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1
SYSTEMS AND METHODS FOR
CONTROLLING A POWER AMPLIFIER
OUTPUT

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/931,130, entitled “Systems and methods for
controlling a power amplifier output,” filed May 13, 2020,
which claims priority under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application No. 62/847.725, entitled
“Systems and methods for controlling a power amplifier
output,” filed May 14, 2019, each of which is incorporated
by reference herein in its entirety.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to power ampli-
fiers and, more particularly, to techniques for controlling the
output of a power amplifier.

BACKGROUND OF THE DISCLOSURE

Power amplifiers may be used in a wide variety of
applications, from communications to electronic warfare
systems. Often, it is desirable to keep the output of the power
amplifier (e.g., the output power level, the gain, etc.) con-
stant or nearly constant during operations. It can also be
desirable to mute the power amplifier (e.g., temporarily
disable the power amplifier) at certain times. However,
controlling the output of a power amplifier can be challeng-
ing. For example, many power amplifiers have a frequency
response that can vary by several decibels (dB) (e.g., +/-4
dB) over the relevant frequency range.

Thus, it may be understood that there may be a need for
techniques for controlling the output of a power amplifier
that improve upon traditional techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

To facilitate a fuller understanding of the present disclo-
sure, reference is now made to the accompanying drawings,
in which like elements are referenced with like numerals.
These drawings should not be construed as limiting the
present disclosure, but are intended to be illustrative only.

FIG. 1 is a simplified diagram of a system for generating
an amplified signal according to some embodiments.

FIG. 2 is a simplified diagram of an amplifier system
according to some embodiments.

FIG. 3 is a simplified diagram of a method for controlling
a power amplifier output according to some embodiments.

DETAILED DESCRIPTION

FIG. 1 is a simplified diagram of a system 100 for
generating an amplified signal according to some embodi-
ments. System 100 includes an exciter 102 coupled to an
amplifier 104. Exciter 102 generates, and amplifier 104
receives, a stimulus signal 120. Based on stimulus signal
120, amplifier 104 generates an output signal 130, which
generally corresponds to an amplified version of stimulus
signal 120. In general, stimulus signal 120 and output signal
130 may correspond to broadband and/or radio frequency
(RF) signals.

In various applications, such as communications or elec-
tronic warfare systems, it is desirable to blank (or mute)
output signal 130 at various times. For example, it may be
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desirable to blank output signal 130 at a duty cycle in a range
of 10% to 90% to provide opportunities for system 100 to
listen to other signals (e.g., other RF signals) in the envi-
ronment. Accordingly, amplifier 104 may receive a blanking
signal 140 that indicates when output signal 130 should be
muted. In response to blanking signal 140, amplifier 104
may be disabled.

In some embodiments, exciter 102 may be a frequency
hopping exciter. Consistent with such embodiments, a
stimulus frequency of stimulus signal 120 at a given point in
time may be randomly selected from a plurality of hopping
frequencies. The stimulus frequency can randomly hop
among the plurality of hopping frequencies at predetermined
time intervals. In some embodiments, frequency hopping
may occur rapidly relative to the time scale at which output
signal 130 is muted and unmuted by blanking signal 140.
For example, the frequency of stimulus signal 120 may
undergo multiple hops during each interval in which output
signal 130 is unmuted.

In general, amplifier 104 amplifies stimulus signal 120
according to a frequency response of amplifier 104. When
the stimulus frequency of stimulus signal 120 varies (e.g.,
during frequency hopping operation), the gain and/or output
power of amplifier 104 may also vary. For example, broad-
band amplifiers used in RF systems can have frequency
responses that vary up to +/—-4 decibels (dB) over the range
of frequencies used for frequency hopping.

In order to maintain the output power of amplifier 104 as
the stimulus frequency changes, system 100 may include
various compensation mechanisms. One possible compen-
sation mechanism is for exciter 102 to tune the level of
stimulus signal 120 to account for the frequency response of
amplifier 104. For example, in frequency hopping applica-
tions, a different level of stimulus signal 120 may be
generated for each of the plurality of hopping frequencies.
However, this approach may involve significant efforts to
calibrate stimulus signal 120 for each of the plurality of
hopping frequencies, and even after calibration may provide
low accuracy.

