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ABSTRACT This paper presents a symmetrical Doherty power amplifier (DPA) based on class-J mode for
efficiency enhancement in a broad bandwidth. With a second harmonic suppression integrated into the output
matching network of carrier power amplifier (PA) and peaking PA, respectively, the complex interaction of
varying second harmonic impedances caused by dynamic load modulation can be eliminated and the second
harmonic impedance remains the same reactance at both the output back-off (OBO) region and the saturated
power. To meet the requirement of second harmonic termination, the DPA works in conventional class-J
mode at the saturated power and a modified class-J continuum is proposed to expand the impedance design
space at 8 dB OBO with good efficiency performance. A gallium nitride DPA is designed and fabricated
to validate the method over a frequency band of 3.3-3.75 GHz. Under a 10%-duty-cycle pulse excitation,
experimental results show the DPA delivers 48-48.8 dBm output power with a drain efficiency (DE)
of 58%—-71%. At 8 dB OBO, a measured DE of 44%-55% is achieved with a gain of 11.8-13.5 dB. When
driven by a 2-carrier 40-MHz long-term evolution signal with a peak-to-average power ratio of 8 dB, the
DPA exhibits an adjacent channel leakage ratio of —30 dBc at an average output power of 40.7 dBm at
3.45 GHz.

INDEX TERMS Doherty power amplifiers (DPAs), class-J, broadband, high efficiency, the fifth

generation (5G).

I. INTRODUCTION

With the explosive growth of mobile devices, the fifth gener-
ation of mobile communication systems (5G) is expected to
be standardized and commercialized towards the year 2020
and beyond [1]. According to new standards in 5G, the ever-
increasing demand for large user experience data rate leads to
wide signal bandwidth and high peak-to-average power ratio
(PAPR). In this case, the power amplifier (PA), as a crucial
element of the transmitter, requires efficiency enhancement
at the output back-off (OBO) region over a wide frequency
band. Facing this challenge, several PA architectures to
handle high PAPR have been presented such as envelope
tracking (ET) [2], Doherty [3], linear amplification with non-
linear components (LINC) [4] and envelope elimination and
restoration (EER) [5]. Among these candidate techniques,
the Doherty PA (DPA) is widely used in the base-station
system on account of its simple circuit structure [6], [7].
The DPA can achieve high efficiency at both the OBO
region and the saturated power by dynamic load modulation.

However, the quarter-wavelength impedance inverter, which
realizes the optimum impedance transformation only at a
certain frequency, limits the bandwidth of the conven-
tional DPA.

Recently, various solutions have been proposed to improve
the bandwidth of the DPA. In [8] and [9], low-order
impedance inverters are adopted to replace the quarter-wave
length transmission lines to extend the bandwidth. The works
of [10] and [11] achieve wideband DPAs employing the
post-matching network (PMN) to reduce the impedance
transformation ratio. A DPA exploiting an integrated com-
pensating reactance for broadband operation is introduced
in [12]. Moreover, to obtain wideband behavior, a compre-
hensive method via real frequency technique is presented
in [13] and the output matching networks are implemented
using wideband compensators [14].

For the DPA, the dynamic load modulation leads to a
complex interaction between the carrier PA and the peaking
PA, which means the fundamental and harmonic impedances

2169-3536 © 2017 IEEE. Translations and content mining are permitted for academic research only.

VOLUME 6, 2018

Personal use is also permitted, but republication/redistribution requires IEEE permission. 2531

See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.


https://orcid.org/0000-0003-4860-9934
https://orcid.org/0000-0001-7708-4618
https://orcid.org/0000-0002-1770-7569

IEEE Access

C. Huang et al.: Design of Broadband Modified Class-J DPA With Specific Second Harmonic Terminations

Zc ch l—‘cl
L [ oM, L’_.L’
l—ltc Icl 7
L
I, s PMN
L Zp
r Ipl
I_>p O]\/H\Ip —> Rioad
7 (7T

pl

o

I

FIGURE 1. Simplified circuit diagram of the conventional DPA with PMN.

simultaneously change at the combining point in the DPA.
It is noteworthy that previously published papers about the
DPA [15]-[18] mainly focus on the fundamental impedance,
while ignoring the effect of harmonic components.

