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This paper presents the design and performance enhancement of a broadband gallium 

nitride (GaN) based non-uniform distributed power amplifier (NDPA) employing a 10 W 

CGH60008D 0.4 µm gallium nitride on silicon carbide (GaN-on-SiC) high-electron-

mobility transistor (HEMT) for ultra-wideband microwave applications. The proposed 

amplifier employs tapered gate and drain artificial transmission lines (ATLs) and a 

harmonic suppression network to mitigate parasitic effects, improve impedance matching 

and enhance broadband power-added efficiency (PAE). The amplifier design and analysis 

were based on the Advanced Design System (ADS) simulations with the Class-AB bias 

conditions of VDS = 28 V and VGS = −1.6 V. The obtained results showed a broadband 

operation over a 2–16 GHz frequency range with small-signal gain from 11.2 dB to 2.2 

dB, saturated output power from 35 dBm to 39 dBm and a maximum PAE of 48%. 

Moreover, the proposed NDPA has demonstrated acceptable broadband impedance 

matching and stable large-signal performance across the operating band. The results 

obtained confirm that the combination of non-uniform distributed architecture and 

harmonic suppression techniques provides an effective trade-off between bandwidth, gain, 

output power and efficiency. The proposed amplifier is suitable for broadband 

communication systems. 
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1. INTRODUCTION

The rapid growth of modern wireless communication 

systems, such as fifth-generation (5G), emerging sixth-

generation (6G) networks, radar systems, and electronic 

warfare (EW) applications, has dramatically increased the 

need for broadband, high-efficiency, and high-power radio 

frequency (RF) power amplifiers (PAs). In these systems, the 

amplifiers need to work in ultra-wide bandwidths while still 

maintaining high output power and efficiency. In particular, 

wideband operation over multi-octave frequency ranges is 

essential for supporting spectrum aggregation, multi-standard 

communication and high-resolution sensing applications [1]. 

Gallium nitride (GaN) high-electron-mobility transistors 

(HEMTs) have become a key enabling technology for such 

high-performance PAs due to their superior material properties 

such as wide bandgap, high breakdown voltage, high current 

density and excellent thermal conductivity [2]. GaN devices 

have many advantages over traditional gallium arsenide 

(GaAs) technologies, such as higher power density and higher 

efficiency, and are very promising for broadband and high-

power applications [3]. Thus, GaN-based monolithic 

microwave integrated circuit (MMIC) is the most attractive 

candidate for the next generation RF front-end systems [4]. 

Conventional wideband PA design techniques primarily 

depend on reactive matching networks for the impedance 

transformation over a desired frequency range [5]. 

Nevertheless, the performance of these techniques is 

intrinsically limited by the Bode-Fano criterion, limiting the 

achievable bandwidth for a given impedance match, especially 

under the high-voltage operating conditions of GaN devices. 

This makes it difficult to achieve wide bandwidth, high 

efficiency, and high output power using conventional 

matching-based topologies [6]. Alternatively, distributed 

amplifiers (DAs) have been extensively studied for broadband 

applications due to the use of artificial transmission lines 

(ATLs) at the gate and drain to absorb the transistor parasitic 

capacitances and thus extend bandwidth and alleviate high-

frequency gain roll-off [7]. However, conventional DAs have 

several critical limitations, such as low power-added 

efficiency (PAE), power dissipation in termination resistors 

and non-uniform signal distribution over the transistor cells 

that degrade the performance and limit the applicability of 

DAs for high-efficiency broadband systems [8]. 

To overcome these limitations, a non-uniform distributed 

power amplifier (NDPA) architecture has been proposed as an 

effective enhancement over conventional DAs, where the 

performance is improved by tapering the characteristic 

impedance of the drain transmission line and carefully 

designing the input network to achieve near-optimal loading 
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conditions for each transistor cell. This scheme enables more 

efficient power combining, higher output power and better 

PAE than uniform DAs. However, despite the advantages, 

there are still several critical challenges in the design of GaN-

based NDPAs [9]. In particular, efficiency degradation at high 

frequencies is still a major concern due to attenuation on the 

gate lines and increasing parasitic effects. Signal attenuation 

along the gate transmission line reduces the driving voltage of 

transistors toward the output. These results indicated a non-

uniform and reduced PAE. In addition, large transistors were 

used in the early stages to meet the impedance constraints. 

Large parasitic capacitances associated with these large 

transistors limit the bandwidth and degrade the gain 

performance. The difficulty of realizing high characteristic 

impedance transmission lines in GaN MMIC processes creates 

additional practical limitations, making the optimal 

implementation of drain-line impedance tapering challenging. 

Hence, the right compromise between bandwidth, efficiency 

and output power is still a fundamental challenge [10]. 

Various techniques have been explored, including the 

tapering of the transistor size, harmonic suppression and 

modified gate-line structures [11, 12]. Achieving high-

efficiency over a broad frequency range remains an open 

research challenge. Among these techniques, harmonic 

suppression at the drain-line output is particularly useful for 

enhancing the efficiency of broadband GaN NDPAs as it 

reduces the harmonic power loss due to device nonlinearity 

and distributed current phase imbalance [13]. 

