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ABSTRACT This paper proposes a design method to minimize the phase distortion (AM/PM) in gallium
nitride (GaN) power amplifiers (PAs) without significantly worsening other key features such as efficiency,
amplitude distortion, and gain. The design strategy consists in the adoption of a smart two-stage architecture,
in which the driver stage is devised to act as a sort of “analogue AM/PM predistorter” for the final one.
Accounting for the actual trend in PA solutions, the proposed approach has been fine-tuned to implement a
two-way class AB PA and a Doherty PA (DPA) for backhaul radio links. Both circuits, realized on the same
0.25-um GaN technology and in monolithic form, have fully been characterized with continuous wave and
modulated signals. At 7 GHz, the DPA shows 38 dBm of saturated output power and less than 3° of phase
distortion with a power-added efficiency (PAE) higher than 41% in 6 dB of power back off. The class AB
PA achieves almost the same level of saturated output power and maximum PAE, with an inevitable lower
efficiency in back-off operation, whereas the registered AM/PM is lower than 1.5°. Moreover, when tested
with modulated signals, at 32 dBm of average output power and without any digital predistortion, the DPA
shows a spectral regrowth of around 36 dBc and a PAE of 40%, whereas the class AB PA achieves 40 dBc

and 30%, respectively.

INDEX TERMS GaN class AB PA, DPA, linearity, AM/PM, efficiency.

I. INTRODUCTION

In the design of a power amplifier (PA), the efficiency ver-
sus linearity trade-off is a critical aspect. The former is
usually maximized approaching the device saturation oper-
ating condition, whereas the latter is conversely improved
moving towards back-off [1]. At the same time, in almost
every communication system, both linearity and efficiency
are extremely important features. Therefore, a lot of research
effort has been devoting to find suitable PA design strategies
to maximize such trade-off.

From a circuit perspective, and in particular for systems
in which the involved signals show a large peak-to-average
power ratio (PAPR), the Doherty power amplifier (DPA)
architecture has been deeply investigated and successfully
proposed as one of the most suitable solutions [2]-[5]. How-
ever, such architecture presents an inherent worst linearity
as compared to class AB PA, especially in terms of phase
distortion (AM/PM) [6]-[8], which dramatically affects the
spectral regrowth and, moreover, results hard to be compen-
sated by simple predistortion algorithms [9]. Indeed, even if

the AM/AM of a DPA can be shaped to be similar to the one of
a class AB by properly setting the device bias points and the
input splitting ratio, its AM/PM will be always much worse
than the one of the class AB PA [10].

From a technological point of view, Gallium Nitride (GaN)
is undoubtedly the reference technology to implement high
power amplifiers in nowadays systems [11], [12]. The distor-
tion generation mechanisms for such devices have recently
been clarified [10], [13], [14]. In particular, it was demon-
strated that the nonlinear behavior of the device transconduc-
tance (gy,) is the main responsible of the amplitude distortion
(AM/AM), whereas the nonlinear variation of the device
input impedance (Z;;,) is the main responsible of the AM/PM.
Moreover, in [13] is highlighted that the AM/PM tends to
have an opposite behaviour with respect to the AM/AM.