To address these challenges, amplifier 104 may include
controller 150 that forms a feedback loop that automatically
controls the gain and/or output power of amplifier 104. For
example, the feedback loop may include an automatic gain
control (AGC) feedback loop or an automatic power control
feedback loop. In this manner, a constant level of output
signal 130 may be achieved even as the stimulus frequency
and/or level of stimulus signal 120 undergo changes. For
example, the feedback loop may be configured as a propor-
tional-integral-derivative (PID) control loop.

The feedback loop may be associated with a transient
response to changes in stimulus signal 120 and/or blanking
signal 140. In general, it is desirable to control the transient
response to prevent or mitigate overshoot and undershoot,
which can cause faults, loss of application, damage to
amplifier 104, or the like. However, controlling the transient
response may be challenging when responding to changes
that occur at different time scales. For example, during
frequency hopping operation, the stimulus frequency of
stimulus signal 120 may change at a fast time scale, whereas
muting and unmuting via blanking signal 140 may occur at
a slow time scale. Accordingly, while it may be desirable for
the feedback loop to respond slowly to prevent overshoot
during muting and unmuting, a slow response of feedback
loop may be incompatible with rapid frequency hopping
operation.

Thus, there is a need for techniques to control the gain
and/or output of amplifier 104 that address both changes in
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the stimulus frequency of stimulus signal 120 and muting
and unmuting of amplifier 104 via blanking signal 140.

FIG. 2 is a simplified diagram of an amplifier system 200
according to some embodiments. In some embodiments,
amplifier system 200 may generally correspond to amplifier
104 and may address the above-identified challenges asso-
ciated with controlling the gain and/or output of amplifier
104.

Amplifier system 200 includes an input node 202, an
output node 204, and a blanking node 206. Input node 202
receives an input signal to amplifier system 200, such as
stimulus signal 120. Output node 204 provides an output
signal of amplifier system 200, such as output signal 130.
Blanking node 206 receives a blanking signal, such as
blanking signal 140.

Amplifier system 200 further includes a power amplifier
210 coupled between input node 202 and output node 204.
When enabled, power amplifier 210 amplifies the input
signal according to a frequency response of power amplifier
210. Power amplifier 210 can be disabled in response to the
blanking signal.

A voltage variable attenuator (VVA) 215 is arranged in
series at the input of power amplifier 210 and is used to
control the gain and/or output power of amplifier system
200. For example, when the gain or output power of ampli-
fier system 200 exceeds a predetermined setpoint, a control
signal may be provided to VVA 215 to reduce the level of the
stimulus signal at the input of power amplifier 210. The use
of VVA 215 is illustrative, and it is to be understood that any
number of techniques may be used to control the gain and/or
output power of amplifier system 200 responsive to a control
signal.

Amplifier system 200 further includes a controller 220,
which may generally correspond to controller 150. Control-
ler 220 is coupled to power amplifier 210 to form a feedback
loop that controls the gain and/or output power of power
amplifier 210 (as used herein, the gain of power amplifier
210 refers to the gain of power amplifier 210 in series with
VVA 215). In some embodiments, controller 220 may
include one or more processors and may be implemented
using software, hardware, or a combination thereof. As
illustrated in FIG. 2, controller 220 can also be implemented
using an FPGA. Controller 220 receives measurements of
the levels of the input signal and the output signal from an
input detector 232 and an output detector 234, respectively.
In some embodiments, the measurements are converted to a
digital format using analog-to-digital (A/D) converters 242
and 244, respectively. In some embodiments, the measure-
ments may correspond to root mean square (RMS) voltage
measurements of the input and output signals. Alternative
measurements, such as peak detection measurements, may
be used, but the decay of the peak detection may slow down
the update capacity of the feedback loop. Controller 220
outputs a control signal to VVA 215, which is converted to
an analog voltage signal using digital-to-analog (D/A) con-
verter 250.

