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BROADBAND HARMONIC LOAD MODULATION DOHERTY AMPLIFIERS

TECHNICAL FIELD

Embodiments herein relate to power amplifiers. In particular, they relate to a Doherty
power amplifier with broadband harmonic load modulation, an electronic circuit and an

apparatus comprising the Doherty power amplifier.

BACKGROUND

Power amplifiers (PA) are ubiquitous in wireless communication equipment or device.
The efficiency of radio frequency (RF) PA is generally defined as a ratio between the desired
transmitted radio power and the total power from a supply, which is rather low in the future
wideband applications with traditional PA architectures. Consequently, extensive efforts are
made within the wireless communication industry for the means of enhancing efficiency. A
small improvement in PA efficiency can make substantial profit available in a wireless
communication system or terminal and cut the overall costs needed to operate the system or
terminal.

In cellular base stations of 4G and beyond, advanced digital modulation schemes are
used for high spectrum efficiency. The RF signal exhibits a large peak to average power ratio
(PAPR), which is amplified simultaneously in a PA. Therefore, the instantaneous transmit
power will vary extensively and fast. Traditional RF PA would suffer from rather low average
efficiency with high PAPR signal stimulus.

Although a classic Doherty PA meets the efficiency and linearity requirements, it is an
inherent narrow-band solution, because of the use of frequency limited quarter wave
transmission lines. Therefore, it may not satisfy the broadband requirements with emerging
wireless standards. A clear source of limited bandwidth in the Doherty PA is the impedance
inverter which connects the carrier and peaking amplifier together. It is essential in the
Doherty structure to transform the low common impedance Z0/2 into a higher impedance
2*Z0 seen as the load of the carrier amplifier in the low power range. Also it assists to have a
proper active load modulation of higher impedance 2*Z0 into a lower impedance Z0 in the
Doherty regime. However, this may be achieved at its center frequency. Any deviation from
the center frequency, the impedance inverter is no longer quarter wavelength. Then, the
purely resistive load seen by the carrier amplifier changes into a complex load, leading to a
non-optimal load modulation as the frequency deviation from the center frequency is

enlarged. Similar issues happen to a real-to-real impedance transformer as well. The
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precision of matching the common load impedance into the final system load impedance may
deteriorate owning to limited frequency response.

Harmonic termination has been widely used for compound semiconductor Doherty PAs.
However, the complexity of the harmonic control circuitry may require great efforts for
development and verification.

There are certain efforts to improve the efficiency performance of Doherty amplifiers by
harmonic load modulation techniques, which do not require harmonic control circuitry and
simplify the high efficiency PA development.

Figure 1 shows a Doherty amplifier 100 disclosed in Eccleston K. et. al., “A Compact
Class-F/Class-C Doherty PA”, Microwave and Optical Technology Letters , Vol. 53, No. 7, Jul,
2011, pp.1606-1610, and in Eccleston K. et.al., “Harmonic load modulation in Doherty
amplifiers”, Electronics Letters, 2008, Vol. 44, No. 2, pp.128—129. As shown in Figure 1, the
main/carrier amplifier, denoted as Main FET, was originally class-B mode. However, after the
harmonic load modulation effect by the peaking amplifier, Peaking FET, the main amplifier
would behave like a class-F mode amplifier, in which the drain bias supplies are connected
to the corresponding device drain terminals through the short-circuited quarter-wavelength
transmission lines, Doherty line, providing inherent even-harmonic suppression. In this case,
the drain current of the class-B biased main FET contains the direct current (DC),
fundamental-frequency, and even-harmonic components. On the other hand, the drain
current of the class-C biased peaking FET is purely sinusoidal ideally, since its odd-harmonic
components are shunted by the short-circuited bias feed quarter wave line connected to the
main FET, thus resulting in no harmonics appearing at the peaking FET output. The most
advantage of it is that the odd harmonics of the class-C biased peaking FET flow into the
main amplifier to achieve a class-F mode operation through a waveform shaping process
without individual harmonic termination circuits. Such a scheme takes full advantage of a
Doherty structure to incorporate harmonic terminations actively. Therefore, besides
increased efficiency, this approach leads to a simplified and compact circuit.