In fact, tuning harmonic loads can avoid the overlap
between current and voltage waveforms so as to decrease
the power dissipation within the transistor, such as class-F
mode [19] and inverse class-F mode [20]. Furthermore, har-
monic manipulation has been utilized to extend the bandwidth
in continuous PA modes [21]-[26]. For instance, the class-J
mode described in [21], maintains the same efficiency and
power performance as class-B mode over a wide range of
second harmonic terminations, representing an extension to
design space, therefore, it is a suitable solution to realize
broadband PAs.

In this paper, the effect on the second harmonic compo-
nent due to the dynamic load modulation is eliminated by
adding a second harmonic suppression into the output match-
ing network (OMN), resulting in a fixed second harmonic
reactance at both the OBO region and the saturated power.
Therefore, the second harmonic termination can be set in line
with the conventional class-J mode and the carrier PA may
be considered as a conventional class-J PA at the saturated
power. When the peaking PA is off, a modified class-J mode
is presented to realize an 8 dB OBO with a symmetrical archi-
tecture. The modified class-J mode significantly expands the
impedance design space at the low power which indicates
a more available design freedom. To validate the proposed
theory, a broadband DPA for the base station in 5G is
designed, fabricated and experimentally verified.

This paper is organized as follows. The dynamic load
modulation is analyzed and the specific second harmonic
termination is determined in Section II. Section III introduces
the detailed theoretical derivation of modified class-J mode.
The circuit of the proposed DPA is designed and simulated in
Section IV. Section V presents the measurement results under
pulse signal excitation as well as under modulated signal
excitation. Finally, the conclusion is given in Section VI.

Il. SPECIFIC SECOND HARMONIC TERMINATIONS
A conventional DPA usually consists of two PAs, the carrier
PA biased for class-B operation and the peaking PA biased
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for class-C operation. The PMN, providing an appropriate
fundamental load termination, has been widely used to extend
the bandwidth of the DPA. The simplified circuit diagram of
the conventional DPA with PMN is shown in Fig. 1. Each
transistor is assumed to be an ideal current generator. The
OMN of the carrier PA (OMN,) and the OMN of the peaking
PA (OMN,) are responsible for impedance transformation.
Z; represents the combining load which is always trans-
formed from a 50-2 load by the PMN. Based on the active
load modulation, the effective load impedances of the carrier
and peaking branches are described as follows

Iy
Zil+2y=7Z14+a) 0<OBO<§
Ze = t Icl - (l)
7L B < OBO

I 1
Zy = Z (1 + Ic—l) =21+ )0<0B0O<f @
pl

where B is the value of the OBO level at the low power,
which means the peaking PA just shuts down and the
output impedance of the peaking branch becomes infinite
(Zy, = o0) at B dB OBO. « is the current ratio between
the peaking branch and the carrier branch (I,; and I | are
in-phase components under the ideal Doherty operation) and
is defined as
I
o I 3)
To analyze the effect of load modulation on the impedance
at the current-generator plane, scattering parameters are used
to express the OMNs and the scattering matrix of OMN, is
given by

[ ][0 9] )
s=[sl s]=[o % @
where 6 is the phase of S5, in the lossless network. According
to the theory of power waves [27], the load reflection coeffi-
cient of the OMN, is given by
Zcl — Zz
et Zea+71 ©)

The input reflection coefficient of the OMN, can be written
as

12551
1 -85

Zp is always set to be resistive load at fundamental fre-
quencies (Zry = Rp) by the PMN. The OMN, is assumed
to realize the fundamental impedance matching at the low
power (8 dB OBO). Thus, by replacing (1) in (5), the load
reflection coefficient of the OMN,. at the saturated power can
be established

