20167207582 A1 I 00 OO0 RO O 0

S
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization é 0 00 O OO

International Bureau

9 (10) International Publication Number
(43) International Publication Date ./ WO 2016 /207582 Al
29 December 2016 (29.12.2016) WIPO | PCT

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO3F 1/02 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) Tat tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCT/GE015/051864 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
26 June 2015 (26.06.2015) KZ, IA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
- . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for GB only): TOSHIBA RESEARCH . L
EUROPE LIMITED [GB/GBJ; 32 Queen Square, Bristol (84) Designated States (uniess otherwise indicated, for every

BS1 4ND (GB). kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(71) Applicant (for all designated States except GB): KA- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
BUSHIKI KAISHA TOSHIBA [JP/JP]; 1-1, Shibaura 1- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
chome, Minato-ku, Tokyo 105-8001 (JP). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

(72) Inventors: WATKINS, Gavin;, c/o Toshiba Research
Europe Limited, 32 Queen Square, Bristol BS1 4ND (GB).
MIMIS, Konstantinos; c/o Toshiba Research Europe

Limited, 32 Queen Square, Bristol BS1 4ND (GB). Published:
(74) Agent: PROCK, Thomas; 90 Long Acre, London, Greater —  with international search report (Art. 21(3))
London WC2E 9RA (GB).

(54) Title: AMPLIFIER CIRCUITRY AND METHOD FOR AMPLIFYING A SIGNAL USING SAID AMPLIFIER CIRCUITRY

[ W2 160
! \
E RF PAs
; Supply
H Envelope 4 voltage
i| - generation]
E and | VUAmpR~ 0 1| __,
' Processing 1
_________________ :
:
PC 10,
i
|
1
_O :
Input RF Output;
Signal 2 L i
! H
| RF !
: S2 PA2
! :
Figure 5 i 100a

(57) Abstract: In one aspect the embodiments relate to amplifier circuitry comprising an outphasing region and envelope tracking
region. The outphasing region includes a signal processing block capable of receiving an amplitude and phase modulated input sig-
nal that is to be amplified, and processing said signal to separate it into two signals (S1, S2) of constant amplitude and modulated
phase, a first signal S1 for driving a first RF power amplifier RF PA1 and a second signal S2for driving a second RF power amplifier
RF PA2. The output signals from each of the RF PAg are then provided to a power combiner (PC) for obtaining an output amplified
signal (RF output). The envelope tracking region (100b) includes a linear amplifier (Env Amp) capable of receiving an input repres -
enting an envelope of the input signal that to be amplified, a charge storage device C1 coupled to said amplifier for providing an
amplitied envelope signal for driving the RF PAs, said amplifier (8) and charge storage device C1 being arranged to receive a supply
voltage V+. The amplifier circuitry is contigured such that when the first signal S1 and the second signal S2 in the outphasing circuit
100a are in phase, an input voltage V1 based on the voltage of the received envelope signal is provided to the amplifier in the envel -
ope tracking region to enable the charge storage device C1 to supply a voltage V2 above the supply voltage V+ such that the output
voltage of the RF PAs driven by the amplifier (8) is increased by V2 above the supply voltage V+.
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Ampilifier Circuitry and Method for amplifying a signal using said Amplifier
Circuitry

FIELD

Embodiments described herein relate generally to amplifier circuitry and particularly
power efficient amplifier circuitry. Embodiments described herein specifically relate to
amplifier circuitry including an outphasing amplifier and an envelope amplifier with a
charge storage device coupled to said envelope amplifier for driving a supply voltage of

RF amplifiers.

BACKGROUND

Many communications systems in use today (i.e. LTE and DVB) are based on
orthogonal frequency division multiplexing (OFDM) modulation. While OFDM has the
advantage of tolerance to delay spread and is spectrally efficient, it does so at the
expense of a high peak-to-average power ratio (PAPR). The high PAPR of OFDM

results in low average RF power amplifier (PA) efficiency.

Historically, RF power amplifiers (RF PAs) have been linear devices. With the advent of
high peak-to-average power ratio (PAPR) communications and broadcast standards
like LTE and DVB, the RF PA is forced to operate in a low efficiency region of its

transfer function, if the signal is to be amplified with high fidelity.

A number of amplifier architectures exist to increase PA efficiency under these
conditions. For instance, load modulation architectures such as Doherty exists, which
uses a circuitry having two amplifiers that modulate each other’s load depending on the
required output power. Amplifier circuitry with envelope modulators for signal envelope
tracking has also been used. Another type of circuit for increasing RF PA efficiency is
the outphasing amplifier. Such a circuit uses an isolating combiner with saturated
amplifier stages to achieve high linearity and good peak efficiency. Outphasing
amplifier circuits using a non-isolating combiner to enable load modulation also exist.
Although such amplifier architectures in theory do result in some efficiency increase, in
use the improvements are limited. There still exists the problem low average efficiency

when amplifying contemporary communications signals like LTE.
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Recently, hybrid schemes combining an outphasing amplifier with an envelope tracking
power supply have been studied. However, existing hybrid approaches proposed are
complicated and involve the switching of supply voltages/gain to the RF PA, which is

likely to introduce noise into the system.

