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ABSTRACT In this paper, in-band continuous mode transferring (CMT) method is presented for designing
broadband Doherty power amplifier (DPA). Specifically, transferable continuous mode, transferring between
class-J continuum to class-F−1 continuum, is introduced into DPA at output back-off (OBO) power level
for improving bandwidth and efficiency. For validation, a broadband DPA with operation mode transferring
from continuous class-J to continuous class-F−1 is designed, fabricated and measured. Experimental results
show the drain efficiencies (DEs) of the fabricated DPA are 46.3%-57.7% and 58.4%-69.1% at 6 dB OBO
and peaking power levels over 1.7-2.6 GHz. The saturation power of this DPA is 43.1-45.2 dBm with a
gain of 9.1-11.2 dB in the interested band. Furthermore, when the fabricated DPA is stimulated by a 20
MHz wideband signal with a peak-to-average power ratio (PAPR) of 7.05 dB at 2.4 GHz, the measured
average power is 36.5 dBm with an average DE of 45.7%, and the measured adjacent channel leakage ratios
(ACLRs) are -31.9 dBc and -50.4 dBc before and after DPD technique, respectively.

INDEX TERMS Broadband power amplifier, Doherty, in-band continuous mode transferring.

I. INTRODUCTION

W IRELESS communication is developing in the di-
rection of network diversification, broadband, inte-

gration and intelligence. With the development of wireless
communication, everything and everybody at everywhere
will be connected to the wireless network [1], [2]. Therefore,
the number of smart devices and the data rate will increase
rapidly to cover new services and applications. To support
high data rate, the bandwidth of transceiver systems and the
modulation order of signals need to be further enhanced [2],
[3]. Consequently, as an important element in transceiver
systems, power amplifier (PA) with wide bandwidth and high
output back-off (OBO) efficiency are highly required [3]–
[6]. Compared to other efficiency enhancement techniques,
Doherty power amplifier (DPA) is the most popular technique
due to its simplified architecture and easy realization. And
wideband DPAs are expected to continue to play important
roles in future communication systems [5], [6].

The bandwidth of DPA is mainly limited by output com-
biner network, which includes impedance inverter, output
matching networks (OMNs) of the carrier and peaking PAs

[7]–[10]. Notice that, impedance inverter is an essential el-
ement in DPAs. Thus, post-matching network (PMN) DPA
was proposed, as post-matching DPA removes the OMNs of
the carrier and peaking PAs [11]. As a results, the order of the
PMN after the combining point is increased. But this high
order PMN would not limit the bandwidth of DPAs [11]–
[15]. Furthermore, the impedance inverter can be replaced by
a low order network considering the parasitic and package
elements of active devices [11], [12].

For DPAs, the drain efficiency (DE) at the OBO power
level is more important than at saturation [17], [18]. Thus,
to further improve the back-off DE of broadband DPAs,
continuous mode DPA (CM-DPA) was proposed and inves-
tigated successively [19]–[24]. The CM-DPA works under
continuous mode at the OBO power level, leading to high
back-off DE and wide bandwidth simultaneously [25], [26].
The CM-DPA designed in [20] obtains a 6 dB back-off DE
of 52%-66% across 1.65-2.75 GHz. And in [24], the authors
designed a CM-DPA, which works over 2.7-4.3 GHz and
achieves a 42%-54% DE at 6 dB OBO power level.

However, all the above CM-DPAs adopted single con-
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tinuous mode, like class-J continuum [19]–[21] or hybrid
continuum [22]. Indeed, the whole combiner of DPA is
always a high order network, even in post-matching Doherty
architecture. As we all know, with the increase of the order
of matching network, the second harmonic impedance tra-
jectory of the matching network becomes more and more
divergent. In a high order low-pass network, the second
harmonic impedance will be at the edge of the Smith chart. It
is hard to maintain the second harmonic impedance at around
short-circuited region or open-circuited region across a wide
bandwidth.