However, the above prior art solution has limited operational bandwidth for broadband
applications. The odd harmonic contribution in harmonic termination to output power and
power added efficiency is quite limited. Although class-F produced by harmonic load
modulation effect in prior art can achieve high efficiency, the effect of output parasitics of the
main/carrier FET reduces the quality of the odd-harmonic short-circuit termination at the

peaking FET, resulting in power amplifier efficiency degradation.
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SUMMARY

It is an object of embodiments herein to provide a power amplifier with improved

performance in terms of bandwidth and efficiency.

According to one aspect of embodiments herein, the object is achieved by a Doherty
power amplifier arrangement. The Doherty power amplifier arrangement comprises a splitter
network configured to split an input signal into a first input signal and a second input signal.

The Doherty power amplifier arrangement further comprises a first amplifier path
comprising at least a first sub-amplifier configured to amplify the first input signal and a first
output matching network.

The Doherty power amplifier arrangement further comprises a second amplifier path
comprising at least a second sub-amplifier amplifier configured to amplify the second input
signal and a second output matching network.

The Doherty power amplifier arrangement further comprises a load modulation network.
The load modulation network comprises a first transmission line coupled between the first
output matching network and a first interconnection node. The load modulation network
further comprises a second transmission line coupled between the second output matching
network and a second interconnection node. The load modulation network further comprises
a third transmission line coupled between the first interconnection node and a power supply,
and a fourth transmission line coupled between the first interconnection node and the
second interconnection node. Each transmission line is a quarter wavelength line at a
fundamental frequency of the input signal, and the second interconnection node is an output

terminal of the power amplifier arrangement.

In other words, according to the embodiments herein, the load modulation network
comprises four transmission lines to complete both fundamental and harmonic load
modulation for the proposed Doherty power amplifier arrangement. Each transmission line is
a quarter wave ( A /4) transmission line at the fundamental frequency. In comparison to prior
art, the characteristic impedance of these four transmission lines are very low, e.g. 1~6 Ohm.
The transmission lines, i.e. the first, second and fourth transmission lines, coupling the output
terminals, i.e. drains of the two sub-amplifiers, are the harmonic load modulation
transmission lines. Their characteristic impedances may be set to have a special relationship
and combined to realize an impedance conversion such that the output terminal of the power

amplifier arrangement has characteristic impedance which is much lower than e.g. 50 Q, and
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the off-state impedance for the second sub-amplifier, i.e. the peaking ampilifier, in the
Doherty power amplifier is increased.

The transmission line coupling the output terminals of the two sub-amplifiers, i.e. the
fourth transmission line, is the fundamental load modulation transmission line. The third
transmission line feeds the power supply to the drains of the first and second sub-amplifiers,
via the first and second transmission lines respectively. Therefore, a half wavelength
transmission line is formed which presents a short-circuit load for the first sub-amplifier at
odd order harmonics. The second/peaking sub-amplifier, on the other hand, has a class-C
bias, and its drain current contains both even and odd harmonics, as well as the fundamental
and DC component. The even order harmonics are shunted to ground via the second, fourth
and third transmission lines, which is a 3* A /4 transmission line. Hence, the second/peaking
sub-amplifier is short-circuit terminated at all harmonics and this means that no harmonics
appear at the amplifier arrangement output. The load modulation network completes an
impedance transformation from the output terminals of the first and second amplifiers to
specific low impedance for fundamental load modulation at the junction node, i.e. the second
interconnection node or the output terminal of the power amplifier arrangement. Then a
broadband impedance transformer may be used to transform the low output impedance to

typical load impedance, e.g. 50Q.

Some advantages of the Doherty power amplifier arrangement according to the
embodiments herein include:

It provides broadband fundamental and harmonic load modulation at the same time to
boost efficiency without any traditional harmonic termination schemes by using very low
impedance combination and singular broadband impedance transformer.

It highly uses the 2nd harmonic rather than the 3rd harmonic in prior art to take full
advantage and more obvious efficiency enhancement. Usually, the even harmonics,
especially the 2nd harmonic may contribute a lot for harmonic termination. However, it was
shorted to ground in prior art.

It incorporates the broadband harmonic load modulation network and the output
matching networks together for a compact Doherty PA design.

The embodiments herein may be applied to even Doherty, uneven Doherty, symmetric

Doherty, asymmetric Doherty, inverted Doherty and multistage Doherty power amplifers.