There therefore exists a need for to overcome the limited back-off efficiency of the
classic outphasing architectures, and the complicated circuits of the noisy hybrid

architectures for RF power amplifier applications.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a shows an existing envelope modulator for RF amplifiers

Figure 1b shows a conventional outphasing amplifier circuit.

Figure 2 shows an existing multilevel outphasing architecture for RF amplifiers

Figure 3 depicts the differences in the operation of the known amplifier circuits in
Figure 1b and 2.

Figure 4 shows a known charge pump voltage doubler.

Figure 5 shows an amplifier circuitry including an envelope amplifier coupled with a

charge storage device, and an outphasing amplifier, according to an embodiment.

Figure 6 shows a graph depicting the operation and efficiency profile of the amplifier

circuitry of figure 5.

Figure 7 shows an amplifier circuitry according to a preferred aspect of the

embodiments.

Figure 8 shows a graph depicting the operation and efficiency profile of the amplifier

circuit of figure 7.
DETAILED DESCRIPTION

The embodiments provide an amplifier circuitry having an envelope amplifier coupled to
a charge storage device and an outphasing amplifier to increase efficiency of an RF
Power Amplifier (RF PA)
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In once aspect, the invention relates to amplifier circuitry comprising an outphasing
region and envelope tracking region,

the outphasing region including a signal processing block capable of receiving an
amplitude and phase modulated input signal that is to be amplified, and processing
said signal to separate it into two signals S1,S2 of constant amplitude and modulated
phase, a first signal S1 for driving a first RF power amplifier RF PA1 and a second
signal S2 for driving a second RF power amplifier RF PA2, the output signal from each
of the RF PAs being provided to a power combiner (PC) for obtaining an output
amplified signal (RF output); and

an envelope tracking region including a linear amplifier (Env Amp) capable of receiving
an input representing an envelope of the input signal that to be amplified, a charge
storage device coupled to said amplifier for providing an amplified envelope signal for
driving the RF PAs, said amplifier and charge storage device being arranged to receive
a supply voltage V+;

wherein the ampilifier circuitry is configured such that when the first signal S1 and the
second signal S2 in the outphasing circuit are in phase, an input voltage V1 based on
the voltage of the received envelope signal is provided to the amplifier in the envelope
tracking region of the ampilifier circuitry, to enable the charge storage device to supply
a voltage V2 above the supply voltage V+ such that the output voltage of both RF PAs

driven by the amplifier is increased by V2 above the supply voltage V+.

In another aspect the invention provides amplifier circuitry comprising an outphasing
region and envelope tracking region,

the outphasing region including a signal processing block capable of receiving an
amplitude and phase modulated input signal that is to be amplified, and processing
said signal to separate it into two signals (S1,52) of constant amplitude and modulated
phase, a first signal S1 for driving a first RF power amplifier RF PA1 and a second
signal S2 for driving a second RF power amplifier RF PA2, the output signal from each
of the RF PAs) being provided to a power combiner (PC) for obtaining an output
amplified signal (RF output);and

an envelope tracking region 1 including a first linear amplifier (Env Amp) capable of
receiving an input representing an envelope of the input signal that to be amplified, a
first charge storage device coupled to said first amplifier for providing an amplified
envelope signal for driving the first RF PA , the envelope tracking region further

including a second linear amplifier (Env Amp) capable of receiving an input
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representing the envelope of the input signal, a second charge storage device coupled
to said second amplifier for providing an amplified envelope signal for driving the
second RF PA, said amplifier and charge storage device being also arranged to
receive a supply voltage V+;

wherein the ampilifier circuitry is configured such that when the first signal S1 and the
second signal S2 in the outphasing circuit are in phase, an input voltage V1 based on
the voltage of the received envelope signal is provided to the first linear amplifier in
the envelope tracking region of the ampilifier circuitry, to enable the first charge storage
device to supply a voltage V2 above the supply voltage V+ such that the output voltage
of the first RF PA driven by the first linear amplifier is increased by V2 above the
supply voltage V+; and

wherein responsive to a maximum value of V2 for driving the RF PA1 being reached in
the envelope tracking circuit , the amplifier circuitry is configured such that an input
voltage V3 based on the voltage of the received envelope signal is provided to the
second linear amplifier to enable the second charge storage device to supply a voltage
V4 above the supply voltage V+ such that the output voltage of the second RF PA

driven by the second linear amplifier is increased by V4 above the supply voltage V+.