Recent studies have focused on enhancing the efficiency 

and broadband performance of GaN-based NDPAs by using 

various design techniques. For instance, Luan et al. [14] 

proposed an ultra-wideband non-uniform distributed GaN 

HEMT PA using a 0.25 μm GaN-on-SiC MMIC process for 

broadband high-efficiency applications. The proposed design 

uses a four-stage NDPA architecture where transistor sizing 

and drain-line impedance tapering are optimized to improve 

power combining efficiency. To enhance the performance 

further, harmonic power loss was reduced by adding a 

harmonic suppression network at the output of the drain ATL, 

thereby improving the PAE. A series capacitor was added at 

the gate input to correct phase misalignment and to increase 

the high-frequency response of the amplifier. The simulation 

results demonstrated a large operating bandwidth of 2–16 

GHz, with saturated output power of 35–37 dBm, small-signal 

gain of 9.1–11.6 dB, and PAE of 16.6%–27% over the band. 

The results indicate that the combination of non-uniform 

distributed design and harmonic control techniques is effective 

to reach a good trade-off between bandwidth, gain and 

efficiency for GaN-based broadband PAs. 

In 2024, Veisee et al. [15] proposed an efficiency-enhanced 

GaN MMIC NDPA to overcome the high-frequency efficiency 

degradation due to the gate-line attenuation. The architecture 

is modified by applying a distributed input matching network 

(DIMN) to realize a uniform distribution of the signal to the 

transistor cells and reduce the insertion loss. The amplifier 

implemented in a 0.12 µm GaN process reached a 3.5–15 GHz 

bandwidth, >10 dB gain, 3–4 W output power and 28%–45% 

PAE, showing improved efficiency stability over the entire 

operating band. 

This paper presents the design and performance 

improvement of an NDPA based on GaN for broadband 

applications. The proposed work is mainly focused on 

improving the efficiency and performance by overcoming the 

main limitations of conventional NDPA structures, such as the 

harmonic suppression network, restrictions on impedance 

realization and parasitic effects. The proposed amplifier 

utilizes advanced design techniques, including optimized 

transmission line tapering, better input network configuration, 

and efficiency improvement strategies to achieve better 

broadband performance with high output power and improved 

PAE. 

The present work dealt with the design and simulation-

based evaluation of a GaN-based NDPA using ADS software. 

The proposed architecture is implemented at the circuit level 

using artificial transmission-line techniques. It is considered a 

first step towards future layout generation, fabrication and 

experimental validation. The results are limited to circuit-level 

simulations because of the scope of the current study. 

 

 

2. NON-UNIFORM DISTRIBUTED POWER 

AMPLIFIER DESIGN AND ANALYSIS 

 

The NDPA is an advanced broadband amplifier architecture 

that evolved from the conventional DA in order to overcome 

the limitations of reactive matching and to improve the 

efficiency in wideband applications [16]. The basic idea of 

distributed amplification is based on the use of ATLs 

comprising inductive and capacitive elements at the gate and 

drain terminals of multiple transistors. These ATLs include the 

intrinsic parasitic capacitances of the transistors, therefore 

extending the bandwidth and reducing the gain roll-off at high 

frequencies [17].  

In a conventional DA, the input signal travels through the 

gate transmission line, exciting multiple transistor cells, and 

the amplified signals combine constructively through the drain 

transmission line. The gate and drain lines must have equal 

phase velocities for optimum operation so the signals add 

coherently at the output [18]. However, traditional DAs are 

limited for high-power applications because of inherent 

inefficiencies caused by power dissipation in termination 

resistors and non-uniform signal distribution among the 

amplifier stages. Figure 1 shows the basic structure of a DA. 

The input signal is transmitted along the gate line and drives 

multiple transistors. The output currents of these transistors are 

combined along the drain line. For proper operation, the phase 

velocities of both lines must match. 

 

 
 

Figure 1. Typical topology of the conventional distributed 

power amplifiers (DPAs) with artificial transmission lines 

(ATLs) [14] 

 

However, in conventional DAs, some output power is 

dissipated in termination resistors and the input signal is 

attenuated along the gate line, resulting in a non-uniform 

excitation of transistor cells. To overcome these limitations, 

the NDPA modifies the topology by removing the drain 

termination and by including non-uniform design parameters. 

200



 

The NDPA architecture features a tapered characteristic 

impedance for the drain transmission line and a variation of 

the transistor sizes along the structure. This non-uniformity 

enables each transistor to work closer to its optimum load, 

improving the output power and efficiency. 