T, =S¢ + Tel =T, (6)

Ri(1 + o0 ) — Ry _ Oarf
Ri(1 +asat,f)+R1 2+axat,f'

From (6) and (7), the input reflection coefficient of the OMN,
at the saturated power can be derived as

1-‘cl,satf = (7)

_Fsarf 20 (8)

I =
c,sat.f 2+ sar s

VOLUME 6, 2018



C. Huang et al.: Design of Broadband Modified Class-J DPA With Specific Second Harmonic Terminations

IEEE Access

Hence, the fundamental impedance of the carrier PA at
the saturated power (Z¢ sqrr) is located on the circle with
constant reflection coefficient magnitude (|Fc’m,,f| =
Csar f /(2 + Qsar f)) in the smith chart.

As mentioned above, harmonic terminations play an
important role on efficiency. The simulated efficiency and
output power contours for second and third harmonic load-
pulls employing Wolfspeed’s CGHV27030S GaN HEMT at
3.4 GHz are shown in Fig. 2. From the results, we can see
that the second harmonic termination significantly affects the
performance and the third harmonic termination has little
effect on efficiency and output power, so it is necessary to
control the second harmonic impedance.

46 dBm

44.5 dBm

44 dBm

A\
(a) (b)

FIGURE 2. Simulated efficiency (red lines) and output power (green lines)
contours at 3.4 GHz. (a) Second harmonic load-pull. (b) Third harmonic
load-pull.

When considering the harmonic component, Z; will be
complex-valued and frequency-dependent at harmonic fre-
quencies because of the characteristic of the PMN. For exam-
ple, at a certain second harmonic frequency (2fy), Z;, is a
complex impedance (Zp 2, = Rof, + jXof), and the load
reflection coefficient at second harmonic frequencies can be
written as

Ze1or — Rofy + jXop
Ze12f + Rogy + jXof,

Ceror = 9
Itis obvious that ‘ Let,2r | changes with frequency, which leads
to an irregular variation on the second harmonic impedance of
the carrier PA (Z. »r). Therefore, it is difficult to find an OMN
to achieve the impedance transformation at fundamental and
harmonic frequencies simultaneously.

To overcome this restriction, second harmonic suppres-
sions are integrated into the OMN, and OMN,, respec-
tively, as shown in Fig. 3. Z, o and Zg or denote the
output impedances of the second harmonic suppression
networks (SHSNs) at second harmonic frequencies. Z or
and Zy4 7 are the second harmonic loads of second harmonic
matching networks (SHMNS5). Since transmission zeros dis-
tribute at second harmonic frequencies, Zs ¢ and Zy, »r are
equal to zero. The SHSNs and the rest of the OMNs are
connected in parallel, so Z 2¢ and Z,4 o will also equal zero.
This indicates the load modulation for the second harmonic
component can not impact on the values of Z.; 7r and Z4 5.
In other words, the load modulation just needs to be given
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FIGURE 3. Simplified circuit diagram of the proposed DPA.
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FIGURE 4. Impedance design space of the carrier PA at the
current-generator plane (normalized to Ryp¢).

consideration on the fundamental component. Moreover, the
second harmonic terminations at the current-generator plane
(Zc,2r and Z,, 5r) are only dependent on the SHMNS.

The SHMNSs are supposed to be passive and lossless, then
Z. 2 and Zp ¢ transformed from zero by the SHMNs will
be purely reactive, which is easy to associate with class-J PA.
If the carrier PA works in class-J mode at the saturated power,
the fundamental and second harmonic terminations at the
current-generator plane have been analyzed in [21] and are
given by

Zc,satf = Rupt +j5R0pt
3

Zc,sat,Zf = _J?BRopt

where R, is the optimal impedance for running the Class-B
operation at the saturated power. As Z. »r remains unaffected
by load modulation, the specific second harmonic termina-
tions can be obtained in (12) and are shown in Fig. 4.