In a further aspect the invention provides a method for amplifying a signal using an
amplifier circuitry as set out above comprising the steps of:

providing an amplitude and phase modulated input signal that is to be amplified to an
outphasing region of the amplifier circuitry, wherein the input signal is provided to a
signal processing block to obtain two separate signals, a first signal S1 and a second
S2, S1 and S2 being of constant amplitude and of modulated phase, S1 for driving a
first power amplifier RF PA1 and S2 for driving a second power amplifier RF PA 2;
representing an envelope of the signal to be amplified to at least one amplifier (in an
envelope tracking region 1,

providing a charge storage device coupled to the amplifier for providing an amplified
envelope signal;

providing a supply voltage V+ to the amplifier and charge storage device;

wherein, when the first and second signal S1, S2 are in phase, the method further
comprises:

providing an input voltage (V1, V3) based on the voltage of the envelope of the input

signal to an envelope amplifier to enable the charge storage device to supply a voltage
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(V2, V4) above a supply voltage V+ such that the output voltage of the RF PA driven by

the amplifier is increased by above the supply voltage V+.

Conventional amplifiers have a low average efficiency when amplifying contemporary
communications signals like LTE. A number of amplifier architectures exist to increase
RF Power amplifier (PA) efficiency for signals having high peak-to-average power ratio
(PAPR) and broadcast standards like LTE and DVB.

One type of known amplifier architecture for increasing efficiency of an RF PA uses an
envelope modulator so that the voltage output of the envelope modulator is directly
applied to a voltage supply input of an RF PA. This is shown for instance in Figure 1a
which shows a configuration where the envelope modulator is of a single band type. In
this configuration the entire bandwidth of the envelope signal is applied to the input of
the amplifier. When a class G amplifier configuration is used in figure 1a, then this has
a bandwidth that is sufficient to amplify the entire bandwidth of the envelope signal so
that the output signal provided by the amplifier provides a low frequency or DC output
as well as high frequency AC output, both reflecting the low frequency/DC and the AC
components of the input envelope signal. The voltage output by the amplifier of the
envelope modulator in figure 1a is then directly applied to the RF amplifier. However,
such type of envelope modulator has a low efficiency when since it amplifies the entire

bandwidth of the signal.

A known amplifier architecture for improving RF PA efficiency for OFDM signals having
high peak-to-average power ratio (PAPR) is the outphasing amplifier architecture, as
shown in Figure 1b. The circuitry consists of two RF Power amplifiers, RF PA1 and RF
PA2 which are driven into saturation so that they operate in the high efficiency region of
their transfer characteristic. The output signals of these two RF PAs are summed in a
power combiner (PC) 10. As seen in the circuit of figure 1b, a baseband input signal 2
is applied to a signal component separator (SCS) 4 which derives the two drive signals
S1, S2 for RF PA1 and RF PA2, respectively. The phase relationship between these
two signals determines the amplitude of the combined signal. When the two signals S1
and S2 are in-phase, they sum i.e. maximum amplitude is reached. When in anti-phase
they cancel each other out resulting in amplitude null i.e. minimum or no amplitude.
The phase relationship between the two signals can recreate any amplitude

combination in the outphasing ampilifier.
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Outphasing architecture as described above relates to a class of amplifiers that seem
to operate on slightly different principles, but are regarded as being the same, i.e.
Chireix, Ampliphase, Combined Analogue-Locked Loop Universal Modulator

(CALLUM), and Llnear amplification using Nonlinear Components (LINC).

Figure 1b depicts a simple form of LINC outphasing architecture, i.e. where the power
combiner 10 is a Wilkinson, i.e. an isolating type of power combiner. Because of this,
there is no load modulation effect in the LINC amplifier. With this, high Peak to average
(PAR) signals suffer from a reduced efficiency since the amplifiers operate at a

constant power even when the required signal output is low.

However, this does not have to be the case for all outphasing architectures. In the
case of the Chireix amplifier, a non-isolating type of power combiner is used whereby
the output signal from one PA load “pulls” the other PA. This may be theoretically more
efficient, as the design enables load modulation resulting in an improved average
efficiency for signals with amplitude modulation. However, such a circuit is much harder
to design and operate, since the degree of load-pulling is hard to calculate and these

effects cannot be simulated.

Although the Outphasing architecture in theory increases RF PA efficiency, in its
original design, the improvement is limited. In an attempt to address this and provide
amplifier circuitry with better operational efficiency, more recently hybrid schemes have
been introduced which combine both the outphasing architecture with envelope
tracking architectures.. The existing hybrid schemes are based on dynamically
switching a supply voltage to the RF PAs between a number of discrete levels based
on an envelope input signal, and also using the outphasing amplifier as shown in
Figure 2. In this design, the supply voltage to the RF PAs is switched by a Switching
level generator (SLG) between four levels of different magnitude (V1+ to V4+). Any
number of supply voltages could be used. In this example both the RF PAs share a
common switched supply voltage, but they could be independent. The remaining

components are the same as the conventional outphasing architecture of figure 1b.

The system of Figure 2 is referred to as multilevel-LINC (M-LINC). Its operation in
comparison with the conventional outphasing amplifier of Figure 1b is depicted along
with its efficiency profile in Figure 3. It is seen that for the conventional outphasing
amplifier of Figure 1b, efficiency decreases rapidly as the output power is backed-off.
By switching the supply voltage in the circuit of Figure 2, the efficiency profile now has

four peaks. The probability density function (PDF) of an LTE signal is also shown in
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Figure 3. It can be seen that the majority of the signal resides at a mean value
significantly smaller than the peak value. At the mean value, the M-LINC outphasing
amplifier of Figure 2 can be seen to have a higher efficiency than the conventional one,

therefore average efficiency is increased when amplifying an LTE signal.