Therefore, in this paper, in-band continuous mode trans-
ferring (CMT) technique is employed to design broadband
DPAs. By transferring operation between class-J continuum
and class-F−1 continuum, the second harmonic space covers
the whole edge of the Smith chart [27], [28]. It will be
validated in this paper that the in-band CMT technique is
suitable to realize broadband DPAs. For validation, a 1.7–
2.6 GHz CM-DPA, whose operation mode transfers from
class-J continuum to class-F −1 continuum, is designed and
fabricated. Experimental results indicate the designed DPA
obtains a saturation power of 43.1-45.2 dBm, a 6 dB back-off
DE of 46.3%-57.7% and a saturation DE of 58.4%-69.1%.

The residual of this paper is as follows. Section II presents
the application of the in-band CMT technique to broadband
DPAs at the OBO power level. Section III shows the design
and simulation of a broadband CM-DPA using in-band CMT.
The fabricated DPA is measured in section IV. Finally, the
paper is concluded in section V.

II. BROADBAND DPA WITH IN-BAND CMT

In this contribution, the analysis is based on post-matching
DPA architecture, as illustrated in Fig. 1. It includes two
PAs, the class-B biased carrier PA and class-C biased peaking
PA. The peaking PA is switched-on at 6 dB OBO power
level. And it is assumed that the same power ability can
be achieved by the carrier and peaking PAs. At the input
terminal, two input matching networks are inserted to match
the optimal source impedance of two transistors. And a power
divider equally splits input signal into carrier and peaking
paths. At the output terminal, low-order matching networks
OMNC and OMNP are designed to match the carrier and
peaking PA, respectively. Notice that, OMNC should also
play the role of impedance inverter to realize active load-
modulation. And these matching networks should take the
parasitic and package elements of the utilized transistors into
consideration. AfterOMNP , an impedance tuning line (ITL)
is inserted to tune the output impedance of the peaking PA
when it is in the off-state. Finally, a post-matching network
(PMN) is implemented to match the Doherty load ZL to
standard 50 Ω. For the whole DPA, a phase compensation
line is required to balance the phase difference between the
carrier and peaking paths.
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FIGURE 1. The brief architecture of the transferable continuous mode DPA.
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FIGURE 2. The simplified architecture of Doherty power amplifier.

A. IN-BAND CMT AT OBO POWER LEVEL
Like in previous single CM-DPA [19]–[24], the carrier and
peaking PAs are well matched by OMNC and OMNP at
saturation power level. This means that CM-DPA can obtain
high performance at maximum power level in the interested
band. Therefore, the transferable CM-DPA is analyzed at the
OBO power level where the peaking PA is in the off-state.

Fig. 2 depicts the simplified Doherty architecture. In 2, the
subscript n refers to the nth harmonic. In this paper, only
the first three harmonics are taken into consideration. The
load impedance of the carrier transistor at OBO power level
ZCB,n is related to the whole combiner, which is consist of
OMNC , OMNP and PMN.

At OBO power level, the whole combiner can be consid-
ered as a high-order low-pass network, leading to ZCB,2 and
ZCB,3 are located at the edge of smith chart. Furthermore,
It has been demonstrated in [20] and [22] that ZCB,1 can be
modulated into the impedance space of continuous operation
mode. Thus, CM-DPA can be realized if the second and third
harmonic are well manipulated.

Normally, continuous mode requires that the second har-
monic is located to around the short-circuited or the open-
circuited region. Indeed, it is almost impossible to realize this
requirements when high-order matching network is utilized.
Thus, CMT is introduced into broadband CM-DPA design.
Fig. 3 illustrates the CMT technique at the OBO power level
of the CM-DPA. The operation mode transfers between class-
J continuum and class-F−1 continuum.

At the OBO power level, the normalized first three har-
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monic impedance spaces of class-J continuum can be derived
as [20],

ZJ,1 = 2 · (1 + j · γ) (1)

ZJ,2 = −j · 3 · πγ
4

(2)

ZJ,3 = 0 (3)

While the first three harmonic impedance spaces of the
continuous class-F−1 mode can be described as [28],

ZF−1,1 =

√
2

0.43 + j · 0.37 · γ
(4)

ZF−1,2 = j · 1

0.49 · γ
(5)

ZF−1,3 = 0 (6)

Here all impedance are normalized to Ropt, which is the in-
ternal optimal impedance of a class-B biased transistor [27]–
[29]. With equations (1)-(6), the fundamental impedance
spaces of the class-J and class-F−1 can be deduced as the
yellow and green lines inside the Smith chart in Fig. 3. And
the second harmonic impedance spaces can be deduced as the
yellow and green lines at the edge of the Smith chart.

