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Abstract—In this paper, the experimental verification of two
linearization methods applied on a broadband two-way
microstrip Doherty amplifier is performed. The laboratory set-
ups are formed to generate the baseband nonlinear linearization
signals of the second-order. After being tuned in magnitude and
phase in the digital domain the linearization signals modulate the
second harmonics of fundamental carrier. In the first method,
adequately processed signals are then inserted at the input and
output of the main Doherty amplifier transistor, whereas in the
second method, they are injected at the outputs of the Doherty
main and auxiliary amplifier transistors. The experimental
results are obtained for 16QAM and 64QAM digitally modulated
signals.

Keywords—Doherty amplifier, baseband signal, second
harmonic, linearization, experimental verification.

I. INTRODUCTION

The power amplifier characterized by high efficiency is
Doherty topology (DA), which is widely used in the
contemporary wireless communication systems, especially is
required in 5G technology applications. Linear performances
of the DA have been achieved by using different linearization
methods available in literature such as digital predistortion
technique, which is commercially and the most frequently
utilized in the recent time [1].

We deployed in earlier work the digital linearization
technique [2]-[6] which processes the | and Q signals to
generate the adequate 2" order baseband linearization signals
adjusted in the magnitudes and phase angles. These signals
are then driven at the gate and drain of the amplifier transistor,
after modulate the 2" harmonic of the fundamental carrier, in
order to lower the nonlinearity of the single stage PA [2], [5],
and the two-way DA [3]-[5]. In [6], DA was linearized by
inserting the modulated signals for linearization at the outputs
of the main and auxiliary amplifier transistors. The
comparison of two digital linearization methods was carried
out in simulation on the designed broadband microstrip DA,
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for different two-tone signal power and maximum tone
separation of 30 MHz as well as for OFDM signal.

In this paper, the various experiments are performed on
Doherty amplifier fabricated in microstrip technology [4] for
evaluation of two linearization methods. The tests were
realized for 16QAM signal with useful spectrum bandwidth
1 MHz and 64QAM with spectrum bandwidth of 2 MHz.
Measured results show the adjacent channel power ration -
ACPR at dominant third-order intermodulation products and
fifth-order intermodulation products.

Il. DA DESIGN

The measurement set-up shown in Figure 1 was
established to verify in experiments the linearization methods
developed by our researcher group. The linearization methods
of power amplifiers are based on the 2nd-order baseband
nonlinear digital signals, which adequately modified and
processed in the baseband, modulate the fundamental carrier
second harmonic. In order to demonstrate the results of
linearization practically NI USRP platforms 292x were used
and programmed by LabView software. Useful 16QAM and
64QAM signals, the signals for linearization and their control
in magnitude and phase were performed by the USRP
platforms. The linearization effects were examined on the
fabricated two-way asymmetrical Doherty amplifier operating
at 900 MHz central frequency, shown in Figure 2. Detailed
description of the Doherty amplifier design can be found in
[4]. The maximal transducer gain 9 dB was measured for the
fabricated two-way asymmetrical Doherty amplifier for the
carrier amplifier biased in class-AB (VD =5V, VG =—3 V),
and the peaking amplifier operates in class-C regime (VD =
5V, VG ==5 V) when AP602A-2 GaAs MESFET transistor
was used in amplifying cells. Moreover, measured 1-dB
compression point of DA is at 15 dBm output power and
18 dBm maximum output power is achieved. DC bias levels
are regulated by the regulator that is shown in Figure 1.

The measurements of output spectra, the adjacent channel
power ratios-ACPRs, for the states before and after the
linearization carried out for different QAM modulation format
and signal power levels were spotted in EXA Signal analyzer
N9010A.
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Figuré 1. Mea:

1. RESULTS OF LINEARIZATION

Doherty amplifier was tested for 16QAM signal with
1 MHz useful channel bandwidth and also for 64QAM signal
with 2 MHz channel bandwidth. Central frequency of
operation is 900 MHz. The linearization effects were
measured on the fabricated DA for different input signal
power levels 1 dBm to 5 dBm. The presented results shown in
Figure 3 to 8 compare the ACPRs obtained without and with
applying two digital linearization methods: 1)the first-
standard method that injects signals for the linearization at the
gate and drain of the transistor in the main cell of the DA and
2) the second-modified method, where the linearization
signals are put at the drain of the main and auxiliary amplifier
transistors in the DA.