In the M-LINC amplifier of Figure 2, the two signals produced by the two RF amplifiers
have the same amplitude. In the examples in above discussion of outphasing
amplifiers, both RF amplifiers shared a common switched supply voltage. Therefore,

they produce the same output amplitude.

As explained above, conventional envelope modulators such as in Figure 1a have a
low average efficiency when amplifying contemporary communications signals like
LTE. Using conventional Outphasing amplifier circuits as seen in Figure 1b provide a
very limited improvement in efficiency. The architecture shown in Figure 2 does
increase the average efficiency, but the existing hybrid circuits are complicated and the

switching of supply voltages/gain is introduces noise into the system.

There therefore exists a need for amplifier architecture which overcomes drawbacks of
the limited back-off efficiency of the classic outphasing architectures, and the

complicated an noisy circuits of the existing hybrid architectures.

The embodiments described herein overcome the drawbacks of existing outphasing
amplifier configurations for increasing RF power amplifier efficiency, especially for
signals having high peak-to-average power ratio (PAPR), i.e. broadcast standards like
LTE and DVB. The present embodiments propose a hybrid amplifier circuitry making
using of both, envelope tracking and outphasing by using an envelope amplifier
coupled to a charge storage device, and an outphasing amplifier to increase efficiency
of RF Power Amplifiers (RF PAs).

The present embodiment incorporates a linear charge pump in an envelope modulator.
An example of charge pump is shown in figure 4, which is capable of producing an
output voltage which is double its input. In known arrangements for a charge pump
voltage doubler, a switch is used to charge one capacitor from the supply voltage and
then switch it in series with the supply voltage. When connected in series with the
supply voltage, charge is passed to the output capacitor which maintains twice the
supply voltage. A number of charge pumps can be cascaded to achieve higher output
voltages. However such charge pumps are not generally dynamically controllable and

the output voltage is non-linear and is always a multiple of the input.
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As will be explained below and seen with reference to Figures 5 to 8, the described
embodiments provide a considerably simpler circuit than existing hybrid ampilifier
designs and overcome all above mentioned existing drawbacks. The present invention
provides an amplifier circuitry that uses outphasing as well as signal envelope tracking.
The circuit 100 incorporates a linear charge pump, i.e. it incorporates an envelope
amplifier coupled with a charge storage device, to drive a supply voltage V+ to an RF
Power amplifier based on the envelope of an input signal, once maximum amplitude is

reached for the signal in an outphasing amplifier circuit.

Figure 5 shows ampilifier circuitry 100 according to a first embodiment. The circuitry
100 consists of an outphasing circuit or outphasing region 100a and an envelope
tracking circuit or envelope tracking region 100b. The outphasing circuit 100a shown in
figure 5 is similar to the conventional outphasing architecture shown Figure 1b. Other
suitable outphasing amplifier architectures may also be used in the ampilifier circuitry
100 of figure 5. The outphasing circuit 100a in the embodiment shown in figure 5
includes two RF Power amplifiers, RF PA1 and RF PA2, a signal component separator
(SCS) 4 and power combiner (PC) 10. A Baseband input signal 2 is applied as input to
SCS 4.

The SCS 4 is an outphasing —specific signal processing block which performs a signal
decomposition or signal splitting function of the input signal 2. In the signal splitting
operating, the input signal 2 is transformed from one that is both amplitude and phase
modulated, into two separate signals S1 and S2 with modulated phase and constant
amplitude i.e. two out-phased constant-envelope signals S1 and S2. For the
outphasing region 100a, the two signals S1 and S2 have a common phase modulation
component and a differential phase modulation component. The common —phase
modulation carries phase information of the original signal. The differential phase
modulation contains information about the original amplitude modulation. This
decomposition is common to all types of outphasing amplifiers. There is no time
varying amplitude component in the signals S1 and S2. These two constant-envelope
signals, when recombined recreate the original input signal 2 in terms of amplitude and

phase information.
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The SCS 4 therefore derives the two drive signals S1and S2 that are provided as input
for RF PA1 and RF PA2, respectively and are amplified separately. The two RF PAs
are each driven into saturation so that they operate in the high efficiency region of their
transfer characteristic. The output signals S1,4 and S2,, of these two RF PAs are
summed in a power combiner 10, i.e. an isolating or non-isolating power combiner
circuit (PC) 10, similar to the power combiner seen in the circuit of figure 1b. The phase
relationship between these two signals determines the amplitude of the combined
signal seen at RF output of PC 10. When the two signals S1 and S2 are in-phase, they
sum. When in anti-phase they cancel each other out, thereby resulting in amplitude null

at RF output.

