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(54) SWITCHABLE DUAL CORE POWER AMPLIFIER

(57) A dual mode, dual core power amplifier (PA) de-
vice includes a plurality of PA chains (404, 406) that gen-
erate output power according to an envelope tracking
mode and a non-envelope tracking mode. The different
modes can be selected to generate output power based
on a set of predetermined criteria, which can be related
to an input signal received by the system and related to
a target power. A first PA chain (404) with one or more
PA cores is configured to operate in the envelope tracking

mode based on at least a portion of the predetermined
criteria being identified in the input signal and to generate
output power with an envelope voltage supply that chang-
es with an envelope of the input signal. In addition, a
second PA chain (406) with one or more PA cores can
operate in a constant voltage supply mode or the non-en-
velope tracking mode according to the predetermined
criteria.
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Description

FIELD

[0001] The present disclosure relates to power ampli-
fiers, and more specifically, a switchable dual core power
amplifier.

BACKGROUND

[0002] High-efficiency power amplifiers (PAs) offer val-
uable solutions in mobile wireless communication devic-
es. With modem wireless systems, modulation formats
have a high peak-average ratio (PAR) and linear PAs
have low average efficiency. Power supply control
schemes such as envelope tracking offer a high potential
for a high average efficiency operation for high PAR sig-
nals. However, a bottleneck for achieving superior cur-
rent consumption performance in PAs is the efficiency of
the power amplifier (PA) during envelope tracking oper-
ations. A potential downside to PAs operating with enve-
lope tracking is that the PA can demonstrate strong
AMAM- and AMPM conversion. Thus, to maintain line-
arity the PA often utilizes digital distortion schemes (e.g.,
digital pre-distortion (DPD)) in operation, which can pose
a constraint because such implementations (e.g., DPD)
accompany complex signal processing in the transceiver
or the baseband processor, or matured algorithms (e.g.,
fast factory calibration), and can be more sensitive to
antenna mismatch. DPD, for example, can become even
more complex in the context of uplink (UL) carrier aggre-
gation, in which an increased transmission bandwidth
could be up to 100 MHz by an LTE advanced standard.
If the PA is loaded by a duplexer, the AMAM and AMPM
characteristic of the PA can significantly change within
the transmission bandwidth due to resonances in the du-
plex filter, which introduce memory effects in the trans-
mission chain, and further complicate distortion tech-
niques or even render them nearly impossible for wide-
band transmission signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

FIG. 1 is a block diagram illustrating a PA system or
device according to various aspects described.
FIG. 2 is a block diagram illustrating another PA sys-
tem or device according to various aspects de-
scribed.
FIG. 3 is a block diagram illustrating another PA sys-
tem or device according to various aspects de-
scribed.
FIG. 4 is a block diagram illustrating another PA sys-
tem or device according to various aspects de-
scribed.
FIG. 5 is flow diagram illustrating a method of oper-
ating a PA system or device according to various

aspects described.

DETAILED DESCRIPTION

[0004] The present disclosure will now be described
with reference to the attached drawing figures, wherein
like reference numerals are used to refer to like elements
throughout, and wherein the illustrated structures and
devices are not necessarily drawn to scale. As utilized
herein, terms "component," "system," "interface," and the
like are intended to refer to a computer-related entity,
hardware, software (e.g., in execution), and/or firmware.
For example, a component can be a processor (e.g., a
microprocessor, a controller, or other processing device),
a process running on a processor, a controller, an object,
an executable, a program, a storage device, a computer,
a tablet PC and/or a mobile phone with a processing de-
vice. By way of illustration, an application running on a
server and the server can also be a component. One or
more components can reside within a process, and a
component can be localized on one computer and/or dis-
tributed between two or more computers. A set of ele-
ments or a set of other components can be described
herein, in which the term "set" can be interpreted as "one
or more."
[0005] Further, these components can execute from
various computer readable storage media having various
data structures stored thereon such as with a module,
for example. The components can communicate via local
and/or remote processes such as in accordance with a
signal having one or more data packets (e.g., data from
one component interacting with another component in a
local system, distributed system, and/or across a net-
work, such as, the Internet, a local area network, a wide
area network, or similar network with other systems via
the signal).
[0006] As another example, a component can be an
apparatus with specific functionality provided by me-
chanical parts operated by electric or electronic circuitry,
in which the electric or electronic circuitry can be operated
by a software application or a firmware application exe-
cuted by one or more processors. The one or more proc-
essors can be internal or external to the apparatus and
can execute at least a part of the software or firmware
application. As yet another example, a component can
be an apparatus that provides specific functionality
through electronic components without mechanical
parts; the electronic components can include one or more
processors therein to execute software and/or firmware
that confer(s), at least in part, the functionality of the elec-
tronic components.
[0007] Use of the word exemplary is intended to
present concepts in a concrete fashion. As used in this
application, the term "or" is intended to mean an inclusive
"or" rather than an exclusive "or". That is, unless specified
otherwise, or clear from context, "X employs A or B" is
intended to mean any of the natural inclusive permuta-
tions. That is, if X employs A; X employs B; or X employs
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both A and B, then "X employs A or B" is satisfied under
any of the foregoing instances. In addition, the articles
"a" and "an" as used in this application and the appended
claims should generally be construed to mean "one or
more" unless specified otherwise or clear from context
to be directed to a singular form. Furthermore, to the ex-
tent that the terms "including", "includes", "having", "has",
"with", or variants thereof are used in either the detailed
description and the claims, such terms are intended to
be inclusive in a manner similar to the term "comprising".
[0008] In consideration of the above described defi-
ciencies of power control schemes for PAs, various as-
pects are described for utilizing an envelope tracking
mode and a non-envelope tracking mode in a PA system
that comprises a dual PA core system. For example, the
dual core PA system can comprise a first PA chain with
at least one PA and a second PA chain with at least one
other PA that respectively correspond to the different op-
erational modes (envelope tracking mode and non-en-
velope tracking mode) for generating a power output. In
one embodiment, the PA system enables a highest effi-
ciency power generation in the envelope tracking mode
of operation while operating independently of digital dis-
tortion (e.g., digital pre-distortion (DPD)), distortion cor-
rection in a non-envelope tracking mode of operation.
[0009] The power amplifier system can comprise a first
power amplifier chain and a second power amplifier
chain, in which a chain referred to herein can comprise
one or more components (e.g., at least one PA, power
transistors, matching components or other like compo-
nents) coupled together in a communication path
[0010] (e.g., a wired, a conducting path or other
processing pathway) for the generation of output power.
The first PA chain can comprise one or more first power
amplifier cores, and the second PA chain can comprise
one or more second power amplifier cores. A PA core
can be understood as a PA sub-system or PA package,
in which one or more PAs are integrated with one or more
PA power transistors, one or more input matching com-
ponents, one or more inter-stage matching components,
or one or more output matching components, for exam-
ple, which can support operation of the PAs of the re-
spective chain.
[0011] In another embodiment, the first PA chain and
the second PA chain can be selectively activated de-
pending upon one or more predetermined criteria. In one
aspect, the PA chains can be coupled to a switching com-
ponent that can operate to switch between at least two
PA chains according to the set (one or more) of prede-
termined criteria or various characteristics related to the
input signals received or to a target power, for example.
The predetermined criteria or characteristics can be used
to determine an activated state of one PA chain over the
other for operation in either the non-envelope tracking
mode or another mode of operation without a switch or
with the switching component. In another aspect, a switch
or the switching component that includes the switch can
be configured to couple each PA chain or activate a

