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The aim of the present paper is to highlight the possible benefits coming from the use of the GaN high electron-mobility tran-
sistor (HEMT) technology in the Doherty power amplifier (DPA) architecture. In particular, the attention is focused on the
capabilities and the relevant drawbacks of a GaN HEMT technology when designing DPAs. A deep discussion of the DPA’s
design guidelines is also presented through the realization of three prototypes implementing different design solutions and
working at 2.14 GHz. The first example is a tuned load DPA (TL-DPA), which show an average drain efficiency of 40.7%
with 3 W of saturated output power in the obtained 6 dB of output back-off. The second DPA was designed implementing
a class F harmonic termination for the main device, which allows an improvement of roughly 15% in output power and effi-
ciency behavior with respect to the TL-DPA. The last DPA was realized implementing a single output matching network for
both main and auxiliary devices, which allows a relevant reduction in the size of the resulting DPA, without downgrading the
overall performances.
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I . I N T R O D U C T I O N

Nowadays, the companies working in the communication
market need to constantly increase the number of customer’s
services to boost their offers. From the engineering point of
view, to face this challenge, it becomes mandatory to increase
the data rate transmission and thus to use digital modulated
signals like CDMA-2000, WCDMA, OFDM, etc. [1]. Therefore,
due to the high peak-to-average power ratio (PAPR) shown by
such signals, the RF transmitter, and in particular the power
amplifier (PA), has to be able to amplify signals with
significant time-varying envelope, maintaining its efficiency
and linearity levels as higher as possible for the whole signal
dynamic range. Consequently, to fulfill the increasing
market requests, the research activities have been focused on
different solutions to develop more efficient PAs able to
operate with time-varying envelopes signals. In these cases,
in fact, the instantaneous efficiency, typically optimized for
the peak envelope power level, becomes less significant as
compared with the average efficiency, defined as the ratio
between average output power and average supplied DC
power [2–4]. Therefore, the key issue in modern PA design
is to develop techniques capable to improve the average effi-
ciency [4]. Clearly, the latter depends on both the PA instan-
taneous efficiency and the signal probability density function,
i.e. the relative amount of time spent by the input signal envel-
ope at different amplitudes. Therefore, to obtain high average
efficiency when time-varying envelope signals are used, the
PA should work at the highest efficiency level in a wide

range of its output (i.e. input) power. This requirement
could be satisfactorily fulfilled by the Doherty power amplifier
(DPA), as shown in Fig. 1, where its theoretical efficiency
behavior is reported [5, 6]. The region with almost constant
efficiency identifies the DPA output back-off (OBO) range,
and it is fixed according to the PAPR of the signal to be
amplified.

On the other hand, the requirement for high power, for
instance in base station applications, necessitates transistors
with high power density, large breakdown voltage, and high
thermal capability. In this context, the research investigations
on materials with large energy gap brought to the develop-
ment of III–V devices with very attractive characteristics [7,
8]. In particular, the combination of the wide bandgap prop-
erty of GaN technology and the availability of the AlGaN/GaN
heterostructure brought the GaN high electron-mobility tran-
sistors (HEMTs) to be a serious candidate to replace actual
solid state devices in application where high-power and high-
efficiency operation is needed [9]. With this combination, in
fact, high voltage, high current, and low on-resistance can
be simultaneously achieved. A space qualification is also
expected in the near future and several efforts are concen-
trated to improve such a strategic technology. The use of
GaN allows also a strong reduction in the active area required
to achieve a fixed output power level as compared with GaAs
technology; thus, for instance, reducing also the combining
structures and their related unavoidable losses [9].

In this contribution, the possible benefits coming from
both the use of GaN HEMT technology and the implemen-
tation of DPA architecture in the next generation of wireless
systems are evaluated. In particular, the capabilities and the
relevant drawbacks of a GaN HEMT technology [10] when
designing DPAs are highlighted throughout several exper-
imental results. Moreover, a deep discussion of the DPA’s
design guidelines is also presented.
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I I . G A N H E M T D E V I C E