As shown in Fig. 3, The second harmonic impedance
spaces of the class-J and class-F−1 continuum occupy the w-
hole edge of the Smith chart. Thus, if the trajectory of ZCB,2

varies from the short-circuited to open-circuited (or from
open-circuited to short-circuited), the operation mode of the
CM-DPA will transfer from continuous class-J to continuous
class-F−1 (or from continuous class-F−1 to continuous class-
J). With continuous mode transferring, ZCB,1 should be
matched to the fundamental region, which is formed by ZJ,1

and ZF−1,1, as shown in Fig. 3.
Summarily, Fig. 3 shows the fundamental and second

harmonic regions of the transferable continuous mode. In
this contribution, to perfectly control the second harmonic
of CM-DPA, ZCB,1 is matched to the fundamental region,
and ZCB,2 transfers from class-J second harmonic region to
class-F−1 second harmonic region, or vice verse.

B. SECOND AND THIRD HARMONIC CONSIDERATION
The utilized active transistors in DPAs always possesses
parasitic capacitors Cds. In this work, CGH40010F transistor
is utilized. The parasitic capacitor Cds of this kind transistor
is approximately equal to 1.2 pF. Thus, the Doherty combiner
can be simplified to a parallel structure of Cds and a high-
order low-pass network, as show in Fig. 4(a). As demonstrat-
ed in [28], the low-pass network can be further simplified to
be an inductor at second and third harmonic frequency, as
shown in Fig. 4 (b).

The impedance produced byCds and L can be respectively
expressed as,

ZCds
= −j · 1

2 · π · f · Cds
(7)
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FIGURE 3. The fundamental and second harmonic impedance region of
CM-DPA with in-band CMT.

Low-pass 
network

 50dsC
dsC

L

inZ inZ

(a)

Low-pass 
network

 50dsC
dsC

L

inZ inZ

(b)

FIGURE 4. The simplified Doherty combiner. (a) Cds paralleled with a
high-order low-pass network. (b) Parallel connection between Cds and an
inductor.

ZX = j · 2 · π · f · L (8)

And the input impedance of the parallel resonant circuit can
be deduced as,

Zin = j · 2 · π · f · L
1− (2 · π · f)2 · L · Cds

(9)

Fig. 5(a) shows the reactance of ZCds
and ZX versus

frequency. Here, Cds is set to 1.2 pF, and L is set to 0.6,
0.8 and 1 nH. As depicted in Fig. 5(a), Cds dominates the
parallel resonant circuit at higher frequency band, while L
dominates at lower frequency band. Fig. 5(a) also shows
that the reactance of Cds and L have the same magnitude
at middle frequency band. And from (7) and (8), the signs of
the reactance generated by Cds and L are different. Conse-
quently, the parallel circuit will resonate at middle frequency.
Fig. 5(b) depicts the reactance of the whole parallel circuit.
Clearly, the parallel circuit resonates at 4.6, 5 and 6 GHz
when L equals to 0.6, 0.8 and 1 nH, respectively.

The resonance between Cds and L (high-order combining
network) makes sure that the reactance changes from the
inductive region to capacitive region in the Smith chart.
And finally, the parallel circuit is shorted by Cds at higher
frequency band. This is exactly the idea of CMT technique.
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FIGURE 5. (a) The reactance of Cds and L. (b) The resonance between Cds

and L.

C. FUNDAMENTAL CONSIDERATION
At the OBO power level, the non-infinity peaking impedance
could modulate ZCB,1 to the fundamental impedance space
of class-J continuum, as demonstrated in [20] and [29].
However, in the transferable continuous mode DPA, ZCB,1

should be located into the fundamental region shown in Fig.
3. And ZCB,1 should be close to the fundamental impedance
space of class-F−1 continuum when ZCB,2 approaches to the
open-circuited point. Meanwhile, ZCB,1 should be close to
the fundamental impedance space of class-J continuum when
ZCB,2 approaches to the short-circuited point.