The harmonic suppression network used in this work is 

integrated in the gate and drain bias structures of the proposed 

NDPA, as shown in Figure 2. The network mainly includes a 

gate resistor (Rg), a gate capacitor (Cg), and an RF choke 

inductor (Lchock). The gate capacitor is used to compensate for 

the equivalent gate capacitance and to improve the cutoff 

frequency, while the gate resistor contributes to circuit 

stabilization and biasing. Moreover, the RF choke inductor 

helps to reduce the undesired RF harmonic components and 

isolate the direct current (DC) bias path from the RF signal 

propagation, which leads to better efficiency of power transfer 

and broadband operation. 

 

 
 

Figure 2. A typical non-uniform distributed power amplifier 

(NDPA) based GaN-on-SiC simulation structure [14] 
Note: GaN-on-SiC = gallium nitride on silicon carbide. 

 

The harmonic suppression network is integrated into the 

practical NDPA implementation via the biasing and 

transmission-line sections, as shown in Figure 3. The 

combination of Rg, Cg = 1.575 pF and Lchock is contributive to 

the suppression of harmonic leakage, the improvement of 

circuit stability and the enhancement of overall PAE 

performance over the wide operation bandwidth. 

 

 
 

Figure 3. Schematic diagram of four-stage CGH60008D 

GaN-based NDPA with a harmonic suppression network and 

MTL parameters 
Note: GaN = Gallium nitride, NDPA = non-uniform distributed power 

amplifier, MTL = microstrip transmission line. 

 

It is seen that the NDPA has a circuit topology in which 

several transistor cells are connected by ATLs at the gate and 

drain. The input RF signal (RFin) propagates along the gate 

transmission line with a characteristic impedance Zg, exciting 

each of the transistors one by one. The gate ATL is made up 

of the gate resistors (Rg1…Rgn) representing the input 

impedance and the parasitic capacitances (Cgs) of the 

transistors and the capacitors (Cg1…Cgn). On the drain side, the 

amplified currents are combined along the drain transmission 

line with tapered impedances (Zd1, Zd2, …Zdn) for optimal load 

distribution and efficient power combining. The RF choke 

inductors (Lchock) provide the DC bias (VDS, VGs) and block RF. 

The load ZL consumes the combined output power (RFout) [19]. 

The operation of NDPA can be analyzed based on the 

transmission line theory and the small-signal and large-signal 

models of active devices. In the NDPA, a transistor cell is 

usually modelled as a transconductance element gm with 

intrinsic parasitic capacitances, which include gate source 

(Cgs), gate drain (Cgd) and drain–source (Cds). The parasitic 

components are absorbed into the ATLs that are created along 

the gate and drain, allowing broadband operation by 

distributing the amplification process by stages. 

For an ideal DA with N identical stages, the voltage gain is 

approximately [20]: 

 

𝐴𝑉  =  
1

2
𝑔𝑚𝑍0𝑁 (1) 

 

where, Z0 is the characteristic impedance of the transmission 

line. The gain is seen to increase linearly with the number of 

stages for negligible loss and perfect phase alignment of the 

gate and drain lines. However, a real NDPA implementation is 

corrupted by losses and non-uniformities that destroy such 

ideal behavior. The bandwidth of NDPA is determined by the 

cutoff frequency of the ATLs, which is expressed as [21]: 

 

𝑓𝑐  =  
1

2𝜋√𝐿𝐶
 (2) 

 

where, L and C are the equivalent inductance and capacitance 

per section, respectively. The effective capacitance is 

dominated by the transistor parasitics, especially Cgs and Cds. 

So, the larger the device or the higher the frequency, the 

smaller the bandwidth can be achieved. 

The NDPA has an important design feature of the tapering 

of the drain transmission line impedance for the proper loading 

of each transistor cell. In contrast to uniform DAs, the NDPA 

uses a position-dependent characteristic impedance Z0,n of the 

nth drain section, which can be approximated to be inversely 

proportional to the cumulative transistor periphery calculated 

by:  

 

𝑍0,𝑛  =  
𝑊𝑄𝑖

∑ 𝑊𝑄𝑖
𝑛
𝑖 = 1

 𝑅𝑑𝑠(Ω. 𝑚𝑚) (3) 

 

where, Rds is the optimum output impedance per mm of the 

device, and WQi is the gate width of the transistor. 

This reduction allows each transistor to operate closer to its 

optimum load resistance and thus allows for efficient power 

combining and improves output power and PAE. The output 

power of the proposed NDPA can be written as [22]: 

 

𝑃𝑜𝑢𝑡  =  
𝑉𝑑

2

2𝑅𝐿

 (4) 

 

where, Vd is the drain voltage swing and RL is the load 
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impedance. The high breakdown voltage of GaN devices 

enables large voltage swings and the resulting high output 

power levels. The overall efficiency is often expressed in 

terms of a metric. However, in practice, the efficiency 

degradation is caused by the gate-line attenuation, parasitic 

losses and non-uniform distribution of the signals over the 

stages. 