This paper presents a feasible two-stage architecture to
implement GaN PAs with minimal phase distortion. A two-
stage asymmetrical DPA architecture conceived to reduce
the distortion was proposed also in [15]. In such a case,
the linearity improvement was achieved by an adaptively
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control of the driver gate bias. However, to be implemented,
it required an external circuitry (off-chip) and a feedback
loop. Thus, the distortion minimization was obtained at the
expenditure of the circuit complexity. In this paper, we pro-
pose a different approach. The idea is to exploit the driver
stage as a sort of integrated analogue phase predistorter for
the final one, i.e., equalizing the total AM/PM distortion
and, in turn, decreasing the amplifier spectral regrowth. This
means that the linearity improvement is obtained directly
in the designed MMIC, without the need of any additional
circuitry and feedback path, thus resulting in a more simple
and compact amplifier. Moreover, the proposed architecture
can be successfully applied to realize not only DPA but also
standard class AB PA. In order to demonstrate the validity
of the approach, the derived design guidelines are applied to
implement a class AB PA and a DPA on the same 0.25 um
GaN technology available at Qorvo foundry. The MMICs are
conceived for point-to-point RF link applications at 7 GHz,
and their experimental characterization has shown promising
results. Indeed, the DPA has shown 38 dBm of saturated
output power and less than 3° of phase distortion, with a
power added efficiency (PAE) higher than 41% in 6 dB of
power back off. On the other hand, the class AB PA has
shown the same saturated output power with even lower
AM/PM (~1.5°). The maximum value of PAE is around 60%
for both circuits. Also, when tested with Quadrature
Amplitude Modulated signals (QAM), both modules have
shown relevant values of both spectral regrow and PAE.
At 32 dBm of average output power, the DPA achieves 36 dBc
and 40%, whereas the class AB PA reaches 40 dBc and 30%,
respectively.

The paper is organized as follows: the background on
distortion mechanisms in GaN active devices is reported
in SectionIl. Derived design guidelines are proposed in
Section III, whereas their implementation on actual MMICs
is discussed in SectionIV. The experimental results of both
PAs are reported in Section V and the conclusions are finally
drawn in Section VI.

Il. BACKGROUND

Several research studies on distortion generation mecha-
nisms in GaN devices have highlighted that the induced
AM/PM at PA level is mainly related to the variation of
the device input impedance [10], [13]. Starting from this
result, the proposed design strategy aims to provide a fea-
sible architectural solution to realize GaN-based PAs with
minimal AM/PM.

To this purpose, let’s refer to the simplified PA model
reported in Fig. 1 [7], where the active device is simply repre-
sented through a voltage controlled current source (g - Vgsi)s
an input resistance (Rg), and two equivalent capacitors, one
at the input (Cj,) and one at the output (C,,). The other
parasitics elements of the device are embedded in the input
and output matching networks, represented by the impedance
Zs = Rs + jXs and the admittance Y; = G + jBr,
respectively.

9248

i +
Cou | |iBL V1| |Gu

I
Active device | Output
small-signal model matching

I
Signal 1 Input
source | matching |

FIGURE 1. Simplified power amplifier model after Miller approximation.

It is to note that in this representation the device feedback
capacitor (Cgg) has been embedded, by applying the Miller’s
approximation [16], in the input and output equivalent capac-
itors, resulting in:

Cin = Cgs + ng (I + gm/GL)

Cour = Cys + ng (1 +GL/gm) (D
Notably, such equations have been derived considering
A, = vr/vgsi = —gm/GL as voltage amplification. More-

over, since g,,/Gy. is typically much higher than unity, and
that both Cy4; and Cgq show negligible nonlinearities with
respect to the RF power level [13], the output capacitor can
be neutralized all along the input power range by setting
B; = —wC,,s in the output matching network. Thus, the
phase of the output voltage (Zvz) with respect to vg, can be
written as:

Rs +R
Ly = tan_l(s—lg)
XS - @Cin
R R
= = [an_l{ st lg } (2)
Xs —

w(cg.v+cgd+cgd'gm/GL)

Even if this equation can appear oversimplified, it clearly
reveals which are the main causes of the phase distortion
in GaN-Based PAs. Indeed, since the latter is defined as
the variation of the Zvp versus the RF input signal, eqn. (2)
suggests that the sources of AM/PM can be classified in two
distinctive categories [17]:

o Technological, i.e., related to the variation of the device
nonlinear parameters (essentially g,;, Cgua, Cgs and Cyy)
as the RF input power varies.

e Behavioural, i.e., related to the possible variation of the
output conductance, Gz, as for instance in a DPA.