—1<5<1 (10)
—1<8<1 (11)

3r
Zeof = Zejlow2f = Zesat,2f = _J?SRopt l<é=<1
(12)
2533



IEEE Access

C. Huang et al.: Design of Broadband Modified Class-J DPA With Specific Second Harmonic Terminations

lll. MODIFIED CLASS-J MODE AT THE LOW POWER
According to the theory of Doherty PA, a conventional
symmetrical DPA (ag,;y = 1) has a B of 6 dB with the
same performance of class-B PA and an asymmetrical DPA
(@sary > 1) is usually used to achieve a larger . In this
section, based on the specific second harmonic terminations
stated in the former section, a modified class-J mode at
the low power is presented to extend the OBO region and
impedance design space with a symmetrical configuration.

At the low power, the peaking PA is off, so the max current
swing of the carrier PA attains half-maximum value. The
current waveform of the carrier PA then becomes

) ¢ 1 1 2
Icjow(0) = =Inax(— + =cos@ + —cos26...) (13)
’ 2 T 2 3n

where 0 < ¢ < 1 is the coefficient determined the amplitude
of the current, and /s« is the maximum current amplitude at
the saturated power.

The voltage waveform of the conventional class-J mode is
described as follows [21]

v(0) = Vpp(l —cos0)(1 —8sinf) —1<8<1 (14)

where Vpp is the drain bias voltage. Through (13) and (14),
the fundamental and the second harmonic terminations at the
low power for class-J mode can be derived as follows

2
ZJ,low,f = ERopt(l +]5) 0= ¢ =< 1 (15)
3
ZJ,low,Zf = _]EaRopt 0< ¢ =<1 (16)

where R,,r = 2Vpp/Imax i the class-B loadline resistance at
the saturated power. Since Z. o has been determined in (12),
—¢/2 < § < /2 1is obtained by equating (12) and (16).

The fundamental output powers at the saturated power and
the low power for class-J mode can be calculated as

1

Pc,sat,f = ZlmaxVDD (17)
¢

PJ,low,f = glmaxVDD- (18)

Subsequently, the value of 8 for conventional class-J mode is
given by

PJ,low,f

ﬁ1=‘1010g< >’=6+|1010g(§)|. (19)

2P, c,sat.f

As can be seen from (19), 8 is equal to 6 dB when ¢ = 1.
Furthermore, 8; increases over 6 dB with the reduction
of ¢, but Re[Z jow,s] will also be larger than 2R,,. For
a By of 8 dB, Re[Zy jowys] = 3.17R,p can be evaluated
via (15) and (19), resulting in an increase on the impedance
transformation ratio, which makes it difficult to be realized
by a simple OMN.

A coefficient y € (0, 1] is adopted to adjust the funda-
mental impedance at the low power (Z¢ jowf) to satisfy the
condition of Re [Zc,low f] < 2Ryp. For ¢ = 1, icjow(0)
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reaches its max amplitude, meanwhile a modified voltage
waveform is defined in (20) to keep the voltage above zero.

Viow(@) = Vpp(1 — y cosO)(1 — §sinf)at ¢ = 1. (20)

By combining (13) and (20), Z. ;o s and the second termina-
tions at the low power (Z jow,2r) can be expressed as

Zc,lowf = 2R0pt(y +]5) 0< y = 1 (21)
3
Zejow,2f = _]TV‘SRopt O0<y=L (22)

Considering Z. »r described in (12), the relationship between
y and § can be computed by equating (12) and (22) as follows

1 1
—— <5< —. (23)
2y 2y

When 0 < ¢ < 1, using (13) and (21), the output power at
the low power can be derived as
¢’y ¢’y
Peiows = "1 InaxRopr = =5~ VopImax: - (24)

Then, the drain efficiency (DE) at the low power is given by
2
Pc,low,f _ g“TyVDDImax