 

𝑃𝐴𝐸 =  
𝑃𝑜𝑢𝑡 − 𝑃𝑖𝑛

𝑃𝐷𝐶

 (5) 

 

Figure 4(a) shows the simplified equivalent circuit of the 

gate ATL used in the proposed NDPA. The gate line is made 

up of distributed inductive elements along with the intrinsic 

gate-to-source capacitances (Cgs) of the GaN HEMT devices 

to form an artificial transmission structure for broadband 

signal propagation. The configuration allows the input RF 

signal to be split equally between the transistor cells while 

maintaining phase coherence over the operating bandwidth. 

The equivalent model also contains parasitic resistive and 

inductive elements, which cause attenuation and phase delay 

at high frequencies. The drain transmission line model 

equivalent is depicted in Figure 4(b), where drain-source 

capacitances (Cds) and drain inductive sections are part of the 

distributed network. The drain line constructively adds the 

amplified drain currents at the output port, which improves the 

output power and broadband performance. The phase 

synchronization between the gate and drain transmission lines 

is critical for coherent power addition and maximization of 

gain and efficiency. 

 

 
 

Figure 4. The equivalent circuit model of the artificial 

transmission lines (ATLs) in the proposed non-uniform 

distributed power amplifier (NDPA) [14], (a) gate ATLs, and 

(b) drain ATLs 

 

The proposed NDPA efficiency can be further improved by 

adding a harmonic suppression network at the output of the 

drain ATLs. In broadband DPAs, the nonlinear characteristics 

of the GaN HEMT device and the phase mismatch of the drain 

currents of the individual transistor cells may result in some of 

the generated RF power being at harmonic frequencies. These 

harmonic components do not contribute to the desired 

fundamental output power and therefore degrade the overall 

PAE. 

The undesired harmonic power can be reduced with the 

addition of a harmonic suppression network at the drain-line 

output, while keeping the efficient power transfer at the 

fundamental frequency. This technique improves the 

broadband efficiency of the NDPA without greatly 

compromising the operating bandwidth. A similar strategy 

was proposed for a GaN-on-SiC NDPA covering 2–16 GHz, 

where a harmonic suppression network was added at the drain 

ATL output to improve the PAE and achieve a better trade-off 

between bandwidth, output power, gain and efficiency. 

 

 

3. GALLIUM NITRIDE TRANSISTOR-BASED SiC 

HIGH-ELECTRON-MOBILITY TRANSISTORS 

 

Broadband microwave PAs typically employ GaN-on-SiC 

HEMT because of their superior electrical and thermal 

properties compared to conventional semiconductor 

technologies. The work referenced states that GaN devices are 

very suitable for ultra-wideband DA applications because of 

their high breakdown voltage, high electron saturation 

velocity, excellent thermal conductivity and high-power 

density capability. GaN’s wide bandgap property enables it to 

operate at high drain voltages and large current densities with 

stable RF performance at microwave frequencies [23]. 

The structure is an AlGaN/GaN heterojunction on a SiC 

substrate. The polarization effect at the AlGaN/GaN interface 

results in a high-density 2DEG channel, which can offer high 

electron mobility and low channel resistance without 

intentional doping. The SiC substrate also exhibits excellent 

thermal conductivity, which facilitates heat dissipation during 

high-power operation and enhances device reliability. 

The proposed amplifier design is based on a 10 W 

CGH60008D 0.4 µm GaN-on-SiC HEMT process for high-

frequency and power performance, as shown in Figure 5. The 

device was biased in Class-AB bias conditions with drain 

voltages of 28 V to maximize RF output swing and power 

density. The drain current is controlled by the VGS voltage, as 

demonstrated in Figure 6 and is expressed as: 

 

𝐼𝐷𝑠  =  𝑔𝑚(𝑉𝐺𝑠 − 𝑉𝑡ℎ) (6) 

 

where, gm is the transconductance of the device, VGS and Vth 

are the gate-to-source and threshold voltages, respectively. 

The large-signal equivalent model of GaN HEMT, besides 

parasitic resistances and inductances associated with gate, 

source and drain terminals, includes the intrinsic capacitances 

Cgs, Cgd and Cds. The parasitic elements are very important for 

the broadband amplifier performance at high frequencies. 

 

 
 

Figure 5. The simulated direct current (DC) bias circuit 

design for CGH60008D 10 W GaN 0.4 µm high-electron-

mobility transistor (HEMT) transistor 

 

The stability performance of the proposed NDPA was 

evaluated by using both the Rollet stability factor (K) and μ-

(a) 

(b) 
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stability criterion over the investigated frequency range. Even 

though the K-factor takes values lower than unity at some 

frequencies, the μ-factor is still larger than one over the 

operating band, which means stable amplifier operation based 

on the μ-stability criterion. Therefore, the stability analysis in 

this work is mainly based on the μ-factor analysis for 

broadband operation [24]. 

 

 

 
 

Figure 6. The I-V characteristics of the proposed 0.4 µm 

CGH60008D 10 W GaN-on-SiC HEMT transistor: (a) output 

I-V curve and (b) transfer curve 
Note: I-V = current-voltage, NDPA = non-uniform distributed power 

amplifier, GaN-on-SiC = gallium nitride on silicon carbide, HEMT = high-

electron-mobility transistor. 