switching state of the PA system to be in the envelope
tracking mode or the non-envelope tracking mode (e.g.,
an average power tracking mode, a constant supply
mode or the like). The predetermined criteria, for exam-
ple, can comprise criteria or characteristics that are re-
lated to the input signal at an input terminal of the PA
system (e.g., a radio frequency signal or the like). Thus,
the first PA chain can be optimized and configured dif-
ferently with respect to the second PA chain in order to
respond differently to different input signals at the input
terminal. Additional aspects and details of the disclosure
are further described below with reference to figures.
[0012] Referring to FIG. 1, illustrated is an exemplary
user equipment or mobile communication device 100 that
can be utilized with one or more aspects of the PA sys-
tems or PA devices described according to various as-
pects. The mobile communication device 100, for exam-
ple, comprises a digital baseband processor 102 that can
be coupled to a data store or memory 103, a front end
104 (e.g., a radio frequency (RF) front end or the like)
and a set (one or more) of antenna ports 107 for con-
necting to a set of antennas 1061 to 106k (k being a pos-
itive integer) that can receive and transmit signals to and
from one or more wireless devices such as access points,
access terminals, wireless ports, routers and so forth,
which can operate within a radio access network or other
communication network generated via a network device.
[0013] The front end 104 can include a communication
platform, which comprises electronic components and
associated circuitry that provide for processing, manip-
ulation or shaping of received or transmitted signals via
one or more receivers or transmitters 108, a mux/demux
component 112, and a mod/demod component 114. The
front end 104, for example, is coupled to the digital base-
band processor 102 and the set of antenna ports 107, in
which the set of antennas 1061 to 106k can be part of the
front end. In one aspect, the mobile communication de-
vice 100 can comprise a PA system 110 that operates
as a dual mode, dual core PA device as part of or coupled
to the digital baseband processor 102 or the RF frontend
104.
[0014] The mobile communication device 100 also in-
cludes a processor 102 or a controller that can operate
to provide or control one or more components of the mo-
bile device 100. For example, the processor 102 can con-
fer functionality, at least in part, to substantially any elec-
tronic component within the mobile communication de-
vice 100, in accordance with aspects of the disclosure.
As an example, the processor can be configured to ex-
ecute, at least in part, executable instructions that control
various modes of the PA system 110 as a multi-mode
operation chipset that affords different power generation
operations for input signals at the antenna ports 107, an
input terminal or other terminal based on one or more
characteristics of the input signal.
[0015] The processor 102 can operate to enable the
mobile communication device 100 to process data (e.g.,
symbols, bits, or chips) for multiplexing/demultiplexing
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with the mux/demux component 112, or modulation/de-
modulation via the mod/demod component 114, such as
implementing direct and inverse fast Fourier transforms,
selection of modulation rates, selection of data packet
formats, inter-packet times, etc. Memory 103 can store
data structures (e.g., metadata), code structure(s) (e.g.,
modules, objects, classes, procedures, or the like) or in-
structions, network or device information such as policies
and specifications, attachment protocols, code sequenc-
es for scrambling, spreading and pilot (e.g., reference
signal(s)) transmission, frequency offsets, cell IDs, and
other data for detecting and identifying various charac-
teristics related to RF input signals, a power output or
other signal components during power generation.
[0016] For example, the processor 102 or other com-
ponent can detect or identify the predetermined charac-
teristics utilized for the selection of a mode of operation
(e.g., an envelope tracking mode, a constant supply volt-
age mode, an average power tracking mode, or the other
mode of power output generation) for the PA system 110.
In one embodiment, these predetermined characteristics
can include a spectrum characteristic, a number of spec-
trum gaps for one or more modes of operation, a band-
width threshold, a continuity/contiguity level of an input
signal, a number of spectral clusters of the input signal,
a distance between spectral clusters, if present, in the
input signal, or a class or category of input signal (e.g.,
as LTE, 3GPP, another legacy signal, or the like).
[0017] The processor 102 is functionally and/or com-
municatively coupled (e.g., through a memory bus) to
memory 103 in order to store or retrieve information nec-
essary to operate and confer functionality, at least in part,
to communication platform or front end 104, the PA sys-
tem 110 and substantially any other operational aspects
of the PA system 110 as a multi-mode PA system for the
mobile 100.
[0018] Referring to FIG. 2, illustrated is another exam-
ple of a PA system 201 of a mobile device 200 that op-
erates to generate an output power for input signals ac-
cording to one or more aspects. The PA system 201 can
operate as a multi-mode PA device with multiple PA
cores. As discussed above, a PA core can be a PA sub-
system that includes one or more power transistors, input
matching components, inter-stage matching compo-
nents or output matching components, as well as one or
more power amplifiers coupled together in a PA chain or
PA communication pathway with one or more additional
components coupled together for operation.
[0019] The PA system 201 comprises an input com-
ponent 202 that receives on or more input signals, such
as one or more RF signals, a first PA chain (labeled ET
PA chain) 204, a second PA chain (labeled non-ET PA
chain) 206, and an output component 208 for providing
an output signal (e.g., an electrical signal, an output pow-
er, or the like). The PA system 201 comprises a plurality
of PA chains that can operate differently from one another
for different signals based on characteristics related to
the input signal(s) being received at the input component