IIl. PROPOSED DESIGN STRATEGY
From a circuital perspective, previous results bring to the
following considerations:

« In fixed load PAs, such as class AB, the output load-
ing condition is fixed (G = Gi,gp) along the whole
RF input signal range. Thus the AM/PM distortion is
mainly ascribed to the technological sources.

o In modulated load PAs, such as DPAs, where the output
conductance (Gr) of the Carrier device is modulated
from G opi/2 t0 G gp, also the behavioural source
plays a relevant role, due to the presence of the term
Ced - gm/GL in (2).
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FIGURE 2. Two-stage PA with AM/PM compensation.

However, regardless of the PA principle of operation, i.e.,
based on either fixed or modulated output load, the adoption
of a two-stage architecture can aid to realize a power amplifier
with minimal phase distortion. In particular, the driver stage
can be devised to act as a sort of “ AM/PM compensator”
for the final one. At the same time, accounting for the
PA principle of operation, different expedients can be adopted
to fine-tune the driver stage, in order to avoid significant
drawbacks onto the other key features of the PA.

A. FIXED LOAD PAs

From a mathematical point of view, the sensitivity of func-
tion tan—'(-) in (2) is maximal when the denominator of
its argument is close to zero. Unfortunately, such situation
arises when the input conjugate matching condition is ful-
filled, thus, representing the worst case in terms of phase
distortion. Indeed, since Cj, varies with the applied input
power whereas X is fixed, if the condition Xg = 1/wCj, is
verified even for one input power level (for instance realizing
the small-signal conjugate matching condition), the induced
AM/PM variation is maximized while the input power is
changing. Therefore, the AM/PM of a fixed load PA could
be mitigated by desensitizing the function tan~!(-) through a
suitable mismatch at the input section of the active device,
i.e., assuring that the denominator of (2) remains different
from zero inside the entire input power range, while showing
a proper smooth behaviour. However, this solution can lead
to unacceptable gain penalty in a single stage PA. On the con-
trary, by adopting a two-stage architecture, as schematically
depicted in Fig.2, a better trade-off between linearity and
power added efficiency (PAE) can be realized. Notably, the
AM/PM introduced by the final device can be minimized mis-
matching its input through the interstage matching network
(IsMN), whereas the related gain reduction can be recovered
thanks to the presence of the driver stage. Moreover, since
the latter usually operates in almost linear condition, thus
with a minimal variation of Cj,, a conjugate matching con-
dition at its input (i.e., through the IMN) can be still pur-
sued. In conclusion, as compared to a single stage solution,
the proposed approach leads to an overall chip, which adds
to the expected higher gain and comparable PAE, a much
lower AM/PM.

B. MODULATED LOAD PAs (DPA)

In such PAs, due to the presence of the term Coy - g1/GL
at the denominator of (2), the impact of the behavioural
sources of distortion is dominant. Indeed, even if the active
device was ideally devoid of non-linearities, (i.., gm, Cga,
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FIGURE 3. Two-stage Carrier and Peaking branches of a DPA with AM/PM
compensation.

Cgs and Cys were constants), the resulting PA would be still
characterized by a remarkable AM/PM [7], [13]. This is also
the reason why DPAs usually show a higher phase distortion
as compared to fixed load PAs [10]. Unfortunately, another
drawback of the DPA is the lower gain typically registered
with respect to comparable class AB PAs [2]. Therefore, the
adoption of the previous solution, i.e., a mismatch through
the IsMN as shown in Fig.2, could result in an unacceptable
overall gain penalty, as for instance experienced in [17].
Nevertheless, also for a DPA, a two-stage architecture can
be successfully implemented to mitigate the AM/PM of the
overall chip. In this case, the driver stage can be tailored
to introduce almost the same AM/PM of the final one, but
with opposite slope, thus achieving, at chip level, an almost
flat AM/PM behaviour, as graphically represented in Fig. 3.
Therefore, as compared to the solution in Fig.2, the gain
penalty due to the lossy IsMN is overcome, while achieving a
further AM/PM mitigation with a proper design of the driver
stage. In fact, in the “Doherty region”, while G y increases
for both Carrier and Peaking devices due to the active load
modulation, the input capacitance of the final stage Cin s
decreases according to (1), leading to an AM/PM with posi-
tive slope [13]. This causes a reduction of the conductance
seen by the driver (G, 4) and, thus, a consequent increase
of the driver’s input capacitance (Cj, 4), that produces an
AM/PM with opposite slope [13]. Therefore, for a two-stage
DPA architecture, the ISMN should be as simple as possi-
ble and, more important, without any impedance inverting
behaviour. Of course, the structure in Fig. 3 has to be adopted
to realize both the Carrier and Peaking branches of the DPA.