 

 
 

Figure 7. Simulated μ-factor stability of the proposed 10 W 

0.4 µm GaN-on-SiC NDPA circuit 
Note: GaN-on-SiC = gallium nitride on silicon carbide, NDPA = non-

uniform distributed power amplifier. 

 

Figure 7 shows the µ-stability criterion to evaluate the 

unconditional stability of an active microwave network within 

a certain frequency range. The proposed GaN device is 

considered unconditionally stable if and only if µ > 1, which 

is the minimum distance from the center of the Smith Chart to 

the nearest unstable region in either the source or load 

reflection coefficient planes. The device transitions from a 

potentially unstable state to an unconditionally stable state at 

about 4 GHz, where both µsource (red) and µload (blue) are above 

the unity threshold. Notably, while the K-factor is shown as 

0.559 (indicating instability at that particular point), the µ 

curves provide a more intuitive geometric interpretation of 

stability margins; as the curves rise toward their peak near 7 

GHz, the device becomes increasingly robust against 

oscillations regardless of the passive terminations applied. 

The results obtained indicate that the proposed amplifier 

shows acceptable stability behavior in the operating frequency 

range. The main measure for assessment of unconditional 

stability in the proposed broadband NDPA design was the μ-

factor criterion. 

 

 

4. RESULTS AND DISCUSSION  

 

The performance of the proposed GaN-based NDPA was 

evaluated in terms of broadband gain response, output power 

capability, PAE and stability behavior. The design strategy is 

mainly based on overcoming the efficiency limitations of the 

conventional DAs by using a non-uniform drain transmission 

line, tuned transistor loading and an additional harmonic 

suppression concept at the drain-line output. To reduce the 

harmonic power loss and to improve the overall PAE over a 

wide operating band, a harmonic suppression network was 

inserted at the output of the drain ATL. The proposed NDPA 

structure was designed and analyzed by using the Advanced 

Design System (ADS) simulation software, as shown in Figure 

8. The ADS-based schematic was used to model the 10 W 

CGH60008D 0.4 µm GaN-on-SiC HEMT transistor cells, gate 

and drain ATLs, biasing networks and non-uniform drain-line 

impedance tapering to evaluate the broadband performance of 

the proposed amplifier. 

The proposed design includes a concept of harmonic 

suppression to reduce unwanted harmonic power components 

and to improve the effective transfer of power at the 

fundamental frequency. However, the study is limited to 

evaluating the overall performance of broadband amplifiers 

using circuit-level simulations. 

To highlight the contribution of each design technique, an 

ablation study was carried out by comparing four 

configurations: (i) a uniform DA baseline, (ii) a non-uniform 

tapered ATL design without harmonic suppression, (iii) a 

uniform design with harmonic suppression, and (iv) the 

proposed NDPA combining tapered ATLs and harmonic 

suppression. The comparison shows that the tapered ATL 

structure improves the broadband load distribution and output 

power, while the harmonic suppression network helps to 

mitigate the undesired harmonic power and improve PAE. The 

best overall performance is achieved when both techniques are 

combined. 

The simulated GaN HEMT characteristics confirm the 

suitability of GaN-on-SiC technology for broadband high PA 

applications. The complete circuit-level implementation of the 

proposed NDPA is shown in Figure 8. The chosen artificial 

transmission-line topology can be directly implemented in a 

physical microwave layout using appropriate MMIC or PCB 

technologies. Therefore, the presented design provides a 

practical basis for future electromagnetic optimization, 
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fabrication and measurement. 

The device supports high-drain voltage operation under 

Class-AB biasing and provides controllable drain current and 

transconductance through gate bias adjustment. These features 

allow a practical trade-off between efficiency, linearity and 

output power, while the stability results demonstrate reliable 

operation at higher frequencies. The NDPA topology proposed 

in this work is a step forward from conventional DAs at the 

circuit level, as it reduces power losses due to termination 

resistors and gate-line attenuation. The tapered drain-line 

impedance enables closer operation of each transistor cell to 

its optimum load condition, which leads to more efficient 

drain-current combining and hence improved broadband 

output power and PAE. 

 

 
 

Figure 8. The simulated schematic diagram of the proposed GaN NDPAs with tapered gate and drain artificial transmission lines 

(ATLs) 
Note: GaN = gallium nitride, NDPA = non-uniform distributed power amplifier. 

 

 

 
 

Figure 9. The simulated time-frequency behavior of drain 

currents (IDs) in the proposed gallium nitride (GaN)-based 

non-uniform distributed power amplifier (NDPA): (a) IDs at 

each stage from n = 1 to 4, and (b) IDs at the output stage 

The simulated drain current (IDs) characteristics of the 

proposed GaN-based NDPA using a 10 W CGH60008D 0.4 

μm GaN-on-SiC HEMT transistor are shown in Figure 9. From 

Figure 9(a), the drain current increases gradually from about 

0.45 mA in the first stage (n = 1) to about 1.3 mA in the fourth 

stage (n = 4), which confirms the effective current combining 

and normal operation of the non-uniform drain ATL structure. 