202 or at an input terminal, as well as related to various
PA specifications of the first PA chain 204, the second
PA chain 206 or target power. In one embodiment, the
first PA chain 204 is configured operate in an envelope
tracking mode of operation for generating an envelope
voltage that is supplied to at least one power amplifier
core (e.g., a radio frequency PA or the like). In another
embodiment, the second PA chain 206 is configured to
operate in a non-envelope tracking mode of operation
such as an average power tracking mode with a constant
supply voltage that does not change according to the
envelope of an input signal. Based on the predetermined
criteria, the PA chain 204 can be activated to operate in
the envelope tracking mode or the PA chain 206 can be
activated operate for power generation in the non-enve-
lope tracking mode. As the predetermined criteria can
dynamically change, so can the activation of the PA
chains 204, 206 change as a function of the changing
predetermined criteria so that one PA chain is operational
at a time.
[0020] The first PA chain 204 and the second PA chain
206 each comprise one or more power amplifiers for gen-
eration of an output power at an output terminal or the
output component 208 having an output terminal. In one
embodiment, the first PA chain 204 and the second PA
chain 206 operate in different modes of operation accord-
ing to the PA cores of each PA chain 204, 206 being
activated independently and comprising particular differ-
ences from one another; while both being configured to
generate an optimal power efficiency by generating ap-
proximately a same or a similar maximum output power
(e.g., about 28 dBm or greater) in approximately a same
frequency range. For example, the first PA chain 204 can
comprise PAs that are optimized for envelope tracking,
and thus provide high or higher peak efficiency when
operating in an envelope tracking mode, as compared to
the second PA chain 206. Additionally, the second PA
chain 206 can be optimized for operating with a high or
higher-peak linearity in the non-envelope tracking mode
or average power tracking mode with a constant voltage
supplied to the PA cores of the PA chain 206, as com-
pared to the first PA chain 204.
[0021] The PA system 201 can operate to switch be-
tween the envelope tracking mode and the non-envelope
tracking mode based on a set of predetermined criteria
by switching between generating an output power being
generated at the output component 208 via the first PA
chain 204 and the second PA chain 206. The predeter-
mined criteria can comprise, for example, a set of input
signal characteristics that is associated with or related to
the input signal or a target power output. As the input
signal characteristics change, so can the mode of power
generation in the PA system 201 so that the first PA chain
204 operates to generate power in the envelope tracking
mode in response to one set of input signal characteris-
tics being identified, while the second PA chain 206 op-
erates to generate power in the non-envelope tracking
mode in response to a different set of input signal char-
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acteristics being identified. The set of predetermined cri-
teria can thus include the signal characteristics. The sig-
nal characteristics can be characteristics related to the
input signal, which can be identified or detected by a con-
troller (e.g., processor 102), a sensor or other like com-
ponent operatively coupled to the input component 202
of the PA system 201, the first PA chain 204, the second
PA chain 206 or other PA system component, for exam-
ple. These signal characteristics can relate to the input
signal, as well as the PAs of each PA chain 204, 206, or
a target power level, for example, and can be identified
dynamically or on-the-fly as the input signals are received
by the mobile device 200, the PA system 201 or at the
input component 202.
[0022] The predetermined criteria, for example, can
comprise characteristics related to input signals, a target
power level, or PA specifications and include one or more
predefined conditions such as whether a threshold has
been satisfied with respect to the characteristics. The
characteristics or conditions can include a spectrum
characteristic of the input signal at the input terminal, a
bandwidth of the input signal, a contiguity of the spectrum
characteristic, or a number of spectral clusters, as well
as a distance between spectral clusters in response to a
spectrum of the input signal being non-contiguous.
[0023] In another embodiment, the first PA chain 204
can operate with one or more PA cores at highest effi-
ciency by utilizing digital distortion techniques (e.g., a
digital pre-distortion), which facilitates a distortion signal
to the PA cores to reduce, mitigate or eliminate non-lin-
earity components in the power generation or that are
present in the output power being generated at an oper-
ating frequency within a saturation or at a compression
point of operation. On the other hand, the second PA
chain 206 can operate with one or more PA cores that
generate an output power independently of or without a
distortion signal or distortion correction from distortion
components/techniques while operating in the non-en-
velope tracking mode for power generation at a maximum
output power at a same frequency (as the PAs of the first
PA chain 204) in a linear or non-saturated state of oper-
ation.
[0024] In another embodiment, the PA cores of the first
PA chain 204 can operate at a lower saturated power for
a given supply voltage compared to the PA cores of the
second PA chain 206. By selecting the PA chains 204
and 206 based on the predetermined criteria for different
input signals, the complexity of a fast DC-to-DC converter
(not shown) can be significantly reduced while PCB area
and cost can be saved at the same time. In another em-
bodiment, the PA system 201 can be completely inte-
grated with the PA chain 204 as an envelope tracking
(ET) power amplifier chain 204 and the PA chain 206 as
a non-ET chain, such as on a System on a Chip (SoC),
a Wi-Fi SoC, or a same transistor die (e.g., on a same
HBT die), where cost and power consumption can be
important considerations.
[0025] Referring now to FIG. 3, illustrated is another

example of a PA system 300 in accordance with various
aspects being described. The PA system 300 operates
as a dual mode, dual core PA device comprising similar
components as discussed above and a switching com-
ponent 302, a distortion component 304, and a DC-to-
DC converter 306.
[0026] The PA system 300 operates to provide optimal
current consumption in an envelope tracking mode via
at least one PA of the ET PA chain 204 while supporting
a non-envelope tracking mode (e.g., an average power
tracking mode or a constant supply mode) via at least
one other PA of the non- ET PA chain 206, in which the
PA of each chains 204, 206 can generate a similar, a
substantially equal or an approximately equal maximum
power. Additionally or alternatively, an equal maximum
power can be generated within a same range of output
power at a same frequency or frequency range by the
PA chains 204, 206. Having a dual PA core with a plurality
of operating modes enables optimized power to be
achieved without requiring a digital pre-distortion or other
distortion component via the distortion component 304
to be utilized in the non-envelope tracking PA chain 206,
which enables a high or higher linearity, in comparison
to the envelope tracking (ET) PA chain 204, in response
to operating with a constant PA supply voltage. The PA
system 300 therefore enables a lowest current consump-
tion or a highest linearity and enables a less complex
DC-to-DC converter architecture as a result.
[0027] In another embodiment, the PA current con-
sumption in a wireless system across the entire output
power range is optimized by a DC-to-DC converter 306,
which is coupled to the ET PA chain 204 and the non-ET
PA chain 206 to provide supply voltage(s). Depending
upon the output power to be achieved at an output ter-
minal or the output component 208, the DC-to-DC con-
verter 306 operates to adjust the output voltage thereat.
The lower the output power, the lower the required PA
supply voltage. Due to a voltage conversion from a bat-
tery voltage, or a DC source, down to a lower PA supply
voltage, the battery current can be reduced. The DC-to-
DC converter 306 can operate based on a target power
(or average power) as expected or predicted in a next
period of time during operation, which can be in an av-
erage power tracking (APT) operational mode, for exam-
ple. In one example, the DC-to-DC converter 306 com-
prises one or more Fast DC-to-DC converters that oper-
ate as envelope tracking DC-to-DC converters (ET
DCDC converters) or ET modulators, which further re-
duce a current.
[0028] Envelope tracking comprises an approach or
technique in the PA systems being described operating
in the ET mode, in which the power supply voltage applied
to the PA in the ET PA chain 204 is continuously adjusted
to ensure that the PA of the ET PA chain 204 operates
at a peak or a high efficiency for a given instantaneous
output target. In another aspect, the PA can operate close
to or at about peak efficiency over a wider range of in-
stantaneous output power levels since the instantaneous
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PA supply voltage is selected such that the PA operates
in or close to saturation for the instantaneous output pow-
er. As such, the voltage supply from the DC-to-DC con-
verter 306 (e.g., an ET DCDC converter) to the ET PA
chain 204 is not constant, but rather the supply voltage
(e.g., a Vcc) of the ET PA chain 204 depends upon or
varies based on an instantaneous envelope of a signal
being received, such as a modulated baseband signal,
for example. This modulated baseband signal, for exam-
ple, can result from one or more system processing com-
ponents (not shown), such as a CORDIC algorithm, fol-
lowed by a delay adjustment to compensate for a different
delay in a main signal path (RF signal generation path)
and an envelope path, which is shaped (or pre-distorted)
via the distortion component 304. The distortion compo-
nent 304, for example, can provide an inverse non-line-
arity signal based on the non-linearity of the PA chain
204 or other component that negates or reduces the non-
linearity to the PA chain 204. The signal path can then
proceed with a digital-to-analog conversion, for example,
and apply the output to the DC-to-DC converter to gen-
erate a variable PA supply voltage for the ET PA chain
204 in ET mode.
[0029] The DC-to-DC converter 306 can operate to fol-
low an instantaneous envelope of the RF signal, which
removes the voltage headroom and further increases the
system efficiency. For example, an optimized system
with an ET DCDC as the DC-to-DC converter 306 can
reduce a battery current of a long term evolution (LTE)
signal by about 20% at maximum output power relative
to a standard DCDC converter that follows the average
power.
[0030] The switching component 302 can comprise
one or more switches, such as transistor switches, or
other switching components such as a single-pole dou-
ble-throw, a double-pole single-throw, a double-pole
double-throw, or other like switching component that can
be utilized to switch or couple the input component 202
as a main signal path to the non-ET PA chain 206 or to
the ET PA chain 204 based on one or more characteris-
tics of the input signal or desired output. In addition or
alternatively, the switching component 302 can operate
to activate the ET mode of operation or the non-ET mode
of operation. For example, the switching component 302
can operate to couple an input to the ET PA chain 204
for operation or to the non-ET PA chain 206.
[0031] In one embodiment, the controller 308, for ex-
ample, can operate to analyze input signal data and com-
municate to any one of the components of the system to
control the switching component 302, a bias to the PA
chains 204, 206, or retrieve data related to the target
output or the input signals. The controller 308, for exam-
ple, can ascertain characteristics about the PA chains
204, 206 and the input signals dynamically and commu-
nicate to the switching component 302, which in turn se-
lects a path to open, either the ET PA chain 204 to operate
and generate an output power with peak or maximum
output power with a lowest current consumption or the