IV. DESIGNS
Previous design guidelines have been adopted to implement
a class AB PA and a DPA, whose preliminary simulations
and measurements have been reported in [18] and [19] and
in [20] and [21], respectively. Both circuit are based on
the same technology, a commercial 0.25 um gate length
GaN-on-SiC process. Moreover, in order to make a fair com-
parison between the two solutions, the same carrier frequency
fe = 7GHz and saturated output power level P,,;, = 38 dBm
have been targeted for back-haul applications [22].

The class AB PA was obtained parallelizing two identi-
cal chains of Fig.2. On the contrary, the DPA was realized

9249



IEEE Access

R. Giofré et al.: Design Approach to Maximize the Efficiency Versus Linearity Tradeoff in Fixed and Modulated Load GaN PAs

(55}
A
Gra 82100
\/ x100pm
\
\ G G
L2 <Gr1
. . 2zT5um
S

\; VDS

FIGURE 4. Simplified representation of the optimum load-line for a big
(blue) and a small (red) device for the driver stage.

adopting the scheme shown in Fig. 3 to implement both Car-
rier and Peaking branches, whereas the output combiner was
modified to properly implement the A/4 transformer to pursue
the load modulation [2].

In order to achieve the required output power level, two
8 x 100 um active devices were adopted in the final stage
of both MMICs. The drain bias voltage (Vpp) was fixed
to 28 V. Under this condition, each 8 x 100 um device pro-
vides a maximum output power of roughly 35 dBm, with an
optimum output resistance of about 105 €2. For the design of
the driver stage, a suitable device was selected. In particular, it
was observed that in both architectures, a power level of about
0.6 W (27.7dBm) was required to correctly drive the final
stage into saturation. Such power level could be reached with
a smaller device, about 150m of active periphery, having an
optimum output load of about 500€2. However, since the input
impedance of the final stage is much lower than such value,
an interstage matching network (IsMN) with an extremely
high impedance transformation ratio (i.e., from about 102
to 500€2) would be required, resulting in a narrower band
behaviour and larger occupied area. Thus, to avoid such
drawbacks, the same 8 x 100um device was adopted in the
driver stage of both PAs, whereas their drain bias voltage was
reduced from 28 V to 10V to keep the efficiency as high as
possible. By reducing the drain bias voltage at about one third
without changing the output load Gz, would lead to a power
reduction of about one tenth, thus from 35 dBm to 24.7 dBm.
Consequently, to achieve the power requirement of 0.6 W at
the input of the final stage, the output conductance seen by the
driver device has to be increased. Therefore, besides allowing
the realization of more compact and with larger bandwidth
MMICs, the fact to have a bigger device in the driver stage
also simplifies the implementation of the ““ AM/PM analogue
predistorter” concept. Indeed, as schematically depicted in
Fig. 4, a larger device with reduced drain bias voltage results
in a higher optimum conductance Gy, (blue load-line in the
figure), which further minimize the sensitivity of (2). On the
other hand, since the achievable efficiency for a given device
can be roughly estimated as n = nigear - [1 — (Vk/VpD)],
where 14041 15 the text-book efficiency for a given PA class
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FIGURE 6. Electrical scheme of the DPA.

(e.g., 50% for a class A PA) and V is the knee voltage of
the device, this choice can introduce some efficiency degra-
dation if the Vj of the adopted technology is too high [23].
However, being the efficiency of a two stage PA given by
Nastage = NF/{1 + [nF/(p - Gp)l}, where np and Gp are
the efficiency and gain of the final stage, respectively, and np
is the driver efficiency, the impact of the higher Vi /Vpp value
onto the overall PA efficiency can be assumed to be marginal.
In particular, in the MMICs reported in the following, the
maximum difference between the PAE of the last stage alone
and the one of the overall two stage amplifier is about four
percentage points.