The results of ACPRs are illustrated in the lower and upper
adjacent channels (at £1 MHz and +2 MHz offset from carrier
for 16QAM and 64QAM, respectively) and also in the
alternate channels (at +1.5 MHz and +3 MHz offset from
carrier for 16QAM and 64QAM, respectively). We can
observe for 1 dBm input power, that the ACPR in the adjacent
channels is improved by around 6 dB when method 1 is used
and negligibly better by 7 dB by applying the method 2,
whereas the ACPRs in the alternate channels are slightly
deteriorated, but more in method 1. With the increase of input
power to 3dBm, the ACPRs observed in the adjacent
channels are improved around 3 dB in the 1%t method and 6 dB
in the 2" method, whereas in alternated channels become
negligible better (1 dB in the 1 method and 2 dB in the 2").
In case of 5dBm input power, ACPRs are improved by the
almost equal level, i.e. 3dB and 4 dB by linearization
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Figure 2. Asymmetrical two-way Doherty amplifier

methods 1 and 2, but in the alternate channels they are
augmented by 3dB (the 1% method) and 6dB (the 2™
method).

When DA is tested for 64QAM signal the achieved results
of linearization are similar as in the previous case. For 1 dBm
input signal power, ACPRs in the adjacent channels increase
by 4 dB for both linearization methods, whereas for 3 dBm
input power they become better by 6 dB for the 1%t method
and 8dB for the 2" method. With the power increase
to 5 dBm, ACPRs rise by 3 dB and 5 dB in the methods 1 and
2, respectively. No evident improvement in the alternate
channels can be noticed for 1 dBm and 3 dBm input power
levels, but it is 4 dB in case of 5 dBm power.

Comparing the measured results with the simulated results
represented in [6], we can infer that the 2" linearization
method achieves slightly better ACPRs improvement in the
adjacent channels, especially for higher power, as it was also
deduced in [6] when simulated results were analyzed. Even
though the simulated results attained for two-tone test show
more apparent improvement when the 2™ method is used, it
should indicate that for the OFDM signal test in simulation,
the less divergence between results accomplished with two
linearization methods can be observed for higher power,
closer to amplifier saturation region.
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Figure 3. Output spectrum for 16QAM signal of 1 MHz useful signal frequency bandwidth for input signal power 1 dBm
a) before linearization; b) after linearization by method 1; c) after linearization by method 2
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Figure 4. Output spectrum for 16QAM signal of 1 MHz useful signal frequency bandwidth for input signal power 3 dBm
a) before linearization; b) after linearization by method 1; c) after linearization by method 2
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Figure 5. Output spectrum for 16QAM signal of 1 MHz useful signal frequency bandwidth for input signal power 5 dBm
a) before linearization; b) after linearization by method 1; c) after linearization by method 2

Ref 20,00 dBm 3 Ref 20,00 dBm i - _0 4dBm Ref 20.00 dBm

.
e
) 1 § | | 111 | ==
Center 900 MHz Span 12.2 MHz || [center 000 MHz span 12.2 WHz [l | c anter 500 Wiz
Res BW 120 kHz #VBW 6.8 kHz Sweep 37 msfRes BW 120 kHz #VBW 6.8 kHz Sweep 37 ms| Res BW 120 kHz #VBW 6.8 kHz
c Total Carrier Power 1100 iz ACP-BW

Filter

Carrier Power Filter

a) b) 0)
Figure 6. Output spectrum for 64QAM signal of 2 MHz useful signal frequency bandwidth for input signal power 1 dBm
a) before linearization; b) after linearization by method 1; c) after linearization by method 2
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Figure 7. Output spectrum for 64QAM signal of 2 MHz useful signal frequency bandwidth for input signal power 3 dBm
a) before linearization; b) after linearization by method 1; c) after linearization by method 2
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Figure 8. Output spectrum for 64QAM signal of 2 MHz useful signal frequency bandwidth for input signal power 5 dBm
a) before linearization; b) after linearization by method 1; c) after linearization by method 2

IV. CONCLUSION

Experimental results of the linearization of asymmetrical
Doherty amplifier fabricated in microstrip technology
obtained by applying two digital linearization methods are
presented in this paper. The linearization methods utilize the
adequately processed baseband digital signals that modulate
the second harmonic of the fundamental carrier. In the 1%
linearization method, formed signals for the linearization are
injected at the input and output of main transistor in Doherty
amplifier, while in the 2" method these signals are led to the
outputs of the main and auxiliary amplifier transistors in the
DA circuit. The NI USRP platforms programmed by LabView
software were used for generation of the useful 16QAM and
64QAM signals for DA test and measurements of ACPRs in
adjacent and alternate channels for various input power levels.
Additionally, these platforms form the signals for
linearization, and process them in amplitude and phase.
Measurements performed by signal analyzer illustrate the
results of the linearization for two applied linearization
methods and compare them to the states before the
linearization.

On the bases of the achieved results, it can be noticed that
the 2" method provides slightly better results for higher
power then the application of the 1% method regarding
adjacent channels, where the 3™-order IM products are
dominant. The same conclusion can be derived for the
alternate channels (the band of dominant 5"-order IM
products) but these results of only 1dB or 2 dB are
inconsiderable, with the exception of the 5 dBm input power
where higher improvements of ACPRs were attained in case
of both linearization methods.
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