Zhongpeng NI, Heng ZHANG, Jing XIA, Wence ZHANG, Wa KONG, Chao YU,
Xiaowei ZHU, 2026. Design and optimization of a high-efficiency current-biased
reverse load modulated power amplifier with impedance and performance
constraints. ENGINEERING Information Technology & Electronic Engineering,
27(1):250110. https://doi.org/10.1631/ENG.ITEE.2025.0110

Design and optimization of a high-efficiency current-
biased reverse load modulated power amplifier with
impedance and performance constraints

Key words: Current-biased reverse load-modulation; Broadband;
High efficiency; Power amplifier; Optimization

Corresponding author: Jing XIA
E-mail: jingxia@ujs.edu.cn
ORCID: https://orcid.org/0000-0001-6255-9297



Motivation

»Conventional Doherty power amplifiers typically rely on a quarter-
wavelength (A/4) impedance transformer to realize load modulation.
However, dispersion associated with this element limits their broadband
capability, making it difficult to meet the growing demand for broadband,
high-efficiency operation in modern communication systems. Reverse

load-modulation can eliminate the need for the A/4 structure and extend
the operating bandwidth at power back-off.

» Although evolutionary computation has been widely applied to RF
optimization due to its excellent global search ability, the current-biased
reverse load-modulation power amplifier (CB-RLM PA) has a unique
load-modulation mechanism, and how to apply this methodology
effectively to the design of CB-RLM PAs remains to be explored.



Main idea

» Impedance-constraint circles are used to construct impedance
trajectory constraints under both saturated and power-back-off (PBO)
operating conditions, ensuring that the load-modulation behavior is
feasible and consistent over the wide band. Meanwhile, the in-band
deviations of saturated efficiency, 6-dB PBO efficiency, and saturated
output power are incorporated into the objective function.

» A decomposition-based multi-objective evolutionary algorithm is then
employed to automatically optimize the parameters of the matching
network, and a high-efficiency PA prototype is finally demonstrated
over a 0.6—1.8-GHz bandwidth.



Method

1. An impedance constraint circle is constructed on the Smith chart,
centered at the target impedance Z; with radius r,. This circle defines
the allowable deviation for the matching network output impedance.
During optimization, the distance between the impedance obtained by
the matching network Z,,, and the target impedance Z__,,., is defined

as follows:
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Fig. 1 Impedance constraint circle
on the Smith chart



Method (Cont’d)

The impedance error at different frequencies fis further defined as
E.(f)=max(0,(y, , -7, ,)) (2)

Thus, the impedance constraint function F, can be obtained:

Iy = ZmaX(Er,PBO (/) E, sar (f)) 3)

feB

2. To evaluate the performance of CB-RLM PA, we define in-band
normalized performance error functions for efficiency and output power
under the two critical and commonly used operating states in load-
modulated PA design, namely saturation and PBO. The in-band errors
are defined as follows, where the desired performance targets are
DEpgo, DEgar, @and Pg,g, respectively:



Method (Cont’d)
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The above three performance metrics constitute the performance
objective F,:
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Method (Cont’d)

3. Next, MOEA/D-ANGR from Ni et al. (2025a) was employed in conjunction
with HB simulation for optimization.
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to be optimized



Major results (Cont’d)

— 0
—8—06GHz ——1.4GHz @ | Before DPD £.20.6 GHz
704 —®—0.8 GHz —©—1.6 GHz 430 E 204 After DPD
—A— 1.0 GHz ——1.8GHz % |
60+ 125
< @ 3 40
w207 1202 e
o T 5 —60
)
40 415 z i > ———
—40 =30 20 -10 0 10 20 30 40
301 410 0
Before DPD £=12 GHz
20 5 —— After DPD

28 30 32 34 36 38 40 42
Output power (dBm)

Fig. 5 Simulated efficiency and gain versus
output power at various frequencies

Normalized PSD (dB)
£
o o
| L | L

T T " " " "
—40 -30 -20 -10 0 10 20 30 40

80 35

—8—(6 GHz —"—1.4 GHz ) 0 Before DPD s pemgey £218 GHz
. o 4 c— I
704 —®*—08GHz —>—1.6CHz -4 30 g After DPD
—a—1 0 GHz ——1.8 GHz 3 20
604 —*—1.2GHz 425 _ o
"c—f o) | m o
) ] 8 407
w %0 190 c ®
)] 1 @© =
404 . 15O 5 —60
1 = T T T T T T T T T T T T T T T
30 410 —-40 30 -20 -10 0 10 20 30 40
208 : : : 5 Frequency offset (MHz)

T T T
28 30 32 34 36 38 40 42
)

Output power (dBm Fig. 7 Measured spectra with and without

Fig. 6 Measured efficiency and gain versus DPD at three frequencies
output power



Conclusions

»An optimization framework is proposed for wideband CB-RLM power
amplifier design, where multi-state impedance-trajectory constraints
and in-band performance deviations are jointly formulated as the
objective function.

» To validate the proposed method, a 0.6—1.8-GHz CB-RLM PA
prototype is designed, fabricated, and measured.

» The fabricated PA provides a saturated output power of 40.9—-41.5
dBm across the operating band, achieving a DE of 53.2%—-63.9% at

saturation, 45.4%-58.7% at 6-dB PBO, and 43.6%—-53.2% at 8-dB
PBO, demonstrating wideband high-efficiency performance.



Zhongpeng NI received the B.E. degree in electronic engineering
from Suzhou Institute of Technology in 2021. Since Sept. 2021, he
has been a master’s student in electronic information at Jiangsu
University, Zhenjiang, China. He is currently working toward the
Ph.D. degree. His research interest is the design of high-efficiency
power amplifiers.

Heng ZHANG received the B.E. degree in communication
engineering and the M.E. degree in information and communication
engineering from Jiangsu University, Zhenjiang, China, in 2022 and
2025, respectively. He is currently pursuing the Ph.D. degree in
computer science and technology at Jiangsu University. His research
interest is the design of high-efficiency power amplifiers.




Jing XIA received the M.E. degree in computer science and
technology from Jiangsu University, Zhenjiang, China, in 2007, and
the Ph.D. degree in electromagnetic field and microwave technology
from the State Key Laboratory of Millimeter Waves, Southeast
University, China, in 2014. From 2015 to 2016, he was a
Postdoctoral Research Fellow with the RF and Microwave Research
Group, University College Dublin, Ireland. He is currently a
Professor with the School of Computer Science and Communication
Engineering, Jiangsu University. His research interests include high
back-off efficiency power amplifier (PA) design, wideband efficient
PA design, and digital pre-distortion techniques.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