The electrical schemes of both class AB PA and DPA are
depicted in Fig. 5 and Fig. 6, respectively.

From a topological point of view, the two architectures
differ for the input splitter (IS) and output combiner (OC),
highlighted in orange boxes in Fig. 5 and Fig. 6. For the class
AB PA, both IS and OC are simple in-phase structures. The
former is realized through the series inductors L1 and the
shunt capacitor C5, whereas the latter is simply composed
by the dc-blocks C1 and the transmission lines TLO.

Conversely, in the DPA, in order to realize the active
load modulation, the OC includes an impedance inverting
network, the A/4 enclosed in the blue box in Fig. 6, that is
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composed by C1-L1-C1 T-network. Similarly, the IS com-
prises a phase compensation network (PNC, blue box) real-
ized through a simple inductor (L2) in this case. It is needed
to recover the phase shift introduced by the OC network [2].

In the class AB PA, the final devices (Q3 and Q4), were
biased at Vppr = 28V and Vggr = —2.65V, deep
class AB. Their unconditional stability was assured in band
through the series Rs//Cs (1502 // 2pF) block, and out
of band through the parallel Rp — Lp (75 Q2-1.4nH) path
towards the gate bias. Their output matching networks were
designed to attain, at the intrinsic plane of each device, a
fundamental impedance of roughly 105 €2. This condition has
been obtained by resonating the output capacitance through
the biasing stub 7L1, and properly tuning both the dc-block
C1 and the lines TLO (see Fig.5). As previously state, for
the driver stage the same gate periphery (8 x 100um) was
adopted for either Q1 and Q2, but biased at lower drain
voltage Vpp p = 10V and Vgg,p = —2.15 V. Their uncon-
ditional stability was achieved with similar structure Rs//Cs
and Rp — Lp. The interstage matching network was optimized
following the approach described in the previous section, i.e.,
by exploiting the mismatch through the biasing stub TL2
and the capacitance C3 (which acts as dc-decoupling also).
Finally, the input section of the PA was designed fulfilling
the conjugate matching condition at its input. As first step,
a network composed by C4-L1-2C5 (16 pF-1.5 nH-2x10pF)
was optimized to match each device to 100 2. Then, the two
branches were combined through a T-junction, thus resulting
in the 50 €2 input matching.

Referring to Fig. 6, in the final stage of the DPA, the Carrier
device (Q3) was biased in class AB (Vpp,cr = 28V and
VGe.cr = —2.65V), whereas the Peaking one (Q4) in class
C (Vbp,pr = 28V Vgg.pr = —3V). In the driver stage,
the 8 x 100um device in the Carrier branch (Q1) was biased
with Vppcp = 10V and Vgg,cp = —2.15V, whereas
the one in the Peaking branch with Vpppp = 10V and
Vee.pp = —3.65V. The same stabilization network was
adopted. For the interstage network, the biasing stub TL2
and the capacitor C3 were optimised with the aim to exploit
the AM/PM reduction mechanism previously described. In
this case, the length of TL, was properly optimized to avoid
impedance inverting behaviour, thus actualizing the phase
distortion compensating mechanism. At the input, an uneven
splitting was synthesised through the block C4-L2-C4. Since
the input port (RFjy) is placed in front of the Peaking branch,
such network also acts as phase compensator.