The active devices used in the following have been fabricated
by SELEX Sistemi Integrati with their standard Co-planar
Waveguide GaN-HEMT processing technology, based on a
GaN/AlGaN/GaN epitaxial layer structure deposited on a
semi-insulating SiC substrate [10]. Device fabrication technol-
ogy is based on Stepper lithography, except for the Gate defi-
nition, based on electron beam lithography (EBL). Drain and
source ohmic contacts were obtained by metal deposition (Ti/
Al/Ni/Au) and subsequent high-temperature rapid thermal
processing (over 850 8C). Subsequently, the wafer surface is
passivated using SiN plasma-enhanced chemical vapor depo-
sition for surface protection, while the active device isolation is
achieved by means of fluorine ion implantation. The Gate elec-
trode is then formed basing on a double step EBL process, to
provide a “G” shape to the Gate metallization with a length of
LG ¼ 0.5 mm. The deposition of SiN layer has been optimized
to minimize the carrier trap concentration at the interface with
the semiconductor. Moreover, the G-Gate geometry has been
optimized to obtain the desired compromise between device
breakdown and high-frequency RF gain [10]. The wafer fabri-
cation is finally completed with Ti/Pt/Au overlay interconnec-
tion and Au-plated for lines, pads, and air bridges to provide
the discrete devices in coplanar system. Figure 2 shows a photo-
graph of the active device used to design the all DPAs reported
in the following.

I I I . D E S I G N G U I D E L I N E S F O R D P A

The modern DPAs are usually implemented by a proper com-
bination of two active devices designed to operate as a class AB
(Main) and as a class C (Auxiliary) power stage, respectively.
Both PAs are connected at the output through a quarter-wave
transmission line (l/4 TLine), as shown in Fig. 3, with the aim
to properly exploit the active load modulation concept per-
formed by the Auxiliary amplifier on the Main one [5, 11,
12]. Moreover, to further increase the DPA efficiency per-
formance, harmonic tuning strategies could also be adopted
[6, 13], while to improve its linearity a baseband digital predis-
tortion is usually implemented [14].

In any case, the behavioral analysis of DPA can be per-
formed considering two different operating conditions [11]:

– low power, i.e. before the Auxiliary device is turned on,
which is referred as break point condition;

– medium power, when both devices are active, referred as
Doherty region.

In order to infer useful design relationships and guidelines,
simplified models are assumed for the DPA elements. In par-
ticular, the passive components (l/4 TLine and power splitter)
are assumed to be ideally lossless, while for the active device
(in the following assumed as a FET type) an equivalent linear-
ized model is assumed, as shown in Fig. 4. It is represented by
a voltage-controlled current source, while for simplicity any
parasitic feedback elements are neglected and all the other
ones are embedded in the matching networks.

The device output current source is described by a constant
transconductance (gm) in the saturation region, while an ON
resistance (RON) is assumed for the ohmic region, resulting
in the output I–V characteristics shown in Fig. 5.

In the DPA design, the device parameters to be considered
are the maximum achievable output current (IMax), the con-
stant knee voltage (Vk), and the pinch-off voltage (Vp).

Usually, accounting for the PAPR of the system in which
the DPA will be used, its design starts fixing the OBO value,

Fig. 2. Photo of the active device used.

Fig. 1. Theoretical efficiency behavior of a DPA.

Fig. 3. Typical DPA architecture.

Fig. 4. Simplified model of the active device.
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defined as

OBO =
Pout,DPA|x=xbreak

Pout,DPA|x=1

= Pout,Main|x=xbreak

Pout,Main|x=1 + Pout,Aux|x=1
,

(1)

where the subscripts are used to refer to the entire DPA or to
the single amplifiers (Main and Auxiliary respectively).
Moreover a parameter x (0 ≤ x ≤ 1) is used to identify the
dynamic point in which those quantities are considered. In
particular x ¼ 0 identifies the quiescent state, i.e. when no
RF signal is applied to the input, while x ¼ 1 identifies the sat-
uration condition, i.e. when the DPA reaches its maximum
output power level. Similarly, x ¼ xbreak identifies the break
point condition, i.e. when the Auxiliary amplifier is turned on.

Assuming a bias voltage VDD, and assuming a tuned load
configuration for both amplifiers, i.e. a short circuit loading
condition for the impedances at harmonic frequencies, the fol-
lowing consideration can be done:

– the drain voltage amplitude of the Main device is equal to
VDD 2 Vk both for x ¼ xbreak and x ¼ 1 as also highlighted
by the load curves A and C reported in Fig. 6, respectively;

– the same amplitude value is reached by the drain voltage of
the Auxiliary device for x ¼ 1, as shown by the load curve
“C” in Fig. 6.