As shown in Fig. 2, ZCB,1 is mainly dependent on
OMNC , and ITL after ZL is fixed. In single continuous
mode DPA, the phase delay of OMNC is 90◦ at the center
frequency point. And the peaking impedance is tuned to
infinity by the ITL at the center frequency point. In this
contribution, to realize CMT, the phase delay of the OMNC

is slightly deviated from 90◦ at the center frequency point,
and the peaking impedance is also tuned to slightly deviates
from infinity at the center frequency point.

Finally, the operating principle of the transferable continu-
ous mode DPA can be concluded as in Fig. 6. Assuming that
the interested bandwidth is f1−f3, and the mode transferring
frequency is f2. Then, the fundamental frequency bands of
the class-J and class-F−1 continuum are f1− f2 and f2− f3,
respectively. Moreover, the impedance across 2 · f1 − 2 · f2
should be located at around the short-circuited point, and the
impedance across 2·f2−2·f3 should be located at around the
open-circuited point. At the third harmonic frequency, short-
circuit is provided by Cds.
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FIGURE 6. The operating principle of the transferable continuous mode DPA .
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III. DESIGN AND SIMULATION OF A TRANSFERABLE
CONTINUOUS MODE DPA
This section illustrates the design of a symmetrical CM-
DPA using in-band CMT. The operation mode of the DPA
transfers from continuous class-J mode to continuous class-
F−1 mode. The targeted frequency band is 1.7-2.6 GHz. The
utilized active devices are CGH40010F GaN transistors from
Wolfspeed. The optimal impedance of this kind transistor is
set to Ropt=30 Ω [22]. The gate voltages of the carrier and
peaking PAs are -2.9 and -5.5 V, respectively. 28 V voltage is
supplied to the drain of the carrier and peaking PAs.

In this section, all simulation results are derived using
Advanced Design System (ADS). Across the simulation,
Rogers 4350B substrate with thickness of 20 mil is utilized.

A. DPA DESIGN
The design procedure of the transferable CM-DPA is as
follows:
Step 1: The Doherty load ZL,1 is set to 10 Ω. And a PMN is

designed to match 10 Ω to standard 50 Ω.
Fig. 7 shows the PMN and its simulation results. The PMN

is constructed by four series-connected microstrip lines (see
the green colored region in Fig. 7). The simulated S11 is
smaller than -24 dB, which means the designed PMN could
match 10 Ω to 50 Ω across 1.7-2.6 GHz.

Notice that, considering that ZL,1=10 Ω, the load
impedance of the carrier and peaking PAs should be equal
to 20 Ω at maximum power level due to the active load
modulation.
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FIGURE 8. The schematic and simulation results of the peaking PA. (a)
Schematic. (b) Simulation results.

Step 2: IMNC and IMNP are implemented to respectively
match the carrier and peaking PAs at their source terminal-
s. And a Wilkinson power divider is designed to equally
split input power to the carrier and peaking paths.

Step 3: OMNP is implemented to match the peaking PA to
20 Ω at maximum input power level.
OMNP can be realized easily with the help of ADS

optimization. Most importantly is that, OMNP should be
a low-order network, otherwise the achievable bandwidth of
the DPA will be limited [11], [12]. The designed OMNP is
illustrated in Fig. 8(a), where depicts the whole schematic
of the peaking PA. To validate the designed OMNP , the
simulation results of the peaking PA is shown in Fig. 8(b).
The peaking PA delivers a saturation power of 41.1-42.1 dBm
with a gain of 12.1-13.2 dB and a DE of 63.4%-79.1%.
Step 4: OMNC is designed to match 20 Ω to Ropt over the

interested frequency band. Meanwhile, theOMNC should
also play a role of an impedance inverter.
Fig. 9(a) shows the designed OMNC , which includes the

parasitic and packaged elements of the utilized transistors
[22]. The simulation results of the designed OMNC are
depicted in Fig. 9(b). The phase delay of theOMNC is 90◦ at
2.3 GHz, which is slightly deviates from the center frequency
2.15 GHz. Meanwhile, the simulated S11 is smaller than -
18.8 dB over 1.7-2.6 GHz.
Step 5: The whole combiner is realized by combining
OMNC , OMNP and PMN. And an 20 Ω ITL should
be inserted behind the peaking PA to make sure that the
peaking impedance is around the open-circuited point.
The whole combiner is depicted in Fig. 10(a). As stated in