Niow = =
Ppc.iow

b4
=—qy. (25)
%VDDImax 4

According to (17) and (24), B can be calculated as
Pc,low,f

B = ‘IOlog( )‘ —6+ ‘1010g(§2y)‘. (26)

c,sat.f
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FIGURE 5. Theoretical drain efficiency versus 8.
Since 1, and B are both found, the relationship between

them may be evaluated in (27) via (25) and (26), and the result
is shown in Fig. 5.

p=>6
68
100 <¢ <1 27
6-8
Niow = 10{!0 %

Note that from the result, the modified class-J mode can
achieve an efficiency above 49.6% at 8§ dB OBO. If 8 is set

VOLUME 6, 2018



C. Huang et al.: Design of Broadband Modified Class-J DPA With Specific Second Harmonic Terminations

IEEE Access

Normalized Voltage
Normalized Current

Normalized Voltage
Normalized Current

(b)

Normalized Voltage
Normalized Current

Normalized Phase
(©)

FIGURE 6. Current (normalized to /max) and voltage (normalized to Vpp)
waveforms at the carrier current-generator plane when g = 8 dB. (a) For
¢ =1.(b) For ¢ = 0.897. (c) For { = 0.794.

equal to 8 dB, according to (21), (22), (26) and (27), the
related conditions can be derived in the following formulas:

0794 <¢ <1
0.631
0.631 <y = 2 <1
b s b (28)
2y T T 2y
Zc,law,f = 2R0pt(y +]8)
ZC,2f = Zc,luw,2f = _J3Tn yaRupr

The above formulas describe a set of viable terminations
for a B of 8 dB which are shown in Fig. 4, meanwhile the
current (normalized to In,x) and the voltage (normalized
to Vpp) waveforms at the carrier current-generator plane are
plotted in Fig. 6. It can be observed that, a significantly
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FIGURE 7. Equivalent package parasitic model of CGHV27030S with
frequencies ranging from 3.3 GHz to 7.6 GHz.
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FIGURE 8. ¢ at the second harmonic frequencies.

wider impedance design space is provided by the symmetrical
Doherty PA with modified class-J mode at 8 dB OBO, which
indicates an increased flexibility in the OMN design.

IV. BROADBAND SYMMETRICAL DPA IMPLEMENTATION
Recently, 5G has become a focal point for global research
and development. According to the spectrum planning, fre-
quencies below 6 GHz are still the primary bands of 5G
due to their good propagation characteristics. Considering
the spectrum resource, a symmetrical DPA for the base sta-
tion in 5G is designed to operate over a frequency band of
3.3-3.8 GHz with a saturated power above 48 dBm. Two
Wolfspeed’s CGHV27030S GaN HEMTS are used to demon-
strate the design on a 20-mil RO4350B substrate. Vpp is set
as 50 V, then Ijhax = 2.53 A can be calculated through (17),
thus R,y will be 39.5 Q.

A. IMPEDANCE DESIGN SPACE AT THE PACKAGE PLANE
The impedance design spaces analyzed in Section II and III
are at the current-generator plane, and consequently the
package parasitics of the device need to be de-embedded.
An approximated equivalent parasitic network for Wolf-
speed’s CGH40010F GaN HEMT has been presented in [28].
Similarly, the package parasitic model of the selected transis-
tor can be extracted with frequencies ranging from 3.3 GHz
to 7.6 GHz, as shown in Fig. 7.

The package parasitic network can be expressed in terms
of the ABCD matrix, subsequently, the impedance at the
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TABLE 1. Transformation of Z »; at 6.6 GHz.

8 Zeof Zpkg

-1 746.53 —0.48 — j4.28
0 0 —0.71 — j22.68
) —j46.53 ~0.32 4+ j12.17

TABLE 2. Transformation of Imag [Zpkg] at 6.6 GHz.