non-ET PA chain 206 where ET mode is not efficient and
high linearity can be utilized in a non-ET mode of oper-
ating.
[0032] The non-ET mode of operating involves a se-
lection of the non-envelope tracking PA chain 206 by the
switching component 302 as a function of the predeter-
mined criteria, which are related to the input signals or
target power levels. The non-ET mode can be selected
in the average power tracking (APT) mode power range
(a power range below a breakeven power where the ET
mode efficiency drops below an APT mode efficiency).
In addition, the non-ET mode can be selected for critical
LTE advanced use cases (other 3GPP use cases, or oth-
er Legacy signal use cases) at maximum power levels
where the ET mode is not as efficient, for example, in
which high bandwidth requirements exists (e.g., above
20 to 40 MHz) such as up to, or more than, 100 MHz.
The non-ET mode or APT mode is linear or has high-
peak linearity such that the baseline linearity is good
enough to meet 3GPP linearity targets in the signal
processing without a digital distortion component or dis-
tortion mitigation processes via the distortion component
304, for example. In this mode, the PA of the non-ET
chain operates in linearity without distortion by not oper-
ating in a saturation region of operation or at a compres-
sion point of operation. These functions enable support
of high LTE advanced bandwidth (e.g., up to or greater
than 100MHz) and critical LTE use cases with a reason-
able implementation effort and cost.
[0033] In another aspect, two independent PA cores
operate as the ET PA chain 204 and the non-ET PA chain
206 in a PA device and comprise different load-lines as-
signed to each PA core, in which each comprises a dif-
ferent PA supply voltage range while being operable to
still achieve the same or approximately the same or sim-
ilar maximum output power. A load-line can be a graph-
ical analysis, or another representation of various oper-
ational constraints, for example, such as a curve along
a current versus a voltage graph. The load line, some-
times a straight line, can represent the response of a
linear part of a circuit or component, connected to the
device in question, (e.g., the PA chain or a PA of a PA
chain or PA core), in which above the linear part can be
a saturation or a compression region of operation with
non-linearity predominating in the operational functioning
of the PA device.
[0034] In another embodiment, in the ET mode, the
PA(s) of the ET PA chain 204 comprise a higher load-
line to obtain a high-peak saturated PA efficiency and
optimal envelope tracking efficiency. In the ET mode, the
PA of the ET PA chain 204 operates in the saturation
region or at a compression point. In the non-ET mode,
the PA(s) of the non-ET PA chain 206 comprises a lower
load-line to avoid DC boost capabilities, which, in turn,
reduces hardware complexity in the envelope tracking
components, lowers cost, and improves performance
with dynamic flexibility.
[0035] Referring now to FIG. 4, illustrated is another
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example of a PA system 400 having a dual-core PA de-
vice for generating output power via a plurality of PA
chains in accordance with various aspects described.
The PA system 400 comprises at least one first PA chain
404 and at least one second PA chain 406 that opera-
tively couples components of one or more power ampli-
fiers as PA cores that include supporting components,
such as matching components at input, output and inter-
mediate stages, as well as power transistors (now
shown). The first PA chain 404 comprises a first power
amplifier 416 and a second power 424, and the second
PA chain 406 comprises a third power amplifier 418 and
a fourth power amplifier 426, in which each PA operates
to generate a power output in different modes that cor-
respond to the operation of each chain. Although two
power amplifiers are comprised in each chain 404 and
406 respectively, more than two PAs or less than two
PAs could be configured within each chain depending
upon the architecture and application.
[0036] The ET optimized PA chain 404 includes the
power amplifiers 416, 424 to generate an output power
by operating in an envelope tracking mode of the dual-
core PA device 401. The non-envelope tracking opti-
mized PA chain 406 includes the power amplifiers 418
and 426 to generate an output power by operating in an
APT mode or non-ET mode of the dual-core PA device
401. In one embodiment, the PAs 416 and 424 of the ET
optimized PA chain 404 are selected from a first class
(e.g., class-E) or type of power amplifier, and the PAs
418 and 426 of the APT optimized chain 406 are selected
from a different class (e.g., class-F) or type of power am-
plifier. For example, a PA that is optimized for ET per-
formance in ET mode, such as PA 416 or 424, is different
from the PA 418 or 426 optimized for non-ET mode.
These differences can affect and provide for differences
among the inter-stage match components 420, 422, the
load-line selections of PAs in each chain, harmonic ter-
minations or the general class of operation.
[0037] For example, ET optimized PAs of the chain
404 can be a class-E type for operation due to highest
saturated efficiency, whereas a class-F mode PA pro-
vides for an improved linearity and efficiency in the APT
mode in comparison. Differences in the PAs of the dif-
ferent chains 404, 406, for example, can be significant
enough to initiate a performance degradation when
switching between modes (e.g., in the switchable output
matching of the output match components 428, 430)
while continuing to generate power from the same chain
optimized for one mode or the other. This means that an
optimal performance in ET or APT mode can be utilized
with an optimization or specialization of the entire PA
chain and core(s) for one mode giving up performance
when the PA device of another chain is selected to op-
erate in the other mode.
[0038] In another embodiment, the PAs 416, 424 of
the first chain 404 comprises a different load-line than
the PAs 418, 424 of the second chain 406. For example,
the PAs 416 and 424 can comprise a high load-line, or