In the present embodiment shown in Figure 5, when maximum amplitude is achieved in
the outphasing circuit 100a, i.e. the phase difference between the two signal S1 and
S2 is zero, the envelope tracking operation or region is entered i.e. the envelope
tracking circuit 100b is then used for driving the two RF amplifiers RF PA1 and RF
PA2. In this region 100b, the input signal 2 is provided to an envelope generation and
processing circuit 6 to derive an envelope 2e of the input signal 2. Here, the signals $1
and S2 in the outphasing region 100a are kept in-phase, and a positive supply voltage
V+ to each PA is increased, i.e. doubled, by a charge pump when the envelope
tracking phase 100b or region is entered. The envelope tracking circuit 100b includes
an envelope amplifier (Env Amp) 8, the diode D1 and charge storage device, i.e.
capacitor C1. Env Amp 8 is a linear amplifier. The supply voltage V+ is linearly
increased with the envelope of the output signal from the Env Amp 8. This recreates
the peaks of the signal. In the embodiment shown in Figure 5, both RF PAs, RF PA1
and RF PA 2 are driven by the same linear charge pump circuit i.e. the charge storage
device C1. The components and working of the envelope tracking region 100b is

explained below.

An envelope input 2e is provided to an envelope amplifier Env Amp 8. This envelope
input signal 2e represents a signal provided from an envelope generation and
processing module 6 or from baseband processing (not shown in figure 5) that is
indicative of an instantaneous magnitude of the envelope of the RF input signal 2 that
is to be amplified by the ampilifier circuitry 100. The output signal of Env Amp 8 of figure

5 drives a linear charge pump, i.e. a charge storage device C1, to improve efficiency
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and linearity of the output signal, which is supplied to both the RF amplifiers, RF PA1
and RF PA2.

The positive supply voltage V+ is provided to the linear amplifier Env Amp 8 and the
charge storage device C1 coupled to Env Amp 8 in the envelope tracking circuit 100b.
The output of Env Amp 8 is configured to drive an output load represented by the two
RF power amplifiers RF PA1 and RF PA2 in figure 5. The two RF PAs which receives
the supply voltage V+ from the charge pump in turn supplies an AC voltage to an

output RF load i.e. the output of the Power combiner 10

The circuitry 100 is configured to such that it the envelope amplifier Env Amp 8 does
not track the entire envelope of the RF carrier input 2 at all times. The envelope
tracking circuit 100b of the circuitry 100 is only enabled when the maximum amplitude
of the signal is achieved in the outphasing region 100a of the circuitry 100. Therefore,
once the difference between the two components S1 and S2 of the input signal 2 in the
outphasing region 100a is zero, i.e. when the amplitude is maximum, only then a
voltage V1 (for envelope signal 2e) appears at the output of the envelope generation
and processing circuit 6, and this is input to the Env Amp 8. By this, the voltage
supply V+ to the two RF power ampilifiers is doubled or increased by V1 by the charge
pump C1. V1 is preferably based on the voltage range of the input envelope signal 2e
that is above the certain threshold. More preferably, voltage V1 is set at or above the
mean value of the dynamic voltage range of the envelope signal 2e, so that V1 always
tracks the upper voltage range of the dynamic voltage range of the envelope signal 2e
of the original RF input signal 2. The lower voltage range is therefore not tracked by the
Env Amp 8. In the envelope tracking region, the signal V1 to the envelope amplifier Env
Amp 8 is then passed to the charge storage device C1, which acts as a linear charge
pump to provide an output signal V2 to the RF PA1 and RF PA2, such that this V2 is at
a voltage higher than the supply voltage V+ for driving the RF PAs. In the envelope
tracking region 100b, both the RF PAs operate in a non-linear or a saturation mode,
i.e. preferably above the mean voltage range, and therefore in this mode the peaks of
the envelope input signal 2e that are tacked by Env Amp 8. Thus, in the saturation
mode for both the RF PAs, current flows through Env Amp 8 to push the charge

storage device C1 to above the supply voltage V+, i.e. up to voltage V2.

When maximum voltage has not been reached in the outphasing region 100a of
circuitry 100 i.e. the phase difference between S1 and S1 is non-zero, then no input

voltage appears at V1 from envelope generation and processing circuit 6. In this case,
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the input to Env Amp 8 will be at zero V or at ground potential. In this case the output
signal V2 to the RF PA1 and RF PA2 in the envelope tracking circuit 100b is fixed at
the supply voltage V+. Thus, when the RF PAs operate in a linear mode at the supply
voltage V+, input envelope signal is not taken into consideration by Env Amp 8. In the
linear mode of the RF PAs, or rather when the outphasing region 100a is operational or
active, current flows through a diode D1 shown in Figure 5 to charge capacitor C1
according to the supply voltage V+. Only in the non-linear or saturation mode, when
maximum amplitude has already been reached in the outphasing circuit 100a, current
flows through Env Amp 8 to the RF PAs.