é Imag [Zpkg] Zeg
-1 —j4.28 5.15 4 j46.16
0 —j22.68 0.42
1 jl12.17 0.95 — j46.50

current-generator plane can be transferred to the package
plane with the following formula:

B — DZ,,

Zote = 8
P8 = CZeg — A

(29)

Zc > described in (12) is a continuum of pure reactances
at the current-generator plane, when it performs the trans-
formation given in (29), there will be negative real parts
due to the resistors in the package parasitic model. The
negative Re [Zpkg] can not be achieved by a passive and
lossless SHMN. Table 1 shows an example of the situation at
6.6 GHz. Note that the absolute value of Re [Z,, | is minus-
cule compared to Ry, we may just take Imag [Zy, | as the
second harmonic impedance design space and then transfer
Imag [Zpkg] back to the current-generation plane via (30),
as shown in Table 2.

S, _ AZyg+B

= . 30
8 CZpig +D (30)

In this case, Re [ch] is also minuscule compared to Ry,
and Imag [ Z, | is close to Zc 5¢. & is defined to denote the ratio
between Re [Z,]| and Ry, as shown in Fig. 8. According
to the effect of ¢ on efficiency elaborated in [29], ¢ with
a maximum value of 0.16 in this design will lead to an
efficiency reduction of less than 2%, which is completely
acceptable.

Fig. 9 shows the impedance design space of the carrier
PA at the package plane. The available impedances are
widely distributed and bring about multiple choices on the
corresponding values of fundamental and second harmonic
components.

B. CIRCUIT SIMULATION

The impedance design space at the package plane shown
in the previous subsection gives the design goal for the
OMN. A microstrip radial stub is adopted to realize the
second harmonic suppression. Subsequently, the SHMN can
be synthesized to implement the second harmonic impedance

2536

0090 y=0816 —— 3.7GHz
**x % y=0.631 —— 3.8GHz
L0 0.2 0.5

(b)

FIGURE 9. Impedance design space of the carrier PA at the package plane
(normalized to 50 ). (a) At the low power (8 = 8 dB). (b) At the saturated
power.

transformation from short-circuit point to the optimum area.
The SHMN and the SHSN are not only related to the sec-
ond harmonic component but also a part of the fundamental
matching network. As the SHMN and the SHSN have been
determined, two stepped transmission lines are added behind
the SHSN for fundamental tuning.

According to (28), the turning-on point of the peaking PA
depends on ¢. Since ¢ € [0.794, 1], the corresponding input
power has a range of 2 dB, leading to different turning-on
points of the peaking PA in a wide bandwidth. It is an indeed
difficult goal to achieve with an even splitter and a broadband
class-C peaking PA. In order to facilitate the implementation,
the turning-on point of the peaking PA is set with the same as
the conventional symmetrical DPA (¢ = 1) within the target
bandwidth.

Considering the peaking PA is off when ¢ < 1, it will
not affect the analysis in section III, which means the novel
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FIGURE 10. Schematic diagram of the proposed DPA.
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FIGURE 11. Simulated impedances of the carrier PA at the package plane
at the low power.
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FIGURE 12. Simulated DE and gain versus output power.

design space is adequate under the bias condition. In this case,
the DPA will reach the first efficiency peak between 6-8 dB
OBO which is decided by the choice of the impedances. For
illustration, the first efficiency peak will appear at 6 dB OBO
and 8 dB OBO, respectively when y = 1 and y = 0.631.
Regardless of where the first efficiency peak appears, the DE
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FIGURE 13. Simulated drain current and voltage waveforms.
(a) At 3.3 GHz. (b) At 3.55 GHz. (c) At 3.8 GHz.

keeps higher than 49.6% at 8 dB OBO based on the proposed
theory.
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FIGURE 14. Photograph of the fabricated DPA.
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FIGURE 15. Measured DE versus output power.

The complete schematic diagram of the proposed DPA is
shown in Fig. 10. The carrier PA is biased at Vyy = =3V,
while the peaking PA is biased at Vy,; = —6 V. Fig. 11
exhibits a satisfactory impedance matching of the carrier PA
at the package plane when 8 = 8 dB.