a load-line that is above about 3.2V to 3.4V to achieve a
maximum power, which is more efficient for operating in
ET mode, while the PAs 418, 426 of the second chain
406 can comprise a low load-line that is at or below the
range of about 3.2V to 3.4V, for example.
[0039] An operational voltage range of a PA core can
be indicated by a PA load-line, which can be from the
load-impedance at the output of the last PA stage, such
as at an input or output of the output match components
428 and 430, for example. The higher the load-line of a
PA or PA core, then the higher the PA supply voltage
that is provided to achieve or meet a maximum output
power target. No particular general definition exists, but
one of ordinary skill in the art of PAs can consider a PA
with a high load-line as a PA that receives more than
about 3.2V to 3.4V to meet a maximum linear power in
non-ET mode or APT mode. Thus, a PA with a low load-
line receives less than the about 3.2V to 3.4V for achiev-
ing maximum power. Consequentially, a PA with a high
load-line can sometimes have a DCDC converter with
DC boost capability coupled thereto to achieve the max-
imum linear power in APT mode. However, an ET track-
ing PA with AC boost can still support the maximum out-
put power of a PA with a high load-line when operating
in ET mode. Additionally, a PA with a higher load-line
can achieve a higher peak-efficiency and be more con-
venient for ET modes than a PA with a low low-line.
[0040] In another aspect, each PA chain 404 and 406
respectively comprises an input match component 412
and 414 that operates to match the input signal imped-
ances with the respective PA operation input, such as
with source impedance and load impedance matching
from the input signal (RF_in) to the first PAs 416, 418 of
the chains. In addition, each stage comprises an inter-
stage matching component 420, 422 and an output
match component 424 and 426, for example, for provid-
ing a power output to the output component 408.
[0041] The PA system 400 further comprises an ET
DCDC converter 432 that provides different supply volt-
ages in the ET mode than in the APT mode to the re-
spective PA chains 404, 406 in order to support various
supply voltages to PAs of each chain 404,406. For ex-
ample, the ET DCDC converter 432 operates to provide
a supply voltage (e.g., a variable envelope voltage) to
the PA chain 404 for envelope tracking operations, and
further operates to provide another or different supply
voltage to the PA chain 406 to support non-ET mode or
APT mode operations. The ET DCDC converter 432 thus
can also support a maximal or peak linear power in APT
mode for the non-ET chain 406. In one embodiment, a
maximal power range can be approximately equal in both
PA chains for the ET mode and the non-ET mode during
power generation operations, while the supply voltages
to each are different from one another.
[0042] In some cases, an ET DCDC converter can sup-
port a constant voltage and a modulated output supply
for APT mode and for the ET mode. The ET DCDC con-
verter 432 could operate with or without an AC boost,
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which means the peak output voltage during the ET op-
eration can be higher than a battery voltage. A DC boost
operation can used when the supply voltage range of the
PA supply voltage is higher than the battery voltage. In
ET systems, for example, without a DC boost component,
the maximum linear output can be observed as only being
achieved in an ET mode of operation due to AC boost,
but not in APT modes where only a constant supply volt-
age or is supplied for average power tracking techniques.
This can be a constraint because critical 3GPP test cases
at Pmax are passed in ET mode if the maximum power
is not supported in an APT mode. Thereby, having two
modes supported by the ET DCDC converter 432 pro-
vides an optimal support in power generation.
[0043] In one example, an Up-link carrier aggregation
(UL CA), a 3GPP Release 10 feature, could increase the
bandwidth (up to about 100 MHz) and allow a non-con-
tiguous resource block (RB) allocation in combination
with multi-cluster PUSCH and simultaneous PUSCH-
PUSCH transmission. As a result the spectrum is frag-
mented in separated clusters with different cluster sizes
(which equals the number of resources blocks assigned
to a cluster). Higher bandwidth fragmented spectrum (re-
sulting in higher power densities) are severe challenges
for an envelope tracking system. Thus, to mitigate the
risk of having to support the higher LTE channel band-
width, the maximum linear power in non-ET mode (e.g.,
APT mode) can be generated in the PA chain 406.
[0044] The modulation responses (e.g., AMAM- and
AMPM response) of a PA can be different for the non-
ET mode, in which the PAs 418, 426 operate in a linear
region or in linearity) and for the ET mode, in which the
PAs 416, 424 operate in saturation, near saturation or at
a compression point. In ET mode the AMAM response
is normally linearized by the ET shaping function (e.g., a
pre-distortion component couple in the ET signal path,
but not in the RF signal path to the PA) limiting DPD need
for AMPM correction in the RF signal path, for example.
[0045] In another embodiment, the different PA cores
or PAs of each chain 404 and 406 operate in or support
the same frequency range or frequency of operation with-
in a same frequency range, and thus approximately sim-
ilar maximum output powers (e.g., about 28 dBm).
[0046] The switching component 402 at an input (e.g.,
RF input) of the PA device 401 can comprise one or more
switches such as a single pole, double/dual throw switch,
or other switch to connect the input RF signal (RF_in) to
either the APT optimized core or chain 404 or the ET
optimized core or chain 406. In addition, the output com-
ponent 408 can be another switch of the same or different
type as the input switch component 402, such as a single
pole, double pole (e.g., SP2T). The SP2T switch, for ex-
ample, at the output component 408 can achieve an in-
sertion loss of less than 0.2dB. Both PA cores or PA
chains 404 and 406 can be integrated on a same die, or
processing substrate (e.g., an HBT die). HBT die size of
a linear PA can be around 0.5sqmm. Thus, an extra or
additional PA can increase the HBT die size from about