Consequently the output powers delivered by the Main and
Auxiliary amplifiers in such peculiar conditions become

Pout,Main|x=xbreak
= 1

2
(VDD − Vk)I1,Main|x=xbreak

, (2)

Pout,Main|x=1 = 1
2

(VDD − Vk)I1,Main|x=1, (3)

Pout,Aux|x=1 = 1
2

(VDD − Vk)I1,Aux|x=1, (4)

where the subscript “1” is added to the current in order to
refer to its fundamental component.

Now, exploiting the constitutional equation of the output
l/4 TLine and above all, remembering that the current on
one side is a function of the voltage on the other side only
(i.e. VDD 2 Vk that is constant in the Doherty region), it is
possible to write [11]

VL|x=xbreak
= (VDD − Vk)

I1,Main|x=xbreak

I1,Main|x=1
= a(VDD − Vk), (5)

where a defines the ratio between the currents of the Main
amplifier at x ¼ xbreak and x ¼ 1. Moreover, considering the
matching network lossless, the voltage VL is the one across
RL and its value at the saturation (x ¼ 1) has to be equal to
VDD 2 VK. As a consequence, the following relationship rises:

a(VDD − Vk)
I1,Main(x=1)

∣∣∣∣
x=xbreak

= RL

= (VDD − Vk)
I1,Main(x=1) + I1,Aux(x=1)

∣∣∣∣
x=1

.

(6)

Therefore, from the previous equations it follows:

I1,Aux x=1 = 1 − a

a
I1,Main

∣∣∣ ∣∣∣
x=1

. (7)

Finally, substituting (2)–(4) in (1) and accounting for (7),
the following relationship can be derived:

OBO = a2, (8)

Fig. 5. I–V output characteristics of the simplified model.

Fig. 6. Evolution of the load curves for both DPA active devices.
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which demonstrates that, selecting the desired OBO, the ratio
between the Main amplifier currents for x ¼ xbreak and x ¼ 1
is also fixed as well as the ratio between the Main and
Auxiliary fundamental current components.

Once again, since the DPA maximum output power value
is usually fixed by the application requirements, it represents
another constraint to be selected by the designer. Such
maximum output power is reached for x ¼ 1 and it can be
estimated by the following relationship:

Pout,DPA

∣∣
x=1 = Pout,Main + Pout,Aux

( )∣∣
x=1

= 1
a

1
2

(VDD − Vk)I1,Main

∣∣
x=1,

(9)

which can be used to derive the maximum value of fundamen-
tal current component of Main device (I1,Main|x¼1), once its
drain bias voltage (VDD) and the device knee voltage (Vk)
are fixed.

Finally, knowing the I1,Main|x¼1 value, it is possible to
compute the values of RL by (6) and the required characteristic
impedance of the output l/4 TLine (Z0) by using

Z0 = (VDD − Vk)
I1,Main|x=1

, (10)

which is derived assuming that the output voltage (VL) reaches
the value VDD 2 Vk for x ¼ 1.

Clearly the I1,Main|x¼1 value depends on the Main device
maximum allowable output current IMax and its selected
bias point. The latter can be expressed as a percentage of the
former through the following parameter:

j = IDC,Main

IMax,Main
, (11)

being IDC,Main the quiescent (i.e. bias) current of the Main
device. Consequently, j ¼ 0.5 and j ¼ 0 refer to a class A
and class B bias condition, respectively, while 0 , j , 0.5
identifies a generic class AB bias condition.

Assuming a sinusoidal waveform for the drain current and
performing a Fourier analysis is easy to demonstrate that

I1,Main|x=1 = IMax,Main

2p
uAB − sin (uAB)
1 − cos (uAB/2)

, (12)

being uAB the current conduction angle (CCA) of the Main
output current, achieved for x ¼ 1. Moreover, the bias point
j and the CCA uAB are related by the following relationship:

uAB = 2p− 2 arccos
j

1 − j

( )
. (13)

Manipulating (12), the value of IMax, Main, required to reach
the desired maximum output power, can be estimated once
the bias point j of the Main amplifier has been selected. In
order to proper select the Main device bias point j reducing
the AM/AM distortion, in [12] a figure of merit namely
gain linear factor (GLF) has been introduced. Figure 7
shows the values of j, which theoretically assures the best
GLF, as a function of the selected OBO. This design chart pro-
vides a guideline to select the proper j value, having fixed the
desired OBO of the DPA.