Section II, ZCB,1 and ZCB,2 are determined by the whole
combiner, and ZCB,3 will be shorted by Cds. Therefore, we
can mainly focus on ZCB,1 and ZCB,2.
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FIGURE 9. The schematic and simulation results of the designed OMNC .
(a) Schematic. (b) Simulation results.
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FIGURE 10. The constructed Doherty combiner and its simulation results. (a)
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Considering the parallel of Cds and other networks, ZCB,2

will be resonated to be infinity at middle frequency band (the
higher frequency band of second harmonic) as shown in Fig.
5 (b). At the lower frequency band of the second harmonic,
we can introduce poles or zeros to the combiner to tune the
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second harmonic impedance trajectory. Poles and zeros can
be introduced by tuning the length of ITL and the drain bias
line of the carrier transistor. As shown in Fig. 9 (a) and Fig.
10 (a), the length of the drain bias line is tuned to 12 mm,
leading to a pole at 3.6 GHz. Notice that, OMNC in Step 4
should be re-optimized after tuning the bias line.

For ZCB,1, We have already demonstrated in [20] and
[22] that ZCB,1 can be modulated to the impedance space of
the continuous mode by adjusting the length of ITL. In this
design, ZCB,1 is also realized by tuning the length of ITL.
For simplicity, the length of the ITL is assumed to be x mm,
as shown in Fig. 10(a) .

As a validation, the simulation results of the combiner are
shown in Fig. 10(b) and (c). In the simulation, x is swept
from 10 mm to 12 mm with a step of 1 mm. Fig. 10(b) shows
that ZCB,1 is located into the fundamental impedance region.
And ZCB,1 changes from the class-J continuum to the class-
F−1 continuum. Also, Fig. 10(b) shows that ZCB,2 changes
from the capacitive region to the inductive region passing
through the short-circuited point. And finally, ZCB,2 reaches
to the second harmonic region of continuous class-F−1 mode,
as shown in Fig. 10(b). The simulated ZCB,3 is shown in Fig.
10(c). Though ZCB,3 is not perfectly shorted by Cds, it is
located at around the short-circuited point.

The simulation results in Fig. 10(b) and (c) validates
the designed DPA obtains a transferable continuous mode,
transferring from class-J continuum to class-F−1 continuum.

B. DPA SIMULATION RESULTS
Based on the above design, the whole schematic of the
designed DPA are depicted in Fig. 11. According to the
simulation results shown in Fig. 10, the length of ITL is set
to 11 mm.

Under the input power level of 20 dBm, the simulated
ZCB,1, ZCB,2 and ZCB,3 are depicted in Fig. 12(a) and (b).
The simulation results are very close to Fig. 10(b) and (c).
This means that the operation mode of the designed DPA
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FIGURE 12. The simulated internal load impedance trajectories of the carrier
transistors at the low power region. (a) The fundamental and second harmonic
load impedance. (b) The third harmonic load impedance.

transfers from class-J continuum to class-F−1 continuum at
OBO power level. From Fig. 12(a), ZCB,2 transfers from
class-J region to class-F−1 region at 4.8 GHz. Therefore,
continuous class-J DPA and continuous class-F−1 DPA can
be realized over 1.7-2.4 GHz and 2.4-2.6 GHz, respectively.
Like in Fig. 10(c), the simulated ZCB,3 is located around the
short-circuited point, as shown in Fig. 12(b).