The in-phase relationship between stages encourages 

constructive current summation and improves the amplifier 

output power capability. Figure 9(b) shows the output-stage 

drain current response over the 2–16 GHz frequency range. 

The current amplitude is around 1.1 mA at 2 GHz and 6 GHz, 

reduces to approximately 0.8 mA at 10 GHz, and then further 

drops to about 0.45 mA at 16 GHz due to the increased 

parasitic effects, transmission-line losses, and the reduced 

transistor gain at higher frequencies. The obtained results 

show that the proposed non-uniform distributed architecture is 

capable of efficient broadband current combining, providing 

improved output power and efficiency performance in the 

practical operating frequency range of the CGH60008D 

device. 

The proposed GaN-based NDPA, by using ATLs, non-

uniform drain-line structure and harmonic suppression 

techniques, provides a better trade-off between broadband 

bandwidth, gain, output power and efficiency compared to 

traditional DA architectures. The ATLs effectively absorb the 

parasitic capacitances of the GaN HEMT devices, extending 

the operating bandwidth and reducing high-frequency gain 

degradation, and the non-uniform drain-line configuration 

improves load distribution and minimizes power losses 

resulting from reverse current flow. Moreover, suitable gate-

bias selection helps to reach balanced amplifier performance 

in terms of gain, linearity, efficiency, and broadband 
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impedance matching. 

These unwanted harmonics can be filtered at the output 

stage to give higher power at the fundamental frequency and 

so improve the amplifier efficiency. The electromagnetic 

simulation results of the proposed GaN-based NDPA, 

including the small- and large-signal analysis at the layout 

level, in the frequency range of 2–16 GHz, were conducted. 

Figure 10. Simulated small-signal reflection coefficients S11 

and S22 for different gate bias voltages VGS = −0.2 V, −1.6 V 

and −2.6 V at a constant drain bias voltage VDS = 28 V. The 

results show that the broadband impedance matching of the 

amplifier is acceptable over most of the operating band, with 

both S11 and S22 under −10 dB, with the best matching 

performance around 5–7 GHz. In particular, the response of 

the S22 is very close to −18 dB at VGS = −2.6 V, which means 

the reflected power is reduced and the output matching is 

improved. However, the reflection coefficients slowly 

increase at higher frequencies approaching 16 GHz due to 

parasitic effects and limits of the transmission line. In this 

work, the optimum operating point was chosen at VGS = −1.6 

V, which provides a good compromise between broadband 

matching performance, amplifier stability, gain characteristics 

and linearity compared to other bias conditions. In brief, the 

proposed NDPA provides stable broadband small-signal 

operation and good impedance matching for ultra-wideband 

microwave applications. 

 

 
 

Figure 10. The simulated small-signal performance (input 

and output return-loss characteristics) of the proposed 

broadband NDPAs based on GaN-on-SiC high-electron-

mobility transistor (HEMT) 
Note: GaN-on-SiC = gallium nitride on silicon carbide, NDPAs = non-

uniform distributed power amplifiers. 

 

The large-signal results show the effective operation of the 

proposed GaN-based NDPA in the 2–16 GHz broadband 

range. Figure 11 shows the simulated gain response (S21) at 

different gate bias voltages at VDS = 28 V. The amplifier 

exhibits a maximum gain of approximately 11.2 dB at lower 

frequencies. The gain gradually decreases with increasing 

frequency due to transmission-line losses and parasitic effects, 

reaching approximately 2.2 dB at 16 GHz. The gain at the 

selected operating bias VGS = −1.6 V is about 11.2 dB at 2 GHz 

and about 2.2 dB at 16 GHz. The amplifier gain decreases 

gradually with the increase of frequency because of parasitic 

effects and transmission line losses at high frequencies. In this 

work, the optimal operating point with a good compromise of 

gain performance, stability, linearity and efficiency for 

broadband operation was VGS = −1.6 V. 

 

 
 

Figure 11. The simulated broadband small-signal gain (S21) 

of the proposed GaN-on-SiC-based NDPAs for different 

gate-to-source voltages VGS at the VDS voltage of 28 V 
Note: GaN-on-SiC = gallium nitride on silicon carbide, NDPAs = non-

uniform distributed power amplifiers. 

