DC power supply; and

b) a second coupling capacitor, connected to the common contact
between the second impedance and the RF filter, for coupling the voltage
developed across the second impedance, the polarity of which being

opposite to the polarity of the DC power supply.

Brief Description of the Drawings

The above and other characteristics and advantages of the invention will
be better understood through the following illustrative and non-limitative
detailed description of preferred embodiments théreof, with reference to
the appended drawings, wherein:

- Fig. 1 schematically illustrates an input-output transfer
characteristic of a Class B amplifier utilized as an RF detector, according
to a preferred embodiment of the present invention;

- Fig. 2A schematically illustrates an implementation of a Class B
amplifier used for amplitude detection of high level RF signals that yields
negative polarity output, according to a preferred embodiment of the

invention,;
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- Fig. 2B schematically illustrates an implementation of a Class B
amplifier used for amplitude detection of High level RF signals that yields
positive polarity output, according to another preferred embodiment of the
invention; and

- Fig. 2C schematically illustrates an implementation of a Class B
amplifier used for amplitude detection of high level RF signals that yields
both negative and positive polarity outputs, according to a further

preferred embodiment of the present invention.

Detailed Description of Preferred Embodiments

The present invention utilizes the fact that a Class B amplifier is biased
such that it operates only when there is an RF signal at its input.
Therefore, such Class B amplifier can function as an RF detector.

According to the present invention, the RF signal v;, that is input to an RF

power amplifier is coupled and fed into a Class B RF amplifier that detects

its amplitude variations and presents them at output terminals.

Fig. 1 schematically illustrates an input-output transfer characteristic of a
transistor (an amplifier), operating essentially in Class B and utilized,
according to a preferred embodiment of the present invention, as an RF
detector. Curve 107 is a typical Input-Output transfer characteristic, a
major portion of which is essentially in the linear region. The operating
bias point 101 of the transistor is set as close as possible to non-conduction
(iour=0), for ensuring that the transistor operates essentially in Class B.

The preferred value of Vy,,, is selected in accordance with the available

linear range of the transistor’s transfer characteristic 107. A proper DC
bias is added to the coupled RF input signal 100a, so as to ensure proper

operation of the transistor essentially in Class B.
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Since the detection is based on essentially Class B operation, only one half
(the positive portion, in this example) of the modulated RF coupled signal
is amplified by the Class B amplifier and detected, since essentially only

portions of the input signal (i.e. v,,) having instantaneous voltage that is

larger than zero are amplified by the Class B biased transistor. The
resulting amplified signal 104 comprises essentially only half-sine waves

at the operating frequency of the RF power amplifier.

As can be seen in Fig. 1, the envelope 100b of the coupled input signal is
reflected by the envelope value I,,, 105 of the (fluctuating) output current

104 of the Class B amplifier, which amplifies the coupled input signal.
Practically, envelope 105 is only an imaginary representation. The actual

representation of the envelope is obtained by the mean value 7,,,, 106 of
output current, which is proportional to the envelope value 7,,, 105. The
theoretical proportion factor is = (.., I, =7*I,,,,). Since, I, is
proportional to the envelope of the input signal v,,, I, is also
proportional to v;,. Therefore, the envelope of the input signal v, is

represented (and detected) by the output current of the Class B amplifier.

Fig. 2A schematically illustrates an implementation of a Class B amplifier
used for amplitude detection of high level RF signals that yields negative
polarity output, according to a preferred embodiment of the invention. The
RF filters 206 and 207 are utilized for filtering out only RF frequency
components, i.e., for blocking RF components from reaching the DC power
supplies Vb and Va. Resistor R2 causes a developed fluctuating voltage,

which is proportional to I to be subtracted from the supply volage

mean ?
+Vb at point x. The load, to which an indicative signal (i.e., of the signal

envelope volage) should be delivered, may be connected to point x via a
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coupling capacitor C2. Since the transistor Q1 operates at Class B, upon

applying an RF input signal v,, current is drawn from the DC power
supply, and hence, the voltage at point x (which is essentially +Vp with no
input signal) drops to a lower value. Therefore, the detection at point x is
represented ‘by a negative polarity detected signal. This way, the power
output delivered to the load can be as large as desired, up to the power
handling capability of the transistor Q1, employed to implement the Class
B amplifier 205. RF matching networks 208 and 209 are embedded in the
input and output of transistor Q1, respectively, in series with a dummy
load (an RF load used for matching the output of transistor Q1 to be
unconditionally stable), so as to keep it stable under any operating
condition. The gate of transistor Q1 is properly biased by resistor R1 using

the voltage source V.