Controller 220 can include a plurality of modules 262-
268. As used herein, the term “module” may be understood
to refer to computing software, firmware, hardware, and/or
various combinations thereof. It is noted that the modules
are exemplary. The modules may be combined, integrated,
separated, and/or duplicated to support various applications.
Also, a function described herein as being performed at a
particular module may be performed at one or more other
modules and/or by one or more other devices instead of or
in addition to the function performed at the particular
module. Further, the modules may be implemented across
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multiple devices and/or other components local or remote to
one another. Additionally, the modules may be moved from
one device and added to another device, and/or may be
included in both devices.

An error module 262 can detect an error between a
measured parameter and a target setpoint. For example, the
measured parameter may correspond to the gain of power
amplifier 210, the output power of power amplifier 210, or
the like. The error may be calculated as a difference between
the measured parameter and the target setpoint. In some
embodiments, the output of error module 262 may corre-
spond to the error value of the feedback loop.

An accumulator module 264 can calculate and store an
accumulated error of the feedback loop. For example, when
the feedback loop is configured as a PID control loop, the
accumulated error may be used to determine the integral
term of the PID control loop.

In some embodiments, overshoot or undershoot may
occur when the accumulated error of accumulator module
264 continues to accumulate after a large and/or rapid
change in the input signal. For example, in frequency
hopping operation, a frequency hopping exciter (e.g., exciter
102) may turn off the output stimulus signal (e.g., stimulus
signal 120) for a short time interval when hopping between
frequencies, causing the level of the stimulus signal (e.g., the
envelope of the stimulus signal) to briefly drop close to zero
between hops. During the time interval when the stimulus
signal is turned off, the default behavior of controller 220
may be to clear the accumulated error of accumulator
module 264. However, when the stimulus signal turns on
again, the fact that the accumulated error is cleared may
result in undershoot or overshoot.

Accordingly, a pulse presence module 266 may detect
changes in the input signal that are likely to cause overshoot
or undershoot. For example, pulse presence module 266 may
detect a condition that indicates that the stimulus signal is in
the process of hopping between frequencies, e.g., the input
signal dropping below a first threshold (e.g., close to zero)
for an amount of time that exceeds a second threshold (e.g.,
100 nanoseconds). In this regard, pulse presence module 266
may be configured as an envelope detector that detects the
level of the input signal via input detector 232.

A suspend accumulator module 268 is coupled to pulse
presence module 266. In response to receiving a signal from
pulse presence module 266 indicating a change in the input
signal that is likely to cause overshoot or undershoot (e.g.,
the input signal being turned off), suspend accumulator
module 268 may suspend the operation of accumulator
module 262. In this regard, suspend accumulator module
268 may override the default behavior of accumulator
module 262 (e.g., suspend accumulator module 268 may
prevent the accumulated error from being cleared). When
the operation of accumulator module 262 is suspended, the
last value of the accumulated error before operation was
suspended may be stored. Then, when the input signal turns
on again, accumulator module 268 is re-engaged and ini-
tialized with the stored value of the accumulated error. In
some embodiments, the stored value may be reduced by a
small amount (e.g., two bits, or the binary value “11”) prior
to re-engaging accumulator module 268.

The above-described techniques may prevent or reduce
overshoot, undershoot, or other distortions to the output
signal during frequency hopping operations and other high
frequency changes to the input signal. However, overshoot
or undershoot may still occur due to the lower frequency
muting and unmuting of power amplifier 210 in response to
the blanking signal. Accordingly, suspend accumulator mod-
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ule 268 may also be configured to suspend the operation of
accumulator module 262 in response to the blanking signal
indicating that power amplifier 210 is disabled or muted.
Moreover, in a scenario where the operation of accumulator
module 262 is already suspended, the blanking signal may
prevent the accumulator module 262 from re-engaging, such
that the accumulator module 262 waits to re-engage until the
blanking signal indicates that power amplifier 210 has been
re-enabled or unmuted. In this manner, controller 220 may
address overshoot or undershoot arising from both high-
frequency frequency hopping operations and low-frequency
blanking operations.