To further validate the proposed theory, Fig. 13(a)-(d)
shows the simulated current and voltage waveforms of carrier
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FIGURE 13. The simulated internal current and voltage waveforms of the carrier PA at the output power level of 37.1 dBm. (a) At 1.7 GHz. (b) At 2.0 GHz. (a) At 2.3
GHz. (b) At 2.6 GHz.
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FIGURE 14. The simulated DEs and gains of the designed DPA versus output
power.

FIGURE 15. The photograph of the fabricated DPA.

PA at 1.7, 2.0, 2.3 and 2.6 GHz, respectively. These wave-
forms are simulated at the I-gen plane of the carrier tran-
sistor when the output power is 37.1 dBm. These simulated
waveforms demonstrate the operation mode transfers from
class-J continuum to class-F−1 continuum in the interested
frequency band.

Finally, the simulated DEs and gains of the designed
DPA are shown in Fig. 14. Apparent Doherty behavior is
realized across 1.7-2.6 GHz. The saturation output power of
the designed DPA is more than 43.3 dBm. And the second
efficiency peaks appear at 37-38 dBm. From Fig. 14, the
simulated DEs of the designed DPA are better than 50% over
6 dB OBO power region.

IV. EXPERIMENTAL RESULTS
The photograph of the fabricated DPA is shown in Fig. 15. To
evaluate the performances of the designed DPA, the fabricat-
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FIGURE 16. The measured DEs and gains of the fabricated CM-DPA versus
output power. (a) Measured DEs. (b) Measured gains.

ed DPA is tested using continuous-wave(CW) and 20-MHz
wideband LTE signals, respectively. In the measurement, the
drain voltage of the carrier and peaking PAs are 28 V. And
the gate voltages of the carrier and peaking PAs are -2.8 V
and -5.9 V, respectively.

A. CONTINUOUS WAVE SIGNAL EXCITATION
When driven by CW signal, the fabricated DPA is measured
over 1.7-2.6 GHz with a step of 100 MHz. The measured DEs
and gains versus output power are indicated in Fig. 16(a) and
(b), respectively. From Fig. 16(a), apparent Doherty behavior
is obtained. Like the simulated DEs, the second efficiency
peaks appear at 37-38 dBm power levels. From Fig. 16(b),
the measured saturation gains are larger than 9 dB over the
whole frequency band. To clearly evaluate the performance
of the fabricated DPA, the measured results versus working
frequency are shown in Fig. 17(a)-(c).
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FIGURE 17. The measured output power and DEs of the fabricated CM-DPA versus working frequency (a) Saturation power. (b) DE at maximum power level. (c)
Back-off DE and output power.

TABLE 1. comparison between some recently published CM-DPAs and our work

Year, Ref. Frequency (GHz) BW (GHz) Power (dBm) Gain (dB) DE@Sat (%) DE@OBO (%)

2016, [19] 1.7–2.8 (49%) 1.1 44–44.5 11–12 57–71 50–55

2018, [20] 1.6–2.7 (51%) 1.1 43.8–45.2 9.4–11.5 56–75.3 46.5–63.5

2019, [22] 1.5–2.6 (53%) 1.1 43.7–45 7.7–9.3 57–75 41.3–55.1

2019, [23] 1.25–2.3 (59.2%) 1.05 41.4–44.6 N/A 56–75.4 45–56.5

2019, [24] 2.7–4.3 (46%) 1.6 38.5–39.2 N/A 48–61 40–43

This Work 1.7–2.6 (42%) 0.9 43.2–45.2 9.1–11.2 58.4–69.1 46.3–57.7

Fig. 17(a) shows the maximum output power of the fab-
ricated DPA. The fabricated DPA could deliver a saturation
output power of 43.2-45.2 dBm with a gain of 9.1-11.2 dB
over 1.7-2.6 GHz. For comparison, the simulated saturation
output power is also illustrated in Fig. 17(a). The simulated
power ability of the designed DPA is 43.3-44.9 dBm in
the interested frequency band. Fig. 17(a) indicates that the
measured saturation power is similar with the simulation
result.