0.5 to about 1 sqmm.
[0047] In another embodiment, the ET optimized PA
chain 404 can utilize distortion such as a digital distortion
components coupled thereto for mitigating non-linearity
in the power generation while operating in saturation or
at a compression, while the non-ET optimized PA chain
406 operates independently of any distortion component
(e.g., inverse non-linearity factors or polynomial fac-
tors/coefficients) or without any distortion or pre-distor-
tion. In cases where UL CA is supported (e.g., intra-band
contiguous CA) of class C, there can be up to five re-
source block clusters or even more in future 3GPP re-
leases, for example, present in the signal, which are dis-
tributed across the approximate 38 MHz channel band-
width. The five clusters are due to UL CA together with
MC-PUSCH and simultaneous PUSCH-PUCCH. The
AMAM and AMPM response of the PA heavily depends
on the loading conditions. If the PA is loaded, for example,
by a duplexer, then multiple AMAM/AMPM responses
depending on the cluster location within the channel
bandwidth can exist. In more extreme cases, an
AMAM/AMPM cloud representing the memory can be
seen, which is introduced by the duplexer. DPD imple-
mentation accounting for wideband memory effects can
be complex and perhaps impossible. Thus, in some UL
CA use cases the non-ET mode is advantageous due to
potential high bandwidth and multiple clusters (e.g.,
about 5 or other threshold amount) with a high power
density, which otherwise cause high intermodulation
products when operating in ET mode.
[0048] The controller 410 can operate as a bias gen-
erator for creating a bias to the PAs of each of the PA
chains. The controller 410 can also operate to determine
conditions or predetermined criteria by which the switch
selects the ET chain 404 for ET mode or the non-ET
chain 406 for non-ET mode of power generation. Alter-
native or additionally, the information or data can be com-
municated or utilized via a baseband processor of the
device. The criteria can be related to a complexity of the
input signal (e.g., RF_in), such as whether the signal is
3GPP or LTE for selecting an ET mode of operation. Ad-
ditionally, a bandwidth could be determined or received
to determine whether the bandwidth is over a threshold,
for example of 20 to 40 MHz, or whether an advanced
LTE signal is at a higher bandwidth (e.g., about 100 MHz)
to select the non-ET mode of operation. The signals can
be analyzed for determining whether multiclass signals
are being received, in which the spectrum is not contin-
uous, but in discreet blocks or clusters, which requires
less interpolation processes, to select the non-ET mode
of operation.
[0049] While the methods described within this disclo-
sure are illustrated in and described herein as a series
of acts or events, it will be appreciated that the illustrated
ordering of such acts or events are not to be interpreted
in a limiting sense. For example, some acts may occur
in different orders and/or concurrently with other acts or
events apart from those illustrated and/or described here-
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in. In addition, not all illustrated acts may be required to
implement one or more aspects or embodiments of the
description herein. Further, one or more of the acts de-
picted herein may be carried out in one or more separate
acts and/or phases.
[0050] Referring to FIG. 5, illustrated is a method 500
for generating an output power via a dual core, dual mode
PA device that dynamically adjusts from a first PA core
to a second PA core based on identified conditions for
an input signal. The method 500 initiates at 502 with re-
ceiving a set (one or more) of input signals at an input
terminal of the power amplifier system.
[0051] At 504, the method comprises determining a set
of predetermined criteria related to the set of input signals
at the input terminal.
[0052] At 506, the method further comprises selecting
from an envelope tracking mode to generate an output
power via a first power amplifier and a non-envelope
tracking mode to generate the output power via a second
power amplifier based on the set of predetermined crite-
ria.
[0053] In response to the envelope tracking mode be-
ing selected, a first voltage supply is supplied to the first
power amplifier to generate a first power output at a first
saturated power in a frequency range of operation, and
in response to the non-envelope tracking mode being
selected, a second voltage supply is selected to the sec-
ond power amplifier to generate a second power output
at a second saturated power in about the same frequency
range of operation. The first voltage supply and the sec-
ond voltage supply are different from one another while
a same or similar maximum output power can be
achieved by the first power amplifier or the second power
amplifier. In addition, the first power amplifier can be con-
figured to operate in saturation or at a compression point
with a good linearity, while the second power amplifier
operates in linearity.
[0054] The set of predetermined criteria, for example,
can comprise a predefined condition based on at least
one of a spectrum characteristic of the input signal at the
input terminal, a bandwidth of the input signal, a contiguity
of the spectrum characteristic, or a number of spectral
clusters and a distance between spectral clusters in re-
sponse to a spectrum of the input signal being determined
as non-contiguous.
[0055] In one embodiment, the PA system can switch
to the first power amplifier to operate in the envelope
tracking mode of operation in response to the set of input
signals of the input terminal satisfying or exceeding a
defined threshold of a bandwidth as the set of predeter-
mined criteria, and switch to the second power amplifier
to operate in the non-envelope tracking mode of opera-
tion in response to the input signal of the input terminal
not satisfying or being below the defined threshold of the
bandwidth.
[0056] Examples can include subject matter such as a
method, means for performing acts or blocks of the meth-
od, at least one machine-readable medium including in-

