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ABSTRACT: Achieving simultaneous wideband operation and high output power efficiency remains a major challenge in modern GaN
HEMT power amplifier (PA) design, particularly for broadband communications and radar systems. This paper presents a systematic
design methodology for a broadband PA that integrates radial-stub (RS)-based bias/matching networks with an algorithmic gate-bias
(Vis) optimization, alongside load-pull-derived device termination and compact layout. Starting with the Wolfspeed CMPA0530002S
GaN HEMT, which features intrinsic broadband stability and an integrated input match, we replace conventional narrowband bias lines
with a radial-stub network that ensures broadband bias isolation and low-loss matching. A thorough load-pull study identifies the optimum
load impedance for concurrent maximization of power-added efficiency (PAE), gain, and output power. Subsequently, an automated Vs
sweep across the full 1.16-1.6 GHz band determines the optimal bias point for broadband and efficiency trade-off. The PA achieves a
simulated result of output power of 34.28 dBm, flat gain of approximately 13.28 dB, and a peak PAE of 58.69% in a fractional bandwidth
of 37% (1.16—1.6 GHz). A key novelty of this work lies in the proposed algorithmic Vs sweep technique, which enables optimization of
broadband efficiency throughout the entire 1.16—1.6 GHz operating band and can be easily extended to other frequency ranges. Unlike
conventional bias optimization methods that are limited to a single frequency, the proposed algorithm systematically identifies the optimal
gate bias across multiple frequencies to maintain high efficiency and consistent output power over a wide bandwidth. The simulated
results confirm that this algorithmic bias optimization approach achieves superior broadband efficiency and stable output performance,
providing a scalable and adaptable design methodology for next-generation wireless communication and electronic warfare systems.
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1. INTRODUCTION

owadays, wireless communication systems are used in

many different areas of life. They include 5G mobile
networks, Wi-Fi 6/6E, satellite communications (especially in
the L- and S-bands), military and civil radar systems (like L-
band and S-band radars), GNSS (Global Navigation Satellite
Systems) like GPS, and the Internet of Things and machine-
to-machine (M2M) communication. Additionally, the signal
bandwidth may be much larger, up to several hundred mega-
hertz depending on the application [1-3]. One of the most crit-
ical components in radio frequency (RF) transmitter front-ends
is power amplifier (PA), which largely determines the overall
system performance in terms of bandwidth, output power, and
efficiency. The proposed co-design method establishes a scal-
able and robust framework for next-generation high-efficiency
broadband RF PA implementation [4, 5].

Thus, in order to satisfy the increasing demands of contem-
porary and upcoming wireless systems, the development of
broadband PAs has become crucial. In response to the grow-
ing needs of contemporary wireless communication systems,
a variety of design strategies have been studied recently to
achieve wideband performance while retaining high efficiency
and output power. Techniques such as continuous-mode oper-
ation (e.g., continuous Class-F [6], Quasi-Class-J [7], and con-
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tinuous Class-J/F~! [8]) have been frequently used to increase
the bandwidth of intrinsic optimum impedances and reduce har-
monic termination limitations.

Additionally, complex load modulation techniques, such as
Doherty and outphasing architectures, have been carefully in-
vestigated and adjusted to improve broadband efficiency and
performance over a large frequency range [9—11]. However,
they frequently struggle to sustain appropriate load modulation
over large bandwidths, exhibit higher complexity, and demon-
strate reduced efficiency at power back-off. Furthermore, the
literature has documented a number of filtering power ampli-
fiers (FPAs) that seek to simultaneously combine high effi-
ciency, wideband operation, and efficient out-of-band rejec-
tion [12].

To further enhance the bandwidth and efficiency of PAs,
multi-section transmission-line transformers are commonly
used to extend the matching bandwidth and improve impedance
transformation [13]. However, their cascaded configuration
often results in additional insertion loss, increased circuit
size, and higher fabrication complexity, particularly at RF
frequencies. To overcome these challenges, this work proposes
a radial-stub (RS)-based matching network as an efficient
alternative. By optimizing the stub geometry and simulated
layout, the design achieves compact size, low loss, and ease
of fabrication. The RS structure ensures smooth impedance
transformation across a wide frequency range, providing
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FIGURE 1. General block diagram of the proposed broadband power
amplifier employing RS-based matching and gate-bias control.

stable performance, high efficiency, and strong tolerance to
fabrication variations.