 

 
 

Figure 12. The simulated power gain of the proposed non-

uniform distributed power amplifiers (NDPAs) based on GaN 

high-electron-mobility transistor (HEMT) at VGS = −1.6 V 

and VDS = 28 V for broadband applications 

 

 
 

Figure 13. The simulated output power of the proposed non-

uniform distributed power amplifiers (NDPAs) based on GaN 

high-electron-mobility transistor (HEMT) at VGS = −1.6 V 

and VDS = 28 V for broadband applications with a frequency 

range of 2–16 GHz 

 

The simulated gain performance of the proposed 10 W 

CGH60008D 0.4 µm GaN-on-SiC HEMT process-based 

NDPA at the selected operation bias condition of −1.6 V and 
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VDS = 28 V is shown in Figure 12. From the figure, we can see 

that the amplifier has a broadband gain of about 11.2 dB at low 

frequencies and stable amplification performance in the 2–16 

GHz working range. The gain decreases gradually with 

frequency due to parasitic capacitances and transmission line 

losses, and reaches about 2.2 dB at 16 GHz. Figure 13 shows 

the output power performance at a fixed input power below 20 

dBm. The amplifier obtains a saturated output power from 

about 35 dBm to 39 dBm at lower frequencies and has good 

power stability over the broadband operating range. But at 

higher frequencies, the output power decreases gradually due 

to higher losses and lower transistor gain near the upper 

frequency limit. 

Figure 14 presents the PAE performance of the proposed 

amplifier under the same bias condition. The results show that 

the PAE reaches a maximum value of 48% at around 4 GHz 

and then gradually decreases with increasing frequency, 

falling to low values near 16 GHz. This behavior is mainly due 

to higher parasitic effects and lower matching efficiency at 

high frequencies. The obtained results confirm that the use of 

tapered drain ATLs in combination with the harmonic 

suppression technique provides an effective trade-off between 

broadband gain, output power and efficiency, thus improving 

the overall performance of the GaN-based NDPA for ultra-

wideband microwave applications. The improved PAE 

performance is due to the synergistic effects of the non-

uniform drain-line architecture, the optimized transmission-

line design, the broadband impedance matching, and the 

harmonic suppression strategy. Thus, the improvement in 

efficiency should be seen as the result of the overall amplifier 

architecture rather than of a single design element. 

 

 
 

Figure 14. The simulated power added efficiency (PAE) of 

the proposed non-uniform distributed power amplifiers 

(NDPAs) based on GaN high-electron-mobility transistor 

(HEMT) at VGS = −1.6 V and VDS = 28 V for broadband 

applications with a frequency range of 2–16 GHz 

 

The simulated output power and gain performances of the 

proposed GaN-based NDPA versus RF input power (PIN) are 

shown in Figure 15. The results indicate that the output power 

(Pout) increases gradually with the increase of the input power, 

increasing from about 8 dBm at PIN = −10 dBm to almost 38 

dBm at PIN = 20 dBm. This behavior demonstrates the 

effectiveness of the power amplification capability of the 

proposed amplifier in broadband operation. On the other hand, 

the gain is fairly constant at around 11.2 dB for most of the 

operating range and then begins to decline at higher input 

power levels because of gain compression and the onset of 

saturation effects. The gain reduction becomes more 

noticeable beyond PIN = 14 dBm, where the amplifier is 

approaching its nonlinear operating region. The results show 

that the proposed NDPA provides a good compromise 

between the gain stability and the output power enhancement 

for high-power microwave applications. 

 

 
 

Figure 15. The simulated Pout and gain of the proposed non-

uniform distributed power amplifiers (NDPAs) based on GaN 

HEMT at VGS = −1.6 V and VDS = 28 V as a function of RF 

input power (PIN) for broadband applications 

 

 
 

Figure 16. The simulated power added efficiency (PAE) of 

the proposed non-uniform distributed power amplifiers 

(NDPAs) based on GaN HEMT at VGS = −1.6 V and VDS = 28 

V as a function of RF input power (PIN) for broadband 

applications 

 

The simulated PAE of the proposed amplifier versus RF 

input power is shown in Figure 16. The PAE is found to 

increase exponentially with increasing PIN from about 2% at 

low input power levels to a maximum value of about 50% at 

PIN = 20 dBm. This trend shows that the amplifier is working 

more efficiently as the RF drive level increases and the 

transistor gets close to its optimum large-signal operating 

condition. The efficiency increase is smooth and confirms the 

efficiency effectiveness of the non-uniform drain-line 

architecture and harmonic suppression network to reduce the 

power losses and improve RF power conversion efficiency. 

Thus, the obtained results confirm the high-efficiency 

broadband operation of the proposed GaN-based NDPA with 

improved output power performance suitable for ultra-

wideband RF and microwave systems. 

The conventional configuration was implemented by not 

applying the harmonic suppression network to quantitatively 

evaluate the contribution of the network. A comparison 
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between both cases is summarized in Table 1. The addition of 

the harmonic suppression network is observed to significantly 

improve the performance of the amplifier. In particular, the 

maximum PAE increases from 41% to 48%, corresponding to 

an improvement of 17.1%, and the saturated output power 

increases from 37.5 dBm to 39 dBm. Furthermore, the 

broadband operation range of 2–16 GHz is preserved and a 

small gain enhancement in the small-signal regime is obtained. 

These results demonstrate that the harmonic suppression 

network can substantially reduce the harmonic power losses 

and improve the RF power conversion efficiency while 

keeping the broadband features of the proposed amplifier. 