The measured DE versus frequency at saturation power
level is shown in Fig. 17(b). Meanwhile, the simulated DE
at saturation is also depicted in Fig. 17(b). It indicates that
the measured and simulated saturation DEs of the fabricated
DPA are 58.4%69.1% and 67.5%-76.8%, respectively. Ac-
cording to Fig. 17(b), the measured DE is a little lower than
the simulated DE. This may be caused by the inaccuracy
model of the class-C biased transistors and the process error
of printed circuit board (PCB).

At 6 dB OBO power level, the measured and simulated
DEs and output power with respect to working frequency
are illustrated in Fig. 17(c). The measured and simulated
6 dB back-off power is 37-39.2 dBm and 37-38.8 dBm,
respectively. From Fig. 17(c), the measured 6 dB back-off
DE changes from 46.3% to 57.1% over 1.7-2.6 GHz. And
the simulated 6 dB back-off DE of the designed DPA over
the whole working band is 52.4%-62.3%.

Under the excitation of CW signal, the experimental result-
s of the fabricated DPA are outlined in Table 1. Furthermore,
some recently published CM-DPAs are also given in Table
1 for comparison. Comparable performances are obtained by
this work according to Table 1.
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FIGURE 18. The measured ACLRs, average DE and gain of the fabricated
DPA versus frequency.

B. WIDEBAND SIGNAL EXCITATION

To evaluate the linearity of the fabricated DPA, a 20-MHz
LTE signal is utilized to drive the fabricated DPA. The peak
to average power ratio (PAPR) of this input signal is 7.05
dB. With the wideband signal excitation, measurement is also
performed over 1.7-2.6 GHz with a step of 100 MHz. Across
the measurement, the average output power is 36.5 dBm at
every frequency points. Fig. 18 shows the measured adjacent
channel leakage ratios (ACLRs), average DE and gain versus
frequency. The measured gain changes from 10.7 dB to 12.3
dB, as shown in Fig. 18. The measured ACLRs at the upper
band (ACLR_U) and at the lower band (ACLR_L) change
from -33.3 dBc to -28.5 dBc and from -33.2 dBc to -28.2
dBc, respectively. Meanwhile, the measured average DE of
the fabricated DPA is 41.8%-51.7% over the whole working
frequency band.

Furthermore, digital predistortion (DPD) technique is per-

8 VOLUME 4, 2016



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2020.2997826, IEEE Access

D. Gan, W. Shi, and Y. Gao et al.: Broadband Doherty Power Amplifier with Transferable Continuous Mode

2.36 2.38 2.4 2.42 2.44
-60

-50

-40

-30

-20

-10

0

Frequency (GHz)

N
or

m
al

iz
ed

 S
pe

ct
ru

m
 (

dB
)

 

 

Before DPD
After DPD

FIGURE 19. The measured output spectrums of the fabricated DPA before
and after DPD at 2.4 GHz.

formed to the fabricated DPA at 2.4 GHz for further improv-
ing linearity. At this frequency point, the measured average
output power is 36.5 dBm with an average DE of 45.7% as
shown in Fig. 18. And the measured ACLRs are -31.9 and
-50.4 dBc before and after DPD, respectively. Fig. 19 shows
the normalized output spectrums before and after DPD.
When performing DPD, indirect learning approach is used
to obtain the DPD function. A first-order dynamic deviation
reduction-based Volterra model with non-linear order 4 and
memory depth 13 is chosen to build the DPD structure. All
the model parameters are estimated through the least square
method.

V. CONCLUSION
Doherty power amplifier with transferable continuous mod-
e is presented in this contribution. with continuous mode
transferring method, the second harmonic impedance of CM-
DPA can be perfectly controlled at OBO power level. As
a validation, a broadband CM-DPA working over 1.7-2.6
GHz is designed and fabricated. Simulation results indicate
that, at the OBO power level, the operation mode of the
designed DPA changes from class-J continuum to class-F−1

continuum. Experimental results show that the fabricated
DPA achieves a 6 dB back-off drain efficiency of 46.3%-
57.7% over 1.7-2.6 GHz. The saturation output power of the
fabricated DPA is 43.1-45.2 dBm with a drain efficiency of
58.4%-69.1% in the interested band.
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