As shown in Figure 1, this paper presents an innovative
methodology for designing a high-efficiency, wideband power
amplifier (PA) utilizing a radial-stub (RS)-based matching
network. Unlike the radial-stub implementations reported
in [14,15], which are primarily focused on monolithic mi-
crowave integrated circuit (MMIC)-based millimeter-wave
applications or harmonic suppression purposes, the proposed
work employs the radial-stub network as a fundamental wide-
band impedance-matching element for a high-power microstrip
GaN PA. Moreover, a systematic and application-oriented
simulation-based methodology is presented to ensure robust
wideband performance and practical printed circuit board
(PCB) realizability, rather than MMIC-specific or harmonic-
tuning-oriented implementations. The RS topology provides
wideband impedance matching while minimizing sensitivity
to fabrication tolerances. Furthermore, to enhance the overall
efficiency, an adaptive optimization algorithm is employed
to determine the optimal gate bias voltage (Vgs). In this
work, a novel algorithm is introduced to automatically identify
the optimum Vgs across the entire broadband frequency
range of 1.16-1.6 GHz. This approach enables consistent
performance optimization over a wide bandwidth rather than
at a single frequency, representing one of the key novelties
of this study. The proposed bias optimization, while simple,
provides a systematic and repeatable method for broadband PA
design. The proposed algorithm achieves superior efficiency,
making it highly applicable to next-generation broadband and
high-efficiency RF PA designs.

The unique contributions of this work can be summarized as
follows:

* The radial stub (RS) is employed as a broadband out-
put matching and biasing element in a low-GHz high-
power GaN power amplifier (PA) to achieve wideband
impedance transformation and effective RF/DC isolation,
rather than MMIC-based or filter-oriented applications as
reported in [14-22].

* A frequency-averaged, algorithmic gate-bias optimization
approach based on mean-value theory is utilized to iden-
tify a global optimum gate-source voltage (Vs) across the
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entire operating bandwidth, instead of relying on single-
frequency bias optimization.

+ The main novelty of this work lies in the integrated use of
RS-based broadband output matching with mean-theory-
based broadband gate-bias optimization, enabling consis-
tent and high-efficiency large-signal performance across
the entire operating bandwidth.

The remainder of this paper is organized as follows. Sec-
tion 1 presents the motivation, background, and related work on
broadband GaN PA design. Section 2 discusses the theoretical
basis and design methodology of the proposed RS based match-
ing network combined with Vs optimization for enhanced
broadband efficiency. Section 3 describes the overall PA topol-
ogy, including the integration of the optimized bias network and
matching architecture. Section 4 reports the simulated perfor-
mance, focusing on gain flatness, efficiency, and output power
across the operating band. Section 5 provides a comparative as-
sessment with recently reported state-of-the-art designs, high-
lighting the advantages of the proposed approach in terms of
bandwidth and efficiency. Finally, Section 6 concludes the pa-
per with a summary of the key findings and outlines future
directions for experimental validation and implementation in
high-efficiency broadband communication and electronic war-
fare systems.

2. RADIAL STUB NETWORKS WITH BIAS OPTIMIZA-
TION FOR BROADBAND AND EFFICIENCY

The adoption of RS as matching elements in high PA design has
proven to be a significant advancement over traditional rectan-
gular stubs, particularly when broadband operation and high
output power are required [16—18,22]. Conventional stubs,
while simple to implement, suffer from narrowband behav-
ior and strong frequency sensitivity, which restrict their ability
to provide stable impedance matching across wide operating
ranges. In contrast, RS, with its sector-shaped geometry, inher-
ently offers a lower characteristic impedance and a more for-
giving frequency response, enabling more effective impedance
transformation over multi-octave bandwidths. This property
makes it especially suitable for broadband PAs, where consis-
tent performance must be maintained across wide frequency
spans [19,21].