structions that, when performed by a machine cause the
machine to perform acts of the method or of an apparatus
or system for concurrent communication using multiple
communication technologies according to embodiments
and examples described herein.
[0057] Example 1 is a power amplifier device that com-
prises a first power amplifier configured to generate a
first output power at a frequency based on an envelope
tracking mode of operation, and a second power amplifier
configured to generate a second output power at the fre-
quency based on a non-envelope tracking mode of op-
eration. The first power amplifier and the second power
amplifier are selectively activated based on a set of pre-
determined criteria.
[0058] Example 2 includes the subject matter of Ex-
ample 1, wherein the set of predetermined criteria com-
prises a predefined condition based on at least one of a
spectrum characteristic of an input signal at an input ter-
minal, a bandwidth of the input signal, a contiguity of the
spectrum characteristic, or a number of spectral clusters
and a distance between spectral clusters in response to
a spectrum of the input signal is non-contiguous.
[0059] Example 3 includes the subject matter of any
of Examples 1 and 2, including or omitting optional ele-
ments, wherein the first power amplifier is configured to
achieve an optimal performance of operation by gener-
ating the first output power with a high efficiency that is
higher than an efficiency of the second power amplifier,
and wherein the second power amplifier is configured to
generate the second output power with a high linearity
that is higher than a linearity of the first power amplifier.
[0060] Example 4 includes the subject matter of any
of Examples 1-3, including or omitting optional elements,
wherein the first output power of the first power amplifier
and the second output power of the second power am-
plifier comprise a maximum output power that is approx-
imately a same maximum output power or a same range
of maximum output power within a same frequency range
of operation in response to a supply voltage provide by
a DC-to-DC converter.
[0061] Example 5 includes the subject matter of any
of Examples 1-4, including or omitting optional elements,
wherein the first power amplifier and the second power
amplifier are further configured to generate the first out-
put power and the second output power with different
supply voltages being received from the DC-to-DC con-
verter.
[0062] Example 6 includes the subject matter of any
of Examples 1-5, including or omitting optional elements,
further comprising a DC-to-DC converter configured to
provide a supply voltage to the first power amplifier or
the second power amplifier, and adjust the supply voltage
based on the first output power or the second output pow-
er.
[0063] Example 7 includes the subject matter of any
of Examples 1-6, including or omitting optional elements,
further comprising a switching component, selectively
coupled to the first power amplifier and the second power
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amplifier, configured to couple an input signal of an input
terminal to one of the first power amplifier or the second
power amplifier based on the set of predetermined crite-
ria.
[0064] Example 8 includes the subject matter of any
of Examples 1-7, including or omitting optional elements,
wherein the set of predetermined criteria comprises a
predefined condition of whether the bandwidth of the in-
put signal exceeds a predetermined threshold frequency
that is within a range of about 20 to 40MHz.
[0065] Example 9 is a power amplifier system compris-
ing a first power amplifier chain comprising at least one
first power amplifier core configured to generate a first
output in response to an envelope tracking mode of op-
eration, and a second power amplifier chain comprising
at least one second power amplifier core configured to
generate a second output in response to a non-envelope
tracking mode of operation. The first power amplifier
chain and the second power amplifier chain are config-
ured to selectively operate in the envelope tracking mode
and the non-envelope tracking mode respectively based
on a set of predetermined criteria.
[0066] Example 10 includes the subject matter of Ex-
ample 9, wherein the first power amplifier chain in the
envelope tracking mode of operation and the second
power amplifier chain in the non-envelope tracking mode
of operation are configured to generate approximately a
same maximum output power.
[0067] Example 11 includes the subject matter of Ex-
amples 9 and 10, wherein the at least one first power
amplifier core comprises a higher load-line to achieve a
maximum output power than the at least one second pow-
er amplifier core to achieve the maximum output power.
[0068] Example 12 includes the subject matter of any
of Examples 9-11, including or omitting optional ele-
ments, wherein the at least one first power amplifier core
differs from the at least one second power amplifier core
in at least one of a load-line selection, a harmonic termi-
nation, or class of operation.
[0069] Example 13 includes the subject matter of any
of Examples 9-12, including or omitting optional ele-
ments, wherein the at least one first power amplifier chain
and the at least one second power amplifier chain are
located on a same transistor die and are coupled to a
DC-to-DC converter to receive a different supply voltage.
[0070] Example 14 includes the subject matter of any
of Examples 9-13, including or omitting optional ele-
ments, wherein the at least one first power amplifier core
is further configured to operate within a different supply
voltage range than the at least one second power ampli-
fier core.
[0071] Example 15 includes the subject matter of any
of Examples 9-14, including or omitting optional ele-
ments, further comprising a distortion component, cou-
pled to the at least one first power amplifier core, config-
ured to reduce non-linearity in a generation of a first out-
put power by the at least one first power amplifier core
in the envelope tracking mode of operation by providing

a distortion correction to a power input or a power output
of the at least one first power amplifier core. The at least
one second power amplifier core is further configured to
operate in the non-envelope tracking mode of operation
independently of the distortion correction from the distor-
tion component.
[0072] Example 16 includes the subject matter of any
of Examples 9-15, including or omitting optional ele-
ments, wherein the set of predetermined criteria com-
prise a set of input characteristics related to an input sig-
nal at an input terminal of the switching component.
[0073] Example 17 includes the subject matter of any
of Examples 9-16, including or omitting optional ele-
ments, wherein the set of input characteristics comprise
at least one of a bandwidth or a continuity characteristic
of a spectrum of the input signal.
[0074] Example 18 includes the subject matter of any
of Examples 9-17, including or omitting optional ele-
ments, wherein the switching component is further con-
figured to activate the non-envelope tracking mode of
operation in response to a bandwidth of an input signal
at the input terminal exceeding a defined threshold or a
discontinuity being detected in the input signal at the input
terminal.
[0075] Example 19 includes the subject matter of any
of Examples 9-18, including or omitting optional ele-
ments, wherein the set of predetermined criteria com-
prises a target output power and a complexity of an input
signal at an input terminal based on at least one of band-
width, a number of random bits, a number of clusters, a
cluster size, or a number of gaps in multi-cluster trans-
missions.
[0076] Example 20 includes the subject matter of any
of Examples 9-19, including or omitting optional ele-
ments, wherein the at least one first power amplifier core
comprises a first power amplifier of a first class and the
at least one second power amplifier core comprises a
second power amplifier of a second class that is different
from the first class.
[0077] Example 21 is a method for a power amplifier
system comprising receiving a set of input signals at an
input terminal of the power amplifier system; determining
a set of predetermined criteria related to the set of input
signals at the input terminal; and selecting from an en-
velope tracking mode to generate an output power via a
first power amplifier and a non-envelope tracking mode
to generate the output power via a second power ampli-
fier based on the set of predetermined criteria.
[0078] Example 22 includes the subject matter of Ex-
ample 21, further comprising in response to the envelope
tracking mode being selected, supplying a first voltage
supply to the first power amplifier to generate a first power
output at a first saturated power in a frequency range of
operation; and in response to the non-envelope tracking
mode being selected, supplying a second voltage supply
to the second power amplifier to generate a second pow-
er output at a second saturated power in the frequency
range of operation, wherein the first voltage supply and
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the second voltage supply are different from one another.
[0079] Example 23 includes the subject matter of any
of Examples 21 and 22, including or omitting optional
elements, wherein the set of predetermined criteria com-
prises a predefined condition based on at least one of a
spectrum characteristic of the input signal at the input
terminal, a bandwidth of the input signal, a contiguity of
the spectrum characteristic, or a number of spectral clus-
ters and a distance between spectral clusters in response
to a spectrum of the input signal being determined as
non-contiguous.
[0080] Example 24 includes the subject matter of any
of Examples 21-23, including or omitting optional ele-
ments, further comprising generating a maximum output
power in the envelope tracking mode of operation in re-
sponse to switching to the first power amplifier to operate
in the envelope tracking mode of operation; and gener-
ating the maximum output power in the non-envelope
tracking mode of operation in response to switching to
the second power amplifier to operate in the non-enve-
lope tracking mode of operation.
[0081] Example 25 includes the subject matter of any
of Examples 21-24, including or omitting optional ele-
ments, switching to the first power amplifier to operate in
the envelope tracking mode of operation in response to
the set of input signals of the input terminal satisfying or
exceeding a defined threshold of a bandwidth as the set
of predetermined criteria; and switching to the second
power amplifier to operate in the non-envelope tracking
mode of operation in response to the input signal of the
input terminal not satisfying or being below the defined
threshold of the bandwidth.
[0082] Example 26 is a system comprising a means
for receiving a set of input signals at an input terminal of
a power amplifier device; a means for determining a set
of predetermined criteria related to the set of input signals
at the input terminal; and a means for selecting from an
envelope tracking mode to generate an output power via
a first power amplifier of the power amplifier device and
a non-envelope tracking mode to generate the output
power via a second power amplifier of the power amplifier
device based on the set of predetermined criteria.
[0083] Example 27 includes the subject matter of Ex-
ample 26, further comprising in response to the envelope
tracking mode being selected, a means for supplying a
first voltage supply to the first power amplifier to generate
a first power output at a first saturated power in a fre-
quency range of operation; and in response to the non-
envelope tracking mode being selected, a means for sup-
plying a second voltage supply to the second power am-
plifier to generate a second power output at a second
saturated power in the frequency range of operation,
wherein the first voltage supply and the second voltage
supply are different from one another.
[0084] The above description of illustrated embodi-
ments of the subject disclosure, including what is de-
scribed in the Abstract, is not intended to be exhaustive
or to limit the disclosed embodiments to the precise forms