The effectiveness of proposed design approaches can be
evaluated looking at Fig.7, where the simulated AM/PM
behaviours of both PAs as functions of the output power back-
off (e.g., 0 dB means maximum output power) are reported.
The upper plot shows the AM/PM behaviours for the class
AB PA when the gate terminal of the device in the final
stage is conjugately matched and when it is mismatched of
about 1dB. As can be noted, in the latter case the AM/PM
is reduced from 11° to just 2°. The lower plot deals with
the DPA design. In particular, it compares the AM/PM
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FIGURE 7. Comparison between the AM/PM of the final stage alone and
the overall chain for the class AB PA (upper) and for the DPA (lower).
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FIGURE 8. PAE of the driver stage and difference between the PAE of the
final stage (PAErs) and of the overall MMIC (PAEy;yc) as functions of
the output back-off.

behaviours of the final stage alone with the one achieved
by the overall active chain. Specifically, the latter shows a
trend similar to the one graphically pointed out in Fig. 3. It
barely increases until the output load of the final stage Gz s
is constant, whereas, when it starts to be modulated, i.e.,
around 6 dB of output back-off, the trend reverses, since the
AM/PM of the driver begins to have an opposite slope as
compared to the one of the final stage. This behaviour clearly
put into evidence the beneficial effect of the driver stage as an
analogue predistorter. Numerically, in this case, the AM/PM
is reduced from 10° to just 3°.

Finally, in order to provide an estimation about the impact
of the driver stage onto the overall MMIC efficiency, Fig. 8
shows the simulated PAE of such stage in both architec-
tures as functions of the output back-off at centre frequency.
In the formula PAE = (Pouwr.p — Pin.p)/PpC.D, the RF
output power (P, p) is evaluated at the input of the stabilized
devices in the final stage, thus including the IsMN losses,
whereas the RF input power (P;, p) and the DC consumption
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TABLE 1. Amplifiers’ bias conditions.

Amplifier Final Stage Driver Stage
Vop,r =28V Vop,p =10V
PA Vea,r = —2.65V Vaa,p = —2.25V
Vbp,cr =28V Vbp,cp =10V
VGG,CF =—-2.65V VGG,CD =-215V
1% =28V V] =10V
DPA DD,PF DD,PD
VGG,PF =-3V VGG,PD =-3.65V

CW Performance @6.8GHz
S 5
3 4t —=—Class AB PA
= 3F —e—DPA
= 2
g1
=0
< 1E
-2 T T T T T T T T
35

30 —e— DPA
—a— Class AB PA

(b)
FIGURE 9. Photo of the realized MMICs: (a) class AB PA; (b) DPA.

(Ppc.p) correspond to the input power of the overall MMIC
(i.e., Pin,.p = Pin,mmic) and the DC power absorbed by the
driver devices themselves. The registered value at saturation
is around 40 % in the DPA and 38 % in the class AB PA,
respectively. In the same figure is also reported the difference
between the PAE of the final stage alone (PAEFs) and the one
of the overall MMIC (PAEyumic). In particular, the former
was calculated considering Pi, rs = Pous,p as input power
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FIGURE 10. Comparison between CW measurements of both amplifiers
at: (a) 6.8 GHz, (b) 7.0 GHz, and (c) 7.2 GHz.

and Pousr,rs = Pour,Mmmic as output power, whereas the DC
power (Ppc, rs) is only the one consumed by the two devices
in the final stage. Therefore, the presence of the driver stage
causes a maximum PAE reduction of about four and three
percentage points in the DPA and class AB PA, respectively.
On the other hand, as compared to an hypothetical amplif-
ier composed by the final stage only, the benefit is twofold in
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TABLE 2. Comparison with other GaN MMIC PAs.

REF Frequency Gain Prnax OBO | PAE@P\ipx | PAE@QOBO | Max. AM/AM | Max. AM/PM
[17] 7GHz 7dB 40 dBm 6dB 46% 33% 1.8dB 13 deg
[24] 5.8-8.8 GHz 10dB 36dBm 9dB 30% 31% 3dB n.d.
[25] 6.35-7.35GHz 11dB | 37.5dBm 7dB 46% 37% 2dB n.d.
[26] 6.7-7.8 GHz 12dB 36dBm 9dB 45% 30% 3dB 25deg
[27] 7GHz 10dB 37dBm 7dB 49% 47% 3dB 10deg
Class AB 7GHz 16dB 38dBm 6dB 60% 41% 2dB 1.5deg
DPA 7GHz 15dB 38dBm 6dB 58% 30% 1dB 3deg
10
39 CW Performance @Sat Corporate PA P 32dBm
'g —e— DPA
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T 38} e ———y —~
5 S
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= 60f E
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FIGURE 12. Measured output spectra of both PAs.
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FIGURE 11. Measured CW performance of both PAs at saturation (a) and
at 6 dB back-off (b), as function of frequency.

both architectures. The AM/PM is reduced of about 80% and
the gain is significantly increased.