The procedure followed to find the design parameters of
the Main device can also be applied to determine the corre-
spondent values of the Auxiliary one. In particular, it is poss-
ible to demonstrate that the final CCA of the Auxiliary device
(uC) is a function of xbreak value only [6]:

uC = 2 arccos (xbreak). (14)

Thus, once uC is known, the maximum current of the
Auxiliary device (IMax,Aux) can be easily calculated by using
(12), replacing uAB ¼ uC and the subscript Main with Aux,
since the value of I1,Aux|x¼1 should fulfill (7).

Moreover, to assure the right turning on condition of the
Auxiliary amplifier, its output current has to become greater
than zero at x ¼ xbreak. Consequently, to evaluate the xbreak

value, the following transcendental equation has to be numeri-
cally solved:

xbreak uMain − sin uMain( )[ ]|x=xbreak
= a uAB − sin uAB( )( ). (15)

It is obtained by replacing the Fourier expressions of the
fundamental current component of the Main device in the
definition of the parameter a given by (5). As previously high-
lighted, the value of xbreak is calculated once the OBO (i.e. a)
and the Main device bias point (i.e. j) have been fixed.

To determine the Auxiliary device bias condition, a
“virtual” bias current IDC,Aux can be defined, which schema-
tizes the actual bias condition (gate voltage for FET devices)
required to properly control its turning on condition. In par-
ticular, known the IMax,Aux and the corresponding CCA uC,
the (negative) “virtual” bias current can be derived:

IDC,Aux = −IMax,Aux
xbreak

1 − xbreak
. (16)

The latter has been derived imposing that the overall
Auxiliary current is equal to zero at the break point [11].

Figure 8 reports the behavior of the ratio IMax,Aux/IMax,Main

as a function of OBO and for different j values. From the
designer point of view, the maximum currents ratio can be
used as a useful information to choice the proper device per-
iphery or scaling factor.

Fig. 7. Values of j assuring GLF ¼ 0, as a function of the OBO.
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In order to complete the DPA design, the input power
splitter has to be dimensioned. To this purpose, the following
boundary conditions have to be addressed:

– when the Main device reaches the break point condition,
the Auxiliary has to be turned on;

– afterwards, the Auxiliary device has to be driven into its
conduction state to achieve the IMax,Aux value, while assur-
ing that the Main device simultaneously reaches its
maximum current IMax,Main.

In Fig. 9, the computed values for LAux (i.e. the amount of
power delivered to the Auxiliary device with respect to the
total input power) is reported, as a function of OBO and j par-
ameters, assuming for both devices the same values for gm and
Rin.

Figure 9 highlights that large amount of input power has to
be sent to the Auxiliary device, requiring an uneven power
splitting. This aspect dramatically affects the overall gain of
the DPA, which typically becomes 5–6 dB lower if compared
with the gain achievable by using a single amplifier only.

Nevertheless, it has to remark that this largely unbalanced
splitting factor has been inferred assuming a constant gm for
both devices. Such approximation is sufficiently accurate in

the saturation region (x ¼ 1), while becomes unsatisfactory
for low power operation (i.e. small signal). Thus, if the bias
point of Main amplifier j is selected roughly lower than 0.2,
the predicted gain overestimate the gain in actual experimen-
tal conditions.

Once the DPA design parameters have been settled, closed
form equations for the estimation of the achievable perform-
ances can be obtained, as reported in [11].

An example of the inspected theoretical performance of a
DPA designed to fulfill 6 dB of OBO and 4 W as maximum
output power is shown in Fig. 10.

Due to the different bias condition of both devices, the gain
of the overall DPA shows a non-constant behavior, especially
in the Doherty region. This results in a difference between the
selected OBO and the input back-off, which generates an AM/
AM distortion in the overall DPA. As already discussed, its
value can be drastically reduced by selecting the Main bias
point following the GLF (Fig. 7).

In order to further clarify the DPA behaviors, Fig. 11 shows
the fundamental drain currents and voltages for both Main
and Auxiliary devices. These behaviors can be used in the
design flow to verify whether the DPA operates in a correct
way. In particular, the attention has to be focused on the
Main voltage, which has to reach, at the break point (xbreak),
the maximum achievable amplitude (10 V in this example)
in order to maximize the efficiency. Moreover, the Auxiliary

Fig. 9. LAux behavior as a function of OBO and j.