Fig. 2B schematically illustrates an implementation of a Class B amplifier
used for amplitude detection of high level RF signals that yields positive
polarity output, according to another preferred embodiment of the
invention. In this implementation, the resistor Rz and capacitor Cz, used
for the implementation illustrated in Fig. 2A, are discarded and replaced
by resistor.Rs and capacitor Cs, which are connected to the source of FET
Q2 through an RF filter 211 (which may consist of, for example, a
combination of an RF-choke and a capacitor). The output voltage pulse

developed at point y by the current I,.,,across Rs is positive and is

coupled to the load by a coupling capacitor Cs. The gate of FET Q2 is
properly biased through RF filter 210, using a biasing resistor R;:
connected to the voltage source Vg. Capacitor C; is connected between
point y and the biasing resistor R; and ‘is intended to feed the output

voltage pulse to the gate of FET Q2, so as to prevent a cut-off state of FET
Q2.
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Fig. 2C schematically illustrates an implementation of a Class B amplifier
used. for amplitude detection of high level RF signals that yields both
negative and positive polarity outputs, according to a further preferred
embodiment of the present invention. The circuit illustrated in this
example results from combiniﬁg the features of the circuitry illustrated in
Fig. 2A to those of the circuitry illustrated in Fig. 2B. Consequently, both
positive and negative output signals are obtained at points y and x,

respectively, from the same circuit.

It should be noted that the embodiments illustrated hereinabove can be
implemented in a similar way using bipolar transistors, rather than a
FET. In this case, the elements connected to the gate, drain and source
should be connected to the base, collector and emitter, respectively, with
proper biasing (not shown for the sake of brevity) that is obvious to any
person skilled in the art. Furthermore, the technique illustrates
hereinabove with respect to Class B operation may be  similarly
implemented by a person skilled in the art also for Class AB, Class C
amplifiers, and actually for any RF transistor/amplifier that operating at a
non-linear operating point. The impdrtanf issue is that the requirement
that the operating point 101 shown in Fig. 1 should be determined such

that the output current iou: will be larger for the positive excursions of v,

that for the positive excursions. In addition, instead of allowing the
fluctuating voltage to be developed across pure resistors (resistors R2 and
R3 in Figs. 2A to 2C above), a reactive impedance may also be employed,
as well as any impedance being a combination of a resistanbe and a

reactance.
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The above examples and description have of course been provided only for
the purpose of illustration, and are not intended to limit the invention in
any way. As will be appreciated by the skilled person, the invention can be
carried out in a great variety of ways, employing more than one technique |

from those described above, all without exceeding the sco;ﬂe of the

invention.
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CLAIMS

1. A method for detecting the envelope of an RF signal, comprising:

a) providing an RF transistor operating essentially at a non-
linear operating point at the RF frequency range, said RF transistor
being fed by a DC power supply trough an RF filter and terminated
by a dummy load for the RF components in the output signal of said
RF transistor;

b) feeding an RF signal into the input of said RF transistor; and
c) obtaining an output signal representing said envelope from
the fluctuating current drawn by said RF transistor from said DC
power supply during the time period when said RF signal is applied

to said input.

2. A method actording to claim 1, wherein the detected signal is obtained
by filtering out the RF components from the fluctuating current, thereby
obtaining the mean detected current, being monotonically related to the

envelope of the RF signal.

3. A method according to claim 2, wherein whenever the RF transistor is
a FET having a grounded source or a bipolar transistor having a grounded
emitter, the output signal is obtained by performing the following steps:

a) connecting one contact of an RF filter to the drain of said FET

or to the collector of said bipolar transistor ;

b) connecting the negative contact of the DC power supply to
ground;
c) connecting the positive contact of said DC power supply to the

other contact of said RF filter through a impedance; and
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d) coupling the voltage developed across said impedance by a
coupling capacitor, thereby determining the polarity of the output signal to

be opposite to the polarity of said DC power supply.

4. A method according to claim 2, wherein whenever the RF transistor is
a FET having a drain, or a bipolar transistor having an collector, being
connected to the positive contact of the DC power supply, the output signal

is obtained by performing the following steps:

a) Connecting the negative contact of the DC power supply to
ground;
b) connecting the source of said FET or the emitter of said

bipolar transistor to ground through a impedance;

c) biasing the gate of said FET, or the base of said bipolar
transistor, through a biasing resistor connected in series with an RF filter,
connected to said gate or to said base;

d) " connecting a capacitor between the common contact of said
RF filter and said biasing resistor, and said source or said emitter; and

e) coupling the voltage developed across said impedance by a
coupling capacitor, thereby determining the polarity of the output signal to

have polarity being similar to the polarity of said DC power supply.