V. EXPERIMENTS

The realized MMICs, whose photos are reported in Fig.9,
both 3 x 3mm?, were measured with either continuous
wave (CW) and modulated signals in the targeted bandwidth,
i.e., from 6.8 GHz to 7.2 GHz.
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The CW measured performances of both MMICs, in terms
of Gain, PAE and AM/PM, as functions of output power and
for the lower (6.8 GHz), center (7 GHz), and higher (7.2 GHz)
frequency, are shown in Fig. 10. Red lines plus square refer
to the DPA whereas blue ones plus circle are used for the
class AB PA.

Both chips achieve a saturated output power of about
38 dBm, whereas the PAE peak is always higher than 60%
and 55% for the class AB PA and the DPA, respectively.
Such PAE trend is, instead, opposite at 6 dB back-off, where
the PAE of the DPA is always higher than 41%, whereas for
the other is around 30%. Saturated output power and effi-
ciency peaks show some marginal differences over frequency
that can be ascribe to the intrinsic narrower response of the
DPA architecture.

About the AM/PM behaviors, both amplifiers show a
minimal variation from small-signal up to compression for
every tested frequency point. For instance at 7 GHz, the DPA
shown less than 3°, whereas the class AB PA just 1.5°.
Such results are well in agreement with the expectations,
demonstrating the beneficial effects of the proposed design
strategies.
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Fig. 11 shows the CW performances as functions of fre-
quency at both saturation and at 6 dB back-off. In the former
case, the output power is close to 38 dBm for both MMICs,
whereas, as already discussed, some differences are visible
on gain and PAE at the edges of the band. At 6dB back-
off, the DPA shown a PAE of 41 %, while the class AB PA
operates with a PAE of 30 % only, thus resulting in a reduced
average efficiency when operated with modulated signal.
In order to check the effects of the reduced AM/PM and the
different principle of operation of the two MMICs, both were
measured at 7 GHz with a 256 QAM modulated signals, hav-
ing 60 MHz video bandwidth and 7 dB of Peak-to-Average
power ratio. The resulting spectra are shown in Fig. 12, mea-
sured for a 32 dBm of average output power and without any
digital predistortion applied. As can be noted, the spectral
regrowth is always lower than 36 dBc, whereas the registered
average PAE is around 40% for the DPA and 30% for the
class AB PA.

A comparison between the performance of the pre-
sented amplifiers with recently published GaN MMICs,
mainly DPAs, is carried out in Table 2. Considering the
realizations at similar center frequency, both class AB PA and
DPA show performance at the top edge of the current state-
of-the-art in terms of efficiency and output power, whereas
assuring significant lower phase and amplitude distortions.

VI. CONCLUSION

A design method to minimize the AM/PM in GaN PAs has
been presented. The proposed two-stage architecture has been
applied to realize a class AB PA and a DPA in the same
0.25 um GaN MMIC technology for backhaul applications.
Experimental results have confirmed the validity, and, at the
same time, the versatility of the proposed approach. Indeed,
an almost null phase distortion has been registered in both
PA configurations without leading to a relevant deterioration
of other features. At 7 GHz the DPA shows 38 dBm of satu-
rated output power and less than 3° of phase distortion, with
a PAE higher than 41% in 6 dB of power back off. The class
AB PA achieves almost the same level of saturated output
power and maximum PAE value, with an inevitable lower
efficiency in back off operation. When tested with QAM
modulated signals, at 32 dBm of average output power and
without any predistortion, the DPA shows a spectral regrowth
of around 36dBc and a PAE of 40%, whereas the class
AB PA achieves 40 dBc and 30%, respectively.
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