Therefore, the embodiment herein provides a power amplifier arrangement with

improved performance on bandwidth and efficiency.
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BRIEF DESCRIPTION OF THE DRAWINGS

Examples of embodiments herein are described in more detail with reference to

attached drawings in which:

Figure 1 is a schematic block illustrating a Doherty power amplifier of prior art;

Figure 2 is a simplified schematic view of a Doherty power amplifier arrangement according
to embodiments herein;

Figure 3 is a simplified schematic view illustrating an example implementation of a Doherty
power amplifier arrangement according to embodiments herein;

Figure 4 is a block diagram illustrating an electronic circuit or apparatus in which

embodiments herein may be implemented.

DETAILED DESCRIPTION

Figure 2 shows a Doherty power amplifier arrangement 200 according to embodiments
herein.

The Doherty power amplifier arrangement 200 comprises a splitter network 210, e.g. a
quadrature hybrid coupler, configured to split an input signal into a first input signal 211 and a
second input signal 212 to provide signals with necessary phase.

The Doherty power amplifier arrangement 200 further comprises a first amplifier path
comprising at least a first sub-amplifier 220, i.e. a main/carrier amplifier, configured to amplify
the first input signal 211 and a first output matching network 221.

The Doherty power amplifier arrangement 200 further comprises a second amplifier
path comprising at least a second sub-amplifier amplifier 230, i.e. a peaking amplifier,
configured to amplify the second input signal 212 and a second output matching network 231.

The first output matching network 221 matches a predetermined output impedance of
the first sub-amplifier transistor to the input impedance of a first transmission line TLIN1.

The second output matching network 231 matches a predetermined output impedance
of the second sub-amplifier transistor to the input impedance of a second transmission line
TLIN2.

Offset line 1and 1’ are used to adjust and compensate the phase difference between
the first amplifier path and the second amplifier path so that the output power combination
can be performed on proper phase base.

The input matching network MNI matches a predetermined input impedance of the sub-

amplifier transistor to the output impedance of the splitter network 210.
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The Doherty power amplifier arrangement 200 further comprises a load modulation
network 240. The load modulation network 240 comprises a first transmission line TLIN1
coupled between the first output matching network 221 and a first interconnection node 250.
The load modulation network 240 further comprises a second transmission line TLIN2
coupled between the second output matching network 231 and a second interconnection
node 260. The load modulation network 240 further comprises a third transmission line
TLIN3 coupled between the first interconnection node 250 and a power supply Vqq. The
load modulation network 240 further comprises a fourth transmission line TLIN4 coupled
between the first interconnection node 250 and the second interconnection node 260. Each
transmission line is a quarter wavelength line at a fundamental frequency of the input signal.
The second interconnection node 260 is an output terminal of the power amplifier
arrangement 200.

Therefore the load modulation network 240 comprises four transmission lines to
complete both fundamental and harmonic load modulation for the Doherty power ampilifier
arrangement 200. In comparison to prior art, the characteristic impedance of these four
transmission lines are very low, e.g. 1~6 Ohm.

The transmission lines coupling the drains of two sub-amplifiers, i.e. the main/carrier
amplifier and the peaking amplifier, are TLIN1, TLIN2 and TLN4, which are the harmonic
load modulation transmission lines. According to some embodiments, the first transmission

line TLIN1 has a characteristic impedance of Z,, the second transmission line TLIN2 has a
characteristic impedance of Z, - ,/VSWR/r, the fourth transmission line TLIN4 has a

characteristic impedance of Z, - VVSWR - r. The first, second and fourth transmission lines
are combined to realize an impedance conversion such that the output terminal of the power
amplifier arrangement 200 has a characteristic impedance of Z,,, = Z, - r, which is much
lower than 50 Q, and the off-state output impedance of the second sub-ampilifier is increased
with a ratio of VSWR - r, wherein r is a power ratio of the second sub-amplifier to the first
sub-amplifier, and VSWR is mismatch Voltage Standing Wave Ratio (VSWR) which equals to
(r+1).

These three single section quarter wave lines are combined together to realize
impedance conversion to Z,,,, while reducing the impedance transformation ratio. This
impedance conversion is targeting to accommodate the other impedance happening in the
second/peaking path so that high off-state impedance may be obtained. They will result in a
common node impedance of Zm = Z, - r by being parallel with the peaking path. Therefore,

the common node impedance of the present embodiments is the same as the load
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impedance so that it can save a real-to-real impedance transformer in comparison to the
prior arts.