The radial stub (RS) used in the matching network can be
analyzed as a series combination of an inductor and a capaci-
tor. The input impedance Z;,, equivalent inductance L,., and
capacitance C'. can be approximately expressed as [23, 24]:
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FIGURE 2. RS vs traditional stub. (a) Load impedance trajectory for RS and traditional stub. (b) O/P simulated result.

* h denotes the dielectric thickness;

[ represents the phase constant;

* 0, is the spanning angle of the radial stub (in radians);
+ ¢ denotes the speed of light in free space;

* oy represents the effective dielectric constant;

e r; and r, are the inner and outer radii of the radial stub,
respectively.

From a practical standpoint, these characteristics allow RS
to efficiently transform the inherent output impedance of a
power transistor into the required load impedance. To sup-
port the impedance transformation claim, a Smith chart com-
parison between the proposed radial-stub (RS) matching net-
work and a conventional open-stub network is presented over
the 1.16-1.6 GHz band is presented, as shown in Figure 2(a).
The impedance trajectories show that the RS network main-
tains impedance closer to the optimum load-pull solution, re-
sulting in higher simulated PAE and improved large-signal per-
formance, as shown in Figure 2(b). These observations are
fully consistent with prior published work, such as [25], which
demonstrates that radial stubs exhibit lower reactance variation
than conventional stubs, leading to wider bandwidth and en-
hanced PA efficiency.

Recent innovations in RS design, such as sector-angle opti-
mization and cascaded radial stubs, have been reported to im-
prove impedance behavior, harmonic control, and overall PA
efficiency [19,20]. In the present work, these studies were an-
alyzed and used as design guidance for the simulation-based RS
output matching and biasing network, while the primary focus
remains on exploiting the RS structure to enhance large-signal
performance metrics (PAE, Py, and Pgn) over the 1.16—
1.6 GHz band. To further improve these performance metrics,
algorithmic gate-bias optimization techniques are applied, al-
lowing the nonlinear dependence of large-signal parameters on
gate bias to be accurately captured and tuned. This method
makes it possible to identify the optimum Vgg that maximizes
efficiency, thereby ensuring that broadband amplifiers deliver
superior gain, output power, and fidelity across wide frequency
ranges [25].
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The design and optimization of PAs demand a precise bal-
ance among key performance metrics such as broadband and ef-
ficiency to meet the stringent requirements of modern commu-
nication systems. Among the various design parameters, (Vgs)
plays a decisive role in defining the transistor’s operating char-
acteristics and overall performance. By systematically sweep-
ing Vs and analyzing the corresponding efficiency datasets,
designers can capture the nonlinear behavior of the device and
identify the optimal bias point that maximizes PAE, P, and
Py,in while ensuring stability [26, 27].

The visualized transistor behavior validates that the proposed
design methodology — driven by precise tuning of Vg — max-
imizes PAE at optimal Py and Py The transistor bias point
is determined through the developed algorithm applied to the
generated efficiency datasets. Specifically, the algorithm eval-
uates gate bias points within the Class-AB region, ranging from
—1.65V to —3.01 V in 0.01V steps, corresponding to a total
of 141 discrete Vg values. The selected gate-source voltage
sweep range from Vgs = —1.65V to —3.01 V was chosen
based on the transfer characteristics and biasing to ensure oper-
ation within the Class-AB region. Within this range, the tran-
sistor exhibits partial conduction over the RF cycle, providing
an appropriate trade-off between linearity and efficiency.

Each of these 141 bias values represents the computed mean
performance — averaged over the frequency range of 1.16 to
1.6 GHz.

As illustrated in Figure 3, Step A, three primary datasets are
generated: the dataset of PAE { X }, the dataset of Py {Y }, and
the dataset of Py,in {Z}.

In Step B, the mean values of each dataset are computed
based on the mean theory to establish representative perfor-
mance levels for PAE, Py, and Pg,. This step is a corner-
stone of the proposed optimization algorithm, as it enables the
evaluation of device performance across a broadband frequency
range rather than at a single frequency point — constituting a
primary novelty of this work. In this approach, frequency is de-
fined as the independent variable on the x-axis, and each per-
formance parameter, PAE(f), Pyin(f), and Pyy(f), is mod-
eled as a continuous function F'(z) over the frequency inter-
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FIGURE 3. Proposed algorithm to determine the gate bias.

val [1.16, 1.6] GHz. The entire optimization process, including
data fitting, integration, bias-voltage selection, and validation,
is implemented through a dedicated Python-based algorithm
that operates on frequency-dependent datasets extracted from
Microwave Office environment (AWR) simulations, thus au-
tomating performance evaluation and confirming consistency
between the analytical and simulated results.