Table 2 shows the performance comparison between the 

proposed NDPA and some recently reported DPAs in the 

literature. The proposed design is based on a 10 W 

CGH60008D 0.4 μm GaN-on-SiC HEMT process with a 

harmonic suppression network and operates in a wide 

frequency range, 2–16 GHz. The comparison demonstrates 

that the proposed amplifier obtains a good trade-off among 

bandwidth, output power, gain and PAE compared with 

previous works. Some reported designs provide higher output 

power or efficiency, but operate over narrower bandwidths or 

use different fabrication technologies. Therefore, the proposed 

non-uniform distributed architecture coupled with harmonic 

suppression techniques realizes effective broadband 

performance, and the amplifier is suitable for ultra-wideband 

microwave and RF applications. 

 

Table 1. Performance comparison of the proposed NDPAs with and without the harmonic suppression network technique 

 
Parameters Conventional NDPAs Proposed NDPAs Improvement 

Max. PAE, % 41 48 +17.3% 

Saturated output power, dBm 37.5 39 +1.5 

Gain, dB 10.8 11.2 +0.4 

Bandwidth, GHz 2–16 2–16 ---- 

Harmonic leakage Higher Reduced Improved 
Note: PAE = power-added efficiency, NDPA = non-uniform distributed power amplifier.  

 

Table 2. Performance comparison of the proposed non-uniform distributed power amplifiers (NDPAs) based on 10 W 

CGH60008D 0.4 µm GaN-on-SiC high-electron-mobility transistor (HEMT) process with other literature reviews 

 

Ref. 
Frequency 

[GHz] 
Technology 

Gate Length 

[µm] 

Pout 

[dBm] 

Gain 

[dB] 

PAE 

[%] 

Area 

[mm2] 

[9] 6–18 
Modified NDPA based on a large-sized GaN 

transistor 
0.25 38–41.6 8–12 

13–

33.8 
8.50 

[14] 2–16 
NDPA based on GaN with a harmonic 

suppression network 
0.25 35–37 

9.1–

11.6 

16.6–

27 
4.00 

[15] 3.5–15 
NDPA based on GaN with a modified gate-line 

structure 
0.12 35–36 10–14 28–45 11.00 

[25] 4–16 NDPA based on a commercial GaN process 0.15 38–40 8.7–14 
11.8–

33.9 
7.80 

[26] 6–18 
NDPA based on MMIC GaN-on-SiC HEMT 

with asymmetric impedance transformer 
0.25 42–44 10–12 15–24 1.54 

[27] 18–42 NDPA based on MMIC GaN-on-SiC HEMT 0.10 33 8–10 15 3.20 

[28] 2–12 Compact GaN MMIC NDPA 0.25 37–39.3 9–14 5–35 4.30 

[29] 0.1–8 Distributed GaN MMIC PA 0.25 40 10–12 8–25 6.20 

[30] 4–16 Traditional GaN DPAs 0.15 38–40 8.7–14 
11.8–

33.9 
7.80 

This 

work 
2–16 

NDPA based on GaN-on-SiC HEMT with 

harmonic suppression network 
0.40 35–39 

2.2–

11.2 
48 16.00 

Note: GaN-on-SiC = gallium nitride on silicon carbide. 
 

 

5. CONCLUSIONS 

 

The proposed GaN-based NDPA with 10 W CGH60008D 

0.4 μm GaN-on-SiC HEMT transistor achieved effective 

broadband performance from 2–16 GHz. The proposed 

architecture utilized tapered drain ATLs coupled with a 

harmonic suppression network to achieve improved gain, 

output power and PAE compared with the conventional DA 

structures. The simulated results showed stable small-signal 

gain from 11.2 dB to 2.2 dB with the output power from 35 

dBm to 39 dBm and a maximum PAE of 48% around 4 GHz. 

In addition, the selected Class-AB bias operating point (VGS = 

−1.6 V, VDS = 28 V) provided a good compromise between 

gain performance, efficiency, linearity, and broadband 

impedance matching. The achieved results validated that the 

proposed NDPA structure efficiently decreases the harmonic 

power losses and enhances the broadband RF power 

amplification performance, which is applicable for ultra-

wideband microwave and modern wireless communication 

applications. The present work is limited to circuit-level 

simulation and analysis, but the results obtained show the 

feasibility of the proposed architecture for broadband 

applications. Future work will focus on layout 

implementation, full-wave electromagnetic verification, 

fabrication and experimental characterization of the proposed 

amplifier. 
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NOMENCLATURE 

 

ATLs Artificial transmission lines 

Cds Drain to source capacitor, pf 

Cgs Gate to source capacitor, p 

DAs Distributed power amplifiers 

GaN Gallium nitride 

gm Transconductance, S 

HEMT High electron mobility transistor 

MMIC Monolithic microwave integrated circuit 

NDPA Non-uniform distributed power amplifier 

PAE Power added efficiency, % 

 

Greek symbols 

 

µ Electron mobility, cm2/(V·s) 

π Mathematical constant 

 

Subscripts 

 

fo Cut off frequency, Hz 

Vout Output voltage, V 

RF Radio frequency, Hz 
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