In the second/peaking path, there is a special single section quarter wave line TLIN2

with characteristic impedance of Z, - ./ VSWR/r. This is to enhance off-state impedance for
the peaking sub-amplifier, because it converts a Z, /r value into Z—r" (VSWR - 1), which

indicates it is (VSWR - r) times higher than that value in prior arts. Since VSWR>2 for
asymmetric Doherty, it indicates at least two times higher than the off-state impedance value
of the prior arts. The benefit of this conversion is that it reduces the first/carrier/main amplifier
power leakage to peaking path due to higher off-state impedance. Hence, the actual
efficiency of the first/carrier/main sub-amplifier is more approaching to the value in ideal case
so that the first carrier/main sub-amplifier efficiency may be enhanced in practice.
Furthermore, this kind of enhancement also facilitates broadband performance with a

reduced impedance transformation ratio.

The third transmission line TLIN3, feeds the power supply Vg4 to the drains of the main
and peaking sub-amplifiers, via the first transmission line TLIN1 and the second transmission
line TLIN2, respectively. The characteristic impedance of the third transmission line is
typically high but otherwise arbitrary. The capacitor Cbp has negligible impedance at RF
frequencies and either blocks DC or provides RF short-circuit termination for the third quarter
wave transmission line TLIN3.

The drain current of the first sub-amplifier 220, i.e. the main/carrier amplifier, which is
class-AB/-B biased, contains a direct current (DC) component, the fundamental and even
order harmonics. Unlike the prior art, the power supply was connected at drain, the power
supply is now fed through a short-circuit load quarter wave length TLIN3 with high
impedance first, and then fed through output matching quarter wave line TLIN1 to the drain

of the first/main/carrier amplifier 220. Therefore, a half wavelength ( A /2) transmission line

TLIN3 +TLIN4 is formed which presents a short-circuit load for the first/main/carrier sub-
amplifier 220 at odd order harmonics.

Therefore, the first and third transmission lines may form a half wavelength
transmission line between an output terminal of the first sub-amplifier 220 and the power
supply Vg4, such that a short-circuit load is presented at the output terminal of the first sub-
amplifier 220 for odd order harmonics.

However, at the drain of the first/main/carrier sub-amplifier 220, the even order
harmonic exhibits an open-circuit terminated due to the second and fourth transmission lines

TLIN2 + TLIN4 half wavelength line. Then the first/main/carrier amplifier 220 would behave
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like a class-F' mode rather than a class-B mode. So the second and fourth transmission
lines TLIN2,TLIN4 may form a half wavelength transmission line such that an open-circuit
load is presented at the output terminal of the first sub-amplifier 220 for even order
harmonics.

The second/peaking sub-amplifier 230, on the other hand, has a class-C bias, and its
drain current contains both even and odd order harmonics, as well as the fundamental and
DC component. Unlike the main/carrier amplifier, the odd order harmonics of the peaking
amplifier cannot be shunted to ground by a A /2 transmission line nearby but the even order

harmonics are shunted to ground via TLIN2+TLIN4 +TLIN3, which is a 3* A /4 transmission

line. Hence, the peaking amplifier 230 is short-circuit terminated at all harmonics and means
that no harmonics appear at the power amplifier arrangement 200 output terminal 260.
Therefore, the second, fourth and third transmission lines TLIN2, TLIN4, TLIN3 may
form a three-quarter wavelength transmission line between an output terminal of the second
sub-amplifier 230 and the power supply V44, such that a short-circuit load is presented at the

output terminal of the second sub-amplifier 230 for both even and odd order harmonics.

The load modulation network 240 completes an impedance transformation from the
output terminals of the first and second ampilifiers 220, 230 to specific low impedance Z,, for
fundamental load modulation at the junction node, i.e. the second interconnection node 260
or the output terminal of the power amplifier arrangement 200. The fundamental component
of both sub-amplifiers will be sum up and fundamentally load modulated with the assist of the
fourth transmission line TLIN4 as impedance inverter in a classic Doherty PA.

Then a broadband impedance transformer may be used to transform the low output
impedance to typical load impedance, e.g. 50Q. The broadband impedance transformer may
be placed after the Doherty PA summing node, which is not limited to use the same
technology of the output matching network of Doherty PA. Before the impedance transformer,
there may be an offset line with the same input impedance of the broadband impedance
transformer. The function of it is to place a transmission line of electrical length 9 in series
with the broadband impedance transformer. This tuning may be used to compensate for the
inability to accurately predict the optimum 0 offset value, and to effectively adjust it as
required to compensate for changes in other circuit characteristics.