Fig. 8. Ratio between Auxiliary and Main maximum currents.

Fig. 10. Theoretical performances of a DPA.

Fig. 11. Fundamental current and voltage components of Main and Auxiliary.
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current can be used to verify that the device is turned on at the
right dynamic instant. Finally, the designer has to pay atten-
tion if the Auxiliary current reaches the expected value at
the saturation (x ¼ 1), in order to perform the desired modu-
lation of the Main resistance.

The extension of the analysis here reported, including also
harmonic tuning strategies for the Main amplifier, and in par-
ticular a class F approach, was also discussed in [6]. Similarly,
advanced solutions based on different output drain voltage
supplies or accounting on for the RON resistance were also
proposed in ref. [15].

I V . E X P E R I M E N T A L R E S U L T S
U S I N G G A N H E M T

As mentioned in the introduction, the combination of DPA
architecture and the GaN technology should allow to satisfy
the power, efficiency, and linearity requirements of the next
generation of wireless systems.

The DPA relationships reported previously represent the
basic guidelines allowing a dramatically reduction in the
“time to market” design, since all the design parameters and
the achievable performance are known once the active
device technology is chosen.

The derived formulation has been used to design several
DPAs using a GaN HEMT technology provided by Selex-SI.
All circuits are realized in hybrid technology for UMTS appli-
cations (center frequency 2.14 GHz) and have been designed
in order to obtain 6 dB of OBO (a ¼ 0.501).

The adopted active device, for both Main and Auxiliary
amplifiers, is a GaN HEMT, 10 × 100 mm gate fingers,
0.5 mm gate length, resulting in 1 mm of gate periphery. It
has been in house characterized by using both static DC and
pulsed I–V measurements, together with S-parameters
measurements. A nonlinear model has been developed and
validated through load pull measurements by using the equiv-
alent circuit approach proposed in [16]. The resulting output
characteristics are depicted in Fig. 12.

From this figure, it can be easily inferred a knee voltage of
Vk ¼ 2.4 V, a pinch-off and built-in voltages of Vp ¼ 26.5 V
and Vbi ¼ 0 V, respectively, and a maximum output current of
IMax ¼ 0.93 A. Moreover, the device presents a power gain
estimated by simulation for a class A bias condition of GA ¼

14.9 dB, for the selected drain bias voltage VDD ¼ 15 V.

Once the limits of the device active region have been ident-
ified, using the derived formulas it is very easy either to deter-
mine the DPA design parameters or to evaluate the achievable
performance. In this case, since only one periphery was avail-
able, the design started fixing the maximum current of the
Auxiliary device equal to IMax ¼ 0.93 A.

The first example is a tuned load DPA (TL-DPA), reported
in Fig. 13, implementing short circuit condition at harmonic
frequencies for both active devices.

The impedances seen across the intrinsic nonlinear current
sources of both Main and Auxiliary devices, obtained through a
full nonlinear simulation, as compared with the theoretical ones
inferred from the simplified analysis, are depicted in Fig. 14.

As can be noted, in this kind of GaN device, the intrinsic
output resistance is not negligible and its effect has to be
accounted in the load modulation phenomenon. Consequently,
for the Main device it becomes critical to simultaneously fulfill
the theoretical load conditions at the break and at the saturation
points. If the load value at break point is fulfilled (in this case
77 V), then in saturation the resulting load becomes higher
than the theoretical expected (i.e. 43 V instead of 38.5 V), so
reducing the current swing and the final achievable output
power. On the contrary, fulfilling the condition in saturation
(38.5 V) the final maximum output power can be achieved,
while the load value at the break point will be lower as expected
(i.e. 84 V instead of the required 77 V). Clearly the second sol-
ution is most convenient in terms of achievable output power,
and thus was preferred in this example, as evidenced in Fig. 14.

The comparison between the continuous wave (CW)
measured performance and the simulated ones are reported
in Fig. 15.

Fig. 12. Output DC I–V characteristics of the used active device.

Fig. 13. Photo of the realized GaN TL-DPA.

Fig. 14. Intrinsic load impedances of Main and Auxiliary devices.
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In the obtained 6 dB of OBO, an average drain efficiency of
40.7% is achieved with 3 W of saturated output power.