In comparison to existing envelope tracking and outphasing amplifier circuitry schemes,
the embodiment seen in Figure 5 is considerably simpler. The increase in efficiency
can be seen in the efficiency profile shown in Figure 6. As seen from the figure, there
are two efficiency peaks and the efficiency profile has two distinct regions: the lower
one where outphasing is used i.e. outphasing circuit 100a is operational, and the upper
where envelope tracking is used according to envelope tracking circuit 100b. In the
lower region conventional outphasing operation is maintained where the two RF PAs
are driven into saturation and the phase relationship of their output signals determines
the amplitude of the resulting signal. Peak efficiency is only achieved for the

outphasing region 100a when the signals are in-phase, as shown in Figure 6

When maximum amplitude is achieved in the outphasing region 100a, i.e. the phase
difference between the two signals is zero, the envelope tracking region 100b is
entered. Here the signals are kept in-phase and the supply voltage to the RF PAs
increased by the charge pump formed from the Env Amp 8, the diode D1 and capacitor
C1. The supply voltage is linearly increased with the envelope of the output signal. This

re-creates the peaks of the signal in Figure 6.

In the embodiment shown in Figure 5, both RF PAs are driven by the same charge
pump i.e. formed by Env Amp 8, C1 and D1. However, it is also possible to use
separate charge pumps for each of the RF PA’s. This embodiment is shown in the
amplifier circuitry 200 in Figure 7. This arrangement has the advantage of further
increasing the number of efficiency peaks, as shown from the efficiency profile for
amplifier circuitry 200 seen in Figure 8. As with the ampilifier circuitry 100, in Figure 7
outphasing is only used in the lower envelope region. Like Figure 5, outphasing
amplifier circuit 200a is operational untii maximum amplitude is achieved in the

outphasing region 200a, i.e. when the phase difference between the two signals S1
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and S2 from SCS 4 is zero. Envelope tracking circuit 200b is entered only once
maximum amplitude in the outphasing circuit 200a is achieved. The charge pump
formed by capacitor C1 and Diode D1 is arranged to first increase the supply voltage
V+ to RF PA1.

The operation in the Envelope tracking region 200b is the same as described above in
relation to Figure 5. The supply voltage to RF PA1 is thus increases by V1 by the
charge pump circuit for RF PA 1. Signal V1 to the envelope amplifier Env Amp 8a is
passed to the charge storage device C1, which acts as a linear charge pump to provide

an output signal V2 only to RF PA1.

Once the increased supply voltage has reached its maximum value (maximum value
for V2), only then will the envelope amplifier 8b, capacitor C2 and Diode D2 operate to

increase the supply voltage above V+ to RF PA 2.

Then a voltage V3 (for envelope signal 2e) appears at the output of the envelope
generation and processing circuit 6b and this is input to the Env Amp 8b. With this, the
voltage supply V+ to RF PA 2 is doubled or increased by V3 by the charge pump
formed by Env Amp 8b, Diode D2 and Capacitor C2. Like V1, V3 is also preferably
being based on the voltage range of the input envelope signal 2e that is above the
certain threshold over the voltage V1 provided to envelope generation and processing
circuit 6a, so that the supply voltage is higher than the output signal V2 provided by
Env Amp 8a, capacitor C1 and Diode D1. The signal V3 to the envelope amplifier Env
Amp 8b is then passed to the charge storage device C2, which acts as a linear charge
pump to provide an output signal V4 to RF PA2, such that this signal V4 is at a voltage
higher than the supply voltage V+ and also higher than the voltage V2, for driving the
RF PA2.

Because of the increased supply voltage (V2) for RF PA1 and a further increased
supply voltage (V4) for RF PA2, amplifier circuitry 200 provides more number of
efficiency peaks, as shown from the efficiency profile of amplifier circuitry 200 in the
graph of Figure 8. As shown in Figure 8, there are three distinct regions in the
efficiency profile. When in the lower region (outphasing region in the graph of figure 8),
the outputs of both Env Amp 8a and Env Amp 8b are low, and only outphasing
operation occurs. When the signals S1 and S2 are in-phase, i.e. maximum amplitude

is achieve in the outphasing region 200a, then the output of amplifier Env Amp 8a will
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start to increase, and this is the second distinct region (RF PA1 envelope tracking
region in the figure). This can be considered as a semi-envelope tracking region since
the output of the further Env Amp 8b is fixed at this time. The signals appearing at the
output of RF PA1 and RF PAZ2 are not equal. The output of Env Amp 8a will continue to
track the voltage range of the envelope 2e until V2 has reached its maximum value.
Once this is reached, the output of Env Amp 8b will start to track the voltage range of
the envelope 2e. This is the third distinct region (the RF PA 2 envelope tracking region
in the figure). A maximum output is reached when V4 is also at its maximum value.

This value may be double the supply voltage V+, for instance.

For the embodiments shown in Figures 5 and 7, some practical system non-idealities
(for example AM-PM nonlinearities etc.) and/or time misalignment between the various
input signals, when taken into consideration, may sometimes degrade system
performance and linearity. However, in the amplifier circuitry 100 and 200 of the
present embodiments, this could be overcome by controlling the phase relationship of

the input signals in the envelope tracking region 100b and 200b.