FIG. 3 is a simplified diagram of a method 300 for
controlling a power amplifier output according to some
embodiments. In some embodiments, method 300 may be
implemented by controller 220 to prevent or mitigate over-
shoot or undershoot arising from frequency hopping opera-
tions and blanking operations.

At a process 310, a feedback loop that maintain or
controls at least one of a gain or an output power of the
power amplifier (e.g., power amplifier 210 in series with
VVA 215) is controlled. The feedback loop may be con-
trolled in an automatic gain control mode or an automatic
power control mode. For example, for the embodiment of
FIG. 2, process 310 can be implemented by controller 220.

At a process 320, a level of an input signal to a power
amplifier is monitored. For example, the level of the input
signal may be monitored using input detector 232. In some
embodiments, the level of the input signal may correspond
to an RMS voltage of the input signal.

At a process 330, a blanking signal that indicates whether
the power amplifier is muted is monitored. In some embodi-
ments, the blanking signal may include a DC voltage signal
that goes to a high voltage level to mute the power amplifier
and a low voltage level to unmute the power amplifier, or
vice versa. For example, for the embodiment of FIG. 2,
process 330 can be implemented by controller 220.

At a process 340, operation of an accumulator of the
feedback loop is suspended in response to detecting that (1)
the level of the input signal is below a first threshold for an
amount of time that exceeds a second threshold, (2) the
blanking signal indicates that the power amplifier is muted,
or (3) both. For example, the determination that the level is
below the first threshold for an amount of time that exceeds
the second threshold may be made by pulse presence module
266, and the operation of the accumulator may be suspended
by suspend accumulator module 268. In some embodiments,
the blanking signal may indicate that the power amplifier is
muted during time periods when an RF system (e.g., system
100) desires to listen to the RF environment. In some
embodiments, suspending operation of the accumulator may
include storing the last value of the accumulated error prior
to suspending operation. For example, for the embodiment
of FIG. 2, the last accumulator value may be stored by
accumulator module 264, suspend accumulator module 268,
or both. In some embodiments, the level of the input signal
and the blanking signal may continue to be monitored
(consistent with processes 320 and 330, respectively) during
process 340.

At a process 350, operation of the accumulator is resumed
in response to detecting that (1) the level of the input signal
exceeds first threshold and (2) the blanking signal indicates
that the power amplifier is unmuted. In some embodiments,
when the operation of the accumulator is resumed, the
accumulated error may be initialized to the stored accumu-
lated error from before the operation of the accumulator was
suspended. In some embodiments, the stored accumulated
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error may be reduced by a small amount (e.g., two bits)
before being used to initialize the accumulator. In cases
where the operation of the accumulator is suspended based
on the level of the input signal decreasing below the first
threshold at process 340 (case (1)), the operation of the
accumulator may be resumed in response to the level of the
input signal returning to a level above the first threshold.
However, resuming operation of the accumulator while the
power amplifier is muted may result in overshoot or under-
shoot when the power amplifier is later unmuted. Accord-
ingly, consistent with process 350, the accumulator is kept
suspended as long as the power amplifier is muted. For
example, for the embodiment of FIG. 2, process 350 can be
implemented by suspend accumulator module 268 of con-
troller 220.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other vari-
ous embodiments of and modifications to the present dis-
closure, in addition to those described herein, will be appar-
ent to those of ordinary skill in the art from the foregoing
description and accompanying drawings. Thus, such other
embodiments and modifications are intended to fall within
the scope of the present disclosure. Further, although the
present disclosure has been described herein in the context
of at least one particular implementation in at least one
particular environment for at least one particular purpose,
those of ordinary skill in the art will recognize that its
usefulness is not limited thereto and that the present disclo-
sure may be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the
claims set forth below should be construed in view of the full
breadth and spirit of the present disclosure as described
herein.

The invention claimed is:

1. A system comprising:

a first electronic circuit that processes an input signal
when enabled, the first electronic circuit being enabled
or disabled in response to a control signal; and

a second electronic circuit coupled to the first electronic
circuit, the first electronic circuit and the second elec-
tronic circuit forming a feedback loop, the second
electronic circuit obtaining a measured parameter asso-
ciated with the first electronic circuit and maintaining
an accumulated value associated with the measured
parameter, wherein maintaining the accumulated value
comprises compensating for a time period when the
control signal indicates that the first electronic circuit is
disabled.