disclosed. While specific embodiments and examples
are described herein for illustrative purposes, various
modifications are possible that are considered within the
scope of such embodiments and examples, as those
skilled in the relevant art can recognize.
[0085] In this regard, while the disclosed subject matter
has been described in connection with various embodi-
ments and corresponding Figures, where applicable, it
is to be understood that other similar embodiments can
be used or modifications and additions can be made to
the described embodiments for performing the same,
similar, alternative, or substitute function of the disclosed
subject matter without deviating therefrom. Therefore,
the disclosed subject matter should not be limited to any
single embodiment described herein, but rather should
be construed in breadth and scope in accordance with
the appended claims below.
[0086] In particular regard to the various functions per-
formed by the above described components or structures
(assemblies, devices, circuits, systems, etc.), the terms
(including a reference to a "means") used to describe
such components are intended to correspond, unless
otherwise indicated, to any component or structure which
performs the specified function of the described compo-
nent (e.g., that is functionally equivalent), even though
not structurally equivalent to the disclosed structure
which performs the function in the herein illustrated ex-
emplary implementations of the invention. In addition,
while a particular feature may have been disclosed with
respect to only one of several implementations, such fea-
ture may be combined with one or more other features
of the other implementations as may be desired and ad-
vantageous for any given or particular application.

Claims

1. A power amplifier device comprising:

a first power amplifier configured to generate a
first output power at a frequency based on an
envelope tracking mode of operation; and
a second power amplifier configured to generate
a second output power at the frequency based
on a non-envelope tracking mode of operation;
wherein the first power amplifier and the second
power amplifier are selectively activated based
on a set of predetermined criteria.

2. The power amplifier device of claim 1, wherein the
set of predetermined criteria comprises a predefined
condition based on at least one of a spectrum char-
acteristic of an input signal at an input terminal, a
bandwidth of the input signal, a contiguity of the spec-
trum characteristic, or a number of spectral clusters
and a distance between spectral clusters in response
to a spectrum of the input signal is non-contiguous.
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3. The power amplifier device of claims 1 or 2, wherein
the first power amplifier is configured to achieve an
optimal performance of operation by generating the
first output power with a high efficiency that is higher
than an efficiency of the second power amplifier, and
wherein the second power amplifier is configured to
generate the second output power with a high line-
arity that is higher than a linearity of the first power
amplifier.

4. The power amplifier device of any one of claims 1-3,
wherein the first output power of the first power am-
plifier and the second output power of the second
power amplifier comprise a maximum output power
that is approximately a same maximum output power
or a same range of maximum output power within a
same frequency range of operation in response to a
supply voltage provide by a DC-to-DC converter.

5. The power amplifier device of any one of claims 1-4,
further comprising:

a DC-to-DC converter configured to provide a
supply voltage to the first power amplifier or the
second power amplifier, and adjust the supply
voltage based on the first output power or the
second output power.

6. The power amplifier device of any one of claims 1-5,
further comprising:

a switching component, selectively coupled to
the first power amplifier and the second power
amplifier, configured to couple an input signal of
an input terminal to one of the first power ampli-
fier or the second power amplifier based on the
set of predetermined criteria.

7. A power amplifier system comprising:

a first power amplifier chain comprising at least
one first power amplifier core configured to gen-
erate a first output in response to an envelope
tracking mode of operation; and
a second power amplifier chain comprising at
least one second power amplifier core config-
ured to generate a second output in response
to a non-envelope tracking mode of operation,

wherein the first power amplifier chain and the sec-
ond power amplifier chain are configured to selec-
tively operate in the envelope tracking mode and the
non-envelope tracking mode respectively based on
a set of predetermined criteria.

8. The power amplifier system of claim 7, wherein the
at least one first power amplifier core comprises a
higher load-line to achieve a maximum output power

than the at least one second power amplifier core to
achieve the maximum output power.

9. The power amplifier system of claim 7 or 8, wherein
the at least one first power amplifier core differs from
the at least one second power amplifier core in at
least one of a load-line selection, a harmonic termi-
nation, or class of operation.

10. The power amplifier system of any one of claims 7-9,
wherein the at least one first power amplifier chain
and the at least one second power amplifier chain
are located on a same transistor die and are coupled
to a DC-to-DC converter to receive a different supply
voltage.

11. The power amplifier system of any one of claims
7-10, further comprising:

a distortion component, coupled to the at least
one first power amplifier core,
configured to reduce non-linearity in a genera-
tion of a first output power by the at least one
first power amplifier core in the envelope track-
ing mode of operation by providing a distortion
correction to a power input or a power output of
the at least one first power amplifier core;
wherein the at least one second power amplifier
core is further configured to operate in the non-
envelope tracking mode of operation independ-
ently of the distortion correction from the distor-
tion component.

12. The power amplifier system of any one of claims
7-11, wherein the at least one first power amplifier
core comprises a first power amplifier of a first class
and the at least one second power amplifier core
comprises a second power amplifier of a second
class that is different from the first class.

13. A method for a power amplifier system comprising:

receiving a set of input signals at an input termi-
nal of the power amplifier system;
determining a set of predetermined criteria re-
lated to the set of input signals at the input ter-
minal; and
selecting from an envelope tracking mode to
generate an output power via a first power am-
plifier and a non-envelope tracking mode to gen-
erate the output power via a second power am-
plifier based on the set of predetermined criteria.

14. The method of claim 13, further comprising:

in response to the envelope tracking mode being
selected, supplying a first voltage supply to the
first power amplifier to generate a first power
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output at a first saturated power in a frequency
range of operation; and
in response to the non-envelope tracking mode
being selected, supplying a second voltage sup-
ply to the second power amplifier to generate a
second power output at a second saturated pow-
er in the frequency range of operation, wherein
the first voltage supply and the second voltage
supply are different from one another and the
first saturated power and the second saturated
power are approximately the same.

15. The method of claim 13 or 14, further comprising:

switching to the first power amplifier to operate
in the envelope tracking mode of operation in
response to the set of input signals of the input
terminal satisfying or exceeding a defined
threshold of a bandwidth as the set of predeter-
mined criteria; and
switching to the second power amplifier to op-
erate in the non-envelope tracking mode of op-
eration in response to the input signal of the input
terminal not satisfying or being below the de-
fined threshold of the bandwidth.
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