Compared to the conventional outphasing architecture seen in Figures 1a, 1b and 2,
the present embodiments will result a higher efficiency, therefore reducing power
consumption. This advantage can be seen from the efficiency profile of amplifier
circuitry 100 shown in Figure 6. The second peak at back-off on the efficiency profile

shown in Figure 6 is evident of increased efficiency.

The efficiency profile also shows that the supply voltage to the RF PAs is constant
during the operation in outphasing region 100a, but then increased during the envelope
tracking region 100b. In contrast, the phase relationship of the signals produced by RF
PA 1 and FR PA 2 is shown to be zero and constant during the envelope tracking
region 100b and vary during the outphasing region 100a to reduce the output power.
As seen in Figure 5, envelope tracking region 100b is only entered when the two
amplifier outputs are in phase (zero degrees). As output power is backed-off they
deviate to +90° and -90° so they are in anti-phase at the minimum output power and

hence cancel each other.

Furthermore, the prior art M-LINC systems as seen in Figure 2 generally require

multiple power supplies for each of the different voltages. This is costly and consumes
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a large volume. The embodiments shown in Figure 5 and 7 only require one power

supply since the charge pump doubles the voltage at the peaks.

For the amplifier circuitry 100 and 200 in Figures 5 and 7, respectively, the expected
output power level is 1-5W. Therefore, this amplifier circuitry architecture is suitable for
a wide range of applications, such as for use in WiFi devices, mobile phones, small
base stations and repeater/relay networks and other kinds of transceivers and similar

devices.

While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the
inventions. Indeed, the novel devices, methods, and products described herein may be
embodied in a variety of other forms; furthermore, various omissions, substitutions and
changes in the form of the methods and systems described herein may be made
without departing from the spirit of the inventions. The accompanying claims and their
equivalents are intended to cover such forms or modifications as would fall within the

scope of the embodiments.
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CLAIMS:

1. Amplifier circuitry 100 comprising an outphasing region 100a and envelope
tracking region 100D,

the outphasing region 100a including a signal processing block 4 capable of receiving
an amplitude and phase modulated input signal 2 that is to be amplified, and
processing said signal 2 to separate it into two signals (S1,52) of constant amplitude
and modulated phase, a first signal S1 for driving a first RF power amplifier (RF PA) RF
PA1 and a second signal S2 for driving a second RF power amplifier (RF PA) RF PA2,
the output signal from each of the RF PAs (RF PA1, RF PA2) being provided to a
power combiner (PC) 10 for obtaining an output amplified signal (RF output); and

an envelope tracking region 100b including a linear amplifier (Env Amp) 8 capable of
receiving an input representing an envelope 2e of the input signal 2 that to be
amplified, a charge storage device C1 coupled to said amplifier 8 for providing an
amplified envelope signal for driving the RF PAs (RF PA 1 and RF PA2), said amplifier
8 and charge storage device C1 being arranged to receive a supply voltage V+;
wherein the amplifier circuitry 100 is configured such that when the first signal S1 and
the second signal S2 in the outphasing circuit 100a are in phase, an input voltage V1
based on the voltage of the received envelope signal 2e is provided to the amplifier 8 in
the envelope tracking region 100b of the amplifier circuitry 100, to enable the charge
storage device C1 to supply a voltage V2 above the supply voltage V+ such that the
output voltage of both RF PAs driven by the amplifier 8 is increased by V2 above the
supply voltage V+.

2. The amplifier circuitry 100 as claimed in claim 1 wherein the envelope tracking
region 100a including an envelope generation and processing module 6 for receiving
the input signal 2 and generating the envelope signal 2e, said module 6 further being
capable of providing the input signal V1 to the amplifier 8 based on the voltage of the
envelope signal 2e when said first and second signals S1, S2 in the outphasing circuit

100a are in phase.

3. Amplifier circuitry 100 comprising an outphasing region 100a and envelope
tracking region 100D,
the outphasing region 100a including a signal processing block 4 capable of receiving

an amplitude and phase modulated input signal 2 that is to be amplified, and
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processing said signal 2 to separate it into two signals (S1,52) of constant amplitude
and modulated phase, a first signal S1 for driving a first RF power amplifier (RF PA) RF
PA1 and a second signal S2 for driving a second RF power amplifier (RF PA) RF PA2,
the output signal from each of the RF PAs (RF PA1,RF PA2) being provided to a power
combiner (PC) 10 for obtaining an output amplified signal (RF output);and

an envelope tracking region 100b including a first linear amplifier (Env Amp) 8a
capable of receiving an input representing an envelope 2e of the input signal 2 that to
be amplified, a first charge storage device C1 coupled to said first linear amplifier 8 for
providing an amplified envelope signal for driving the first RF PA (RF PA 1), the
envelope tracking region 100b further including a second linear amplifier (Env Amp) 8b
capable of receiving an input representing the envelope 2e of the input signal 2, a
second charge storage device C2 coupled to said second linear amplifier 8b for
providing an amplified envelope signal for driving the second RF PA (RF PA 2), said
amplifier 8b and charge storage device C2 being also arranged to receive a supply
voltage V+;