Therefore, according to some embodiments, the power amplifier arrangement 200
further comprises an impedance transformer 270 to transfer the lower output impedance of
the power amplifier arrangement 200 to 50 Q. Cyk is the AC-coupling capacitor to provide DC

isolation to the final load.
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At the fundamental frequency, the first/main/carrier amplifier and second/peaking
amplifier interact in a Doherty way so that the first, second and fourth transmission lines
impedance Z, and Z,, Z,, are set to a proper ratio of an intermediate load impedance Z,, at
the second interconnection node, that is the input impedance of the broadband impedance
transformer 270. All the odd order harmonics of the first/main sub-amplifier 220 are locally
shunted to ground via the third transmission line TLIN3. Because the even order harmonics
from the second/peaking sub-amplifier 230 flow through TLIN2, TLIN4 and TLIN3, the even
order harmonic standing waves are established on TLIN1 at the drain of the first/main sub-
amplifier 220. These even order harmonics “square” the main amplifier drain current
waveform due to the kind of harmonic load modulation effect.

In practice, limited harmonic orders will be counted. Since the 2nd and the 3rd order
harmonics are the strongest and most practical ones, they are considered in concept
verification and comparison with the prior art.

Table 1 lists the comparison with the prior art features to show the key differentiations

between the present embodiments and the prior art.

Table 1
Prior art Present

embodiment
Class of main amplifier after harmonic load modulation | Class-F Class-F’
Even harmonic @ Drain of main amplifier Short Open
Odd harmonic @ Drain of Main amplifier Open Short
Even harmonic @ Final output Short by A /4 Shortby 3 A /4
Odd Harmonic @ Final Output Short by A /2 Short by A /2
Wavelength to Short Even Harmonic A4 31/4
Wavelength to Short Odd Harmonic A2 A2
Use separated fundamental and harmonic load NO YES
modulation schemes?
Use quarter wave impedance matching? NO YES

Figure 3 shows an example implementation of the Doherty power amplifier 200 with
impedance parameters in low-power and high-power modes respectively, where Zy=1.25
Ohm, r=1.6, VSWR=2.6, Z,,=2 Ohm and Z, =50 Ohm. Z; is the characteristic impedance of
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the first transmission line, r is the peaking to main power amplifiers power ration, for
asymmetric Doherty PA, r>1. VSWR denotes Mismatch Voltage Standing Wave Ratio which
equals to (r+1), VSWR>=2. Z, is the final output load impedance which is typically 50 Ohm.
Z. is the intermediate load impedance at junction node which is typically very low value e.g.
1~6 Ohm.

It should be noted here that Z,, has a particular relationship to Z, and r values with Z,,,
=Zy*r=1.25%1.6=2.

In Figure 3, Zmoa @nd Z,,; denote the output impedance seen from the drain of the main
sub-amplifier in low-power and high-power modes, respectively.

Zyr and Z' o, denote the output impedance seen from the drain of the peaking sub-
amplifier in low-power and high-power modes, respectively.

Assume Zy approaches to zero impedance, which indicates the scenario that is

suitable to use inverted Doherty PA topology.

To summarize, according to embodiments herein, some advantages of the Doherty
power amplifier 100 include:

It provides broadband fundamental and harmonic load modulation at the same time to
boost efficiency without any traditional harmonic termination schemes by using very low
impedance combination and singular broadband impedance transformer. The load
modulation network is used to enhance the off-state impedance for the peaking amplifier by
special arrangement for impedance transformers. The impedance relations between the
transmission lines in the load modulation network guarantee much easier matching the
output impedance seen from the drain of carrier/main amplifier in low-power and high-power
modes, i.e. Znoq and Zg,, and the output impedance seen from the drain of the peaking
amplifier in low power and high-power modes, i.e. Z,s and Z',,, simultaneously in a single
output matching network.

It highly uses the 2" harmonic rather than the 3™ harmonic in prior art to take full
advantage and more obvious efficiency enhancement. Usually, the even harmonics,
especially the 2" harmonic may contribute a lot for harmonic termination. However, it was
shorted to ground in prior art. It would be a kind of waste of resource.

It incorporates the broadband harmonic load modulation network and the output
matching networks together for a compact Doherty PA design. By using this topology, the
offset line after the main/carrier amplifier may be completely removed so that compact design
can be realized. Also the impedance inverter can be partially absorbed by the output
matching network of the peaking amplifier which can minimize the size of the Doherty

amplifier implementation.
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The embodiments herein may be applied to even Doherty, uneven Doherty, symmetric

Doherty, asymmetric Doherty, inverted Doherty and multistage Doherty power amplifers.