According to mean theory, the representative mean value of
each function within this interval is calculated using the funda-

mental relation [28]:
1 b
2 /a F(x)dx,

where a and b denote the lower and upper frequency lim-
its, respectively. This operation provides a mathematically
consistent way to extract the average broadband behavior of
each dataset, ensuring that the optimization process reflects the
global performance trend rather than localized variations. The
resulting mean-based datasets are then constrained by the de-
sign criteria of Pyin > 12dB, PAE > 55%, and Py >
34 dBm.

The intersection of these datasets, defined as { O}, represents
the bias conditions that simultaneously satisfy all performance
constraints across the broadband frequency range. This formu-
lation establishes a systematic, frequency-averaged bias opti-
mization method capable of identifying the most effective gate
bias for achieving maximum PAE with respect to the optimum
P,y and Py, over a broadband range.

In Step C, the intersection dataset {O} is further processed
as a function of the gate bias voltage Vs to identify the opti-
mum bias condition that achieves the desired efficiency. For
each discrete value of Vg, the frequency-domain responses
contained in {O} are collected, and the frequency-averaged
performance metrics are calculated according to the mean the-
ory. The mean power-added efficiency (PAE), mean power
gain (Pgin), and output power (F,y) are computed using the

F:

4)

111

Step C Step D
following mean-law relations:
— 1 b
PRE(Vos) = 7— | PAE(AVes)df (5
N 1 b
Pgain(VGS) = m / Pgain(f7 VGS)df (6)
a
— 1 b
PralVis) = 5 | PulflVes)d ()
where [a,b] = [1.16, 1.6] GHz represents the operational fre-

quency band. The optimization algorithm then forms a scalar
objective function from these mean quantities, with whose help
the optimal gate bias V{jg is determined.

Finally, in Step D, output points along with their performance
parameters are derived from the algorithm and evaluated under
the same design constraints, namely Pyin¢ > 12dB, PAE; >
55%, and Py, > 34dBm. These points represent outcomes
of the optimization process and are ranked according to their
corresponding objective function values S(Vgs) to assess the
robustness and consistency of the proposed mean-theory-based
algorithm.

For the proposed broadband power amplifier design, the al-
gorithm results show that the highest objective function value
is achieved at Vg = —2.87V, which provides maximum PAE
with respect to the optimum Py and P,y over a broadband
range. This procedure ensures that the selected bias point pro-
vides the best broadband efficiency while maintaining opti-
mum P,y and Py, over the frequency range of 1.16-1.6 GHz.
This outcome verifies that the proposed algorithm can accu-
rately detect the optimum bias point over a broadband fre-
quency range rather than a single frequency, owing to its de-
pendence on the mean value theory for frequency-domain av-
eraging. Consequently, the optimum gate bias is not a localized
value but a broadband-validated condition that ensures an en-
hanced maximum efficiency point. This demonstrates the reli-
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FIGURE 4. Proposed broadband PA, including RS-based output matching network and bias circuits.
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FIGURE 5. Stability curve.

ability and generality of the proposed broadband bias optimiza-
tion methodology.

3. DESIGN METHODOLOGY AND SIMULATION OF
THE PROPOSED PA

As shown in Figure 4, the proposed broadband PA employs
the Wolfspeed CMPA0530002S Gallium Nitride (GaN) High
Electron Mobility Transistor (HEMT) Monolithic Microwave
Integrated Circuit (MMIC) as the active device. The device
exhibits excellent thermal and electrical robustness, making it
well-suited for high-power and wideband operation for its high
efficiency and robustness in high-power applications. A no-
table feature of this device is its integrated input matching net-
work, which reduces external circuit complexity, lowers input-
stage insertion loss, and as shown in Figure 5, ensures stable
performance across the target frequency band, eliminating the
need for additional stabilization networks in most practical con-
figurations that simplifies circuit integration. Proper biasing of
the gate and drain terminals is essential for optimizing the effi-
ciency of a PA.