wherein the amplifier circuitry 100 is configured such that when the first signal S1 and
the second signal S2 in the outphasing circuit 100a are in phase, an input voltage V1
based on the voltage of the received envelope signal 2e is provided to the first linear
amplifier 8a in the envelope tracking region 100a of the amplifier circuitry 100, to
enable the first charge storage device C1 to supply a voltage V2 above the supply
voltage V+ such that the output voltage of the first RF PA (RF PA 1) driven by the first
linear amplifier 8a is increased by V2 above the supply voltage V+; and

wherein responsive to a maximum value of V2 for driving the RF PA1 being reached in
the envelope tracking circuit 100b, the amplifier circuitry 100 is configured such that an
input voltage V3 based on the voltage of the received envelope signal 2e is provided to
the second linear amplifier 8b to enable the second charge storage device C2 to supply
a voltage V4 above the supply voltage V+ such that the output voltage of the second
RF PA (RF PA 2) driven by the second linear amplifier 8b is increased by V4 above the
supply voltage V+.

4. The amplifier circuitry 100 as claimed in claim 3 wherein the envelope tracking
region 100a including a first and second envelope generation and processing module
6a,6b for receiving the input signal 2 and generating the envelope signal 2e; wherein
when said first and second signals S1, S2 in the outphasing circuit 100a are in phase,

the first module 6a is configured for providing the input signal V1 to the amplifier 8a
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based on the voltage of the envelope signal 2e, and the second module 6b is
configured for providing the input signal V3 to the amplifier 8b based on the voltage of

the envelope signal 2e.

5. The amplifier circuitry 100 as claimed in any preceding claim wherein PC 10 is

an isolating power combiner or a non-isolating power combiner.

6. The ampilifier circuitry 100 as claimed in any preceding claim wherein the signal
processing block 4 in the outphasing region 100a is a signal component separator
(SCS) configured for performing a signal decomposition operation for splitting the input
signal 2 into the first and second signals S1, S2, the two signals having constant

amplitude and being phase modulated.

7 The amplifier circuitry 100 as claimed in any preceding claim wherein amplitude
of the combined output signal (RF output) obtained from PC 10 is determined based on
the phase difference between the first and second signals S1, S2 in the outphasing
region 100a, whereby when S1 and S2 are in phase such the phase difference is zero,
the amplitude of the combined out signal is maximum at RF output; and when the first
and second signals are in anti-phase such that the phase difference is maximum, the

amplitude is null at RF output.

8. The amplifier circuitry 100 as claimed in any preceding claim wherein the

charge storage device (C1, C2) is a capacitor.

9. The amplifier circuitry as claimed in claim 8 wherein, if there is a non-zero
phase difference between the first and second signals S1, S2 in the outphasing region
100a, then the supply voltage V+ flows through a diode to charge the capacitor(s) in
the envelope tracking region 100b to the supply voltage V+ for supplying a charge at
the supply voltage V+ to the load (RF output) driven by the amplifier circuitry 100.

10. The amplifier circuitry 100 as claimed in claim 8 or 9 wherein, when the first and
second signals S1,S2 in the outphasing region 100a are in phase, the input signal
(V1,V3) provided to the linear amplifier (8,8a) causes an increase in the charge stored
in the capacitor (C1,C2) above the supply voltage V+, wherein the charge (V2,V4)

supplied by the capacitor (C1,C2) is also increased by the same amount such that the
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output voltage of the load driven by the amplifier (8a,8b) is increased above the supply

voltage V+.

11. A base station or a transmitter comprising amplifier circuitry 100 according to

any one of claim 1 to010.

12. A method for amplifying a signal using the ampilifier circuitry 100 of any one of
claims 1 to 10 comprising the steps of:

providing an amplitude and phase modulated input signal 2 that is to be amplified to an
outphasing region 100a of the amplifier circuitry 100, wherein the input signal 2 is
provided to a signal processing block 2 to obtain two separate signals, a first signal S1
and a second S2, S1 and S2 being of constant amplitude and of modulated phase, S1
for driving a first power amplifier RF PA1 and S2 for driving a second power amplifier
RF PA 2;

representing an envelope of the signal to be amplified to at least one amplifier (8; 8a,
8a), in an envelope tracking region 100b;

providing a charge storage device C1, C2 coupled to the amplifier for providing an
amplified envelope signal;

providing a supply voltage V+ to the amplifier and charge storage device C1, C2;
wherein when the first and second signal S1, S2 are in phase, the method further
comprises:

providing an input voltage V1, V3 based on the voltage of the envelope 2e of the input
signal 2 to an envelope amplifier 8,8a to enable the charge storage device C1, C2 to
supply a voltage V2, V4 above a supply voltage V+ such that the output voltage of the
RF PA driven by the amplifier is increased by above the supply voltage V+.
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