The Doherty power amplifier arrangement 200 according to the embodiments herein
may be employed in various electronic circuits or apparatuses. Figure 4 shows a block
diagram for an electronic circuit or apparatus 400. The electronic circuit or apparatus 400
comprises a Doherty power amplifier arrangement 200. The electronic circuit or apparatus
400 may be a transmitter or a transceiver in a cellular communications system/network. The
electronic apparatus 400 may comprise other units, where a memory 420, a processing unit
430 are shown. The electronic apparatus 400 may be a user equipment or a mobile device, a

wireless communication device, a radio base station for a cellular communication system.

Those skilled in the art will understand that the Doherty power amplifier arrangement
200 according to embodiments herein may be implemented by any semiconductor

technology.

When using the word "comprise" or “comprising” it shall be interpreted as non- limiting,
i.e. meaning "consist at least of".

The embodiments herein are not limited to the above described embodiments. Various
alternatives, modifications and equivalents may be used. Therefore, the above embodiments
should not be taken as limiting the scope of the embodiments herein, which is defined by the

appended claims.
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CLAIMS

1. A Doherty power amplifier arrangement (200) comprising:
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a splitter network (210) configured to split an input signal into a first input
signal (211) and a second input signal (212);

a first amplifier path comprising at least a first sub-amplifier (220) configured
to amplify the first input signal and a first output matching network (221);

a second amplifier path comprising at least a second sub-amplifier (230)
configured to amplify the second input signal and a second output matching network
(231); and

a load modulation network (240); wherein the load modulation network (240)
comprises:

a first transmission line (TLIN1) coupled between the first output

matching network (221) and a first interconnection node (250);

a second transmission line (TLIN2) coupled between the second

output matching network (231) and a second interconnection node (260);

a third transmission line (TLIN3) coupled between the first
interconnection node (250) and a power supply (V44); and
a fourth transmission line (TLIN4) coupled between the first

interconnection node (250) and the second interconnection node (260);

wherein each transmission line is a quarter wavelength line at a fundamental

frequency of the input signal, and the second interconnection node (260) is

an output terminal of the power amplifier arrangement (200).

2. The power amplifier arrangement (200) according to claim 1, wherein the first

transmission line (TLIN1) has a characteristic impedance of Z,, the second
transmission line (TLIN2) has a characteristic impedance of Z, - VSWR /7, the fourth
transmission line (TLIN4) has a characteristic impedance of Z, - VVSWR - r, and

wherein the first, second and fourth transmission lines are combined to realize an
impedance conversion such that the output terminal of the power amplifier
arrangement has a characteristic impedance of Z,,, = Z, - r, which is much lower than
50 Q, and the off-state output impedance of the second sub-amplifier is increased with
a ratio of VSWR - r, wherein r is a power ratio of the second sub-amplifier to the first
sub-amplifier, and VSWR is mismatch Voltage Standing Wave Ratio (VSWR) which

equals to (r+1).
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The power amplifier arrangement (200) according to any one of claims 2-3 further
comprising an impedance transformer to transfer the lower output impedance of the

power amplifier arrangement to 50 Q.

The power amplifier arrangement according to any one of claims 1-3, wherein the first
and third transmission lines form a half wavelength transmission line between an
output terminal of the first sub-amplifier and the power supply, such that a short-circuit
load is presented at the output terminal of the first sub-amplifier for odd order
harmonics, and the second and fourth transmission lines form a half wavelength
transmission line such that an open-circuit load is presented at the output terminal of

the first sub-amplifier for even order harmonics.

The power amplifier arrangement according to any one of claims 1-4, wherein the
second, fourth and third transmission lines form a three quarter wavelength
transmission line between an output terminal of the second sub-amplifier and the
power supply, such that a short-circuit load is presented at the output terminal of the

second sub-amplifier for both even and odd order harmonics.

An electronic circuit comprising a power amplifier arrangement according to any one of

claims 1-5.

An electronic apparatus comprising a power amplifier arrangement according to any

one of claims 1-5.

The electronic apparatus according to claim 7, wherein the electronic apparatus is a

wireless communication device for a cellular communication system.

The electronic apparatus according to claim 7, wherein the electronic apparatus is a

radio base station for a cellular communication system.
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