To achieve stable biasing across a broad bandwidth, the de-
sign employs an RS-based bias tee. The RF-DC isolation pro-
vided by this radial-stub network has been quantitatively eval-
uated, as shown in the S-parameter plot included in Figure 6.
Initial stub dimensions were determined using standard radial-
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FIGURE 6. S parameter for RS bais tee.

stub theory as starting parameters and subsequently optimized
numerically to achieve the desired broadband performance, en-
suring both reproducibility and technical reliability. The gate-
bias network, however, does not employ radial stubs because
the selected MMIC GaN transistor inherently provides sepa-
rate terminals for DC and RF at the gate — DC bias is applied
to the dedicated DC path while the RF signal enters through the
RF input terminal — ensuring good input matching and intrin-
sic stability across the operating band, which makes additional
radial stubs unnecessary for the gate-bias network [29, 30].

To achieve optimum signal performance, a comprehensive
load-pull simulation was conducted to evaluate the transistor’s
behavior across a wide impedance space. As shown in Figure 7,
the frequency-dependent optimal load impedances over the
1.16-1.6 GHz band are clustered around Z,, = 154 4 j102,
representing the best compromise among PAE, Py, and Pip
across the operating band.

Following this, algorithmic sweep of Vs was performed un-
der Class-AB operation to examine the effect of bias varia-
tion on the device’s nonlinear response and output capability.
The Class-AB region was selected due to its inherent ability
to maintain a favorable trade-off between efficiency and lin-
earity, which is critical for broadband high-power applications.
Through this bias optimization, the optimum operating funda-
mental load impedance trajectory over the frequency range for
the maximum PAE point was found at Vs = —2.87V, where
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FIGURE 7. Fundamental load impedance trajectory over the frequency
range for maximum PAE.

the amplifier achieved the highest combined performance in
terms of PAE, Py, and P,in. The integration of load-pull anal-
ysis with algorithmic Vi sweeping thus establishes a systematic
and effective methodology for identifying the true optimum op-
erating point, forming the foundation for enhanced efficiency in
advanced high-power amplifier design [4,31].

The output matching network is realized using RSs to fur-
ther extend the amplifier’s operational bandwidth and improve
impedance transformation efficiency. RS introduces an opti-
mum impedance and wideband response that effectively sup-
presses RF leakage into the DC bias paths while maintain-
ing smooth impedance transformation across the 1.1-1.6 GHz
range. This configuration enhances power transfer, minimizes
mismatch losses, and improves harmonic suppression. Further-
more, the distributed current flow of the RS contributes to supe-
rior thermal uniformity, reducing localized heating and improv-
ing long-term device reliability. The integration of RS-based
output matching with the optimized GaN device and adaptive
bias control establishes a stable, efficient, and broadband am-
plifier architecture suitable for advanced wireless communica-
tion and electronic warfare applications [4, 32].

4. SIMULATION RESULTS AND PERFORMANCE
ANALYSIS

As illustrated in Figure 8, the small-signal characterization of
the proposed broadband PA confirms the accuracy of the match-
ing network and the stability of the overall design across the
1.1-1.6 GHz frequency range.

The forward transmission coefficient (S2;1) remains nearly
constant around 20 dB, demonstrating strong and uniform gain
over the entire operating band. The input reflection coefficient
(S11) stays below —10 dB, indicating effective input matching
and minimal power reflection, while the output reflection coef-
ficient (S22) remains below —20 dB, verifying excellent output
matching and load stability. These small-signal results validate
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FIGURE 8. Small-signal S-parameters.

the robustness of the broadband RS matching network and the
effectiveness of the optimized gate-bias configuration. Overall,
the amplifier exhibits wideband impedance stability and con-
sistent gain behavior, establishing a solid foundation for high-
efficiency large-signal operation.