Fig. 12 shows the simulated DE and gain of the proposed
DPA versus output power. The DPA achieves a DE of higher
than 44% at 8§ dB OBO with a saturated power of about
48 dBm across a frequency band of 3.3-3.8 GHz. Meanwhile,
the gain ranges from 12.8 dB to 13.7 dB at 8 dB OBO.

To validate the operation mode of the proposed DPA, the
simulated drain current and voltage waveforms are plotted
in Fig. 13. At the saturated power, the waveforms are quite
similar to the conventional class-J mode. Moreover, the minor
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FIGURE 17. Measured spectrum with a 2-carrier 40-MHz LTE signal at
3.45 GHz.

amplitudes of the voltage waveforms at the low power are in
conformity with the analysis of the modified class-J mode in
Section III.

V. MEASURED RESULTS

A photograph of the fabricated symmetrical DPA with
a dimension of 105 mm x 65 mm is shown in Fig. 14.
The efficiency and gain performances are measured with a
10%-duty-cycle pulse excitation due to the heat effect caused
by the high output power and the surface-mount package of
the transistor.
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TABLE 3. Comparison with recently reported DPAs.

Ref Freq Psat DFEgsqt OBO DEj,y Gain
(GHz) (dBm) (%) (dB) (%) (dB)

[7] 3.4-3.5 49.5 58-62 6 46-50 8.6-9

[8] 1.7-2.6  44.6-46.3 57-66 6 47-57 10.2-11.6
[12] 1.7-2.8 44-44.5 57-71 6 50-55 12-14.5
[13] 2.2-3 39.5-41.5 50-67 6 36-48 6-8.6
[14] 3-3.6 43-44 55-66 6 38-56 8-11
This 3.3-3.75 48-48.8 58-71 8 44-55 11.8-13.5
work

The measured DE and gain versus the output power are
shown in Fig. 15 and Fig. 16, respectively. The DPA real-
izes good performances on efficiency and gain across the
frequency band ranging from 3.3 GHz to 3.75 GHz. The DPA
delivers a saturated power of 48-48.8 dBm with a DE of
58%-71%. At 8 dB OBO, a measured DE of 44%-55% is
achieved with a gain of 11.8-13.5 dB.

A comparison with recently reported DPAs is given in
Table 3. The proposed DPA presents a high output power at
high frequencies. With a symmetrical architecture, the DPA
extends the OBO to 8 dB, while its efficiency performance is
still comparable with other state-of-the-art DPAs.

To evaluate the linearity of the DPA, the modulated sig-
nal measurement is performed. When driven by a 2-carrier
40-MHz LTE signal with 8 dB PAPR at 3.45 GHz, the DE
of 53% at an average output power of 40.7 dBm is obtained
with an adjacent channel leakage ratio (ACLR) lower than
—30 dBc, as shown in Fig. 17.

VI. CONCLUSION

In this paper, a broadband DPA with high output power for the
base station in 5G has been proposed. With a SHSN integrated
into the OMN, the effect on the second harmonic component
caused by the dynamic load modulation can be eliminated.
Hence, the second harmonic termination is determined by
the SHMN and can be transformed to the pure reactance
to meet the requirement of the conventional class-J mode.
Then, the DPA will work in the conventional class-J mode
at the saturated power. At the low power, a modified class-J
mode is presented to provide a wide impedance design space
and extend the OBO to 8 dB with symmetrical architecture.
Experimental results show the DPA delivers 48-48.8 dBm
saturated power with a DE of 58%-71%. Meanwhile, at 8 dB
OBO, a measured DE of 44%-55% is achieved with a gain
of 11.8-13.5 dB across the frequency from 3.3 GHz to
3.75 GHz. A good linearity of —30 dBc ACLR is measured
when driven by a 2-carrier 40-MHz LTE signal with 8§ dB
PAPR.
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