In Fig. 15 are also reported the comparisons of the DC cur-
rents of both devices. It is interesting to highlight the role
could have this kind of measurement in an experimental
evaluation of DPA behavior. Since the DC currents supplied
to the two devices can be easily measured, their comparisons
with the expected values can put into evidence how close the
realization of the amplifier and the original design are.
Moreover, both the bias level of the Main amplifier and the
turning on point of the Auxiliary device can be properly
adjusted to overcome two practical issues: the uncertainty
on the actual value of device pinch-off voltages and the lack
of information related to the behavior of the Auxiliary
device in its off condition.

The second DPA was designed implementing a class F har-
monic termination for the Main device (F-DPA), based on the
same active devices [6]. This approach was useful to highlight
which are the differences in terms of design relationships and
expected performances when a tuned load or class F harmonic
termination is used to build a Doherty amplifier. In fact, when a
tuned load solution is considered, all the harmonic components

of the output current are short-circuited with the aim to shape a
purely sinusoidal waveform for the resulting output voltage.
Conversely, in high-frequency class F approach (i.e. considering
only the first three harmonics), the harmonic components of
the device output current are properly terminated in order to
square the resulting output voltage, i.e. in order to generate
the voltage harmonic components with suitable phase relation-
ships and amplitude ratios [17]. Moreover, to have a coherent
comparison between the two different approaches (tuned load
and class F), the design and the realization of a 2.14 GHz
class F DPA has been performed by using for both the Main
and the Auxiliary amplifiers the same active devices used in
the TL DPA design already presented in [12].

The photo of the realized class F DPA is reported in Fig. 16.
The CW measured performance is reported in Fig. 17 com-

pared with the simulated ones. As can be seen, in the Doherty
region, an average drain efficiency of 50% has been registered
while achieving a saturated output power of 3.2 W.

Moreover, Fig. 18 shows the comparison between the
measured performances of the TL-DPA and the class F-DPA
as a function of the output power. As can be noted, the class
F-DPA shows a drain efficiency roughly 15% higher than the effi-
ciency of the TL-DPA, as expected with a class F approach [17].

The last DPA here reported has been realized implement-
ing a different solution to design a more compact uneven
TL-DPA. The proposed solution allows the possibility to dra-
matically reduce the size of the resulting DPA, by using a
single output matching network for both Main and
Auxiliary devices, without limiting the DPA operating criteria
[18]. A photo of the realized DPA is reported in Fig. 19.

This DPA was also tested with complex modulation, and in
particular using a 3GPP WCDMA signal at 2.14 GHz with
4 MHz of relative bandwidth and 7.4 dB of PAPR. Figure 20
shows the input and output power spectral density at
27.7 dBm of average input power. As can be seen from the

Fig. 15. Measurements of the realized TL-DPA compared with the simulations.

Fig. 16. Photo of the realized GaN class F-DPA.
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picture, the power in the adjacent channel is roughly 20 dB
lower than the power in the operating band.

V . C O N C L U S I O N

In the present paper, the features of GaN HEMT technology
and DPA architecture have been investigated, as a possible
answer for the requirements of the next generation of wireless
systems. In particular, the attention has been focused on the
capabilities and the relevant drawbacks of a GaN HEMT tech-
nology when designing DPAs. A discussion of the DPA’s
design guidelines has also been presented through the

Fig. 17. Comparison between the simulated and measured performances of the class F-DPA.

Fig. 18. Comparison between the measured performances of the TL-DPA and
the class F-DPA.

Fig. 19. Photo of the realized DPA.

Fig. 20. Measured output spectra for 3GPP WCDMA signal.
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realization of three prototypes implementing different design
solutions and working at 2.14 GHz. The first example was a
tuned load DPA which showed an average drain efficiency
of 40.7% with 3 W of saturated output power in the obtained
6 dB of OBO. The second DPA was designed implementing a
class F harmonic termination for the Main device, based on
the same active devices. In this case, the relevant differences
between the two approaches have been reassumed, showing
an improvement of roughly 15% in output power and effi-
ciency behavior of class F DPA towards TL DPA. The last
DPA has been realized implementing a single output match-
ing network for both Main and Auxiliary devices, which
allows a relevant reduction in the size of the resulting DPA,
without deteriorating the DPA performances.
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