The simulated result of the large-signal performance of the
proposed broadband PA validates the effectiveness of the com-
bined RS-based matching and gate-bias optimization approach
as illustrated in Figure 9. Across the 1.16—1.6 GHz frequency
range, the amplifier demonstrates stable broadband character-
istics with smooth gain and efficiency profiles. At the cen-
ter frequency of 1.35GHz, the PA delivers a saturated out-
put power (P,y) of 34.28 dBm while maintaining a power
gain of 13.28 dB. The maximum power-added efficiency (PAE)
reaches 58.69%, representing an excellent balance between
broadband and efficiency.

The gain compression behavior indicates a gradual transi-
tion to saturation, verifying the amplifier’s capability to han-
dle high input drive levels without severe distortion. More-
over, the simulated PAE remains above 50% across the entire
operating bandwidth, confirming the broadband nature of the
matching network and the stability of the biasing scheme. All
small- and large-signal simulations and performance evalua-
tions were conducted using the AWR, ensuring accurate broad-
band modeling and reliable verification of the proposed de-
sign approach. Compared to conventional transmission-line-
based designs, the adoption of radial stubs provides enhanced
impedance bandwidth and reduced insertion loss, while the op-
timized Vs sweep ensures operation near the optimal conduc-
tion angle.

The results demonstrate a consistent and well-balanced re-
sponse, achieving high output power with excellent gain flat-
ness and stable efficiency throughout the operational band. The
amplifier delivers an average output power of approximately
34.28 dBm with a nearly constant gain of about 13.28 dB, in-
dicating effective broadband impedance matching and minimal
frequency-dependent variation. The simulated result of PAE
remains above 50% across the entire band, reaching a peak
value of 58.69% near the center frequency, confirming the op-
timized biasing and load-line conditions achieved through the
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FIGURE 9. Summary of simulation results: (a) PAE versus input power, (b) P,y versus input power, (c) gain versus input power, and (d) power gain

versus output power.

proposed gate-bias tuning approach. This flat and efficient re-
sponse verifies that the CMPA0530002S GaN HEMT transistor
operates within its optimal region, combining high output ca-
pability and thermal stability. The authors used Rogers 4003C
as the substrate for both the matching network and bias circuit.
Its key properties are: dielectric constant £, = 3.75 (nomi-
nal ¢, = 3.66), thickness H = 0.508 mm, metal cladding
T = 0.043mm, and loss tangent tand = 0.0021. Provid-
ing these details ensures accurate evaluation of the proposed
simulation-based design. Overall, the simulated characteristics
validate the effectiveness of the proposed design methodology
in achieving high-efficiency, wideband performance suitable
for advanced communication and electronic warfare applica-
tions.

Figure 10 presents the simulated large-signal performance of
the proposed broadband PA in terms of PAE, Fyy, and Py
across the 1.16—-1.6 GHz frequency range, at an input power of
21 dBm.

Overall, these results validate the robustness and repeatabil-
ity of the proposed methodology, highlighting its potential for
integration in high-efficiency, wideband systems used in mod-
ern communication and electronic warfare platforms.
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FIGURE 10. Simulated large signal results versus frequency.

4.1. Electromagnetic (EM) Modeling

Accurate electromagnetic (EM) modeling is essential for pre-
dicting and optimizing the performance of broadband power
amplifiers, particularly when employing complex matching
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TABLE 1. Performance comparison with state-of-the-art power amplifiers.

p (Ref)) Fractional Center Saturated Output Power Added Power Transistor
aper (Ref.
Bandwidth (%) Frequency (GHz) Power (dBm) Efficiency (%) | Gain (dB) Type
Hietakangas etal. [35] 2.07 1.6 33 56 13 GaAs IC
multi-band,
) low band (0.87)
Kim etal. [36] per-band 34.5 55 27-28 CMOS
and high band (1.8)
FBW values 3—4
Refai etal. [37] 11.7 approximately 0.864 29 33-36 25-28 GaAs HBT
Alizadeh etal. [38] 17 around 10 32 50 25 GaAs pHEMT
Tang etal. [39] 333 approximately 6 31 36-42.7 - GaAs HBT
Byeon etal. [40] 10.5 0.9 36 ~40 29.6 HBT
This Work 37 1.35 34.28 58.69 13.37 GaN HEMT
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FIGURE 11. Electromagnetic (EM) modeling. i : : i .
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networks such as RSs. In this work, as shown in Figure 11, a
full-wave EM simulation of the complete PA layout, including
the output RS matching network, bias structures, and package
parasitics, was conducted to capture coupling effects, disconti-
nuities, and higher-order resonances that cannot be accounted
for by lumped-element or ideal transmission-line models. The
EM model enables precise extraction of S-parameters, current
distributions, and field patterns, allowing simulation-based ver-
ification of impedance matching, isolation, and bandwidth per-
formance across the 1.1-1.6 GHz operating range. By integrat-
ing EM analysis with circuit-level design and load-pull opti-
mization, the proposed methodology ensures that the broad-
band PA meets its target specifications [33, 34].