5. A method according to claim 4, further comprising obtaining two output
signals having opposite polarities by performing the following steps:
a) connecting one contact of an RF filter to the drain of said FET

or to the collector of said bipolar transistor;

b) connecting the negative contact of the DC power supply to
ground;
c) connecting the positive contact of said DC power supply to the

other contact of said RF filter through a first impedance;
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d) connecfing the source of said FET or the emitter of said
bipolar transistor to ground through a second impedance;

e) biasing the gate of said FET or the base of said bipolar
transistor through a biasing resistor connected in series with an RF filter,
connected to said gate or to said base;

) connecting a capacitor between the common contact of said
RF filter and said biasing resistor, and said source or said emitter;

g) coupiing the voltage developed across said first impedance by
a coupling capacitor, thereby determining the polarity of the output signal
to be opposite to the polarity of said DC power supply; and

h) coupling the voltage developed across said second impedance
by a coupling capacitor, thereby determining the polarity of the output

signal to have polarity being similar to the polarity of said DC power

supply.

6. A method according to claim 1, further comprising matching the input
and the output of the amplifier, thereby causing said amplifier to be

unconditionally stable under any load and/or level of RF signal.

7. A method according to any one of the preceding claims, wherein the
non-linear operating point is selected from the following classes of
operation:
- Class B;
- Class AB;

- Class C.

8. A method according to any one of the preceding claims, wherein the
impedance is a pure resistance or a pure reactance or any combination

thereof.
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9. Apparatus for detecting the envelope of an RF signal, comprising:

a) an RF transistor operating essentially at a non-linear
operating point at the RF frequency range;

b) a DC power supply for feeding said RF transistor;

¢) a dummy load for terminating the output of said RF
transistor; and

d) at lease one impedance, through which said DC power supply
feeds said RF transistor, for obtaining an indication signal
developed across said impedance, said indication signal
representing said envelope, from the fluctuating current
drawn by said RF transistor from said DC power supply
during the time period when said RF signal is applied to the
feeding input.

10.Apparatus decording to claim 9, in which the indication signal is

proportional to the envelope of the detected RF signal.

11.Apparatus according to claim 9, further comprising circuitry for
matching the input and the output of the RF transistor, for causing said
RF transistor to be unconditionally stable under any load and/or level of

RF signal.

12.Apparatus according to claim 9, comprising:
a) an RF power transistor biased to operate essentially under
Class B condition at the RF frequency range;
b) a DC power supply for feeding said RF transistor, connected
to ground by a first capacitor, and to the output port of said
transistor through an RF filter for isolating RF frequency

components from reaching said DC power supply;
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¢) an input matching circuitry for matching said RF transistor
to the source of the RF signal, the amplitude of which is
detected;

d) an output matching circuitry for matching said RF transistor
to a dummy load, terminating said output port; and

e) an output contact, connected to a contact of said RF filter, at
which an indication signal representing said amplitude, or
variations in said amplitude, from the fluctuating current
drawn by said RF transistor from said DC power supply
during the time period when said RF signal is applied by said

source, is developed.

13.Apparatus according to élaim 9, in which the RF transistor is a FET
having a grounded source or a bipolar transistor having a grounded
emitter, comprising:
a) an RF filter, connected to the drain of said FET or to the
collector of said bipolar transistor;
b) a DC power supply, having a negative contact being
connected to ground and a positive contact being connected to
the other contact of said RF filter through a impedance; and
¢) a coupling capacitor, connected to said other contact, for
coupling the voltage developed across said impedance, the
polarity of which being opposite. to the polarity of said DC
power supply.

14.Apparatus according to claim 9, in which the RF transistor is a FET
having a drain, or a bipolar transistor having a collector, being connected
to the positive contact of the DC power supply through an RF filter, the

negative contact of which is connected to ground, comprising:
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a) a first impedance, connected between the source of said FET,
or the emitter of said bipolar transistor, and ground;

b) a biasing resistor, connected in series with an RF filter that is
connected to the gate of said FET or to the base of said bipolar
transistor, for biasing said gate or said base;

¢) a capacitor, connected between the common contact of said RF
filter and said biasing resistor, and said source or said
emitter; and

d) a first coupling capacitor, connected to the ungrounded
contact of said first impedance, for coupling the voltage
developed across said first impedance, the polarity of which

being similar to the polarity of said DC power supply.

15. Apparatus according to claim 14, further comprising:

a) a second fmpedance, connected in series betwéen the RF filter
and the DC power supply; and

b) a second coupling capacitor, connected to the common contact
between said second impedance and said RF filter, for
coupling the voltage developed across said second impedance,
the polarity of which being opposite to the polarity of 'said DC
power supply.

16.Apparatus according to any one of the preceding claims, in which the
non-linear operating point is selected from the following classes of
operation:

- Class B;

- Class AB;

- Class C.
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17.Apparatus according to any one of the preceding claims, in which the

impedance is a pure resistance or a pure reactance or any combination

thereof.
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