2. The system of claim 1, wherein maintaining the accu-
mulated value further comprises compensating for a second
time period when a level of the input signal is below a first
threshold, wherein the level of the input signal corresponds
to at least one of a power level, a gain, or a voltage.

3. The system of claim 2, wherein compensating for the
second time period comprises detecting that the input signal
is below the first threshold for an amount of time that
exceeds a second threshold.

4. The system of claim 2, wherein the second electronic
circuit comprises an envelope detector to detect the level of
the input signal.

5. The system of claim 2, wherein the level of the input
signal corresponds to an RMS voltage of the input signal.

6. The system of claim 1, wherein the input signal
corresponds to a frequency hopping input signal.

7. The system of claim 6, wherein the first electronic
circuit is associated with a frequency response, and wherein
the second electronic circuit adjusts at least one character-
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istic of the first electronic circuit throughout a frequency
range of the frequency hopping input signal.

8. The system of claim 6, wherein a frequency of the
frequency hopping input signal changes more rapidly than a
rate at which the first electronic circuit is enabled or disabled
in response to the control signal.

9. The system of claim 1, wherein the second electronic
circuit comprises a proportional-integral-derivative (PID)
control loop.

10. The system of claim 1, wherein the second electronic
circuit comprises a voltage variable attenuator arranged in
series at an input of the first electronic circuit.

11. The method of claim 1, wherein compensating for the
time period when the control signal indicates that the first
electronic circuit is disabled comprises storing a last value of
the accumulated value prior to a start of the time period, and
initializing the accumulated value based on the stored last
value at an end of the time period.

12. A method comprising:

monitoring, by a first electronic feedback coupled to a

second electronic circuit, a control signal that indicates

whether the second electronic circuit is enabled or

disabled, the first electronic circuit and the second

electronic circuit form a feedback loop;

obtaining, by the first electronic circuit, a measured
parameter associated with the second electronic cir-
cuit;

maintaining, by the first electronic circuit, an accumu-
lated value associated with the measured parameter,
wherein maintaining the accumulated value com-
prises compensating for a time period when the
control signal indicates that the second electronic
circuit is disabled.

13. The method of claim 12, wherein maintaining the
accumulated value further comprises compensating for a
second time period when a level of the input signal is below
a first threshold, wherein the level of the input signal
corresponds to at least one of a power level, a gain, or a
voltage.
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14. The method of claim 13, wherein compensating for
the second time period comprises detecting that the input
signal is below the first threshold for an amount of time that
exceeds a second threshold.

15. The method of claim 12, wherein the input signal
corresponds to a frequency hopping input signal.

16. The method of claim 15, further comprising adjusting,
by the first electronic circuit, at least one characteristic of the
second electronic circuit throughout a frequency range of the
frequency hopping input signal.

17. The method of claim 15, wherein a frequency of the
frequency hopping input signal changes more rapidly than a
rate at which the second electronic circuit is enabled or
disabled in response to the control signal.

18. The method of claim 12, wherein compensating for
the time period when the control signal indicates that the
second electronic circuit is disabled comprises storing a last
value of the accumulated value prior to a start of the time
period, and initializing the accumulated value based on the
stored last value at an end of the time period.

19. A non-transitory computer-readable medium storing
instructions that, when executed by one or more hardware
processors, cause the one or more hardware processors to
perform operations comprising:

monitoring a control signal that indicates whether an

electronic circuit is enabled or disabled;

obtaining a measured parameter associated with the elec-

tronic circuit; and

maintaining an accumulated value associated with the

measured parameter, wherein maintaining the accumu-
lated value comprises compensating for a time period
when the control signal indicates that the electronic
circuit is disabled.

20. The non-transitory computer-readable medium of
claim 19, wherein compensating for the time period when
the control signal indicates that the electronic circuit is
disabled comprises storing a last value of the accumulated
value prior to a start of the time period, and initializing the
accumulated value based on the stored last value at an end
of the time period.