To complement the schematic-level analysis, full-wave EM
simulations were performed to assess the proposed PA under
a more comprehensive simulation framework. This approach
ensures consistency between circuit-level predictions and EM-
level evaluation across the operating frequency band.

The frequency-dependent large-signal EM performance of
the proposed PA is presented to assess its broadband behavior.
The output power, power gain, and PAE are evaluated across
the operating band at output power level of 21 dBm, as shown
in Figure 12.
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FIGURE 12. Simulated large signal results versus frequency.

5. COMPARISON OF KEY STUDIES

Table 1 compares the performance of the proposed broadband
PA with recently reported state-of-the-art designs. The GaAs IC
PA by Hietakangas et al. [35] achieved narrowband operation
with a 2.07% FBW, 33 dBm saturated output power, and 56%
PAE. The CMOS multiband PA by Kim et al. [36] provided 3—
4% per-band FBW with 34.5 dBm output power, 55% PAE, and
27-28 dB gain. Refai and Davis [37] and Alizadeh et al. [38]
demonstrated 11.7% and 17% FBW, respectively, achieving
up to 50% PAE with GaAs HBT and pHEMT technologies.
Tang et al. [39] obtained 33.3% FBW and 42.7% PAE using a
GaAs HBT device, while Byeon and Kim [40] reported 10.5%
FBW, 36 dBm output power, and approximately 40% PAE.

Compared with these works, the proposed GaN HEMT
amplifier achieves the widest 37% FBW with a high PAE of
58.69%, 34.28 dBm saturated output power, and 13.37dB
power gain. This confirms the effectiveness of the broadband
radial-stub matching network and adaptive gate-bias optimiza-
tion in maintaining high efficiency and output power across a
wide operating band.
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6. CONCLUSION

This paper has introduced a holistic design framework for
broadband GaN HEMT power amplifiers, which combines
radial-stub-based bias and output matching networks with au-
tomated gate-bias optimization and load-pull termination anal-
ysis. Applied to the CMPA0530002S device, the resulting am-
plifier delivered 34.28 dBm saturated output power, a flat gain
of approximately 13.28 dB, and a peak power-added efficiency
(PAE) of 58.69% across a 1.1-1.6 GHz band (37% FBW),
where its broadband and high-efficiency characteristics provide
significant advantages for electronic-warfare and precision-
navigation systems. These simulation results demonstrate that
the coordinated tuning of bias, impedance, and matching net-
work topology can effectively reconcile the traditional trade-
offs among bandwidth, efficiency, and output power in PA de-
sign.

Moreover, the radial-stub topology demonstrated excellent
effectiveness in achieving broadband impedance uniformity
with high efficiency, and the algorithmic Vs sweep enabled
broadband efficiency optimization without the need for man-
ual tuning. Although this paper focuses on a single-stage PA
in the 1 GHz band, the proposed methodology is equally ap-
plicable to multi-stage, Doherty, or outphasing architectures
and scalable to higher frequencies for next-generation wireless
and electronic-warfare systems. Future work will involve de-
tailed linearity and modulation-mask testing, ruggedized com-
mercial packaging, and implementation in millimeter-wave fre-
quencies.

The presented EM-validated layout represents the final
fabrication-ready design, and hardware implementation and
measurements are planned as a part of ongoing work. Future
work will focus on the fabrication and experimental charac-
terization of the proposed PA, enabling a detailed comparison
between measured and simulated large-signal performance.
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