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Motivation

With the rapid development of the fifth-generation (5G) wireless
network technology, the design of Doherty power amplifier (DPA) has
become one of the key technologies in the field of wireless
communications. However, traditional methods for designing DPAs
are often theoretically complex and difficult to implement, limiting their
widespread application. Therefore, a simple and universally applicable
design method for DPAs is needed to meet the growing market
demand.



Main idea

This paper proposes a novel design method for DPAs by traversing the
parameters of the DPA's output matching network to find a parameter
solution space that achieves high efficiency. Based on this parameter
solution space, the output matching network of carrier power amplifier
(PA) (OMN,), the output matching network of peaking PA (OMN,), and
post-matching network (PMN) of the DPA are designed separately, and
combined together to achieve Doherty’s functionality. This method is
suitable for different types of DPA designs, demonstrating strong
universality, with a clear and concise design process that is easy to
understand and master.
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Parameter solution space

Determine the maximum
current ratio ¢ and optimal
impedances of the two PAs
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Parameter solution space
acquisition

At the OBO state, the fundamental impedance of Z is in the
continuous class-J mode. Therefore, the designed DPA can achieve
high efficiency at both saturation and OBO states.
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Fig. 3 Theoretical trajectories of Z; (a) and Z; (b) from the output OBO to the
saturation level across the working frequency band.



Parameter solution space
acquisition

Selecting parameters such that the phase parameter varies
linearly with frequency

—\45 T T T T T T T _EH:I
D\ —o—Theonatical

I I I I I —-a—l'l'ha:.-:-r::.-ti:al
~55 | \ |

" -110}
_55 B \ T —

P ~ = -130} \“\
™ \ _ E\u\
.
~ 150}
-4 ‘n\ i

—95 1 1 1 1 1 1 1 HH"H _-1?[' L L 1 1 1 1 1 \‘o
18 19 20 21 22 23 24 25 286 18 19 20 21 22 23 24 25 26
Frequency (GHz) Frequency (GHz)

(a) (b)
Fig. 5 Theoretical 6. of OMN_ over the working frequency band (a) and
theoretical 6, of OMN, over the working frequency band (b)




Parameter solution space
acquisition

By simulating the ideal DPA based on
the selected parameters in the ADS
simulation software, it can be found
that high efficiency can be achieved at
both the saturation and OBO states.

Selecting the parameters of each
frequency point within a frequency
band in the solution space

Table 1 Theoretical parameters at frequencies over
1.8-2.6 GHz

Frequency (GHz) fc (%) fp (%) Xi/Ry
1.8 —45 —90 —1.00
1.9 —5bb —100 —0.69
2.0 —59 —110 —0.60
2.1 —68 —120 —0.40
2.2 —73 —130 —0.31
2.3 —T79 —138 —0.19
2.4 —54 —150 —0.10
2.5 —90 — 160 0
2.6 —95 —170 0.10

HL = '%Hup:_c'

0.2
18 0

The ideal efficiency curve
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Design
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Major results
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Major results

Table 2 Performance comparison

Topolo

_ Frequency FBW  Power

8 (GHz) (%) (dBm) (dB)

OBO DE@OBO DE@GSAT PAE@SAT ACPR
(%) (%) (dBe)

Reference Technique
Choi et al. (2021) Smith
chart
Li M et al. (2022) Phase
compensation
Zhou et al. (2022) Phase
compensation
Li C et al. (2020) Phase
compensation
Xu et al. (2021) Modified
LMN
This work Parameter

solution space

Asy,

Asy.

o

Sym.

Sym.

Asy,

Asy,

1.G8 43.5 9.5

1.55-2.2 35 452-47.3 11.1-13.2

1.6-1.95 19.7T 42.7-43.5 9-9.5

1.9-2.4 23.3 44.2-49.7 8.5

1.4-2.5 56,4 44-45.9 9

1.8-2.6 36,4 46.9-48.8 9.5

56.4 53.6

47-62.7  33.1-51

49.7T 65.2-T1.8 52.8-56

546 61-T5.5 53.2-66

27.3 (1.68 GHz)

29.1 (2 GHz)

67.5 64.6-T0.9 BG6.5-62.9 < —22

31.1 (2.4 GHz)

29.8 (1.6 GHz)

6.4 45.8-Tl.1 36.6-49.7 -33.6 (2.5 GHz)

ACPR: adjacent channel power ratio; Asy.:

symmetrical; SAT: saturaion state

asymmetrical; DE: drain efficiency; FBW: fractional bandwidth; LMN: load
modulation network; OBO: ocutput power back-off; PAE: power-added efficiency; Power:

saturation output power; Sym.:



Conclusions

In this paper, the parameter solution space that can achieve
high efficiency at both OBO state and saturation state is
proposed. To validate the rationality of the parameter solution
space, an asymmetric DPA operating at 1.8-2.6 GHz has
been designed. The DPA can achieve an efficiency of 42.7%—
56.4% and 45.8%—-71.1% at the 9.5-dB OBO level and
saturation level, respectively. The saturation output power is
46.9-48.8 dBm with a saturated gain of 5.5-8.0 dB. This
validates the rationality of this design method.
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